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EXECUTIVE SUMMARY

BACKGROUND

The Mzimvubu River is the largest undeveloped river in South Africa, despite having high
potential for development. In recognitions of this, the South African government announced
plans to build two multipurpose storage dams in Tsitsa River, one of the largest tributaries to
the Mzimvubu. The Ntabelanga dam will largely be used for irrigation (2 686 ha) and potable
water whilst the smaller Laleni dam, 20 km downstream of Ntabelanga, will predominantly be
used for generation of hydroelectricity. Collectively the dams and associated infrastructure is
called the Mzimvubu Water Project (MWP). Government hopes that the MWP will stimulate
economic development and promote job creation through rejuvenation of the agricultural

sector, hydropower, water transfer and tourism.

Despite the recognised benefits of dams, dam development raises important questions of
social and environmental sustainability. The success of a dam project does not only depend
on technical feasibility but also sociological feasibility. Success is increasingly being measured
by the extent to which the project coheres with specific social and environmental dynamics in
the local area i in the short-, medium- and long-term. Studies have shown that a failure to pay
close attention to specific socio-cultural dynamics in the local area could expose the project to
invidious local resistance, if not immediately, then certainly in the long run. Indeed, difficulties

could arise even though local residents appeared to have initially welcomed the project.

In addition the environmental impact, in the short-, medium- and long-term determines the
long-term sustainability of a dam project. A large body of literature exists on the environmental
impacts (both positive and negative) of dam construction. Nevertheless, because every river
is unique in terms of its morphology, the landscapes it flows through and the species it

supports, the impacts of dam construction on ecosystems will also be unique.

Therefore, dam ¢gdam construction] can be regarded as a huge, long-term and largely
irreversible environmental experiment without a controlo (McCully, 2001:31). It is crucial to
establish a baseline of conditions prior to development in order to measure the impact of such
development on the environment, economy and sociological dynamics. In recognition of this,
the WRC funded a short-term consultancy project witht h e  €adndeptualising long-term
monitoring to capture environmental, agricultural and socio-economic impacts of the
Mzi mvubu Water Pr oj e.drtheilatier, selegal aspeatstwhieh shRuldvbe

monitored in the long term were identified. These then became the objectives of the current
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research and are summarised below. The overall aim of this interdisciplinary project was to
construct a baseline of environmental, agricultural and socio-economic intersections
associated with the MWP.

OBJECTIVES
1) To quantify water quality at selected locations in the Ntabelanga valley

Water quality criteria are scientific and technical information provided for a particular water
guality constituent in the form of numerical data and/or narrative descriptions of its effects on
the fitness of water for a particular use. The water quality in the Tsitsa River is likely to change
both at spatial and temporal scales once the dam wall is closed. Water quality was assessed
over four seasons at twenty fixed sites; eight sites in the Tsitsa River, seven from tributaries
to the Tsitsa River and five were from the taps/ground water from villages most likely to be
affected by the dam development. Turbidity levels in the Tsitsa River and its tributaries were
above recommended levels average levels of 4.88 and 4.64 (10 sample times) for the Tsitsa
River and tributaries respectively. Other water quality indicators such as pH, Total Dissolved
Solids, Alkalinity, Chloride and Phosphates were however present at acceptable levels at all
the sites during all the sampling times. Identification and quantification of influences (natural
or anthropogenic inputs) and understanding the contaminant sources is crucial to planning,
mitigation and clean-up process and to establish future management strategies. The water
quality should therefore be monitored on a continuous basis following the inception of the
MWP.

2) To determine the potential pollution from dry-sanitation systems
In developing countries, many households use on-site dry sanitation systems (also known as
pit latrines) which generally lack a physical barrier, such as concrete, between stored excreta
and soil and/or groundwater. As in many developing areas, water for domestic use in the
Ntabelanga areas is derived from groundwater and streamwater. In the Ntabelanga area 56%
of the households rely on pit latrines and several of these sanitation systems are located
around the Ntabelanga dam footprint. There is a concern that, with the rise in the groundwater
level associated with impoundment, water sources can become contaminated through these
systems. Four sites located close to the inundation footprint and near a tributary to the Tsitsa
River were identified. A hydropedological transect survey was conducted at each site to
conceptualise the hydrological behaviour, followed by measurements of key hydraulic
properties of the soils. Samples were collected of representative horizons to determine the
total coliform, total bacteria and E.coli contents of the soils as well as that of the tributary.
Results show high levels of various microbial indicators with spatial variation (vertical and

horizontal) which support the hydropedological interpretations. The migration of rates and
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guantities of faecal bacteria from these four sites, as well as other pit-latrines, to surface and

groundwater sources should be determined in future studies.

3) To characterise stream geomorphology at selected locations in the Tsitsa River
Fluvial systems are dynamic systems in which variables in a catchment and river channels
affect the morphology of river reaches. South African rivers are increasingly being exposed to
stresses from a combination of factors, one of the most prevalent being the impacts of dams
which result in varying sediment yields and flow regimes. The sediment load combined with
flow characteristics for respective river channels provides the physical habitat for aquatic
ecosystems. The damming of the Tsitsa River, through the construction of the Ntabelanga
Dam, will change the overall downstream geomorphology. This creates an opportunity for
research in the pre-construction window. Over two years this Masters project focused on
monitoring the current condition of the Tsitsa River by completing a baseline survey of the
channel geomorphology. Five sites were established in variable reaches of the Tsitsa River,
proximal to the proposed Ntabelanga Dam. In each of these sites features such as the nature
of the substrate (topography and roughness), distribution of clasts, turbidity, suspended
sediment concentration and slope of flow were measured at various temporal intervals. This
baseline study provides a set of data about the current geomorphic condition of selected sites
in the Tsitsa River as well as seasonal variations in flow hydraulics against which post-

impoundment impacts can be assessed.

4) To describe aquatic biodiversity at selected locations in the Tsitsa River
The natural and land use processes within a river catchment play a pivotal role in ecosystem
health and have a dominant influence on habitats within a river as well as its biological
diversity. It has been recognised by many authors that increased sedimentation and turbidity
have a direct impact on ecological health in fluvial systems. Anthropogenic impacts, such as
impoundments can augment the amount of sediment entering fluvial systems resulting in a
marked change in both aquatic habitats and associated biota. The physical habitat was
described at selected locations in the Tsitsa River under current conditions using the SAS
analysis. From this a physical habitat score was created which accounted for seasonal
changes as well. The physical score was based on, inter alia, temperature, EC, pH, Dissolved
Oxygen, P concentrations, occurrence of macroinvertebrates and a Hydromorphological Index
of Biodiversity (HMID). In addition macroinvertebrates were classified into orders and related
to their sensitivity to habitat change. Documenting seasonal changes in the Tsitsa River will
hopefully aid a better understanding of the current processes at work between sediment
characteristics and river habitats. Post dam impacts can be monitored at all the sites to

guantify the impact of the development. After dam construction, one of the sites, above the



dam inundation, can still be used as a monitoring point for rehabilitation effectiveness in

upstream catchment areas.

5) To characterise natural vegetation on representative landscape positions in the
Ntabelanga area

Plant diversity, composition and utilisation within the Tsitsa river catchment area in the Eastern
Cape Province were examined in relation to how the planned dam development will impact
livelihood needs of the local people. Before such major land use changes are implemented,
there is need to evaluate the perceptions of the residents, current land use practices and the
changing socio-economic framework. The household was therefore chosen as the unit of
analysis. The different livelihood needs in the study area revolving around plant biodiversity
were identified, including their land, useful plant species, crops, grazing land and the
corresponding impacts likely to be caused by the planned dam were demarcated for a detailed
analysis. This study utilised the participatory rural appraisal (PRA) methods, emphasising
in-depth discussions with 21 participants. Documenting such contextual details is essential to
understand and meet the | ocal communityods
and also as part of establishing a broader, contextual framework necessary to understand the
complex relationships between people and the plant resources around them. This
ethnobotanical research was complemented by several ecological techniques aimed at
assessing plant species diversity, composition and rangeland condition. At least six distinct
vegetation units and the associated species were identified and discussed. Nine different uses
of plants were also recorded in the area, namely beverage, cereal and crafts (one species
each), ornamental, live fence or hedge (three species each), edible tubers or roots (six
species), vegetables (nine species), fruits (16 species) and herbal medicines (28 species).
Useful plant species were mentioned by at least 50% of the participants. Three grass species
generally regarded as highly palatable were recorded in study area with eight species
regarded as moderately to poorly palatable. Dry matter yield increased from 94.4+8.0 to
341.5+£26.8 kg/ha from crest areas to the valley bottom on the periphery of Tsitsa River. The
vegetation sites and interviews can be used as baseline to which changes in floral diversity,

composition and utilisation is measured.

6) To quantify soil quality of representative soils and cultivated fields in the
Ntabelanga area

The proposed dam will result in alteration of land uses (e.g. conversion of dryland crop

production to irrigated fields). These changes will invariably result changes in the soil quality

and it is therefore necessary to quantify soil quality prior to construction. The Soil Management

Assessment Framework (SMAF) as non-linear indexing tool to assess soil functioning and
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hence soil quality. SMAF was created for farmers and their advisors in evaluating the ongoing
management activities. SMAF assessments were conducted on soils from 19 different sites.
Ten of these sites were located on cultivated fields of the Lower Sinxaku village and another
on fields demarcated for irrigation near the KuGubengxa village. The remaining eight sites
were located on the same plots where vegetation assessments were conducted. Indicators
used in the SMAF analysis included Organic Carbon (OC), Microbial Biomass Carbon (MBC),
phosphorous (P), exchangeable potassium (K), pH, aggregate stability and bulk density. Soll
Quality Index (SQI) ranged from 50.4% in KuGubengxa to 97.8% in one of the community
garden in Lower Sinxaku, highlighting the importance of different management practices on
soil quality. In general the rangelands had lower SQI values than cultivated fields. These
SMAF scores serve as valuable baseline data for future comparisons of soil quality, not only
to determine the impacts of land-use change but also on the effectiveness of rehabilitation

practices.

7) To characterise carbon stocks and wetland water regimes
The soils under the dam footprint will change from a carbon sink to a carbon source once
inundated. Since decomposition of carbon will occur under anaerobic conditions, large
qguantities of Greenhouse Gases ( GHGO6s), and especi allbwng
dam construction. It is therefore necessary to quantify carbon stocks under the proposed
Ntabelanga dam footprint and estimate the GHG associated with the development. Closing of
the Tsitsa River will also impact flow regimes and consequently wetlands downstream of the
proposed dam. These impacts need to be quantified to estimate the true environmental cost
of the project. Carbon stocks were calculated following a digital soil mapping approach. A soll
association map of the dam footprint were created. Five soil associations were identified based
on re-grouping of 14 soil forms occurring in the study area. The associations are Duplex, Semi-
duplex, Apedal, Wet and Shallow. Soil Organic Carbon (SOC) contents of these sall
associations were then determined and, based on the area covered by different associations,
total soil carbon stocks calculated. The total SOC under the 3 780 ha footprint is 262 733
tonnes, or approximately 70 t ha. The SOC is relatively low when compared to other

similar environments due to chemical and physical degradation in the area.

Wetlands below the proposed Ntabelanga dam were identified using desktop analysis. Since
the independent Environmental Impact Assessment (EIA) focussed on identification and
characterisation of wetlands under the dam footprint. A representative wetland below the dam
footprint was instrumented with piezometers, soils were classified and the hydromorphology

of the soils described. Shortly after the installation the instruments were stolen. An indirect
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approach whereby satellite images between 2002 and 2016 of a large wetland, directly below
the Ntabelanga dam were studied. The area of surface water was determined for five different
time-steps and correlations between the surface water area, rainfall and streamflow were
determined. Poor correlations between short term cumulative rainfall (<6 months) and surface
water area exists. A very good positive correlation (R? = 0.92) between 12 month cumulative
rainfall and surface water area suggests that the water contents of the wetlands are a factor
of seasonal precipitation and not particular events. The lack of any significant correlation
between streamflow characteristics (including streamflow on the image date and long term
maximum flow) indicate the water regimes of the wetlands are not impacted directly by the
streams. These findings further indicate the wetlands below the dam are not gaining water
from the stream but are in fact feeding the stream (losing wetlands). The impact of the dam
on wetland water regimes will therefore be restricted to streambed incisioning directly below
the dam wall. Deepening of the streambed will result in lowering of water tables in the wetland

and therefore alter water regimes.

8) To describe the dominant agricultural practices and quantify yields of selected
crops

One of the anticipated benefits of the MWP is the rejuvenation of agriculture. With this in mind
it was important to describe existing agricultural practices and quantify yields/productiveness
of dominant practices. These descriptions and quantifications can then be used to evaluate
the contribution of the proposed development to rejuvenation in agriculture. A socio-physical
approach was used. Interviews with 300+ respondents were conducted in five villages which
will be impacted by the dam in different ways. An addition 21 interviews were held with farmers
who were actively involved in agriculture. Yield samples from 10 representative fields were
collected during two growing seasons and up-scaled for comparison purposes. Maize yields
during the two seasons ranged between 0.83 t.ha' and 2.67 t.ha’. Even the highest yield was
only 49% of the potential yield based on soil and climatic conditions. The interviewed farmers
attributed poor yields to unreliable rainfall, lack of labour and lack of external inputs as the
main reasons. The farmer with the highest yield (who notably also had highest SMAF score),
is actively improving his soils through incorporation of decomposed animal manure. Timely
access to good quality seeds, fertilisers and extension services (to the right farmers) as well
as in-field rainwater harvesting might be a more cost-effective approach to improve agricultural
production in the area, instead of large scale irrigation. Future work should expand the yield
gap approach to identify constraints to agricultural production in other areas impacted by the
MWP.
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9) To capture social-economic perceptions, hopes and fears dynamics in selected
villages associated with the MWP

This report is a sequel to several qualitative studies by the research team in selected
Ntabelanga Dam communities. The sociological aspects of those studies revealed, among
other things, narratives of hope, fear, and even disdain, with regard to the proposed dam i
especially disdain about the modes of public participation community engagement so far
adopted by the state (or consultants acting on its behalf). The survey, conducted over a two-
week period in November/December 2016, focused on six key themes: (a) Respondent
demographics, (b) Livelihoods and socio-economic activities, (c) Social network and social
capital, (d) Formal and informal safety nets, (e) Social amenities: availability, access and
community satisfaction, and (f) Ecological indicators, risk and vulnerability. Its main purpose
was to generate a baseline of quantitative metrics against which the short-, medium-, and
long-term, impact of the Ntabelanga can be measured. It is a snapshot of the dam
communities before the first bricks of the dam walls are laid, and against which to make sense
of progress, or otherwise, vis-a-vis the promise of a new lease of life in the affected
communities. Five communities were selected for the baseline survey 1 and they were the
same communities in which earlier (qualitative) phases of the study were conducted, namely:
Emqokolweni (with particular attention to the dam inlet section of Ngxoto), Lower Sinxaku,
Nggongweni, Ndzebe and Ndibanisweni Administrative Area (AA). The survey data are
presented in full in this report. They reveal, in the main, that if the dividends of the Ntabelanga
dam are currently imagined (by the state) in mostly economic terms, the economic status quo
in the communities is daunting in itself. However, there are social, cultural and ecological
dynamics that the dam will impact, one way or another, and because of the sensitivities
embedded in these dynamics, such impact must be carefully monitored. Will the dam make a
difference, positively or negatively, in the affected communities? This baseline survey report
offers a modest basis for embarking on a systematic, multi-year analysis of the dam-

community-environment nexus, that, ultimately, will yield an answer to the question just posed.

A UNIVERSE OF INTERACTIONS AND INTERSECTIONS

A dam project, such as the one proposed for Ntabelanga, can support a vision of rural renewal,
as propagated by the state and its agencies. A major dam can become a galvanising basis for
skills development and entrepreneurships 1 besides making possible easy access to potable
water and water for general household use, and bolstering job creation and occupational and
skills enhancement. All this can translate to improved household income and a better quality
of life for community members in the long run. Members of the five selected communities

recognise these potentials, and in some ways, are willing to embrace them. These putative



benefits could, however, come at a huge cost, if local concerns and certain community
dynamics are not recognised and taken on board early in the dam development process. In
the various communities 1 with the exception, perhaps, of Ndibanisweni AA, which is located
too far away from the dam to be directly adversely affected i the dam has clear socio-
economic, agricultural and environmental aspects that intersect in distinct, sometimes
adverse, ways. For instance, the study reveals a clear possibility of social displacement, and
people have been made to contemplate this possibility. What this indicates is that a
6r edevel opanaraatisdinevitable; but this is bound to entail interventions in the
agricultural sector, including, perhaps, a tinkering with grazing areas, grazing regimes and
even the number and demographics of people involved in agriculture. Such new realities could
impact one way or another on household income, but will definitely impact on the quality of

human dwelling and instigate a new sense of space and place. Indeed, community members

picture the future utilising grim phrases suchasbeing Aki | | edm,d dwrn dh,g dindrbe

Aithraway?o. These ar e mshacla phich rcantradict theif otheowise
supportive narratives about possible dam-induced rural renewal. Furthermore, while the
putative potable, agricultural and industrial water supply benefit of the proposed dam is
acknowledged, a crucial segment of the community i sangomas, who are generally regarded
as important custodians of local knowledge i has sounded a word of caution about the
devastating implications of water inundation on both the mystical ecology and the spiritual and
cultural well-being of the community. From their perspective, a dam might signify development
and modernisation for the living, but the living cannot function without the guidance of
ancestors and spirits i and water inundation is a bad omen for spiritual activities and ultimately
for the reciprocal relationship between the world of the living and the abode of ancestors.
Thus, cultural issues intersect directly with environmental aspects of a big dam. Almost in the
same vein, easy access to drinking water i a clear dam benefit i is counterpoised by the
possibility of dam inundation. It could lead to resource losses, deficits and deprivations. In a
socio-economically depressed area where families have very limited access to arable farm
plots (1-3 ha on average), and where 49% of residents depend on welfare grants, 22% of the
labour force subsist on piece jobs and 11% of the adult population are supported by family
members, resource losses arising from dam inundation cannot be viewed as a challenge that
has simple remedies: the intersection of environmental and socio-economic aspects of the
project must be closely watched. In the Ntabelanga area, therefore, a big dam project is a

distinct source of hope and dread. Social cohesion seems quite high in the study communities

and is partly indicated by d&ésoci al capital,
grassroots associations. These include buri
associations, hometown assoc i ati ons, mené6és c¢clubs, youth cl

churches 1 with burial societies identified by an overwhelming majority of survey respondents

whi ¢
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as being by far the most popul ar, and mendés clu
possibili t y exi s tdse vtenlaotp nee ndrée of t he area (through ne
and access to new income sources could impact m
to, these grassroots associations in different ways. However, there is a sense that factors such

as potential social displacement could adversely affect the functioning of such associations.

