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INSTITUTIONAL ARRANGEMENTS FOR GROUNDWATER MANAGEMENT IN
DOLOMITIC TERRAINS

- PHASE 1 -

EXECUTIVE SUMMARY

The dolomitic groundwater in the North West province is a valuable natural resource,
which provides a reliable supply of water to towns, rural settlements, industries,
agriculture and other activities in an area where surface water resources are negligible.
Groundwater also sustains the flow of several springs, wetlands, and river channels, and is
the lifeline of the ecology of these freshwater systems,

Due to the hidden nature of groundwater, the arising management challenges are highly
complex. Water Management Areas (WMAs) have been demarcated largely according to
surface water systems and seldom coincide with geohydrological boundaries, resulting in
complex management problems and institutional arrangements. In the absence of an
integrated approach, aquifer management is therefore seldom optimised, leading to
neglect and the unsustainable use of groundwater. This is already evident in Dendron in
the Northern Province (Masiyandima et al, 2001) and in countries in South and Eastern
Asia, where the numbers of pecple dependent on groundwater are far higher than
currently in South Africa (Shah et al, 2000b).

This project therefore seeks to develop institutional arrangements’ for the sustainable and
equitable management of groundwater in the dolomitic terrains of the North West
province, South Africa’. The dolomitic aquifer is divided between three WMAs, to be
managed by three catchment management agencies (CMAs). Institutional arrangements
therefore need to be structured to address transboundary management and to realise the
principles of equity and sustainability.

Appropriate institutional arrangements need to be informed by a sound understanding of
the geohydrology of the aquifer, the ecological context of groundwater and the social,
cultural and institutional dynamics of the area. The project has been divided into four
phases:

Phase 1: Situation Analysis (desk-top review)

Phase 2: Situation Analysis (field research)

Phase 3: Workshop Management Options and Approaches

Phase 4: Preparation of Management Structure, Institutional Principles, and Information
System for Groundwater Management

' The term "institutional arrangements’ is discussed and defined for the purpeses of this study in Chapter 1,

T Thie project, located in dolomitic terrains of the North West provinge, s & pilot study to rescarch
management options for grouncwater management in catchment areas.
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This report, which represents the main output of Phase 1, provides an overview of issues
related to the use and management of groundwater in the dolomitic terrains of the North
West province. Six desktop studies, utilising the existing body of research on groundwater
use/management, were undertaken.

Under the technical studies, the role of groundwater in the broader ecological context was
analysed at a preliminary level. This was followed by research into the geohydrological
properties of the aquifer. Lastly, the nature of impacts on the aquifer, including natural
(e.g. droughts) and anthropogenic impacts (e.g. abstraction, pollution), was examined.

From a social/institutional perspective, the opportunities and constraints for groundwater
management in terms of the new legal and policy environment were reviewed. Then, the
roles and responsibilities of existing institutions involved in groundwater management
were analysed. Thereafter the characteristics, needs and concerns of different water
users dependent on groundwater were profiled. This was done in order to develop an
understanding of water users’ needs, concerns and existing capacity, as well as growth in
water demands, and where conflicts and opportunities for collaboration between different
water users might emerge.

In each study, gaps in knowledge and management challenges related to the groundwater
of the study area were sought, in order to define the research priorities for Phase 2 of the
project.

Challenges to the sustainable and equitable management of groundwater were identified.
These related to aquifer modelling, accuracy of geohydrological information and
refinement of estimated variables. Social and institutional constraints included issues of
institutional capacity, the representivity of institutions (particularly with respect to small-
cale/emerging user groups), and increasing water demands leading to conflict between
users. Institutional arrangements need to be developed and equipped with the resources,
tools and capacity to address these and other challenges through the management of
groundwater.

Before entering Phase 2, particular issues require clarification. A key issue is how the
various water management initiatives underway in the area (including amongst others, this
project and the CMA processes) are integrated to support each other in terms of
knowledge, implementation etc. Thereafter, in order to complete the Situation Analysis in
Phase 2, in-depth field research is required to address gaps in the existing knowledge
base. Investigations need to include both geohydrological and social studies. The
formulation of management options through a process that involves multi-stakeholder

participation is also essential.
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1 INTRODUCTION

1.1 The need for groundwater management in South Africa...

Groundwater has a history of neglect and unsustainable utilization in South Africa (Braune, 2000b).
Despite recent developments in policy, and the importance of groundwater as a strategically
important resource on which many rural communities depend, water management in South Africa
remains largely determined by surface water systems. Aquifers do not always coincide with the
nineteen catchment management areas demarcated for the delegation of water resources
management (see Map A.2). In addressing this situation, we need to develop the institutional
arrangements for groundwater that protect this important resource, taking into consideration the
characteristics and broader role of groundwater, and that address issues of inequity around the
access to and use of water resources and services, as provided for in Section 27 of the National
Water Act (RSA, Act 36, 1998).

The development of institutional arrangements needs to consider both socio-economic conditions
and the status of water resources in the country. South Africa is among the 20 most water stressed
countries in the world with water resources unevenly distributed in space and time (Braune, 2000b;
DWAF, 1997). This is highlighted in a map of projected global water scarcity, prepared by the
International Water Management Institute (IWMI) and presented at the World Water Forum in 2000:

Projected Water Scarcity in 2025

'ane
s
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Figure 1.1  Projected Water Scarcity in 2025
(Source: International Water Management Institute (IWMI), http: //www.iwmi.org)
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In addition, South Africa has a growing population and an urgent need for economic development to
address poverty, job creation and inequity. Access to water and water services is vital to health
and development opportunities. Poverty alleviation and economic development therefore, have to
be one of the focal points of water management. These considerations are built into the new water
legislation, with provisions made for consideration of issues related to equity, access, existing use,
socio-economic implications, etc. in the issue of general authorisations and licenses (Section 27,
RSA, Act 36, 1998).

In laying the foundations for addressing these and other socio-economic issues, the following
criteria underpin South Africa’s new policy (DWAF, 1997:11):

* meeting the service needs of the unserved

= people must at the centre of the concern for sustainable development

* water management and development should be conducted on a participatory basis

* decision-making must take place at the lowest possible level

* protect and sustain the water resources on which we depend

* manage water sustainably as a limited resource and an economic good to ensure efficient
use

In addition, the goals of equity and sustainability are the guiding objectives of the National Water
Act (RSA, Act 36, 1998). Equity also needs to address access to water services, water resources and
the benefits from water. In a definition that encapsulates both equity and sustainability, Gleick
(2000:131) defines sustainable water use as "the use of water that supports the ability of human
society to endure and flourish into the indefinite future without undermining the integrity of the
hydrological cycle or the ecological systems that depend on it.”

with high rates of evaporation and utilisation of surface water resources being pushed to their
limits, groundwater is becoming one of the most increasingly important resources to meet the
urgent and growing needs for water (Braune, 2000b). Addressing its optimal management in this
context is therefore a prionty. However, groundwater management is complicated by its unseen
and invisible nature. Past and current planning have resulted in a complex situation, where the
boundaries of water management areas (WMAs), provinces, local authorities and other initiatives do
not coincide - a situation which is further compounded when inserting geohydrological boundaries
into the scenario (WISA, 1997). In addition, water management areas (and institutions) are largely
defined by surface water patterns, further sidelining the importance of groundwater, and
increasing the problems for its management.

This project, a pilot study tc explore management options and approaches, including institutional
arrangements for the management of groundwater in dolomitic terrains, is located in the North
West province in South Africa (see Map A.1). The area consists of a largely flat and featureless
terrain with negligible surface water resources, where water users depend on groundwater, The
arising management challenges are highly complex, given the cross-cutting geohydrological
boundanes, determined by geological features and dolomite flow patterns, and the water
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management areas demarcated in the region (see Map A.2). The aquifer’ is divided between three
WMAs, to be managed by three catchment management authorities (CMAs). A primary objective of
this study is that institutional arrangements therefore need to be structured for optimal
management of the groundwater, addressing transboundary management and realising the
combined goals of equity and sustainability.