Community cohesion is caught in these possibilities. The matrix of intersections does not end

there. There is the issue of social deviance. Awareness by survey respondents of issues such

as alcohol abuse, drug abuse and domestic violence currently stand at 82%, 51% and 54%
respectively. While these mirror the communities
be of interest to see how possibleimpr ovement s in income (linked to
creation potential) would affect these indices. In the final analysis, the question to which

researchers must constantly seek answers is: to what extent can a dam project change the

guality ofsociale x i st ence in South Africads rur al communi

CONCLUSION

The South African governmentos pronouncements
unequi vocal about the damdés potenti al to bring
surrounding communities T through hydropower, irrigated, modernised and commercial

agriculture, ecotourism and multifarious job-creation opportunities that these bring. Indeed, if

there is one idiom that underpins the statebs in
What has emerged from qualitative data obtained in the five selected communities and a

guantitative survey of community members i is that a dam is a multivalent investment, but, in

the case of the Ntabelanga dam, one which the state appears to view in an overwhelmingly

beneficial way. From the findings of this study, it is of utmost importance to adopt a holistic

view of the dam communities and, t hus, to view t

than just economic and more than simply beneficial.

RECOMMENDATIONS FOR FUTURE RESEARCH

The present study was designed principally to establish a baseline of environmental,

agricultural and socio-economic data that would aid the long-term impact monitoring of the

Ntabelanga dam. Empirical data from the study communities brought out in bold relief

important dynamics that clearly are crucial for the long-term monitoring effort i and the

sustainability of the dam. These include space-place dynamics, but especially the disaffection

felt by many in the study communiti es about the Asideliningd of coc
the initial phases of the project. The fact that the dam construction has not begun as of the

time of concluding the present study is perhaps something positive, as a crucial, more

sociological, phase of the study can now be enacted. It should focus on possibilities of
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community-based impact monitoring of the Ntabelanga dam, with a key emphasis on
uncovering a strategy for empowering affected

fimeasur eodo haffectsthetre d am
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1 INTRODUCTION

The Mzimvubu River is the largest undeveloped river in South Africa. This is despite the facts
that the river has high annual runoff, high environmental status (NFEPA Report, 2011), high
tourism potential, and is suitable for afforestation and moderately suitable for dryland/rainfed
and irrigation agriculture (NWRS2, 2012). For these reasons, the Department of Water Affairs
(DWA) investigated the potential of building a multipurpose dam in the Mzimvubu basin to
serve as a catalyst for economic and social development. After studying 19 potential sites, the
Ntabelanga site in the Tsitsa River was chosen as the most appropriate site for the
multipurpose dam. A smaller dam, Laleni, will also be built for generation of hydroelectricity
approximately 20 km downstream of Ntabelanga. The building of the dam/s as part of the
Mzimvubu Water Project (MWP) was said to commence early in 2016 (during our last site visit
in June 2017 it appears that building has not yet started).

Globally, large dams are vital development infrastructure. They help society to meet various
needs. These needs can include water for domestic and industrial use, agricultural irrigation,
and hydro-electric power. In the case of the proposed MWP, benefits such as job creation and
agricultural rejuvenation have been highlighted by the Department of Water Affairs (DWA,
2012:1). A total of 2 686 ha have been identified for irrigated agriculture following the
completion of MWP. Therefore, the development of the dam is being conceptualised in a way
t hat wi || ensure that it is in tandem wi
Mzimvubu River Basin. This vision includes afforestation, irrigation, hydropower, water

transfer and tourism.

Despite the widely acknowledged benefits of large dams, dam development continues to come
up against important questions of social and environmental sustainability (Altinbilek, 2002). In

other words, the success of a dam project is no longer just a matter of whether it is

6technol ogi cawhegt Heerasiitb!l wdl lor dri ve d&éeconomi

important sociological matter. Success is increasingly being measured by the extent to which
the project coheres with specific social and environmental dynamics in the local area i in the
short-, medium- and long-term (Raina, 2000; Biswas, 2004). While protests against dams i
or, for that matter, pro-dam advocacy i are sometimes ideologically and politically motivated
and have little to do with observed impacts, studies have shown that a failure to pay close
attention to specific socio-cultural dynamics in the local area could expose the project to
invidious local resistance, if not immediately, then certainly in the long run (Uphoff, 1996; Bisht,

2009). Already potential conflict around the Ntabelanga dam in terms of land-use has been
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highlighted by Van Tol et al. (2014a). Indeed, difficulties could arise even though local

residents appeared to have initially welcomed the project.

There is also the crucial question of environmental impact, and, as indicated earlier, long-term
monitoring of this is important for determining the long-term sustainability of a dam project. A
large body of literature exists on the environmental impacts (both positive and negative) of
dam construction (see for instance, Beck, Claassen & Hundt, 2012; Dumas et al., 2010).
Nevertheless, because every river is unique in terms of its morphology, the landscapes it flows
through and the species its supports, the impacts of dam construction on ecosystems will also
be unique. Accordi ng dam][ddtcEnstiudtign] can2be redarde’l ag)a,

huge, long-term and largely irreversible environmental experiment without a controld .

Obviously, dam constructions have a direct impact on the environment through permanent
inundation of previously dry areas, alteration of stream flow regimes (reduction in natural
flooding), and fragmentation of river ecosystems, thereby reducing species diversity in almost
all cases. Indirectly, land-use change associated with dam constructions i and this is both an
environmental and a sociological issue T can significantly alter the equilibrium of ecosystems.
These changes, generally, can lead to more intensive land utilisation. The irrigated land,
previously used for rainfed cropping or grazing, for example, can result in more strain on the
environment. Needless to say, these impacts add to the controversies around large dam
projects (Biswas, 2004). Frequently, scientific studies associated with dam construction focus
more on finding out the most technically feasible place to build it, than on the long-term socio-

environmental issues that come in its train.

1.1 Aim and objectives

This project follows on a short term project where key monitoring aspects and interactions
between these aspects were identified in the Ntabelanga area (Van Tol et al., 2014b). Figure
1-1 presents the potential interaction/intersections associated with dam construction in a rural
area. The overall aim of this interdisciplinary project is to construct a baseline of

environmental, agricultural and socio-economic intersections associated with the MWP.

More specifically the objectives were to monitor, measure and investigate to indicators of these
intersections such as:

1. Water quality at selected monitoring locations in the Ntabelanga valley.

2. Potential pollution from on-site dry sanitation systems

3. Stream geomorphology of the Tsitsa River at selected locations in above and below

the proposed Ntabelanga dam.
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The aquatic bio-diversity at selected monitoring locations.

Natural vegetation in selected landscapes.

Soil quality of representative soils and cultivated fields

Carbon stocks and wetland water regimes at selected representative locations.

Dominant agricultural activities and the profitability and sustainability thereof.

© © N o g &

Entrepreneurial spinoffs, local skills and income and socio-cultural resources in
selected communities.

10. Perceptions hopes and fears of selected communities in relation to the planned project.
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Figure 1-1: Intersections i Possible cross-cutting issues for transdisciplinary
monitoring (Van Tol et al., 2014b).

Importantly, the focus was on the intersections/interactions between different monitoring
aspects and not necessarily on measurements of all the aspects. Where possible, relevant
literature, e.g. the Environmental Impact Assessment (EIA) of the MWP, was consulted to
establish these intersections. Some aspects (e.g. soil erosion) were quantified as part of the
preluding consultancy project (Van Tol et al., 2014). These were presented as results in the

relevant sections.



In this report, a general description of the study area is provided in Section 2. This is followed
by specific methodologies, results and discussions of different aspects or disciplines in Section
3-11 (following more or less the same sequence as that of the specific objectives above). The
core of this project is then the multidisciplinary Section 13, which focus on interactions and
intersections between the different aspects monitored. General conclusions and

recommendations for future research is presented in Section 13.



2 ENVIRONMENTAL DESCRIPTION OF THE STUDY AREA

The Mzimvubu River falls within the Mzimvubu to Keiskamma Water Management Area 12
and lies mostly in the Eastern Cape Province (Figure 2-1). The catchment covers an area of
19 853 km? stretching from the Drakensberg Mountains on the Lesotho border to the Indian
Ocean at Port St Johns. The Mzimvubu River is the largest undeveloped water resource in

the country and benefits derived from the development of this river could be of national

importance.
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Figure 2-1: Location of the Mzimvubu catchment.

The Tsitsa River is one of the main tributaries of the Mzimvubu River and falls within tertiary
catchments T35A-E. The planned Mzimvubu water project will consist of two dams,
Ntabelanga and Laleni, which will be used for irrigation and hydroelectricity generation
respectively (Figure 2-2). This study focus primarily on the Ntabelanga dam, and its impact on
the environment, agriculture and the people. The area around the Ntabelanga dam is more
densely populated and is also likely to be completed first.



Proposed Mzimvubu water project

Figure 2-2: Predicted inundation footprint of Ntabelanga and Laleni dam with
proposed irrigation areas.

2.1 The Ntabelanga Study Area

An area of approximately 1500 km? surrounding the dam was selected for general
descriptions of the soils, agricultural practices and environmentally sensitive areas (Figure
2-3). Although the greater part of this area will not be influenced directly by the planned
development, it was included to discuss the nature of the environment in the vicinity of the
dam. It should be noted that when this short term study commenced information regarding the
Laleni dam and potential irrigation areas was not available and was consequently not included
in the description of the physical environment. These areas do however form an integral part

of the design of the long term monitoring project.



Study area

Tsitsa backpackers

Figure 2-3: The study area for description of physical environment, socio-economic
and agricultural status quo with predicted footprint of the Ntabelanga dam.

The proposed Ntabelanga dam is nestled between mountains, the foothills of the Drakensberg
escarpment (Figure 2-4). The relief suggests that agricultural (irrigation) development will be
limited to areas directly next to the proposed dam. The steep slopes hinder easy access to
the dam and the communities around the dam. The proposed Ntabelanga dam wall is located
in a scenic gorge, approximately 200 m wide (Figure 2-5). Below the proposed dam wall, the

Tsitsa River meanders through relatively large, flat alluvial plains (Figure 2-6).

The proposed development will influence different communities on different levels for
example: those below the dam will generally enjoy positive impacts of the dam such as
constant water flow, less flooding, etc., whereas the population directly next to the dam will
generally suffer from a loss of grazing land, limited access to free flowing water, etc. For these

reasons two communities were identified to conduct sociological and agricultural research.

Community 1 (Ntzebe Village) lies on the banks of the Tsitsa River approximately 3 km
downstream of the proposed dam wall (Figure 2-3 & Figure 2-7). Sociological insights obtained



from this community are assumed to be indicative of perspectives of the population
downstream of the dam.

Community 2 (Lower Sinxaku) is located on the edge of the anticipated footprint of the
Ntabelanga dam (Figure 2-3 & Figure 2-8). Insights from this community are assumed to

reflect those of communities around the actual Ntabelanga dam footprint.

Elevation (m.a.m.s.l.)

Itsitsa Elevation (m.a.m.s.l.)
2 High : 2567
BN Ntabelanga_dam — SSses
A Low : 700

Figure 2-4: Elevation expressed as meters above mean sea level (m.a.m.s.l) of the
study area.



Figure 2-5: Location of proposed Ntabelanga dam wall (red arrow) and downstream
view of the Tsitsa River (Located at Photo 9 in Figure 2-3).

Figure 2-6: Alluvial plains along the Tsitsa River below the proposed dam wall
(located at Photo 5in Figure 2-3).



Figure 2-7: Community 1 (Ntzebe) in the background on the banks of the Tsitsa River
downstream of the proposed dam wall (located at Photo 2 in Figure 2-3).

Figure 2-8: View of the Ntabelanga (located at Photo 3 in Figure 2-3). Part of
community 2 (Lower Sinxaku) is encircled in red. Note the extent of gully erosion in
the foreground.
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2.2 Description of Environmental Situation

Climatic Information

Rainfall

The limited climatic information in the study area makes it difficult to infer relationships
between rainfall and runoff (streamflow). The attempt to generate seasonal rainfall trends were
based on the available data from two SAWS sites namely Mthata and Elliot (this is discussed
in detail in Van Tol et al., 2014b). The selected study area is geomorphologically in the middle
of these two sites and it was decided to average the rainfall of the sites in order to gain an
idea of the long term seasonal rainfall patterns as well as average monthly rainfall for the
selected study area. A summary of this data is presented in Figure 2-9 and Table 2-1

respectively.
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Figure 2-9: Average seasonal rainfall (mm) of SAWS sites Elliot and Mthata.

The average seasonal rainfall presented in Figure 2-9 suggests that there are definite dry and
wet seasons typically associated with semi-arid areas (Note that there are seasons missing
on the x-axis; it is therefore not a continuous chronological dataset). The minimum rainfall per
season is approximately 400 mm whereas the highest rainfall recorded per season is well over
1 000 mm. This variation in rainfall highlights the challenges associated with dry-land crop
production in semi-arid areas, i.e. in some years precipitation is insufficient to produce cash

crops, for example maize.

The monthly rainfall volumes presented in Table 2-1 shows distinct summer rainfall

characteristics with the majority of the rain recorded between November and March. These

11



months, the growing season for most summer crops, are also marked by the largest deviation

and variation in the rainfall. The minimum rainfall recorded indicates that during some months

the risk for dry-land crop production can be immense.

Table 2-1: Summary of average monthly rainfall (mm) data for the SAWS sites Elliot
and Mthata

Minimum Maximum Average Std. Dev

January

February
March
April
May

June
July

August
September

October

November
December

33.7
9.0
17.4
10.3
0.5
0.0
0.0
0.0
0.2
111
2.1
24.4

205.5
203.6
243.4
173.9
96.4
129.6
68.0
101.7
161.2
214.0
212.2
229.7

100.3

98.3
95.3
52.0
21.1
15.3
16.7
21.3
32.7
64.7
84.0
93.4

41.5
42.6
49.9
35.0
21.2
22.4
18.0
19.8
28.2
39.2
42.9
47.8

Figure 2-10 represents seasonal trends in rainfall for the entire Eastern Cape Province.
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during the growing season (October to April). This should be taken into consideration when

interpreting agricultural produce in this study.
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Figure 2-10: Seasonal trends in rainfall for the past five rain seasons (South African
Weather Service).
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Other climatic variables

The potential evaporation, daily average temperatures and heat units are presented in Table

2-2. Other relevant climatic parameters are discussed under the calculation of yield potentials.

Table 2-2: Selected climatic parameters for the Ntabelanga area (Schulze et al., 2007)

ETO Mean daily temperature Heat Units

(mm) (eC) (e da
January 193 20.9 338
February 159 20.8 311
March 153 19.8 305
April 117 17.2 217
May 100 14.3 131
June 92 115 50
July 94 11.7 61
August 123 13.4 108
September 143 15.6 170
October 163 1637 205
November 175 18.4 250
December 202 20.1 306

The area falls within the semi-arid zone with an annual Aridity Index of 0.41. Highest potential
evaporation rates are experienced during December (6.5 mm day). Summers are mild with
average daily temperatures above 20€C, but winters are cool with frequent frost and daily
average temperatures of approximately 12eC (Table 2-2). The total heat unit during the

growing season (October to April) is 1 930adays.

Climate forecasts for the region

The Eastern Cape Province is expected to receive more rainfall due to climate change (Figure
2-11). The rainfall intensity is however also likely to increase resulting in an increase one-in-
ten-year high river flows. Although the increase in precipitation will result in more available
water (especially in the dry season), rural communities are likely to be exposed to more
flooding (Schulze, R.E., 2010; Johnston et al., 2011). The annual temperatures are expected

to increase throughout the province (Figure 2-12).