In a semi-arid environment such as South Africa, groundwater plays an important role in the water
supply of rural communities, smaller towns, agricultural activities and ecology associated with
springs and wetlands. Over 90% of groundwater in South Africa occurs in fractured hard-rock
aquifers, which generally have a low storage potential. In contrast, the dolomitic aquifers in the
North West province contain large reserves of groundwater and have a good rate of replenishment.
Sustainable development is also critically dependent on availability of groundwater and impacts
induced by increasing exploitation of the resource and associated problems such as pollution.
Effective management of the resource is critically dependent on reliable assessment of the
exploitation potential of the resource and all interacting components (e.g. surface water systems,
wetlands etc). The more limited the water supplies, the more critical becomes the problem of
water quality, pollution and sustainable use of the groundwater resource. The supply and quality of
the groundwater are directly related to the average annual rainfall of a region and inversely to the
potential evaporation.

1.2 The international context...

Problems resulting from unsustainable groundwater management/use practises in other regions are
far more extreme than those we are beginning to experience in South Africa. Problems are
magnified in areas such as China, and West and South Asia where population densities and the
numbers of people dependent on groundwater are far higher than currently in South Africa.
Groundwater problems in these areas include the depletion of groundwater levels due to overdraft,
water logging, salinisation and pollution, with a common symptom being the general decline in
water tables (Shah, et al, 2000b). Other problems associated with groundwater over-exploitation
include the devastation of wetland ecologies (with associated socio-economic impacts such as
decline in the tourism industries), the loss of recharge area through the rapid growth of urban areas
(e.g. near Beijing in China and Izmir in Turkey), land subsidence due to groundwater depletion, and
the risk of saline intrusion into depleted coastal aquifers (Shah, et al, 2000b). Without equitable
and sustainable management systems for groundwater, these problems may become a regular
occurrence in South Afnca.

In addition, the complexity of groundwater management across international borders has not been
properly addressed. The uncontrolled drilling of boreholes into aquifers that transcend
international boundaries raises complex questions around issues of sustainability and management
arrangements at an international level. Groundwater cannot be overlooked in a regional context,

' In general, the focal ares of this project is defined by the boundary of the resource (the dolomitic aguifer). In the east,
the focal ared i defined by 8 dyke, believed 10 act as a significant barrier to water flow in the aquifer (see Maps A.4 and
A.5). This dyke is more or less consistent with the boundary of the Miadle Vaal WMA,

‘ meyer, R. 2001, personal communication, Pretorta, July.
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set out at a national level and according to local needs. In this case, the institutions provided at a
national level do not cater for a critical aspect of the specific resource, namely that it transcends
the management boundaries defined by the State for water resources. Institutional arrangements
need to make provision for this characteristic, which is typical of groundwater. Then, the roles,
responsibilities and functions of institutions within this structure need to be defined, and finally,
the requirements, such as information or capacity building, needed to manage the resource
effectively need to be identified.

Institutional arrangements therefore including the following:
* principles, objectives and institutional approach for groundwater management
* overall institutional structure and implementing agencies
* roles, responsibilities and functions of implementing agencies

* requirements and support needed to ensure functioning institutions

1.4 Objectives of Phase 1

Some background was provided in the previous section on the context of this project, and its
overall objective: the development of institutional arrangements for the sustainable and equitable
management of groundwater in dolomitic terrains. In developing this framework, the project has
been divided into four phases:

Phase 1: situation analysis - desk-top review

Phase 2: situation analysis - field research

Phase 3: workshop management options and approaches

Phase 4: preparation of management structure, institutional principles, and information system for
groundwater management

The core of Phase 1 comprises the first part of a situational analysis drawing on existing
information. Several areas of study were isolated for the purpcses of this study, which have been
integrated in this synthesis report. The study components and the structure of the reports for Phase
1 is illustrated in Figure 1.2:

environmental

assets
geohydrological Technical Assessment
features Report (appendix)
groundwater
PHASE 1 SYNTHESIS
impacts
REPORT
user profile
Social Assessment A

Report (appendix)
institutional

framework

situational maps
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Figure 1.2 tudy Components and Report Structure of Phase 1

In line with the Terms of Reference for Phase 1 of the project, this phase will assist in highlighting
gaps in knowledge as well as begin the identification of management challenges that may arise as a
result of managing a resource that transcends WMAs.

This report, which represents the main output of Phase 1, provides an overview of issues related to
groundwater use and management in the dolomitic terrains of the North West province. The
outputs of Phase 1 that are being addressed through the Phase 1 Synthesis Report” are:

* desk-top studies as well as situational maps

* gaps in knowledge identified and synthesized

« preliminary identification of management challenges, inputs for information system and
options for institutional arrangements

1.5 Methodology

The purpose of this phase of the project is to examine and synthesise existing research and other
documented information related to groundwater management in dolomitic terrains, to identify gaps
in the existing knowledge base, and to highlight issues for further investigation in later phases on
the project.

Document analysis has therefore guided most of the research in this component of the project. This
has included a review of relevant legislation and policy documents, past research and reports on
groundwater and water management, papers and publications addressing groundwater/water
management, as well as a review of information available on the internet. In addition, the use of
socio-economic statistical census data from the municipal demarcation process in 2000 has
provided an important socio-economic background to the study.

In addition, two field visits were conducted - the first as an introduction to the study area, to gain
an awareness of the geohydrological and environmental issues, and the second, as part of a
stakeholder analysis, to conduct semi-structured/informal interviews, particularly amongst groups
who were not accessible telephonically. This provided valuable insights intc some of the social and
institutional issues in the study area that need to be addressed. A series of telephonic interviews
with key informants was also undertaken to gauge a conceptual understanding of the views and
perceptions of stakeholders across the area, particularly those involved in the use and/or
management of water, as well as experts.

wo detalied reparts (included 25 appendixes) were compiled as a result of these studies of which this report provides &

ary ang an overview

2001. Social Assessment: Institutional Arrangements for the Management of Grouncwater in Delomitic

e 1: Situation Analysis), IUCN South Africa.

Sredenkamp. D. 2001. Technical Assessment: Institutional Arrangements for the Management of Groundwater in Dolomitic
o

~ -

Situation Analtysis), IUCN South Africa
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As much of the information presented in the institutional and social components of this report is
gained from interviews, it is important to realise that the information presented is, in many cases,
opinions and perceptions, and not necessarily fact. However, as perceptions (or misperceptions)
held by stakeholders, this information is valuable and important to consider in developing
institutional structures for groundwater management that suits the social dynamics of the study
area.

1.6 Other water management studies

In pursuing an integrated approach to planning and management, it is important that this project
take into account other studies currently underway in the project area, particularly in the case of
water management projects, the outcomes of which will have significant implications for each
other. This also provides an opportunity to share knowledge and resources where
necessary/possible.

The number of long-term projects not only creates confusion, but also fatigue amongst
stakeholders, affecting their level of interest, willingness to cooperate and to participate in the
process and its outcomes. Promoting an understanding of the benefits (or prevention of negative
impacts) by participating in these processes might go some way to alleviate this problem.
Participation is a key component of this project, particularly considering the array of stakeholders
involved, and will significantly influence the results of the research. In addition, participation of
stakeholders is an important element of water resource management, and is strongly emphasised in
water law and policy. It is therefore essential that participation inform the development of a
management framework in which stakeholders will ultimately play a key role. As a result, it is
necessary to approach the public participation process of this study sensitively, with awareness of,
and possibly in conjunction with similar processes in the area.