According Turpie & Visser (2012) the increase in precipitation might increase revenue of
farmers in the Eastern Cape. Their predictions are that commercial horticultural farmers can
expect a 16.6% increase in revenue, crop farmers an increase of 13.6% whereas livestock

farmers can increase revenue by 34.9% due to changes in the precipitation and temperature.
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By 2080 the subsistence farmers in the Eastern Cape is expected to obtain an increase of
7.5% due to increase in temperature and precipitation.
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Figure 2-11: Predicted change in precipitation (mm month?) for July and December
2050 (Midgley et al., 2007).
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Figure 2-12: Projected change in median surface temperatures (eC) for difference
seasons in 2050.
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Streamflow in the Tsitsa River

Streamflow was measured at weir T3H006 approximately 20 km downstream of the proposed
dam wall (Figure 2-13). This weir is in a good condition and well maintained. A number of
DWA weirs are present in the Tsitsa River and its tributaries above the proposed dam. None
of these are, however, generating data at present. T3HO03 at Halcyon drift approximately 20
km upstream of the proposed dam can be vital for future monitoring of in- and outflows to and

from the Ntabelanga dam.

Figure 2-13: DWA gauging weir T3HO06 approximately 20 km downstream of the
proposed dam wall (Photo 1 in Figure 2-3).

Daily average flow (m3.s!) at T3H006 for the period November 1951 to November 2011 is
presented in Figure 2-14. Periods with missing data (e.g. 1984) is also included in Figure 2-14.
The cumulative flow from November 1951 to January 2013 was calculated and is presented
in Figure 2-15.

Figure 2-14 shows that the Tsitsa River at T3HOO06 is subject to extremely high flows on a
regular basis. The maximum daily average flow recorded in the time period was on the 215t of
March 1976 when 927 m3.s'! or 80 million m3.day* flowed over weir T3H006. The regular
flooding of the Tsitsa River can be expected to have significant positive and/or negative effects

on the river ecosystem.

15



Since the start of the previous project in the beginning of 2014 (Van Tol, 2014b), the highest

flow recorded was approximately 200 m3.s? (Figure 2-15). This should be taken into

consideration when any extrapolation of the data pertaining to stream geomorphology and

water quality is made.
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Figure 2-14: Daily average streamflow (m3.s™) measured from 1951 to 2017 at T3H006

in the Tsitsa River.
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Figure 2-15: Daily average streamflow (m®.s) from 2014 to 2017 measured at T3H006

in the Tsitsa River.

Figure 2-14 indicates that the total seasonal streamflow trends were fairly constant during the

past 60 years. Except for certain periods (e.g. 1979 to 1984) with missing data, there was no

considerable deviation in the cumulative flow line, despite major land-use change

(afforestation) in the headwaters of the Tsitsa River.
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The monthly streamflow variations calculated from the good continuous dataset (August 1998-
February 2017) is presented in Table 2-3. During the selected 18-year period, streamflow in
the Tsitsa River never ceased. The lowest daily average flow (0.2 m3.s!) was recorded in
October 2010 and the highest flow was measured in February 2009 with a daily average of

547.3 m3; it translates to approximately 47 million m? per day.

The months with the lowest flow were August-December. These months mark the start of the
growing season for summer crops, which typically require adequate water for establishment

to reduce the risk of low yields or crop failure.

Table 2-3: Summary of monthly streamflow, presented as daily average (m3.s™)
measured at T3HOO6 in the Tsitsa River between August 1998 and February 2017

Minimum Maximum Average Std. Dev

January 1.0 512.9 53.5 61.7
February 8.3 547.3 61.0 62.2
March 4.9 345.8 44.3 45.0
April 3.6 879.5 26.4 52.6
May 2.3 116.1 9.6 11.2
June 1.6 454 51 51

July 1.1 74.4 4.4 7.2

August 0.8 309.0 8.1 20.6
September 0.3 398.1 8.6 30.4
October 0.2 271.8 11.9 27.2
November 0.7 251.4 18.9 30.0
December 0.9 308.4 40.8 44.6

Soils

The broad land types in the study area are presented in Figure 2-16. They are briefly explained
using the description of the Land Type Survey Staff (1972-2006) with some inference to their

agricultural and ecological significance.
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Broad Land Types
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Figure 2-16: Broad land types of the study area.

A-land types in Figure 2-16 (i.e. Ab, Ac and Ae) refer to regions where freely drained yellow

and red soils occupy more than 40% of the land area. The soils of A-land types are generally

considered to be good for crop production and suitable for irrigation. Since these soils are

freely drained saturation seldom occurs thereby reducing the chances of erosion. If brief

description of the sub-classes follows:

|l

l

1

Ab: red dystrophic and/or mesotrophic soils where yellow soils occupy less than 10%
of the area whereas dystrophic and/or mesotrophic soils occupy a larger area than the
high base status red-yellow apedal soils.

Ac: red and yellow soils occupy more than 10% of the area each. Distrophic and/or
mesotrophic soils cover an area greater than high base status red and yellow apedal
soils.

Ae: refers to an area where more than 40% of the soils are red, high base status soils

deeper than 300 mm.

D-land types in Figure 2-16 (i.e. Db and Dc) refer to regions where duplex soils are dominant.

When exposed surfaces (bare rock, boulders, etc.) are omitted, 50% of the land area should

be occupied by duplex in order for the land type to classify as a D-land type. The dominant
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soils in these land types are, therefore, marked by soils with textural differences between A
and B horizons. Finer textured B horizons limit the suitability for agricultural production on
these soils. The increase in texture is generally associated with a decrease in hydraulic
conductivity and the formation of perched water tables on the A/B horizon can result. These
soils are, therefore, generally susceptible erosion, especially in the Db land types. A short
description of the subclasses follows:

91 Db: refers to an area where duplex soils with a non-red B horizon cover more than
50% of the land area.

9 Dc: in this land type duplex soils cover more than 50% of the land area and more than
10% of the remaining land area is occupied by soils with one or more of the following
diagnostic horizons: vertic A, melanic A or red structured B.

E-land types (i.e. Ea in Figure 2-16) consist of soil with high base status dark or red soils
(normally with a high clay content). These soils are weathered from basic parent materials
(e.g. dolerite). Half of Ea land types are covered by soils with vertic A, melanic A and red
structured B horizons. The soils of these land types are generally stable and resistant to
erosion. Depending on the effective soil depth these soils can be suitable for crop production.
F-land types (i.e. Fa and Fb in Figure 2-16) are generally young landscapes where the
dominant pedological processes have been weathering, clay illuviation and formation of orthic
A horizons. Although the dominant soil forms are normally shallow Glenrosa and Mispah
forms, any other soil forms can be accommodated in F-land types provided that they do not
gualify the area for inclusion in other land types. The dominant soils in these land types are
often shallow, thereby limiting the suitability for crop production. These land types are often
found on relatively steep slopes, thereby increasing the risk of erosion of the soils. A brief
description of the sub-classes follows:

1 Fa: refers to areas where lime does not occur frequently in the soils.

1 Fb: lime occurs frequently in one or more of the valley bottom soils.

The average soil depths and clay contents were derived from the broad land types, explaining

the close associations between Figure 2-16, Figure 2-17 and Figure 2-18.
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Figure 2-17: Average soil depth derived from land types in the study area.

Steep slopes (Figure 2-4) of relatively young landscapes (F-land types) are marked by shallow
soils of the mountains surrounding the dam. Deeper soils occur on the A-land types (see
discussion above). Directly north of the dam, deep freely drained soils of land type Ab249 is
found (Figure 2-16 and Figure 2-17). These soils are sandy (Figure 2-18), with an average
clay content of between 15-20%. Land type Ab249 covers an area of approximately 1 800 ha,
although some of it will be submerged by the dam. Initial evaluations suggest that irrigation
directly from the dam will be limited to these soils as the rest of the land bordering the dam
are marked by relatively shallow duplex soils with average clay contents of 25-30%. The
duplex nature of these soils makes them susceptible to erosion (see evidence in the following

section).

Below the dam wall in the vicinity of community 2, land type Ae382 marks deep well drained
sandy soils, suitable for agricultural production and irrigation. This land type covers an area of

approximately 930 ha with deep Hutton soil forms dominating 45% of the land area.

Although the aim of this report is not to evaluate the agricultural potential of the area, it is worth

noting that even when the broad land types are deemed unsuitable for crop production and/or
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irrigation, there might still be suitable soils within the land type. For example, in land type
Db333, which covers 20 000 ha, approximately 5% (1 000 ha) is covered by deep Oakleaf
soils occurring in valley bottom positions (TMU 5). Detailed investigations must, therefore, be
conducted to determine the developmental suitability of the soils bordering the dam and the

river downstream.

Average Clay Content (%

N
———————  itstsa Average clay (%) B s-20 Il 2530 35-40
I ebelanga_dam <15 I 20-25 W 30-35 40-45

Figure 2-18: Average clay content (top and subsoils combined) of soils in the study
area.

Soil Erosion

The extent of eroded land overlain on different broad land types in the study area is presented
in Figure 2-19. Approximately 3 820 ha have been severely eroded. Erosion is prominent on
Db, Fa and Ab land types with approximately 30, 18 and 15% of the land affected by gully

erosion respectively.
Fa land types are young landscapes and with shallow soils on relatively steep slopes. The

shallow depth and steep slopes limit the suitability of Fa land types for crop production and

increase the likelihood of erosion occurring.
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Figure 2-19: Severely eroded land and broad land types of the study area.

Ab land types refer to regions where freely drained yellow and red dystrophic and mesotrophic
soils occupy more than 40% of the land area. The soils of Ab land types are generally
considered to be good for crop production and suitable for irrigation with low sensitivity to
erosion. It was therefore rather surprising to observe the degree of erosion on these land
types. Aerial photographs suggest that gully erosion originate on old cultivated lands (Figure
2-20). Even with contouring the removal of natural vegetation and disruption of the soil
structure by cultivation resulted in significant erosion on these land types.
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Figure 2-20: Example of gully erosion commencing on old cultivated lands in land
type Ab.

In Db land types, duplex soils with non-red B horizons cover more than 50% of the land area
(Land Type Survey Staff, 1972-2006). These soils are prone to erosion; the textural
discontinuity often results in the generation of lateral flow and the B horizons are often marked
by high Na contents making the soils highly dispersive, especially for duplex soils formed on

Beaufort sediments.

The coverage of different erosion sensitivity indices of soils in land type Db344 is presented
in Figure 2-24 to Figure 2-24. For more details on how these indices were developed see
Pawarda, 2017.

The K-factor
The K-factors of the surface horizons ranged from 0.0471 to 0.0982 t.ha.h ha*MJ1.mm in

the area. Most (40%) parts of the area had a K-factor range value of 0.0693 - 0.0778 t.ha.h.ha
IMJt mm and smallest portions (8%) with erodibility factor range value of 0.0596 - 0.0693
t.ha.h.ha? MJ* mm? (Figure 2-21). Only, 5% of the total area had a K-factor range value of
0.0876 - 0.0962 t.ha.h.ha*MJ*mm-? contributed highest (35.2%) to the estimated soil loss in
Ntabelanga. Soil associations with the highest K-factor range value (0.0982 - 0.10) t.ha.h.ha
IMJ*mm?) contributed the least (5%) to estimated total soil loss. It is worth noting that the K-

factor values derived in this study were based mainly on particle size distribution, soil organic
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carbon, and soil permeability rates. In reality, values for K-factor can be significantly altered
by management (governed by the degree of soil disturbance, aggregation, organic matter
content (Loch and Rosewell, 1992). Therefore, the deviations from the norm due to a variation
in land management were not considered in this study and can only be dealt with at a much

finer scale where more detailed information is available.
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Figure 2-21: Spatial distribution of classified surface erodibility (K-factor) of the
Ntabelanga area.

Structural Stability index (SI)
Reynolds et al. (2007) defined S| as the organic matter fraction divided by the silt and clay

contentand. SIO 5% indicates structur al dossgof @ghargcd

SOi

carbon; 5<SIO 7% indicates high risk of structural

carbon; 7<SI0O 9% indicates |l ow risk of structur al

SOC to maintain structural stability. All the soil associations in the Ntabelanga area had a Sl
value of less than 7% (Figure 2-22), indicating high risk of structural degradation, therefore
addition of organic matter is important to avoid further degradation. Most (60.2%) soll
associations had structural stability index (SI) of <0.8 which contributed 48% of the estimated
total soil loss (Figure 2-24). An increase in Sl resulted to a reduction in total soil loss, the
highest range (1.9 - 3.3) Sl value of the area covered 10.6% of total area and contributed least
(13.6%) to total soil loss.
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Figure 2-22: Spatial distribution of structural stability index in the Ntabelanga area.

Dispersion ratio (DR)
This index has been shown to reflect accurately soil erodibility in soils high in silt and clay and

hence is not accurate in soils with high sand content (Ezeabasili et al., 2014). The dispersion
ratios (DR) of the soil associations ranged from 0.05 to 0.97, most (42.7%) soil associations
with DR range value of 0.07 - 0.08, accounted for the highest (36.6%) of estimated total sail
loss in Ntabelanga (Figure 2-24). According to Hazelton and Murphy (2007), the minimum
dispersion ratio falls above the &lightd category (6 - 30%), the average and maximum
dispersion in the d&ery higho (>65%) category. It therefore indicates that the all the soil
associations are susceptable to erosion. A small region (9.4% of the total area) had a DR
range values of 0.09 - 0.10, with a highest (59.2%) contribution to the estimated soil loss
(Figure 2-23). The estimated soil loss was proportional to the area covered by the soil with a
specific DR range values. Van Zijl et al. (2014) noted that soil dispersion is a dependent soil
variable that distinguishes the duplex soils from the other soils and can therefore be used to
identify areas with a high gully erosion potential. The conditions needed for piping to occur
are: soil with a dispersive nature, free water accumulating within the subsoil and an outlet for
this free water (Hardie et al., 2012). This could suggest that the Ntabelanga area has great
potential of piping as the largest area is covered by slight and maximum dispersion category
(Figure 2-23). Possible conservation practices must aim to increase aggregate stability at the
soil surface, prevent clay dispersion and increase the infiltration rate of the subsurface

horizons.
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Figure 2-23: Spatial distribution of classified soil erosion risk zones according
to soil dispersion ratios

Initial rainfall erosivity prior incubation
Largest portions (70%) of the area experienced predicted soil loss rate of <5 t ha yr' and

smallest portions (1.5%) experienced very high predicted erosion rates (>20 t ha yr?) (Figure
2-24). However, about 93% of the estimated total soil loss (t ha yr') was from areas with

erosion rates of above 5t ha yr? (Figure 2-24).

26



Legend

Soil Loss (t/haly)
Inititial

i
[ ERU

10-15

’x 0 225 45 9 135 18
N Kilometers

Figure 2-24: Spatial distribution of classified soil erosion risk zones prior to
incubation.

Current crop production practices are closely associated with the soils having low sensitivity
to erosion. Based on the extent of eroded land (Figure 2-19) and the dominance of soils with
high sensitivity to erosion (Figure 2-25) any large-scale expansion of crop production practices
seems unlikely on Db344.

Figure 2-25 to Figure 2-27 accentuates the extent of erosion in the study area. Efforts to stop
erosion are presented in Figure 2-28. From the interviews it became clear that people and
government tried to reduce erosion along roads through a process called 61 Z1 KREKEL A6,
whereby both men and women carry big stones and deposit them in gullies to stop the

furthering of erosion. Apparently, this process was stopped a few years ago.
The extent of land degradation is further highlighted by Figure 2-29 showing natural degraded

grasslands in the study area (NLC, 2000). The majority of natural grasslands bordering the

dam have been subject to degradation.
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Figure 2-25: Severe gully erosion on an Estcourt soil form (located at Photo 4 in
Figure 2-3).
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Figure 2-26: Gully erosion located at Photo 6 in Figure 2-3. Full-grown Acacia trees
highlight the extent of the erosion.
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Figure 2-27: Inside one of the gullies in Figure 2-26.

Figure 2-28: Efforts to stop erosion along the road (Located at Photo 7 in Figure 2-3).
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Figure 2-29: Degraded natural grassland in the study area.

Vegetation, Wetlands and Natural Forests

The dominant veld types forms part of the Drakensberg Foothill Moist Grasslands and the
East Griqualand Grasslands (Figure 2-30) with some areas below the proposed dam wall
forming part of the Eastern Valley bushveld (Mucina and Rutherford, 2006). Isolated patches

of Southern Mistbelt Forests and Mthata Moist Grassland also occur (Figure 2-30).

Major wetlands and the location of natural forests were obtained from the Land Cover
Database, 2000. The occurrence of wetlands and natural forests are presented in Figure 2-31.
The natural forests are generally found on steep slopes and higher elevations (Figure 2-4)

where orthographic rain creates a micro-climate suitable for their occurrence.

Figure 2-31 only shows the location of relatively large wetlands in the study area. A number
of smaller wetlands were identified in the study area during the two field visits (e.g. Figure
2-32). The degradation of these wetlands can have significant influences on the water delivery
to streams, both in terms of water quantity and quality.
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Figure 2-30: Dominant vegetation sites in the study area (adapted from Mucina and
Rutherford, 2006).
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Figure 2-31: Location of wetlands and indigenous forests in the study area.
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Figure 2-32: A typical wetland occurring widely in the study area (located at Photo 8 in
Figure 2-3).

2.3 Studied communities

Five communities formed the empirical core of the natural scientific and sociological data
collection. These were: Emgokolweni (with a special focus on the dam inlet section of Ngxoto),
Lower Sinxaku, Nggongweni, Ndzebe and Ndibanisweni Administrative Area (AA) i see Table
2-4.