The establishment of the catchment management agencies (CMAs) are processes currently
underway in the study area. However, the establishment of the CMAs are at different stages in
their development and following different approaches®. It is nonetheless important that there is
integration between these processes and this groundwater project as the outcomes of these
projects have the potential to significantly affect each other. In addition, this project has the
potential to support the implementation of the CMA processes (and other water management
initiatives in the area) through enhancing the knowledge base on groundwater and addressing the
challenges of groundwater management.

A further DWAF project is underway in the study area, investigating the augmentation of primary
water supplies to Zeerust, Mafikeng and Swartruggens. Contact has been made with this project
team, and the need for integration and coordination identified, particularly during the later stages
of the projects. Local planning processes, which should also be considered where necessary,
include the preparation of integrated development plans for the district councils in the area, as
well as the preparation of water service development plans.

* For example, the Board of Crocodile West-Mariko CMA would be established during 2002 and the CMA would be phased in
over the next five years, while the CMA process in the Middle Vaal CMA was still in the early stages of establishment.
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2  LEGISLATIVE FRAMEWORK FOR GROUNDWATER

South Africa has gone through an extensive review of water legislation since 1994, resulting in the
promulgation of the Water Services Act (RSA, Act 108, 1997) and the National Water Act (RSA, Act
36, 1998). These Acts provide a combination of legal obligations, rights, responsibilities and
constraints for the sustainable development and management of water resources in South Africa.
This section looks at the opportunities and constraints for the groundwater management in the new
water legislation.

2.1 Development of water policy in South Africa

Prior to 1994, water law in South Africa was based on the development needs (domestic,
agricultural and industrial) of white settlers and was shaped by Roman law, Roman Dutch law and
later English and American law (Kavin, 2000). The results of these influences were the distinction
made between public and private water (riparian principle), which entitled landholders unlimited
use of private streams and groundwater resources found on their land. In 1912 the Irrigation and
Conservation of Waters Act was introduced, dealing mainly with irrigation and giving agriculture
priority use of water. Due to conflicting demands emerging with the rapid growth of mining and
industry, this legislation was repealed in 1956 through the introduction of the Water Act (RSA, Act
54, 1956). However, the Act entrenched the concept of private water and there was no obligation
to share resources equitably.

The 1956 Water Act made the following distinction between different categories of groundwater
(Lazarus, 1998; Kavin, 2000):

» Subterranean water: Subterranean water includes, "water naturally occurring underground or
obtained from underground in an area declared...as a subterranean Government water control
area’. Subterranean water is not defined as either public or private water in the Act but is a
category of water distinct from underground water and subject to different allocation rules.

s ‘Public’ Surplus water: Surface water (streams) qualified as public water and was further
categorized as either normal flow or surplus water. Because underground water cannot qualify
as normal flow since this must visibly flow, it qualifies as surplus water, which is any public
water other than normal flow.

» ‘'Deemed’' Private water is water that is pumped from underground (e.g. borehole water).
Provided this water is not derived from a public stream, the Act deems this water to be private
water, It is this category of groundwater that has created the greatest obstacles to those
managers concerned with managing water resources in the national interest as the sole rights to
use and enjoy private water vest in the owner of the land on which it is found.

The lack of accountability to government for proper groundwater use and management has
frequently resulted in the over-exploitation of groundwater resources (Lazarus, 1998). A period of
extensive review and reform of water legislation followed 1994, resulting in the publication of
several policy documents and legislation related to water:
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* The Water Supply and Sanitation Policy (1954), motivated by approximately 10 million people
without access to basic water supplies and a further 22 million without access to basic
sanitation. The WSSP outlines policy principles for the delivery of water and sanitation services.

» The Constitution (1996) and the Bill of Rights ensures access to potable water and an
environment that is not harmful to the well being of the people of South Africa.

* The National Water Policy (1937) establishes the principles for resource sustainability and
security of water supplies, and translated into the following legislation.

* Water Services Act, No 108 of 1997 (W5A) aims to create a developmental regulatory framework
within which water services can be provided. The Act establishes water services institutions and
defines their roles and responsibilities. The WSA gives substance to constitutional requirements
and provisions, whilst acknowledging the authority of local government in respect of water
services.

* National Water Act, No 36 of 1998 (NWA) aims to ensure that South Africa's water resources are
protected, used, developed, conserved, managed and controlled in a sustainable manner for
the benefit of all persons. The Act places National Government, through the Minister of Water
Affairs and Forestry, as the public trustee of the nation's water resources.

The National Water Act and Water Services Act have important implications for groundwater,
providing a framework for sustainable use of the resource. However, while all water in the
hydrological cycle, including groundwater now has equal status under the NWA, groundwater
remains the most prone to poor management, due to a lack of understanding of its occurrence,
attributes and dynamics.

2.2 National Water Act (Act 36 of 1998)

The lack of explicit recognition of the unity of the hydrological cycle in the 1956 Water Act was an
inexplicable anomaly, however the National Water Act of 1998 rectified this by recognising
groundwater as public water, as reflected in the Water Law Principles (DWAF, 1997). Because
groundwater has the same status as surface water, the sustainable use of groundwater will be
achieved through the same three policy goals which have been formulated for surface water
resources (DWAF, 2000b). These as stated for groundwater resources are:

e To implement source-directed controls to prevent and minimise, at source, the impact of
development on groundwater by imposing regulatory controls and by providing incentives;

s To implement resource directed measures (RDM) in order to manage such impacts to protect
the reserve and ensure sustainability;

* To remedy groundwater quality where practicable to protect the reserve and ensure at least
fitness for the purpose served by the remediation.

Source directed controls are the "traditional”™ measures used to protect water resources, and aim
to minimise the over-exploitation and degradation of groundwater (DWAF, 20000). They consist of:

« Establishing an understanding of the vulnerability of groundwater resources to pollution;
« Establishing an understanding of the relationship between polluting activities (sources) and

groundwater guality;
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* The regulation and prohibition of land-based activities which may affect the quantity and
quality of water;

* Control of practices and use of measures to reduce the polluting effects of activities which
threaten groundwater quality: and

* Controlling the aggregate impact of certain prescribed activities.

Resource directed measures’ are measures Lo protect water resources and consists of three core
concepts (DWAF, 1999):

a) Classification: Under a national protection-based classification system, water resources can be
grouped into classes representing different levels of protection. The risk, which can be accepted
in each class, is related to the level of protection required for that class. This provides a nationally
consistent basis and context for decicing on an acceptable level of short-term risk, against the
requirements for long-term protection of a water resource, For water resources which are
especially important, sensitive, or of high value, little or no risk would be acceptable, and they
would be assigned a high protection class.

b) The Reserve. This is defined by the Act as "the quantity and quality of water required:

- To satisfy basic human needs by securing a basic water supply for people who are or who
will in the reasonably near future be relying upon, taking water from, or being supplied from
the relevant water resource; and

- To protect aquatic ecosystems in order to secure ecologically sustainable development and
use of water resources” (RSA, Act 36, 1998).

¢) Resource Quality Objectives (RQOs). The RQOs for a water resource are a numerical or
descriptive statement of the conditions based on scientifically derived criteria, which should be
met in the receiving water resource, in terms of resource quality, to ensure that the water
resource is protected.

Implementing the requirements of the legisiation will require the resolution of the following issues,
without which there will be limited integration of groundwater in the broader water resource
management framework (after Xu et al, 2000):

* Integrated classification to link delineated hydrogeological systems with eco-region
classification systems (RSA, Act 36, 1998);

* Approaches to establish reference conditions (conditions prior to impact)

* Approaches to identify and map groundwater dependent ecosystems;

* Understanding groundwater / surface water linkages

» Appropriate RQOs and monitoring systems that address ecosystem and groundwater integrity.

' The methodologies 10 implement these measures for the protection of groundwater resources are in the developmental
phase, however present thinking on the use of the cifferent instruments provided in the Act is summarised in Braune,
2000.
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* Recognition (by all stakeholders) that groundwater recharge varies markedly in a temporal
sense with long-term climatic cycles and changes; with surface water engineering works; and
with changes in irrigated agriculture and urban water-service systems.