Table 2-4: Study communities

Community Local Municipality District

Ngxoto (Emqokolweni) Elundini Joe Gqabi
Lower Sinxaku Elundini Joe Gqabi
Nggongweni Nyandeni OR Tambo
Ndzebe Mhlontlo OR Tambo
Ndibanisweni AA* Mhlontlo OR Tambo

*This community was earlier misidentified in Akpan et al. (2014) as KuGubengxa

The reasons for choosing these communities were the same as those outlined previously (Van
Tol et al., 2014). The intention was to capture, in a more standardised way, the ecological and
socio-economic status quo in the different communities, as they potentially had varying levels
of exposure to dam impacts. For instance, some of the more direct socio-ecological impacts
T such as dam inundation and attendant social dislocation and displacement i are likely to be
more directly felt in three of the five communities: Emqgokolweni (especially sections of the

town, like Ngxoto, that fall directly within the dam footprint), Lower Sinxaku and Nggongweni.
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Ndzebe is expected to be impacted more or less indirectly, and mostly positively, although the
possibility of dam-induced floods cannot be ruled out. Ndibanisweni Administrative Area (AA),
near Tsol o, i s p-bandfig-posc otsh & a@cmlmmuinatly of the fi"
removed from the dam footprint, it is included in the official irrigation plan for the dam and

stands to benefit from irrigated agriculture.

As shown in the relevant chapters of this report, all five communities had broadly similar
physical features and socio-economic and cultural attributes. For instance, the communities
were grossly susceptible to gully erosion, a reality that made the likelihood of large-scale
commercial agriculture i even with irrigation possibilities offered by the proposed dam i quite
slim (see Van Tol et al., 2014). Falling within the Maize Mixed Farming System (No. 9) i
according to Dixon et al. (2001): the area operates a Tribal Land authority system where state
land is held in trust by traditional leaders. Within this system, average land holding per family
is approximately 1 ha, of which a portion is devoted to subsistence agriculture. This takes
place relatively close to the homestead (see Van Tol et al., 2014: 4). According to Van Tol et
a. (2014: 4) , il ar ge arietheshigherrlying maumtaing sutrounidiagntiee

communitesi ar e typically wused for grazing of |ivesto

Despite the deep cultural vibrancy of the area, there was widespread poverty, with 72% of
sampled residents describing themselves as unemployed, and a significant proportion (48%)
reporting dependence on social grants. Many younger men could be said to be actively
involved in the rural livestock economy, especially intheir r ol es as fAherd boyso.
the general feeling among the older generation was that rather than take interest in rural
agriculture, the local youth had their heads filled with urban dreams. Modern commercial
activities were few and far between in the communities, with each community having just a
handful of spaza (convenience) shops. The hub of buying and selling for local residents were

towns such as Maclear, Tsolo and Qumbu.

Further justifications are provided in the sections below with regard to why specific sites were

included in the different aspects of the study.

33



3 METHODOLOGICAL NOTES

3.1 Introduction

As stated earlier, the study was conceptualised with one main goal in mind: to lay a robust

empirical foundation for monitoring the short-, medium- and long-term impacts of the

Ntabelanga dam. For the purposes of the study, three main, but interrelated dimensions were

delineated, namely: ecological, agricultural and sociological. For a thorough apprehension of

these dimensions i and indeed the dam-environment-community nexus i the study adopted

an interdisciplinary and collaborative mode of inquiry. It sought to integratefii nf or mati on, d
techniques, tools, perspectives, concepts, and/or theories from two or more disciplines or

bodies of speci al i z e d kirngarticdad, phgsical geography, agricultural science and
sociologyiwi t h a view to advancing understanding or t
beyond the scope of a singl e di(sseNajohal Acadenyr f i el
of Science et al., 2004:26). The researchers believed this approach would enable them to

interrogate cross-cutting issues associated with the dam from both natural scientific and

sociological perspectives. Even so, an interdisciplinary inquiry enabled the team to

contemplate the possibility that the Ntabelanga dam would more than simply herald rural

renewal; it could engender profound ecological, agricultural and socio-cultural disruptions in

the same communities that the dam developers believed would only derive benefits.

This chapter provides important notes on how baseline data were obtained pertaining to the
different facets around which long-term monitoring was deemed pertinent. These include
water quality, pollution and hydropedological issues, stream channel geomorphology, aquatic
biodiversity, vegetative analysis, soil quality yields and yield gaps, as well as sociological and

economic dynamics.

3.2 Water quality monitoring

Sampling sites

Monitoring sites were selected to represent different water resources, e.g. main river,
tributaries, taps, etc. (Figure 3-1). The accessibility of the sites was a key consideration in the
selection processes. Twenty fixed sites were identified for water quality monitoring (of which
eight sites were from the Tsitsa River, seven were from the Tsitsa River tributaries and five
were from the taps/ground water from villages most likely to be affected by the dam
development. Figure 3-2 and Figure 3-3) present photographs of some of the sampling sites

used for water quality study.
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©  Water Sampling points|
—— Rivers

Ntabelanga dam |

Figure 3-2: Monitoring locations for water samples (A-J correspond to letters in Figure
3-1).
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Figure 3-3: Monitoring locations for water samples (K-T correspond to letters in
Figure 3-1).

Materials

Methanol, water and acetonitrile of LC-MS quality was purchased from Sigma Aldrich (USA),
while the formic acid (analytical grade) was purchased from Agilent, USA. The LC-MS column
was purchased from Agilent (USA). (USA). All reagents and standard were freshly prepared
in LC-MS grade water or solvent before use. YSI PRO DSS multi-parameter portable water
quality instrument was purchased from Monitoring and Control Laboratories (PTY) LTD,
(South Africa).

A portable digital JENWAY model pH meter 3505 with glass electrode was used to determine
the pH of the water samples in the laboratory. A general purpose JENWAY digital portable
model conductivity meter/TDS 470 was used to determine the water surface temperature, total
dissolved solids (TDS) and electrical conductivity (EC) on the field. Analysis of dissolved
oxygen (DO), bio-chemical oxygen demand (BOD), chemical oxygen demand (COD), total
solutes (TS), total suspended solids (TSS), alkalinity, chloride ion and phosphate ion were
analysed using the AL 450 Aqua lytic photometer according to the manufacturer instructions.

Total hardness was determined by using EDTA titrimetric method. Statistical analyses were
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performed using SYSTAT 16.0 (SPSS, USA). Results from the water analysis are expressed

as mean values of replicate determinations with their standard errors.

Analytical procedure

Pharmaceuticals and personal care products (PPCPs)

Surface water and drinking water samples were collected in 250 ml amber glass bottles (to
avoid plastic contamination) from 16 sampling points. The samples were transported to the
laboratory for analysis. Before the analysis, both surface and drinking water was vacuum
filtered through glass fibre filters.

Data processing and analysis

All the targeted PPCPs were analysed using 5600 AB SCIEX Triple TOF hybrid mass
spectrometer (Applied Bio systems Sciex, USA) equipped liquid chromatography apparatus
(LC, Shimadzu, LC 20 AD, and binary pump) operated in both the positive and negative turbo

ion spray (ESI) mode. The LC chromatography was fitted with a reverse phase column.

33 Pollution from latrines

Site selection

Five pit latrines were selected, all located close to tributaries draining directly into the Tsitsa
River. Two were in Ngxoto, one in Upper Sinxaku and the remaining two sites were located in
the Nggongweni, near the proposed dam wall (Figure 3-4).The pit latrines were selected
because of easy accessibility: they were located not far from the available local roads, which
made it easier to transport sampling instruments to the five study sites. The sites are also

located close to the Tsitsa River tributaries.
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Figure 3-4: Map of the study area and selected sites.

Figure 3-5: Photographs of surveyed sites (white arrow i pit latrine; blue arrow 1
tributary stream).

The selected hillslope transects with the pit latrines were sampled at 2.5 m; 8 m and 15 m
respectively towards the tributary streams. A hand auger was used to sample three points
along transects in the direction of the streams at each site to the depth of the bedrock. The

soils were classified in accordance to the South African Soil Taxonomy (Soil Classification
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Working Group, 1991). Sociological aspects surrounding each pit latrine, such as number of

household inhabitants were also recorded.

Hydropedological conceptualisation and microbial sampling

The hydropedological interpretation of the soils followed the classification of soils on hillslopes
following the technique by Van Tol et al. (2011) and Van Tol et al. (2013). In this technique,
any soil features, including the classification is related to the hydrological response of the sails.
The spatial distributions of the soils are then related to the hydrological behaviour of the

landscape.

Microbiological analyses in soil samples were conducted for two main bacteria indicators;
faecal coliforms and E. coli bacteria as well as the natural coliforms bacteria. The total bacteria
and total coliforms counts were also determined from agars with growing colonies observed.
To accommodate the seasonal changes, samples were collected towards winter (May 2016)
and summer (November 2016). A total of 90 soil samples were therefore collected from the

different pit latrines.

Bacteria indicators (Faecal coliforms and E. coli)

The analysis for the faecal coliforms and E. coli, bacteria was conducted at Bemlab. The soil

samples were extracted with Ringers solution. The decanted soil extracts were analysed using

the membrane filtration method (USEPA, 2002) and the Polymerase Chain Reaction (PCR)

method (Mullis, 1980) to identify the presence of and verify the bacterium. For each soll

sample, 100 ml of the extract was be placed into a sterile honey jar. Thereafter, a single sachet

of Colilert medium was added to the sample. The jar was then shaken gently until the media

was dissolved. The sample was poured into a sub-divided Quanti-Tray, consisting of small

and large wells and sealed in an IDEXX Quanti-Tr ay seal er . Each tray was
N 1eC for 18 hours. Results wer eraéWatt®@nmtved by p
light and counting the total number of small and large wells that fluoresced. E. coli densities

were taken as the number of positive wells which were then converted to most probable

number (MPN) using the IDEXX MPN tables.

Chemical properties

The 90 soil samples collected for microbial analysis were also used to determine the soil pH

and the total organic carbon (%). The soil pH was measured in 1 M KCI and an equivalent
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soil-water pH measurement to ensure convenience. Initially the soil samples were measured
and placed in a beaker; then a particular volume of water or 1 M KCI was dispensed to the
soil. The soil solution was shaken vigorously in 15-minute intervals up to one hour. The pH
meter and electrode were calibrated using pH 4 and 7 buffers. Finally, the electrode was

placed in the solution to respectively record the two different pH values reported.

Soil samples analysed for organic percentages, followed the soil organic matter loss by the
ignition method (Ball, 1964). The obtained organic matter contents were used to calculate the

soil organic carbon through a conversion factor using the formula:
ocw=F'P (eq. 1)

Where, OM T organic matter (%) and 1.72 is a constant factor to convert to total organic carbon
(%). The OC contents recorded from each sampling site were determined for both top and sub

horizons in the study sites.

Hydraulic property measurements

Undistributed core soil samples from each horizon were collected to determine the
hydrological input factors for the flow model. The cores were used to determine the soil bulk

density (g/cm?) following the formulae: -

OF veovifr o YO ety ™
vemiic m O G '

(eq. 2)

Soil porosity (micro pores/cm), was determined using the inverse from the obtained bulk

densities and porosity:
e
F E (eq. 3)

Where, F i porosity, Bd i Bulk density and Pd i particle density

The hydraulic conductivity functions were determined in the laboratory using a permeameter
that uses the steady-state method. The utilised method measures hydraulic conductivity by
maintaining a constant hydraulic head gradient across the soil samples, which attains a
steady-state water flow through the samples. Steady-state conditions are achieved when the
influent flow rate is equal to the effluent flow rate. The hydraulic conductivities, kw, which
corresponded to the applied matric suction, were recorded. The saturated hydraulic
conductivity (Ks) was measured using the constant-head conductivity test from two
undistributed core samples. Each core in the laboratory was measured at three respective
suction tensions (Kh), 5 mm; 30 mm and 150 mm from the different depths. The unsaturated

hydraulic conductivity of the soil was initially recorded using the double ring method on the
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core samples. Transition between the sub-horizons and the underlying bedrock was
determined through auguring a hole to the solid rock. Then pipe down a Guelph permeameter

to measure the saturated hydraulic conductivity where it was possible.

The final input factor was the water retention capacity of the soils. To determine this, the
hanging water column method was used for the parameter. This technique determines a water
retention curve in a Buchner funnel, also known as the Haines apparatus (Haines, 1930).
Initially the volumetric water content (—, was calculated from the wetted soil samples using

the formula-
Ipwl. My

P =T (ea- 9

Where Mws i mass of wet soil, Mods-mass of oven dry soil,” «i density of water and Vs i
volume of the soils. A water retention curve was then plotted of the volumetric water content

(= against the matric head gradient (hm) obtained.

3.4 Stream channel geomorphology

Monitoring Sites

Monitoring sites for the investigation of characteristics of channel morphology were identified
at a reach scale using 2009 and 2013 digital aerial photographs. Aerial photographs were
provided by the Rhodes University Geography Department who sourced the images from
National Geo-Spatial Information, Cape Town. These photographs have a suitable resolution
(1:10 000 orthophotos, with 50 cm resolution) in the area of interest. Long profiles of the river
channel in the area of interest were used to identify distinct changes in gradient which point to
different process sets. The desktop study based on aerial photography was supported by a

field survey in May 2015, in which sites were verified.

Physical Variables

Physical variables define the geomorphology of a stream. Rivers vary spatially allowing for a
variety of habitats, each supporting a range of biota. Physical variables were monitored

seasonally (every 3-4 months) to note changes in habitat quality.

Cross-sectional surveys

Cross-sectional surveys of channel topography were conducted at the sub-reach scale, using

a Differential Geo Positioning System (DGPS). Four to six cross-sectional surveys were
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conducted per site. The number of cross-sectional surveys varied according to the number of
channel morphology features present in each site so as to obtain accurate channel dimensions
(Figure 3-6). Repeat monitoring of cross-sectional transects were conducted to see if there

were any seasonal changes in channel topography due to sedimentation or lack thereof.

7 R S —

Figure 3-6: The location of cross-sectional surveys for Site 5, below the confluence
with the Inxu, to monitor increased embeddedness of coarse substrate and channel
narrowing and or reduction in depth.

Substrate

The magnitude of sedimentation of substrates can be measured in numerous ways including
the area of streambed covered, the types of clasts being embedded, the depth of coverage,
the amount of sediments covering the substrate and the percentage of interstitial spaces filled
(see Waters, 1995). Substrate, an important driver of habitat type, was measured using both

visual assessments and quantitative assessments.

A visual assessment was conducted according to methods taken from Gordon et al. (2004).
Three to five quadrats (measuring on average one square metre) were placed along the known
transects, covering all the morphologies, in each site. Clast sizes of the coarse substrates

(>4 mm and excluding bedrock outcrops) found within each quadrat were used to establish
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the dominant particle size distribution along each transect. By randomly measuring particle
diameter of a minimum of 100 clasts a pebble count, ranging across each site was conducted
to get an overall picture of the distribution of the coarse bed material across each site. The
median particle size (Dso) values were extracted and the percentage distribution by clast type

for each site was estimated.

Particle size data can be used to access sorting and embeddedness values (Figure 3-7 and
Table 3-1). Following Gordon et al. (2004), the size class of the largest and second largest
clast type was recorded and the percentage cover of fine sediments was estimated. A level of
embeddedness was determined along with a sorting category of the sediment, which was
selected based on the diversity of clast sizes within each quadrat area. Embeddedness was
monitored seasonally under different flow conditions to monitor patches of fines collecting on

the bed sediment.

Sorting classes

< 0.35 Very well sorted
0.35-0.50 Well sorted
0.50-1.00 Moderately sorted
1.00-2.00 Poorly sorted

> 2.00 Very poorly sorted

0.35

Figure 3-7: Sorting classes for substrate (Gordon et al., 2004).

Table 3-1: Substrate description categories (Gordon et al., 2004)

Code Substrate Description

Fines (sand and smaller)
Small gravel (4-25 mm)
Medium gravel (25-50 mm)
Large gravel (50-75 mm)
Small cobble (75-150 mm)
Medium cobble (150-225 mm)
Large cobble (225-300 mm)
Small boulder (300-600 mm)
Large boulder (>600 mm)

O©CoO~NOOTA,WDNPE

A quantitative assessment was conducted by following the methods taken from Lambert &
Walling (1988) and Duerdoth et al. (2015). By taking disturbance samples of fine sediment

stored on the stream bed (surface and subsurface) an assessment of the variation in fine
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sediment accumulation over time was conducted. A large spherical bucket, with the bottom
removed, was placed over the substrate on the channel bed. The depth of the water level in
the bucket was recorded. The fine bed sediments were disturbed by vigorously stirring the
water with a stick, without touching the river bed, for 30 - 60 seconds or until the bed had been
sufficiently disturbed. A water sample was taken. Subsequently a further 30 seconds of
disturbance was conducted by stirring up and digging in the top 10 cm of the bed substrate to
raise any subsurface fine sediment into suspension. Samples of both the surface and
subsurface deposited fine sediments were collected for each disturbance to quantify the
combined surface drape and subsurface fine sediment deposits. Deposited fine sediment is
unlikely to be evenly distributed across a river bed (Duerdoth et al., 2015). Measurements
were taken, in different biotopes (flow, depth, substrates), along each known transect in each
site, in the middle of a quadrat in which a visual assessment was conducted. In several cases
the disturbance technique was limited to fine gravels and sands as the bucket could not be
firmly fixed into coarse gravels or cobble beds. However, where the bucket could be firmly
fixed, (without flow of water into or out of the bucket) to the substrates, including coarse
gravels, cobbles and bedrock, disturbance samples were taken. In the case of bedrock only a
surface sample could be taken. Coarse gravels and cobble beds found in fast flowing rapids
were not suitable for disturbance samples and are expected to not be conducive to the
deposition of fine materials (Tharme & King, 1998). During high flow disturbance samples

could only be taken in quadrates where water depth did not exceed the depth of the bucket.

Suspended sediment samples were taken at each site. A sample was taken that accurately
represented the rivers current sediment load. Samples were taken during every field visit in

order to correlate the sediment data to seasonal hydraulic processes.

A laboratory analysis of the water samples of surface drape, subsurface fine sediment
deposits and suspended sediments collected were conducted after each field visit. The
concentration of sediment was measured by using the filtration method from Gordon et al.
(2004). In the filtration method a water sample, with a known volume, is filtered and the amount
of sediment trapped on the filter is weighed after drying. Sediment concentrations were
determined by passing an entire water sample through a vacuum filtration setup. Weighed 90
mm diameter Macherey-Nagel glass fibre filter paper disks, with an average pore size of 0.6
pm were used (Gurnell et al., 1992). The filter paper and sediment were dried in the oven at
a temperature of 50eC for a minimum of 24
dried overnight at 105eC due to the avai
overestimations in sediment weight (Van der Waal, 2014). However, this will vary according

to sediment type. After drying, the filter paper and extracted sediment were cooled to room

44

hour s

abi



temperature and weighed again. The sediment concentration was calculated using the
following formula:
- D @i &l QA 0 WRQQa Qadadi & "B
@ GF 6 0B RMO Qi d N o O

pT

Where:

cs = Sediment Concentration (mg I-1)

Mass in grams
Volume (in litres) of water sample (weight of water, calculated by subtracting the empty
bottle from the weight of the full water sample bottle, was converted to volume assuming

1 kilogram =1 litre).

The sediment concentrations were determined by, first, calculating the volume of water in the
bottle (weight of water, calculated by subtracting the empty bottle from the weight of the full
water sample bottle, was converted to volume assuming 1 kilogram = 1 litre), the weight of the
extracted sediment and then dividing the sediment weight by the volume of water.

Turbidity

Turbidity is caused by particles and dissolved substances in water including organic, inorganic
and suspended particulates (Henley et al., 2000). Abiotic matter is commonly sourced from
eroded materials or sediments that have been previously deposited in the river bed but have
become entrained due to high flows. Increased turbidity results in a change in water clarity.
An increase in turbidity affects light penetration into the water which in turn directly affects
aguatic biota. A combination of qualitative data and quantitative data was used to measure
turbidity. Quantitative data is most commonly measured using a nephelometric turbidimeter
that measures the weakening of a beam of light through a water sample in other words, the
instrument measures the absorption and scatter properties of light when it passes through
water (Henley et al., 2000). Qualitative data is collected by using a water clarity tube
(GroundTruth, 2013). GroundTruth (2013) state that the clarity tube is one of the few
inexpensive methods for testing turbidity and has fewer limitations than its counterparts.
Turbidity was measured seasonally in order to observe how turbidity changes over time with

the flow hydraulics of a river.

Flow Hydraulics

Measurement of discharge in relation to current water levels, water surface slope (shear

stress) and suspended sediment were monitored over time to investigate the processes
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forming the current river condition. These measurements are a necessary input to assessing

substrate and sediment mobility.

Discharge

Discharge is an important variable determining channel response over time (Rowntree &
Wadeson, 1999). Flood runoff is important in determining geomorphological processes as high
discharges are required for significant sediment entrainment and transport. Measurements of
discharge in relation to current water levels were monitored over time to investigate the current
stream condition. Discharge measurements were taken along one known cross-sectional
transect at each site, with the most uniform flow and stable bed, using a Flow Mate 2000
portable flow meter. The total width of the channel along each transect was measured and the
width of the channel was divided into 20 equal units. At the mid-point in each unit the depth
and velocity was measured. Discharge was calculated using the Velocity-Area method
(Gordon et al., 2004).

Discharge for each unit was calculated using the following formula:
O Q a v

Where:

'O = discharge (m?3/s)
‘Q=depth (m)

a= length of unit (m)

0 = flow velocity (m/s)

The total discharge (m?/s) for the site was measured by calculating the sum of all the unit

discharges along the transect.

During high discharges, when flow was too high to safely access the river, an adaption of the
Velocity-Area Method (Gordon et al., 2004) was used to calculate discharge. This was done
across a known cross-sectional transect with the most uniform flow and stable bed. By using
the known area of the river cross-section and the average surface velocity, measured by
observing the rate of travel of a float across a known distance, discharge was calculated using

the following formula:

Where:

0 = discharge (m%/s)
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w = average velocity (m/s)

0 = cross-sectional area of the water (m?)

Level loggers were used to collect continuous flow data, including floods and baseflows, to
calculate hydrodynamic properties of the river channel. Level loggers were installed at each
site to collect continuous data on variations in depth (water pressure above the logger) and
temperature. Readings of discharge versus water level were used to create rating curves.
Fluctuations in flow properties for each site were picked up by plotting line graphs of the level

logger data over time.

Water slope

Channel long profiles and water slope can be used to work out what processes might come
into effect at different water levels. Measurements of the water slope were conducted using a
DGPS. Water level readings on the edge of the bank were taken during each transect covering
each morphological channel unit (i.e. pool and riffle), starting at the upstream point of each

site and ending at the downstream point.

Mannings roughness

From measured water surface slope and discharge
each site was calculated (Rowntree & Wadeson, 1999; Gordon et al., 2004) using the following
formula:

0 ga'v T oyr

Where:

0 = discharge (m3/s)

€= Manningbés roughness coefficient
0 = cross-sectional area of the flow (m?)

'Y = hydraulic radius (m)

“Y= slope

Sediment mobility

Sediment entrainment, transport and deposition are a fundamental response of a channel to
an altered flow regime. The potential movement of sediment at varying flows was calculated
by working out Relative Bed Stability (RBS) and Shear Stress using variables such as water

slope, water depth, median particle diameters and velocities (Gordon et al., 2004).
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Relative bed stability (RBS) can be calculated using the following formula:
Y6 Y @ do®
Where:
& 6> Critical velocity needed to move a particle (0 @ T LUQ where ‘Qis the median
particle diameter)
& = Near bed velocity at a given discharge (& @ T8 where & is the velocity for the

cross-section in m/s)

If values for RBS are greater than 1.0, the value at which particles would be expected to move
(Gordon et al., 2004), the bed would be considered stable. If the value is less than 1.0 the bed

is considered unstable and movement is possible.

Shear stress (1) is the stress that water exerts on the bed. Shear stress increases with
discharge but is unevenly distributed within a channel. Shear stress can be calculated from
the following formula:
T nQQTy

Where:

| = specific weight of water

"Q= gravitational acceleration (= 9.807 9 m/s?)

‘Q= water depth

"Y= energy slope

3.5 Aquatic biodiversity

Aquatic biodiversity was monitored at the same sites as those used for characterisation of

stream channel geomorphology.

Materials and methods

Habitat quality

Water quality variables are an important driver of the health of aquatic habitats. Local climate
and geology commonly dictate the dissolved solutes that make up a large proportion of the
total transported load of a stream. Five variables (Pennack, 1971; Mellado Diaz et al., 2008)
were identified for a short term habitat assessment, namely water temperature, pH, electrical

conductivity (EC), dissolved oxygen content and dissolved nitrogen and phosphate
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concentration. In rivers that are well mixed a rapid assessment of the average water quality
for a river reach can be measured by tacking a single representative sample (Gordon et al.,
2004). Samples were taken in the middle of each site, prior to any other field measurement
activities to avoid disturbance or contamination of the sample site. Measurements were taken
in the field to avoid contamination of the samples. A rapid assessment of water quality was
conducted by looking at the macroinvertebrates present as well as the diversity of habitats

conducive to macroinvertebrate health.

Temperature

The thermal characteristics of a river system vary due to natural and anthropogenic
hydrological, climatic and structural changes within a river channel and catchment area (Dallas
& Day, 2004). In turn this directly affects the life cycle patterns (reproductive periods, rates of
development and emergence times) and metabolic processes in aquatic organisms. Water

should not be allowed to vary from the background daily average water temperature,

considered to be normal f o r a site, at the specif i(DWAF,i me

1996). An AZB8403 Dissolved Oxygen probe meter was used to measure water temperature

(eC) at each site.

Electrical Conductivity (EC) and pH

Conductivity is the measure of the ability of a sample of water to conduct a current. Reduced
growth rates and fecundity in aquatic organisms is commonly linked to small or sudden
changes in EC and pH due to increased energy requirements. pH should fall between 6 and
8 to indicate a balanced system. EC and pH were measured using a handheld Hanna Combo
pH, EC and TDS meter.

Dissolved Oxygen (DQO)

The survival of aquatic organisms critically relies on the maintenance of sufficient dissolved
oxygen concentrations (>80%). An AZ8403 Dissolved Oxygen probe meter was used to
measure dissolved oxygen. However, for the last monitoring survey, in August 2015 the

Dissolved Oxygen probe was malfunctioning and it was decided to not to use the data.

Phosphate Concentrations

High levels of dissolved phosphate concentrations can be toxic to aquatic organisms.

Phosphate concentration was measured using a Visicolor ECO colorimetric test kit. Dissolved
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nitrogen concentration was also measured; however, the available Visocolor alpha

colorimetric Nitrate test kit was inadequate to produce accurate results.

Macroinvertebrates

River health, in terms of water quality, can be rapidly assessed by looking at the taxa richness
of macroinvertebrate species sensitive to water quality (Dickens & Graham, 2002). A SASS
score was calculated for each site by sampling period to look at a rapid assessment of water

quality, giving a measure of river health at the site scale.

The ASPT is the total sensitivity score for all the classes/families found, divided by the number
of classes/ taxa found. The ASPT for the first two monitoring surveys (July and October 2015)
were calculated using Mini SASS methods going down to order level were as the remainder
of the monitoring surveys (February, April and August 2016) were done following an adaption
of SASS methods going down to family level. Because the SASS method goes down to family
level there will be a higher number of taxa found at each site and therefore a higher
corresponding SASS score. However, when the SASS score is divided by the number of taxa
found, the ASPT varies only slightly from the ASPT calculated using Mini SASS protocol
(Figure 3-8). This trend differs from that of the Mini SASS/ SASS score which is not
comparable. Therefore, for this study it was seen fit to compare the ASPT derived by Mini
SASS methods in the first two monitoring surveys to the ASPT derived by SASS methods in
the remaining monitoring surveys. However, this may not be the case for other river systems.
SASS and mini-SASS data were interpreted using Table 3-2.

40
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Mini- SASS/ SASS score Number of classes/ taxa ASPT

Figure 3-8: Average difference between mini SASS and SASS scores for the Tsitsa
River.
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Table 3-2: Ecological categories and sensitivity scores used to interpret SASS data
for this study. Adapted from Graham et al. (2004) and Dallas (2007).

Ecological Ecological Description Sensitivity score (ASPT)
Category condition Sandy Habitat Rocky Habitat
A Natural Unmodified, natural >6.9 >7.9
B Good Largely natural with 5.8-6.9 6.8-7.9

few modifications
C Fair Moderately 4.9-5.8 6.1-6.8
modified
D Poor Largely modified 4.3-4.9 5.1-6.1
E Very Poor Seriously modified <4.3 <5.1

Hydro-morphological Index of Diversity (HMID)

Habitat diversity, affecting macroinvertebrate communities, based on different flows and
depths was assessed using the Hydro-morphological Index of Diversity (HMID) (Gostner,
2012). The HMID was obtained by calculating the coefficient of variation (CV) of flow velocities

and water depth readings for each quadrat (see Biological Variables) by using the following

formula:
‘0b 00 P p -
Where:
"00 00 = Hydro-morphological Index of Diversity per quadrat

, = standard deviation
‘ = mean

0 = velocity (m.s?)

"= depth (m)

Higher HMID values correspond to higher hydromorphological heterogeneity (Table

3-3).

Table 3-3: Interpretation of HMID values (Adapted from: (Gostner, 2012))

HMID value Description
<5 Very little variability in hydraulic variables
59 Moderate variability in hydraulic variables
>9 High variability in hydraulic variables
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Time-based Statistical analyses

A time based analyses of measured variables affecting water quality was conducted to find
out which independent variables correlate most (positively or negatively) with the site based
water quality ASPT of sensitive macroinvertebrates during each monitoring survey.
Independent variables include the HMID, Dissolved Ox y gen ( %), Temper
(us), Clarity (cm), Turbidity (FTU), Suspended Sediment concentration (mg I') and Discharge

(m3.s?).

Biological Variables

Biological variables are a benchmark of wildness. Macroinvertebrates provide barometers of
river health as they are the first to register ill effects of negative impacts on a river system.
Changes in habitat result in changes in types of organisms and give a clear indication of the

current condition of a river channel.

The macroinvertebrate community structure was established at a family level using a variation
of the Mini SASS technique (Graham et al., 2004) combined with adaptions from the South
African Scoring System (SASS) (Dickens & Graham, 2002). The overall relationship between
macroinvertebrates and habitat conditions were identified based on a ranking and scoring
system by identifying macroinvertebrate families in different habitat types (substrate, flow,
depth, embeddedness, etc.). Thirteen key macroinvertebrate orders were identified in the
Tsitsa River (Table 3-4)(Graham et al., 2004).

Table 3-4: Macroinvertebrate Orders

Code Macroinvertebrate Order

Annelidae- Hirudinea (Leeches)
Turbellaria (Flat worms)
Crustacea (Crabs or shrimps)
Mollusca (Snails or Limpets)
Odonata- Zygoptera (Damselflies)
Plecoptera (Stoneflies)
Trichoptera (Cased and uncased caddisfly)
Ephemeroptera (Mayflies excluding Baetidae)
Hemiptera or Coleoptera (Bugs or beetles)
Annelidae- Oligochaeta (Worms)
Odonata- Anisoptera (Dragonflies)
Ephemeroptera- Baetidae (Minnow mayflies)
Diptera (Flies)

N el
TRELEOWwO~NOOAWNE

Sample collection was conducted following an adaption of the SASS protocol laid out by

Dickens & Graham (2002). Samples were taken across known transects in each site. A
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specified net with fine mesh, held downstream of the sample point catching
macroinvertebrates dislodged from the substrate or marginal vegetation, was used for sample
collection. In addition fine sediments were sieved through the net and hand picking and visual
observations of substrates and vegetation was conducted in order to record all the habitat
niches. Each family of macroinvertebrate found was listed and abundance was noted. The
corresponding physical habitat was noted. The number of samples per transect depended on
the channel width as well as the number of biotopes present. Across a site samples were
taken on all biotopes present in the site including, stones in and out of current, bedrock,
marginal vegetation in and out of current, aquatic vegetation and gravel, sand and mud.
Sample sites corresponded to the same location as for the quantitative and qualitative
substrate measurements. The Average Score per Taxa (ASPT) for water quality and sensitivity

to sediment drape was calculated for the macroinvertebrates in each sample location.

A quantitative assessment was conducted by following methods taken from Lambert & Walling
(1988) and Duerdoth et al. (2015). By taking disturbance samples of fine sediment stored on
the stream bed, an assessment of the variation in fine sediment accumulation over time was
conducted. A spherical bucket, 31 cm high, with the bottom removed, was placed over the
substrate on the channel bed. The diameter of the bucket was 33 cm permitting for a known
area of 0.03 m? to be sampled for each disturbance. The depth of the water level in the bucket
was recorded. The fine bed sediments were disturbed by vigorously stirring the water with a
stick, without touching the river bed, for 30-60 seconds or until the bed had been sufficiently
disturbed. A water sample was taken. Deposited fine sediment is unlikely to be evenly
distributed across a river bed (Duerdoth et al., 2015). Measurements were taken, in different
biotopes (flow, depth, substrates), along each known transect in each site, in the middle of a
guadrat in which a biological assessment was conducted. In several cases the disturbance
technigque was limited to fine gravels and sands as the bucket could not be firmly fixed into
coarse gravels or cobble beds. However, where the bucket could be firmly fixed, (without flow
of water into or out of the bucket) to the substrates, including coarse gravels, cobbles and
bedrock, disturbance samples were taken. In the case of bedrock only a surface sample could
be taken. Coarse gravels and cobble beds found in fast flowing rapids were not suitable for
disturbance samples and are expected to not be conducive to the deposition of fine materials
(Tharme & King, 1998). During high flow disturbance samples could only be taken in quadrats

where water depth did not exceed the depth of the bucket.

A laboratory analysis of the water samples of surface drape, subsurface fine sediment
deposits and suspended sediments collected were conducted after each field visit. The

concentration of sediment was measured by using the filtration method from Gordon
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et al. (2004). In the filtration method a water sample, with a known volume, is filtered and the
amount of sediment trapped on the filter is weighed after drying. Sediment concentrations
were determined by passing an entire water sample through a vacuum filtration setup.
Weighed 90 mm diameter Macherey-Nagel glass fibre filter paper disks, with an average pore
size of 0.6 um were used (Gurnell et al., 1992). The filter paper and sediment were dried in

theovenatat e mper ature of 50eC for a minimum of

was not dried overnight at 105eC due to the

overestimations in sediment weight (Van der Waal, 2014).

However, this will vary according to sediment type. After drying, the filter paper and extracted
sediment were cooled to room temperature and weighed again. The sediment concentration

was calculated using the following formula:

. 0 Wi &l MMQa 0 WRQQa Qaavi & MQa 0 Qi
WE 06RO IQanNnaQ

Where:

Cs = Sediment Concentration (mg I-1)

Mass in grams

Volume (in litres) of water sample (weight of water, calculated by subtracting the empty
bottle from the weight of the full water sample bottle, was converted to volume

assuming 1 kilogram = 1 litre).