* Recognition of the linkages between groundwater and surface water resources. which often
favour their conjunctive use.

Environmental issues

Implementation of IWRM also requires protection of the environment, the philosophy being that the
protection of the ecosystem structure and function will maintain resilience and sustain the resource
(MacKay et al, 2000). Groundwater plays a number of key roles in the hydrological system, and
sustainable management of groundwater resources therefore requires an understanding of these
roles, particularly how vegetation influences recharge and how groundwater discharges influence
ecosystems (Le Maitre et al, 2000; Parsons, 1998). The nature of the dependency is poorly
understood and there is a great deal of uncertainty how far the actions of humankind influence the
environment.

Inadequate monitoring and evaluation systems

Development of appropriate monitoring and evaluation (MEE) systems is crucial to resource
sustainability. It forms the basis for decision support and provides a means to assess progress in
meeting groundwater sustainability (including water security) objectives. M&E systems should be
holistic, addressing issues beyond the resource, such as biological integrity. M&BE systems should
also provide continuous feedback to enable assessment and ensure that problems are identified at
source 50 that corrective action can be taken. While this might represent an ideal scenario, the
situation on the ground with respect to M&E is often very different.

Multi-objective analysis

IWRM and the implementation of the NWA require multi-objective decision-making. The challenge
of water resource planning and management is to make decisions that result in optimal use of the
resource, while protecting the environment and similarly contributing to economic development.
Non-trivial decision-making of this kind involves multiple goals with some measure of trade-off
between conflicting goals or objectives (Stewart et al, 2000).

2.4 Progress in implementing the NWA in relation to groundwater

Prior to 1998, the use of groundwater was in practical terms largely beyond the jurisdiction of the
state. The NWA rectified this situation and treats groundwater as an integral and equal component
of the hydrologic cycle. The Act provides the legal framework for groundwater management and
will be implemented through specific regulations. The framework through which groundwater will
be allocated is illustrated in Figure 4.
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- Developing "acceptable’ methodologies within a framework of limited financial and
human resources

3. Once the RDM measures have been determined, the third step is to determine the allocatable
portion of the resource which must address issues such as social and economic development.
The right to use of water is established in the National Water Act on condition that one or more
of the following stipulations apply:

- It is permissible under Schedule 1 (minimal or no impact)

- It is permissible as a continuation of an existing lawful use

- It is permissible in terms of a general authorisation (low risk of unacceptable impact)
- Authorisation by a licence (high risk of unacceptable impact if not controlled)

To alleviate the burden of licensing, general authorisations for groundwater have been given for
South Africa based on the groundwater harvest potential map, which attempts to determine
available groundwater resources. In arid zones only schedule 1 uses are permitted, while
subterranean water control areas (see Map A.2) are excluded from general authorisations for
groundwater abstraction.

4. The fourth step is to implement source directed controls (regulations and incentives) to
prevent or minimise impact on groundwater resources.

5. The final step is a monitoring and evaluation system to determine whether the policy goals are
being implemented and having the desired outcomes.

2.5 Existing lawful use, general authorisations and compulsory licensing

Importantly, the NWA makes provision for specific tools and strategies to address issues of equity
and access through the regulation of water use®. As noted above, water use must be licensed unless
it is 2 Schedule 1 use™ in terms of the NWA, is an existing lawful use or is permissible under general
authorisation (Braune, 2000b). Responsible institutions are required, in terms of the Act, to utilise
these tools in order to manage water resources equitably, sustainably and beneficially.

The continuation of existing lawful use™ of water is permitted under certain conditions, including
that it is not limited, prohibited or terminated by the Act (RSA, Act 36, 1998, sections 32-35).