The sediment concentrations were determined by first calculating the volume of water in the
bottle (weight of water, calculated by subtracting the empty bottle from the weight of the full
water sample bottle, was converted to volume assuming 1 kilogram = 1 litre), the weight of the

extracted sediment and then dividing the sediment weight by the volume of water.

The percentage distribution of macroinvertebrate classes and families found in different
concentrations of surface drape sediments was calculated. Surface drape conditions were
divided into three categories namely; Low (<1 mg I'!), Medium (1-10 mg I'*) and High (>10 mg
I) and the percentage distribution of macroinvertebrate classes and families were calculated
for each according to the number of observations of each macroinvertebrate class and family
present.

SASS scores are based on the sensitivity of macroinvertebrates to changes in water quality.

Therefore, it was essential to create a score based on the sensitivity/ tolerance of
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macroinvertebrates to fine sediment accumulation in the Tsitsa River under current conditions.
Fine sediment accumulation in terms of sediment drape was seen as representative of current
habitat condition. Coarse gravels and cobble beds found in fast flowing rapids are expected
to not be conducive to the deposition of fine materials (Tharme & King, 1998), therefore
hosting a different range of macroinvertebrate families to areas of lower flow with higher
concentrations of sediment drape. A fine sediment habitat score was calculated by ranking
the sensitivity of different families of macroinvertebrates by the maximum concentration of
suspended sediment and surface drape of fine silt (mg I*) in which they were observed
(n = 540). The macroinvertebrate families were then ranked from most sensitive to least
sensitive to surface sediment drape and assigned a sensitivity score (Table 3-5). The higher
the sensitivity score the more sensitive the macroinvertebrate family is to surface sediment
drape for example, macroinvertebrate families only found in quadrats where the maximum
concentration of surface sediment drape falls between 0.1 - 0.2 mg I'* are assigned a score of
13 whereas macroinvertebrate families found in quadrats where the maximum concentration

of surface sediment drape falls between 60.1-80.1 mg I'* are assigned a score of 2.

Table 3-5: Sensitivity score of macroinvertebrates to surface sediment drape
concentration

Sensitivity Score Surface Sediment Drape (mg |')

1 >80.1

2 60.1-80.0
3 40.1-60.0
4 20.1-40.0
5 10.1-20.0
6 8.1-10.0
7 6.1-8.0
8 4.1-6.0
9 2.1-4.0
10 1.1-2.0
11 0.6-1.1
12 0.2-0.6
13 0.1-0.2
14 <0.1

Statistical Analyses

Statistical methods offer a visual interpretation of relationships between drivers of sediment

processes and the impact of sediment on habitat (Piégay & Vaudor, 2016).

The Shannon Diversity Index was used to assess the both the heterogeneity of substrate
(substrate diversity) and macroinvertebrate types (macroinvertebrate diversity) found in each
guadrat. The Shannon Diversity Index is based on the number of types present as well as the

proportion of each type present in a specified site (Boyero,2003). The di ver si
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substrate was calculated using the 9 substrate description categories with the addition of two
substrate categories namely, bedrock as the 10™ substrate category and vegetation (both
aquatic and marginal vegetation) making up the 11™ category. The maximum possible score
for substrate diversity is 2.4 HO6. The diversi
using 13 macroinvertebrate classes (Table3-6). The proportion of each macroinvertebrate
class was estimated by observed abundances in the field. The maximum possible score for

macroinvertebrate diversity is 2.6 HO6.

The maximum possible score is obtained when each type is equally presented within a

guadrat. The following formula is used to calculate the Shannon Diversity Index:
0 01 D
Where:

"O = Shannon Diversity Index (Heterogeneity score)

0 = Proportion of the "® substrate/macroinvertebrate type

Patch Scale Analyses

A patch scale analyses was conducted to tease out relationships between macroinvertebrate
taxa and physical habitat conditions. The analysis was divided into three reaches namely;
Reach 1 (Site 1 above the proposed dam), Reach 2 (Site 2 and 3 between the dam and the
Inxu River confluence) and Reach 3 (Site 4 and 5 below the confluence). A further division to
single out habitats was done and separate analyses were conducted for habitats dominated
by coarse substrates (rocky), fine substrates (fines) and marginal and aquatic vegetation

(vegetation).

Substrate Diversity (H6) , Sus pmgnly efdr margirhli me n t
vegetation), Surface Sediment drape concentration (mg |-1) mg I'* and Subsurface Sediment
concentration (mg IY) (for other habitats), Depth (m), Flow (m.s!) and Macroinvertebrate
Diversity (H6) were correlated t overtebraes Tabkki men't
3-5) to see which independent variable has the largest effect on macroinvertebrates in different
habitats and seasons. Box and whisker plots of the above variables were drawn to show the
variability of sampled data, as well as outliers, for each habitat in each reach. Box and whisker
plots show the minimum, first quartile, median, third quartile and maximum of the set of data.
The larger the distance between the first quartile and the third quartile indicates the variability
of the data, with a larger distance being more variable. The maximum and minimum values

show possible outliers in the data.
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3.6 Vegetative analysis

Research approach

Assessment of plant species diversity

Fieldwork was conducted in March and November 2016 in the study area. Nineteen plots (red
squares in Figure 3-9) measuring 5 m X 5 m (Figure 3-10), based on the results of a species-
area curve (Mueller-Dombois and Ellenberg, 1974) that was determined prior to the sampling
process were used to assess plant species diversity and composition via the Braun-Blanquet
survey technigue. The exact locality of each plot was recorded using Global Positioning
System (GPS). Within each sample plot, the habitat information and species present were
recorded. A cover-abundance value was assigned to each species present in a sample plot
according to the Braun-Blanquet cover-abundance scale (Mueller-Dombois and Ellenberg,
1974; Werger, 1974; Whittaker, 1978; Van der Maarel, 2005) as presented in Table 3-6. Plant
species were identified in the field and the taxon names conform to those of Germishuizen et
al. (2006). Unknown plant species were collected, pressed, oven-dried and were identified by

Mr Tony Dold, curator of the Schonland Herbarium, Rhodes University, Grahamstown.

Google earth

Figure 3-9: Locality map of the study area including sites of vegetation
characterization.
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Figure 3-10: Assessing floral diversity and composition in a5 m X5 m quadrat (Photo:
A. Maroyi).

Table 3-6: Braun-Blanquet cover-abundance codes, values and median values (after
Mueller-Dombois and Ellenberg, 1974; Werger, 1974; Whittaker, 1978; Van der Maarel,

2005)

Braun-Blanquet code Cover (%) Median cover (%)
R <5 1
+ <5 2
1 <5 3

2m <5 4
2a 5-12.5 8
2b 12.5-25 18
3 25-50 38
4 50-75 68
5 75-100 88

The following environmental data were collected: C (%), Ca (cmol kg?), clay (%), erosion (%),
herb height (cm), K (cmol kg?), litter cover (%), Mg (cmol kg1), Na (cmol kg1), NHs-N (mg L-
1), NOs-N (mg L1), pH, rock cover (%), sand (%), silt (%), slope (%), total vegetation cover (%)
and tree height (cm). These measurements were recorded in every plot. Multivariate data
analysis were performed on the vegetation data to explore the floristic variation, to detect and
visualise similarities in the plots. The agglomerative method of Hierarchical Cluster Analysis
(HCA) in MINITAB was performed to define the group of plots with similar species composition.
Canonical Correspondence Analysis (CCA) was performed using Palaeontological Statistics
(Hammer et al., 2001), version 3.06. Patterns of plant species composition in relation to the

measured environmental factors were analysed using CCA. Detrended Correspondence

58



Analysis (DCA) was performed on the same data set using Palaeontological Statistics
(Hammer et al., 2001). According to Legendre and Legendre (1998), CCA and DCA are direct
gradient analysis techniques that relate species composition and abundance to environmental
variation enabling the significant relationship between plant species and environmental
variables to be determined. Factors hypothesised to influence vegetation composition and

abundance in this study were captured in a spreadsheet as environmental variables.

Assessment of useful plant species i Ethnobotanical interviews

Twenty-one randomly selected individuals were interviewed in March and November 2016 for
purposes of identifying and assessing plants deemed useful in the study communities. This
method is referredtoint hi s report as fAethnobotanical
sociological interview method referred to later in this chapter, and in other sections of this
report. Table 3-7 summarises the demographic and socio-economic characteristics of the
interviewees. More than half (71.4%) of participants were females and 52.4% were above 50
years, while 23.8% were below 40 years of age. More than half of the participants (52.4%)
were married, 23.8% were divorced; 19.0% and 14.3% were widowed and single respectively
(Table 3-7). More than three quarters of the households (86.2%) comprised between four and
nine family members, while the number of children and adults per household ranged between
0 to 13 and 1 to 6 respectively (Table 3-7). Two-thirds of the participants (66.7%) were
educated up to primary level, 21.7% were educated up to secondary level and 19.0% had

attained tertiary education.
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Table 3-7: Demographic and socio-economic characteristics of ethnobotanical
interviewees in the Ntabelanga area, n = 21

Socio-economic variable Number %
Gender Female 15 71.4
Male 6 28.6
<20 1 4.8
20-29 2 9.5
30-39 3 14.3
Age (years) 40-49 4 19.0
50-59 6 28.6
60-69 3 14.3
>70 2 9.5
Single 3 14.3
. Married 9 52.4
Marital status Divorced 5 238
Widowed 4 19.0
1-3 2 9.5
. 4-6 9 52.9
Household size 7.9 7 333
>10 3 14.3
Adults in a household 42 (1-6)
Children in a household 62 (0-13)
No formal education 6 28.6
. . Primary (grade 1-7) 8 38.1
Highest level of education Secondary (grade 8-12) 4 217
Tertiary 3 19.0
Unemployed 13 61.9
. Employed 2 9.5
Occupation Self-employed 3 14.3
Other 3 14.3
Less than R1000 (74.1 US$) 12 57.1
Combined monthly income R1001-2000 (74.1-148.1 US$) 6 28.6
>R2001 (148.2 US$) 1 4.8
Not disclosed 2 9.5

aValues are medians unless otherwise indicated, figures in brackets are ranges

The majority of the participants (61.9%) were unemployed, correlating with 57.1% surviving
on less than R1000.00 (US$74.1) per month (Table 3-7). Interviews with participants revealed
different sources of income including the following (in descending order of importance): child
support grant from government (33.3%), remittances by family members who live and work
elsewhere (28.6%), old age pension grant from government (14.3%), salary and wages
(9.5%), retirement pension (4.8%), income from farming and off-farming activities (4.8% each).
Demographic and socio-economic characteristics of the people who participated in the current
study correlate with findings obtained by Paumgarten et al. (2005) that show that the profile of
the rural population in many of the former homeland areas in South Africa are characterised
by a poor skills base, low levels of education, low economic activity and a strong reliance on

state pensions and migrant remittances.
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This ethnobotanical investigation utilised participatory rural appraisal (PRA) methods

(Chambers, 1994), emphasising in-depth discussions with participants using open-ended

guestions in data gathering. Cunningham (2001) argued that structured and semi-structured

interviews with local communities enables the researcher to understand much about the local
peoplesd6 culture, traditional knowl edge and use
ecosystems. Documenting such contextual details can be essential to understanding and
meeting the | ocal communityds expectations from
of establishing a broader, contextual framework necessary to understand the complex

relationships between people and the plant resources around them. Such research strategies

of acquiring and sharing ethnobotanical knowledge is important in understanding the values

and uses of wild plant species as well as plant species managed in home gardens.

Structured and semi-structured interviews were carried out in isiXhosa, a language spoken by
al | participants. I n order to ensure that partic
this research on home gardens, all participants were requested to sign the University of Fort
Hare (MARO11) consent form, after the researcher or research assistants had fully explained
the nature of research work, acknowledged indigenous prior rights, responsibilities of
participants and agreed on active community participation in all stages of the research. The
researcher also agreed to a working relationship with the community, including knowledge of
and willingness to comply with local governance systems, cultural laws and protocols, social
customs and etiquette as stipulated by the International Society of Ethnobiology. The
guestionnaire was administered to one family member, female or male head of the household
or in the absence of both, any member of the family who was above 18 years. During the
interviews we documented information on:
1. the names of useful plant species, including species grown and managed in home
gardens,
uses and preparation of useful plant species,
3. perceptions of households on the importance of plant resources within the
Ntabelanga area, and
4. possible positive and negative impacts of the proposed dam on availability and

utilisation of useful plant species.

Results obtained through the use of the questionnaires were complemented by personal

observation, informal discussions and guided field walks or surveys with the participants.
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3.7 Assessment of grazing potential

This study also sought to determine the identity, state and dry matter yield of palatable grass
species in the rangelands within the Ntabelanga area. This is important as damming will flood
some of the grazing land, leaving residents with a fraction of the current grazing land. Twenty
one randomly selected individuals were interviewed in March and November 2016 (Table 3-7).
Through PRA exercises (Chambers, 1994) we documented livestock species in the
Ntabelanga area, nature and availability of grazing land, existence of management system on
communal grazing land and the impacts the planned dam is likely to have on communal

grazing areas.

Rangeland condition was estimated based on the dry matter yield and composition of
palatable species (Barnes et al., 1984). Palatable grass species were grouped into three
palatability classes: highly palatable, moderately palatable and poorly palatable. We used
forage production and biomass to estimate the annual output of the palatable grass biomass.
This parameter is commonly used to measure the harvest of above ground standing crop. For
dry matter determination, grass shoots were harvested to stubble height from 0.5 X 0.5 m
guadrats. The harvested materials were dried to a constant weight at 72°C and weighed to

determine total dry matter (DM) yield.

3.8 Assessment of soil quality, yields and yield gaps

Soil quality

Soil samples were collected from 16 different sites in the Ntabelanga area, ten of these were
located in the Lower Sinxaku villages (Figure 3-11). The soils were sampled from each plot at
a depth of 0-30 cm. Samples were then weighed for bulk density determinations. Samples
were analysed by Nvirotek Laboratories in Hartbeespoortdam, South Africa. Microbial
biomass carbon determination was done by Colorimetric method with Potassium
Permangenate. Macro-aggregate stability was determined using the wet sieving method. Soil
texture determination was done by. Electrical conductivity (EC) and pH were determined with
an electrode on a saturated paste extract. Extraction of cations Na, K, Ca, and Mg and
concentrations of N, K, Cu, Fe, Mn, and Zn were done using the Mehlic method. Phosphorous

was measured by Bray 2 method.

Soil Management Assessment Framework

Aggregate stability (AGS), pH, electric conductivity (EC), extractable P and K, bulk density

(Bd), soil organic carbon (SOC) and microbial biomass carbon (MBC) were used to calculate
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a soil quality index (SQI) for the selected sites using the SMAF (see more details in section
9). These indicators are sensitive to soil management and they contribute significantly to soil
functionality regarding crop productivity. The data will be scored with previously published
algorithms (Andrews et al., 2004; Wienhold et al., 2009; Stott et al., 2010) and used to compute

the indices in each site.

To score the various indicators, knowledge of the soil taxonomic classification, texture, and
general climate is required to select appropriate factors used for the scoring algorithms. The
selected organic matter factor class, based on soil classification and used for scoring AGS,
MBC and SOC varies with variation in soil type. The climate factor, impacting the scoring for
the biological indicators MBC and SOC is also determined by the climate of the area. The soil
P, EC, and pH scoring are partially dependent on previous soil management with respect to
the crops that were grown. Besides obtaining individual indicator scores, a combined SQI for
each area will be calculated by summing the scores, multiplying by 100, and dividing by the
number of measurements (7). The overall SQI for each area will be computed by finding the
average of the soil samples in each area.

Figure 3-11: Map of the 10 representative gardens at Lower Sinxaku
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Yield measurements

There were initially 10 gardens (season of 2014/2015) from which the maize yields were to be
directly measured from. For the second maize season in 2015/2016 the yields were measured
from only five gardens because some of the gardens were not planted and some farmers had
already consumed all the produce. During the third season 2016/2017, maize yields were

measured from only four gardens due to the same reasons stated above.

Maize yield measurement procedure

For each of the gardens a planted area was measured, for already harvested fields storage
areas were measured too. For cob calibration, a bread crate of with 0.52 m by 0.59 m
dimensions was used to mark an area of harvested cobs, then the cobs within that area were

all measured for their length and diameter.

In case of unharvested gardens an area of 25 m? was measured in the garden and all the cobs
within that area were harvested and the same procedure of measuring cob length and
diameter was followed. Then 15 cobs were selected randomly (all sizes) to represent the
whole field, the cobs were measured for length and diameter, shelled and their weight was
also taken. Regression analysis were used to determine the relation between length and
diameter and the weight of the seed. Lastly, three cobs were requested from farmers for oven

drying to determine the moisture content.

SMAF indicator selection

Aggregate stability (AGS), pH, electric conductivity (EC), extractable P and K, bulk density
(Bd), soil organic carbon (SOC) and microbial biomass carbon (MBC) were used to calculate
a soil quality index (SQI) for the selected sites using the SMAF. These indicators are sensitive
to soil management and they contribute significantly to soil functionality with regard to crop
productivity. The data was scored with previously published algorithms (Andrews et al., 2004;
Wienhold et al., 2009; Stott et al., 2010) and used to compute the indices for each site. To
score the various indicators, knowledge of the soil taxonomic classification, texture, and
general climate is required to select appropriate factors used for the scoring algorithms. The
selected organic matter factor class, based on soil classification and used for scoring AGS,
MBC and SOC varies with variation in soil type. The climate factor, impacting the scoring for
the biological indicators MBC and SOC was also determined by the climate of the area. The
soil P, EC, and pH scoring are partially dependent on previous soil management with respect

to the crops that were grown. Besides obtaining individual indicator scores, a combined SQI
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for each site was determined and expressed as a percentage. Details on how each SQI was
calculated are presented in the results section.

3.9 Carbon stocks and wetland water regimes

Estimation of carbon stocks

Carbon stocks under the Ntabelanga dam footprint were quantified by first creating a soil map
following a digital soil mapping approach. A total of 129 observation points, representing the
entire attribute space were identified (Figure 3-12), using the conditioned Latin Hypercube
Sampling (cLHS). cLHS uses co-variates noted to influence the distribution of the soil (altitude,
aspect, profile curvature, planform curvature, topographical wetness index, slope and multi
resolution valley bottom floor (MRVBF)) (cLHS; Minasny and McBratney, 2006). The soils at
these 129 observation points were classified in accordance with the South African Soil
Taxonomy (Soil Classification Working Group, 1991). The identified soil forms were

interpreted and divided into soil associations in order to simplify the mapping.

Legend

Sample

@ OC Sample

A Soil observations

Ntabelanga_dam

Figure 3-12: Location of soil profile observations and OC carbon samples.

Soil samples were collected using a soil auger and spade from depths of 0-10, 10-20, 20-30
and 60 cm (Figure 3-12). Some of these samples were collected for other projects (Honors
and M.Sc. projects) therefore the discrepancy in the location of the Soil Observations and OC
Measurements points in Figure 3-12. The OC samples do however represent the dominant
profiles and horizons of the study area and was therefore used to describe the OC content of
the soil associations. OC contents from 57 observation points were utilised to quantify carbon

stocks.
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The soil samples were air-dried and sieved on a 2 mm sieve. The organic carbon content was
analysed using the Loss on Ignition (LOI) method. Soil samples were dried in crucibles of
known weight in an oven for 24 hours and then weighed. Thereafter the samples were burnt
in a muffle furnace for 3-5 hours and weighed. Soil Organic Matter (SOM) was calculated with

the following equation:

"YU 0P z pTT
Where om is the | oss of mase&(gaidmsmassoftbei | aft er
soil dried at 105€C (g).

The Bul k Density ()} b) was measured on undisturhb
calculated using the following equation:
N & & —

Where m is the dry mass of the soil (g) and V is volume of the core sample holder (cm?3)

The samples collected are representatives of an area with a specific soils type and the bulk
density was used to determine the amount of soil organic carbon of a soil profile. Based on
the soil map and carbon contents of map units, the carbon stocks under the inundation

footprint was calculated.

Wetland water regimes

Mapping and delineation of wetlands associated with the dam infrastructure (inundation,
pipelines and roads) were conducted during the environmental impact assessment. This study
will therefore not try to duplicate this. Wetlands below the Ntabelanga dam footprint were
identified visually using by Global mapper v16.0 (+OTF). Open Topography Lidar Portal
sources were used to differentiate terrain features from the cultivated lands and together
SRTM Worldwide Elevation Data (3-arc-second-Resolution) wetlands adjacent to the Tsitsa

River were identified.

The original objective was to describe the hydromorphological features of representative
wetlands and instrument them with piezometers in order to quantify long term water regimes.
A total of 9 piezometers were installed in the first representative wetland. These piezometers
are 55 mm in diameter PVC pipes partially slotted at the bottom, following the methodology of
Sprecher (2000). The last piezometer (P9), furthest away from the wetland was installed
approximately 3 meters from the Tsitsa River and the others at different locations to record

any variation in water levels influenced by stream flow changes (Figure 3-13).
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Figure 3-13: Location of piezometers and sampling sites of the first instrumented
wetland.

Soil samples (22) were taken at 10 cm depth intervals with an Auger and analyzed for organic
matter (OM) following the soil organic matter loss on ignition method (Ball, 1964). The organic

matter content was used to calculate the soil organic carbon through conversion a factor by
A . . .
the formula: OC%:|= P g - The OC content obtained from each sampling point was

determined for the top and sub-soil s wi t hin the wetland sinc

redox potential conditions existing.

Shortly after installing 9 piezometers in the first wetland (Figure 3-13), the instruments were
stolen. Here we reported on the description of the hydromorphology and classification of the
soils (Soil Classification Working Group, 1991), but opted for a different (more secure
approach), to understand wetland functioning below the proposed Ntabelanga dam.

A wetland with surface water present was identified directly below the dam. Using available
Google Earth satellite images, we delineated the area with surface water. Five images from
2002 until 2016 with acceptable quality were available for this particular wetland. We then
established relationships between the area with visible surface water, rainfall and streamflow.
Current rainfall data was only available for the Mthata rainfall station and this was used as
surrogate for the lack of climatic data in the study area. We used five different periods prior to
the image data (1 month, 3 months, 6 months, 12 months and 24 months), and compare the
cumulative rainfall with the surface water area. It was assumed that there will be very good

correlations between cumulative rainfall and streamflow, and cumulative streamflow was
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therefore not compared to surface water area. The average daily streamflow on the image
date as well as the maximum average daily streamflow 1 month, 3 months and 6 months prior
to the image date was however used to establish relationship between surface water area and

streamflow.

3.10 Methods of sociological data collections

A brief sketch of the study communities has already been provided in chapter 2. This section
explains the research methods utilised in the collection of sociological data. The methods
were: community survey, focus group discussion, in-depth interview and field observation. The
sampling procedures utilised are also explained. The section ends with some notes on social

research ethics.

Community survey i Instrument and themes

The survey instrument consisted of 78 structured items, subdivided into six (6) sections. It was
adapted from a questionnaire developed by the Wilson Akpan and Philani Moyo (see BCCM
2014) and utilised in a survey of Greater Newlands, conducted for the Buffalo City Metropolitan
Municipality in the Eastern Cape (BCCM 2014). Below is an outline of the six sections of the

survey instrument:

Respondent demographics

Respondent demographics serve two important purposes in this report. Firstly, they are
variables against which some of the responses in the main survey are cross-tabulated, thus
giving much needed nuance and intuitiveness to specific responses. Secondly, for long-term
monitoring of the dam-community-environment nexus, it is important that one is able to gauge
impacts with reference to specific demographics, such as gender, age group, educational

background. This section of the instrument contains 13 close-ended items.

Livelihoods and socio-economic activities

Large dams are typically portrayed by their developers i in this case, the South African
government i as mechanisms for socio-economic renewal. The Ntabelanga dam is described
as a multi-purpose dam designed around an ambitious vision: industrial and domestic water
supply, ecotourism, electricity generation and irrigation in the area (Molewa, 2013). Its
completion, the government believes, will bring a new lease of life not only to the communities
selected for this survey but to a much wider expanse of the rural Eastern Cape, especially

those in the OR Tambo and Joe Ggabi axis. The research team has previously documented
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communi ty member sé hopes and fears VanToletalrnb20f4dar d t o

Akpan et al., 2015, Akpan et al.,, 2017). A total of 18 items were included in the survey
instrument to generate baseline data on current livelihoods and major socio-economic
activities. Several of the instrument questions were sensitive to established parameters for
measuring the socio-economic impact of, in particular, projects located in socio-economically
marginalised communities. Monitors must, for example, be able to gauge how such projects
help to improve incomes, lead to the acquisition of new skills, and curb welfare dependency

in the affected communities at the very least (see Gedze, 2012:4).

Social networks and social capital

In order to understand the potential economic dynamism of a community, it is often important
to look beyond indicators such as educational attainment, age distribution, employment and
entrepreneurial opportunities, and actual economic activities within a given community. A
useful way to gauge how socioe conomi cally oOohealthyd a c
understand the informal trust networks by which a community constructs its everyday
existence. It is within these networks that everyday problems affecting a community are
articulated and tackled, economic challenges are addressed (in sometimes none-economic
ways), visions of the future and concerns about the present are shared, and new opportunities

for collective well-being arise. Above all:

An understanding of social capitali n a community makes it
sustainability possibilities of specific development interventions. Usually, development

agencies hope that there is a 6higho6é rat
is often indicative of ahealt hy o6ci vi | societyd at-10).he |

The third section of the survey instrument contained eight (8) items whose objective was to
provide a baseline of the nature of social networks and extent of social capital currently

existing in the study communities.

Formal and informal safety nets

ommuni

South Africads extensi vei theobiggestIn Aféca it is well knowa.l f ar e

In 2015 the number of households on one form of social grant or another in the country stood
at 45.5%,whilegover nment 6s tot al spend on these
2014/2015 financial year (StatsSA, 2016). As at February 2017, the South African Social
Security Agency (SASSA) paid out over 17 million grants (SASSA, 2017), of which Eastern
Capeds share was t h2753%D,aftedkwaZulgNataly(3 889110).
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In the terrain of social and community development, studies have shown that one way of
knowing whether a development intervention i specifically, an anti-poverty programme i has
made a meaningful impact in certain communities is to gauge the extent to which it has brought
about a reduction in the number of able-bodied people who currently depend on social welfare
grants (see Gedze, 2012:4). The five survey items devoted to the issue of safety nets focused
not only on formal social welfare but also informal. Long-term monitoring of the socio-
economic impact of the dam must necessarily take account of not only how existing safety
nets contribute to the quality of social existence in the area but also how it has impacted on

the nature, operation and coverage of such safety nets.

Social amenities: availability, access and community satisfaction

Because | arge dams ar eVan pol et al.t 2014:1)j thefr coastriuctiom ct ur e 0
often has huge impacts on the existing canvass of social amenities in a given area. In the case
of the Ntabelanga dam, the government has already pronounced on its putative benefits i it
will boost eco-tourism, enable the generation of hydroelectric power, improve domestic and
industrial water supply and support irrigation for the possible modernisation of local agricultural
activities. If the intention is to make the community see the dam in this light and embrace it,
then a profile of the infrastructural status quo in the communities becomes imperative. The 14
items in the survey instrument were meant to generate baseline data on these, but also on
how community members feel about the state of social amenities they have access to at the
moment i amenities such as electricity, water supply, telephony, local transport, etc. The idea
is to lay the foundation for understanding whether, as a result of a large dam being constructed
in the area, there have been additions to, or improvements (or perhaps even declines) in these

amenities over time.

Ecological risk and vulnerability

The final section of the survey instrument, with 22 items, focused on ecological issues,
including aspects currently perceived by community members as posing a risk 1 over which
there is a feeling of collective vulnerability. Capturing a baseline of ecological indicators is
important because, as previously reported (Akpan et al., 2015:16), the dam itself has been
imagined by some focus group participants as a socio-ecologically disruptive project that could

l ead to people being fAkilledd or Athrown away?o,

Besides risk and vulnerability, this section of the instrument also helped to gauge the prevailing

sense of what constitutes ecolo gi c a | i as s et andhow this intdrsectsavithdoeal
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notions of livelihood and socio-economic and cultural wholeness. The section thus captures,
among other variables, types of livestock kept (including the socio-economic and cultural
importance attached to livestock), grazing regimes, types of crop planted, methods of crop

production, etc.

Survey sampling procedure

The total sample size for the survey was 300 randomly selected respondents/households.
Each of the five communities was allocated 60 questionnaires. The survey was based on a
margin of sampling error of 5.7% (based on an infinite universe) and confidence level of
95%.

Focus group discussion (FGD), in-depth interview and field observation

Both conventional and town-hall focus group methods were utilised in the study, in addition to
in-depth interviews and field observation. Conventional FGDs adhered to the small-size model
(involving 6-10 participants per focus group), while town-hall FGDs were necessitated by
community dynamics i making it imperative to involve a larger number of participants per
focus group (in some cases as many as 501 Akpan et al., 2017). Table 3-8 provides important

information about the utilisation of these three qualitative data collection techniques.

Table 3-8: Qualitative Data Collection Techniques

Conventional | Town hall
Community FGD FGD In-depth Field
No. | Group | No. | Group | interview | observation
Size Size
Emgokolweni - - 1 55 1 V
Lower Sinxaku 1 10 1 15 - V
Nggongweni 1 6 - - 4 V
Ndzebe - - - - 8 )Y
Ndibanisweni AA - - 1 55 1 V

A note on research ethics

The study adhered to all relevant ethical protocols, among them voluntary participation,
informed consent, and respondent anonymity. Although the importance of completing the
survey was explained to respondents, they were free to withdraw from it at any stage should
they feel it was taking too long or felt any discomfort whatsoever. Several data collectors were
hired per community and trained for the survey. There was a fixed remuneration rate per

guestionnaire and each data collector was assigned a specific number of questionnaires, to
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be completed within a two-week period. That way, data collectors did not have to attempt to
complete too many questionnaires in a single day, thereby subjecting respondents to physical
and psychological strain. The data collection was concluded within a fortnight. A field
coordinator was appointed in each community to oversee the completion of the questionnaire

and also ensure that the task was carried out in the most ethical manner.
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4 WATER QUALITY

River basin has been a major source of water supply for many purposes and provides fertile
lands, which support the development of highly populated residential areas due to its favorable
conditions (Mouri et al.,, 2011). Human settlements and industries have long been
concentrated along rivers, estuaries, and coastal zones owing to the predominance of water-
borne trade. A riverds water quality is the comp
are subjected to local and temporal variations and also affected by the volume of water flow
(Mandal et al., 2010). Rivers constitute the main inland water body for domestic, industrial,
and agricultural activities and often carry large municipal sewage, industrial wastewater
discharges, and seasonal runoff from an agricultural field (Singh et al., 2004; Pradhan et al.,
2009; Hu et al., 2011). The river waters have been contaminated as a result of the discharges
of wastewater containing degradable organics, nutrients, domestic effluent, and agricultural
waste (Dimitrovska et al., 2012). River water pollution can be linked to the type of wastewater
produced by urban, industrial, and agricultural activities that flows into surface and subsurface

waters.

The increase in human population and economic activities has grown in scale; the demands
for large-scale suppliers of fresh water from various competing end users have increased
tremendously. The decline in the quality and quantity of surface water resources can be
attributed to water pollution and the improper management of the resource (Mustapha and
Nabegu, 2011). Many regions around the world are simultaneously impacted by urbanization
processes and industrial and agricultural activities, and many cities in developing countries
have been developed without adequate and proper planning. This has led to indiscriminate
actions, including dumping of wastes into the water and washing and bathing in open surface
water bodies (Cukrov et al., 2012). The deteriorating water quality affects man, animal, and
plant life with far-reaching consequences. From the environmental, economical, and/or social
point of view, it is important to identify these sources and their contribution to the total

contamination of an area (Tobiszewski et al., 2010).

This section represents assessed water quality at selected monitoring locations in the Tsitsa
River and its tributaries and levels of selected boreholes at selected locations. The data set
will comprise of 14 parameters of water quality, and Pharmaceutical and personal care levels
(PPCPs). The results of this study will help inform ongoing adaptive management efforts
aimed at water quality remediation by documenting trends in water quality across various land
use zones within the study area before any disturbances to the Tsitsa River due construction

and also provide a baseline for future water quality risk assessment.
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4.1 Water Quality Guidelines
Water quality guidelines can be used to describe fitness-for-use. The fitness-for-use range
can be divided into four categories, ranging fro
are described as:
Ideal . the user of the water is not affected in any way;
Acceptable : slight to moderate problems are encountered,;
Tolerable  : moderate to severe problems are encountered; and
Unacceptable: the water cannot be used under normal circumstances.
The fitness-for-use range is also colour coded for ease of interpretation of information in Table
4-1
Table 4-1: Colour codes assigned to fitness for use ranges

Fitness for use range Colour code
Ideal
Acceptable
Unacceptable Red

Fitness for use category

For each user group a particular set of guidelines for water quality is relevant (developed by
DWS). The guidelines provide a description of the effect that changes in water quality will have
on the user, and not an interpretation of whether this is acceptable or not. From these
guidelines the cut-off values for the different fithess-for-use categories have been set. A

breakdown of these values is given in Table 4-1.
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Table 4-2: User specific guidelines

Variable Units

Colour Ranges

Biue™Green  Tvellow  [NNNNRCCNNN

DOMESTIC
Total 1
Ammonia mg I* N
EC puS/cm <700 700 to 1500 1500 to 3700 >3700

. 45t05.0 4.0to 4.5 <4.5
PH PHUNS &t 25 551595 951010 10010105  >10.5
Nitrate/Nitrite mg It N <6.00 6to 10 10to 20 >20
Phosphate mgl*'P N/A N/A N/A N/A
Sulphate mg It SO, 0to 200 200to 300 300 to 400 >400
Chloride mg I Cl <100 100 to 200 200 to 600 <600
AGRICULTURE
Total 1
Ammonia mg I* N
EC puS/cm <400 400 to 900 900 to 2700 >2700

. <6.5
pH pH units at 25eC 6.510 8.5 >8.5
Nitrate/Nitrite mg It N
Phosphate mgltP
Sulphate mg I SO, <1000 1000 to 15001500 to 2000 >2000
Chloride mgqg I Cl <100 100to 175 175to 350 >350
AQUATIC ECOLOGY
Total 1 0.140to
Ammonia mg I N <0.140 0.300 0.300 to 2.00 >2.00
EC uS cm?

. 55t06.5 50to5.5 <5.00
PH PHUNts at25¢C ¢ 51,85 851090 9.0t09.5 >9.5
Nitrate/Nitrite mg I* N

0.005 to 0.025 to
-1

Phosphate mgltP <0.005 0.025 0.250 >0.250
Sulphate mg It SO,
Chloride mg I Cl

Combined fitness for use

In order to determine the fitness for use of the Mzimvubu study area as a whole, the different
fitness for use categories for different users affected by the same variable have been
reconciled. This was done by selecting the most stringent value for each cut-off value in order
to arrive at the management levels. However not all cut off values for the analysed parameters

are shown on the summarized table below. A summary of these values are given in Table

4-3.
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Table 4-3: Combined fitness for use categories

Colour Ranges

Variable Units

[ Blue [ Green [ velow [INGEN

Total ma I N 0.140to
Ammonia 9 <0.140 0.300 0.300 to 2.00 >2.00
EC uS cm? <400 400 to 900 900 to 2700 >2700

. 55t06.5 50to 5.5 <5.0
B PH units at 25€C o5 85 851090 9.0t095 >9.5
Nitrate/Nitrite mg [N <6.00 6.00to 10 10to 20 >20

0.005 to 0.025 to
=l

Phosphate  mg " P <0.005 0.025 0.250 >0.250
Sulphate mg |1 SO4 0 to 200 200to 300 300 to 400 >400
Chloride mg |1 Cl <100 100to 200 200 to 600 >600
4.2 Results and discussion

Identification of pharmaceuticals and personal care products (PPCPs)

The screening of PPCPs was achieved using the ABSciex 5600 Triple TOF LCMS with the
aid of the PeakView™ and the MasterView™s of t war edés. A typical
flow diagram is as shown in Figure 4.1 showing the identification of paracetamol from one of
the sample collected downstream lined pit latrines. Figure 4-2 shows some of the identified
PPCPs from various sampling points. Noteworthy are the intensities of the identified PPSPs
which increase downstream which depicts the increasing concentration of these PPCPs going
downstream. The identification of some of these contaminants in some of the drinking water
samples can be as a result of the underground water table being level to the depth of the pit
latrines. This is also raise questions as to the quality of the drinking water once the dam wall
is closed. The water table is going to be raised affecting the most of the drinking water sources.
The identification of the pharmaceuticals and personal care products residues is of major given
some of the families depend of the river water for drinking purposes (Figure 3-3). Although
these concentrations of these PPCPs are below the recommended limits for household use,

the long term accumulative effects is of concern.
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Figure 4-1: Typical example of compressed experimental flow diagram for
Paracetamol identified using the non-targeted screen approach.
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Index ! CompoundName !Fumwla !BaseMass !MassError !FuundAtRT ! toncentratiorglntensity M

Paracetamol (8HINO2 1510633286  0.0100045 13.98744%4  0.8887645 10987.09876
Ibesartan (25H28N60 428234598 -0.687919801 16.04240045  0.683354593 2830307565
Timolol C13H24N4035 316.1569127 -3.348135085 1390910948  0.552692832 5625.093091
Biotin C10H16N2035 2440881644 2450098074 17.81575188  0.143228114 52672.83054

Dihydralazine (8H10N6 190.096%44 15.17530969 15.09546709  0.130177928 6360.422298
Paracetamol (8HINO2 1510633286  0.0100045 13.9874434  0.8887645 3934.125474
Carbimazole (TH10N2025 18046299 2543315919 8.032%603%  0.170333275 1231.764847

34-Methylenedioxymethamphetamine  C11HISNO2 193.1102789 4191347237 7.890232458 0455789071 17785.50013
Primidone C12H14N202 218.1055279 -9.56894%062 8.380806586  0.20956766 6141.887037
Paracetamol (8HINO2 1510633286  0.0100045 13.9874434  0.8887645 11875.09848

Paracetamol (8HINO2 1510633286  0.0200045 13.9874434  0.8887645 5768.098756
Biotin C10H16N2035 2440881644 2450098074 17.81575188  0.122281143 201765.5605
Biotin C10H16N2035 440881644 2450098074 17815643  0.0876542 67554.74876
Paracetamol (8HINO2 151063386 00100045 139790 08BSTGLS OTSB.55434
Biotin C10H16N2035 440881644 2450098074 17815643  (0.0476542 48976.23454
Metamfepramone C11HI5NO 177.1153642 3777819334  8.21249553  0.152304522 8478.806627

Paracetamol CBHOND? CLOGIIS 00100065 I3SBTMSE 08887645 2345.098766

Figure 4-2: Typical example of Pharmaceuticals and Personal care Products identified
using the non-targeted screen approach.



Water Quality indicators (parameters)

The summary of descriptive statistics of the results of the analysis is presented in Table 4-4,
indicating the maximum, minimum, mean values of the parameters and standard error. TS
recorded the highest value of 950 mg I'* and 947 mg I'* (Table 4-5 and Table 4-6) for Tsitsa
River samples collected upstream and downstream the proposed Ntabelanga dam wall
respectively, 957 mg I* and 879 mg I (see Table 4-6 and Table 4-7) for Tsitsa River
tributaries samples collected upstream and downstream the proposed Ntabelanga dam wall
site respectively and 785 mg It and 765 mg It (Table 4-8 and Table 4-9 ) for samples
collected from underground drinking water sources upstream and downstream the proposed
Ntabelanga dam site respectively. The chloride ion concentration exhibited the least values
of 0.5 mg I* and 0.4 mg I}; 0.4 mg It and 0.35 mg It and 0.38 mg I* and 0.4 mg I for the
above described samples collections respectively. The standard error around the means is
substantially high and random. This could be as result of spatial seasonal changes and also

the different anthropogenic activities surrounding the study area.

Table 4-4: Descriptive statistics of selected water quality for Tsitsa River (10
data collections; 3 sampling sites i Upstream of proposed dam wall)

Parameter Min. Max. Mean Std. Error.
Turbidity (NTU) 3.53 5.80 4.88 0.07
Temperatur e 246 32.4 28.2 0.09
Conductivity (uS cm?)  30.4 118 86.9 2.03
pH 6.60 8.97 7.1 0.05
TS (mg 1Y) 36.0 950 293 13.9
TSS (mg 1Y) 22.0 875 183 13.9
TDS (mg I') 24.6 58.2 45.1 1.09
Hardness (mg I%) 5.05 44.8 30.1 1.3
Alkalinity (mg I') 0.40 3.02 2.33 0.12
Chloride (mg 1Y) 0.5 1.81 1.02 0.06
Phosphate (mg I%) 1.60 21.0 5.34 0.29
BOD (mg I 2.50 18.9 11.2 0.38
COD (mg IY) 90 294 174 3.05
DO (mg I) 0.77 3.58 1.93 0.09
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Table 4-5: Descriptive statistics of selected water quality for Tsitsa River (10
data collections; 2 sampling sites i Downstream of proposed dam wall)

Parameter Min. Max. Mean Std. Error.
Turbidity (NTU) 3.50 6.00 5.08 0.06
Temperatur e 26.3 30.9 27.2 0.06
Conductivity (uS cm?t)  26.4 127 90.6 2.43
pH 6.40 7.79 7.01 0.03
TS (mg 1Y) 47.0 947 227 14.7
TSS (mg 1) 20.0 892 183 14
TDS (mg I'%) 17.1 70.0 45.1 1.13
Hardness (mg I1) 6.00 56.0 26.1 1.1
Alkalinity (mg I'%) 0.40 4.00 2.03 0.08
Chloride (mg I'Y) 0.4 241 1.26 0.05
Phosphate (mg I1) 1.20 19.0 5.34 0.32
BOD (mg I'%) 1.50 20.0 8.23 0.40
COD (mg I'Y) 120 286 178 2.85
DO (mg I'Y) 0.63 3.63 1.80 0.06

Table 4-6: Descriptive statistics of selected water quality for Tsitsa River
Tributaries Upstream proposed dam wall (10 data collections; 3 sampling sites

data

Parameter Min. Max. Mean Std. Error.
Turbidity (NTU) 3.50 6.00 4.88 0.06
Temperatur e 26.3 30.9 28.2 0.07
Conductivity (uS cm™)  26.4 127 86.9 2.98
pH 6.40 7.79 7.01 0.11
TS (mg %) 47.0 957 227 12.2
TSS (mg %) 20.0 892 183 16
TDS (mg I'%) 17.1 70.0 45.1 1.15
Hardness (mg I1) 6.00 56.0 26.1 1.2
Alkalinity (mg I'%) 0.40 4.00 2.03 0.08
Chloride (mg I') 0.4 2.41 1.26 0.07
Phosphate (mg I%) 1.20 19.0 5.34 0.42
BOD (mg IY) 1.50 20.0 8.23 0.40
COD (mg IY) 120 286 178 3.32
DO (mg I) 0.63 3.63 1.80 0.08
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Table 4-7: Descriptive statistics of selected water quality for Tsitsa River
Tributaries downstream proposed dam wall (10 data collections; 3 sampling
sites data)

Parameter Min. Max. Mean Std. Error.
Turbidity (NTU) 2.80 5.20 3.21 0.04
Temperature 224 29.9 26.3 0.35
Conductivity (uS cm)  23.5 123 78.4 1.78
pH 5.80 7.6 7.01 0.04
TS (mg 1Y) 42.0 879 238 15.3
TSS (mg %) 18.0 846 175 16
TDS (mg IY) 16.2 67.2 45.1 1.16
Hardness (mg I%) 5.67 53.0 26.1 1.21
Alkalinity (mg 1) 0.30 5.00 2.70 0.07
Chloride (mg I'%) 0.35 2.72 2.1 0.06
Phosphate (mg I%) 1.30 16.0 6.5 0.29
BOD (mg I1) 1.70 16.0 8.23 0.38
COD (mg 1Y) 112 279 178 2.76
DO (mg I) 0.56 2,98 1.65 0.07

Table 4-8: Descriptive statistics of selected water quality for Drinking Water
sources upstream proposed dam wall (10 data collections; 5 sampling sites)

Parameter Min. Max. Mean Std. Error.
Turbidity (NTU) 1.50 2.80 1.82 0.04
Temperatur e 226 32.3 26.1 0.04
Conductivity (uS cm?)  15.4 139 78.2 2.01
pH 6.10 8.1 6.9 0.03
TS (mg 1Y) 45.0 785 222 134
TSS (mg IY) 15.0 657 171 10
TDS (mg I') 15.1 49.0 38.1 1.05
Hardness (mg I1) 4.00 48.0 22.1 1.08
Alkalinity (mg I?) 0.20 3.00 1.05 0.06
Chloride (mg I) 0.38 3.32 1.26 0.03
Phosphate (mg I1) 1.80 16.0 5.10 0.21
BOD (mg I'%) 1.60 18.0 7.86 0.35
COD (mg I'Y) 98 265 166 1.97
DO (mg I'Y) 0.43 3.62 1.50 0.07
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Table 4-9: Descriptive statistics of selected water quality for Drinking Water
sources downstream proposed dam wall (10 data collections; 2 sampling

sites)

Parameter Min. Max. Mean Std. Error.
Turbidity (NTU) 1.30 3.00 1.34 0.05
Temperature 20.1 30.9 24.4 0.05
Conductivity (uS cm)  14.4 132 72.5 1.93
pH 5.90 7.9 5.07 0.04
TS (mg 1Y) 42.0 756 212 13.0
TSS (mg IY) 14.0 645 167 9.0
TDS (mg I'Y) 13.9 43.0 34.1 1.0
Hardness (mg I%) 3.50 46.0 215 11
Alkalinity (mg I') 0.20 2.90 1.03 0.06
Chloride (mg I'%) 0.4 2.68 1.2 0.04
Phosphate (mg I%) 1.60 15.0 4.44 0.19
BOD (mg I1) 1.50 17.0 6.93 0.33
COD (mg I') 90 256 157 1.87
DO (mg I) 0.41 2.65 1.50 0.07

The Mzimvubu catchment experiences two main seasonal patterns which are the Dry season
usually in t period June-November and rainy season in the period December-April. The data
obtained were grouped into three seasons as first Dry (S1), dry (S3) and second rainy (S2),

rainy (S4) as shown in Table 4.10.

The COD exhibited the highest values across the seasons 160 mg |1, 178 mg I, 181 mg I
land 193 mg I'* for S1, S2, S3 and S4 respectively. Similarly, chloride ion recorded the least
values of 1.43 mg I1, 1.34 mg I, 106 mg I'*and 1.19 mg I*for S1, S2, S3 and S4, respectively.
The high TS value of 493 mg I 393 mg I for the S2 and S4 could be due to high rainfall in

the month of January, February and March.

All variables for which fitness for use criteria were established, indicate ideal
concentrations/conditions. Negligible spatial variation in water quality was observed. It is
noteworthy that the seasonal BOD levels are quite high, with a minimum of 6.18 mg I (S3 in
(Table 4-10) and maximum 8.3 mg I* (S2 in Table 4-10). However, the mean of dissolved
oxygen content of the water is relatively less with a minimum of 1.5 mg I* (Table 4-9 and
Table 4-10). Waters are generally low in dissolved oxygen (means, 1.50-1.80 mg I%),
reflecting organic loads, as indicated by BOD and COD levels. The mean values of these
parameters appear to be co-related. Elevated nutrient measurements in the surface are limited
to inorganic forms of nitrogen. Clearly, there are abundant non-point and point sources of
nitrogen (and phosphorus) nutrients in a mixed rural and agricultural environment. The other

source for high levels of nutrient sources could be fertilizers and cow dung used for
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sustenance farming by villagers within the Mzimvubu catchment. Electrical Conductivity (EC)
(mS/m) provide an indication of salinization of water resources. Orthophosphate (PO4-P) (mg
I1) levels are an indicator of the nutrient levels in water resources Chloride (CI) (mg I'%) levels
are indicator of agricultural impacts, sewage effluent discharges in this pit latrines, and
industrial impacts (upstream). Ammonia (NH3-N) (mg I't) levels are an indicator of toxicity of

the water sources.

Table 4-10: Seasonal variation in water quality parameters of the Tsitsa River,

S1-54
Parameters Dry Season Rainy Season Dry Season Rainy Season
(S1) (S2) (S3) (S4)

Turbidity (NTU) 4.10+0.13 5.80 £ 0.05 458 +0.12 5.26 £ 0.10
Temperature ( € C 26.3+0.2 30.7+x04 28.4+0.2 29.7+x04
TSS (mg 1) 108 + 10.0 345+ 18 98.1+75 340 £ 26
TDS (mg ) 38.0+£2.0 65.0+ 3.0 40.1+1.6 58.5+0.3
TS (mg 1) 145+ 10 405 + 10 142 +8 393 +26
pH 6.01 £0.03 7.56 £ 0.03 6.22 £ 0.02 7.13 £0.02
Conductivity 58.2+1.3 64.2+1.3 85.3+2.7 117 +1
DO (mg 1Y) 1.80 +0.04 1.89+£0.10 1.93+0.16 1.55+0.05
BOD (mg Il) 9.4+0.75 8.3+0.83 6.18 £ 0.47 7.28 £0.45
COD (mg I 160 + 24 178 £ 25 181 +6 193 +5
(Trﬂt;'r{;ard”ess 15.8 + 1.4 12.8+1.2 36.4+ 1.4 26.1+0.92
Alkalinity (mg ) 2.51+0.10 2.60+0.13 1.83+0.17 1.66 +0.07
Chloride (mg ) 1.43+0.20 1.34+0.10 1.06 + 0.05 1.19 +0.04
Phosphate (mg ) 5.65 + 0.67 4.15+0.35 3.73+0.25 6.63 + 0.57

S1 (June 2015-November 2015); S2 (November 2015-April 2016); S3 (June 2016-November
2016); S4 (November 2016-April 2017).

Stream flow vs. Water Quality

Flow is the volume of water passing a particular point in a stream at any given time. Flow rates
affect water temperature, dissolved oxygen, turbidity, salinity and the concentrations of
pollution level. The best water quality usually occurs under conditions where there is sufficient
flow to ensure good oxygenation of the water, to enhance dilution and flushing of pollutants

and to limit the build-up of algae.
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To address the linkage between stream flow and water quality, daily average measurements
of stream flow at a selected weir below the proposed dam wall (DWA weir T3HO06
approximately 20 km downstream of the proposed dam wall) were used. The Pearson
correlation matrix was used to statistically compare the stream flow of the Tsitsa River Vs.
Water quality. The results in Figure 4-3 show a strong uphill relationship between stream flow
and Tsitsa River sample points A,G,I,R and T particularly in the months of high rainfall resulting
in good oxygenation of the Tsitsa River. There was however a moderate positive relationship
between flow rate and temperature (Figure 4-4) and turbidity (Figure 4-5) in the months of low
rainfall. However in the months of high rainfall, the Tsitsa River is likely to experience high
stream flow rates leading to increased turbidity and with however less temperature variations,

placing less stress on aquatic life.

Overall, low flow in the Tsitsa River can lead to low oxygen levels, reduced flushing of
pollutants that build up over time, increased salinity and larger temperature variations ,placing
stress on aquatic life. High flows in the Tsitsa River can lead to increased sediment load,
increased turbidity, and increased salts and nutrients loads (see Annexures for additional

information).

Figure 4-3: The correlation matrix (r values at significance levels = 0.05) of dissolved
oxygen at various sampling points vs. monthly stream flow of the Tsitsa River.
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