* water use 15 defined in the NWA as: ".taking water from a resource, storing water, impeding or diverting the flow of
water in 3 watercourse, engaging in stream slow reduction activity.., discharging waste or water containing waste into a
water resource..., disposing of waste in a manner which may detrimentally on a water resource, disposing in any manner
of water which contains waste from, or which has been heated in, any Industrial power generation process, altering the
bed, banks, course or characteristizs of a watercourse, rémoving, discharging or disposing of water found underground is
it 1s necessary for the efficient continuation of an activity or for the safety of people, and using water for recreational
purposes. ” (RSA, Act 36, 1998 section 21)

'* Schedule ' water uses are those that have a low or normal impact on water resources, inCluding reasonadble comestic
use, domestic gardening, animal watering, emergency water use (human consumption and fire fighting) and recreational
use (RSA, Act 36, 1998, schedule 1).

"' Defined in the NWA as: "_a water use which has taken place 8t any time during a period of two years immediately
before the date of commencement of this Act and which was authorised by or under an law which was in force
immediately before the date of commencement of this Act; 5 a stream flow reduction activity..; or is a controlled
activity...; of which has been declared an existing lawful water use under section 33 and which was authorised by or under
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Licensing is not required to continue with existing lawful use until a responsible authority requires
a person to do, when the license (or the failure to give a license) then becomes the source of
authority for water use. Under these conditions, existing lawful water use is therefore protected by
the NWA.

Section 27 of the NWA (Chapter 4, Part 2) provides guidance for authorities to exercise discretion
when issuing licenses and general authorisations by outlining the considerations, conditions and
essential requirements of general authorisations and licenses. Section 27 also sets out the features
of licenses (including effective periods, purposes and places for which they may be issued). Factors
that should be considered when issuing general authorisations and licenses include amongst others,
existing lawful water uses, the need to redress the results of racial and gender discrimination,
efficient and beneficial use of water in the public benefit and the socio-economic impacts of the
water use(s) or of failing to authorise the water use(s) and the impacts of the water use on the
resource and other users.

These provisions provide an opportunity for an authority, when required to issue licenses and
general authorisations, to address issues of equity, sustainability and beneficial use. Specific issues,
which may be addressed through the provisions made in Section 27 of the NWA include the needs of
emerging water users and competition between water users. Although Section 27 provides the legal
requirements to address these and other issues through licensing, challenges to its effective
implementation lie in the need for emerging and small-scale users to represent their needs to
authorities, and a lack of information about the resource on which to base licenses.

Finally, compulsory licensing provides authorities with a specific instrument to address water
resources in areas which are, or are soon likely to be, under "water stress’ (e.g. demands exceed
supply, water quality or water resource quality threatened) or where it is necessary to review
prevailing water use to achieve equity in access to water (RSA, Act 36, 1998, section 43). The Act
further requires that special consideration must be given to certain categories of applicants.
Licenses issues under this section replace entitlements to existing lawful use. This section of the
Act explicitly provides for addressing issues of sustainability, equity and beneficial use. It provides
an opportunity in terms of licensing, to address existing allocations which may exceed the capacity
of the resource, or problems of inequity in access to and use of water resources.

The NWA sets out provisions for addressing issues of equity in water use, specifically through the
requirements of Section 27 and compulsory licensing (Section 43). These and other requirements
ensure that the authorities responsible for groundwater management have the tools to promote
sustainable and equitable use of groundwater resources.

2.6 Concluding remarks
The focus of groundwater management in South Africa, for the foreseeable future, will be on:

* meeting basic human water needs,
* maintaining resource integrity, and

any law which was in force immediately before the date of commencement of this Act; Is identified as a stream flow

reduction activity..: or is icentified as 3 CoOnero leg activity... " (RSA, Act 36, 1998 saction 12, as amended)

8 WIS =% S0
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* equitable allocation for economic development

However, the challenge remains to implement these principles in reality. Management strategies
will need to be developed to address the unique characteristics and roles of groundwater within the
context of a socio-economic development paradigm.

Proper allocation of groundwater resources will require integrated planning, including the:

* development of scientific measures to assess fractured rock aquifers.

* development of verifiable objectives for groundwater management (equity principles).

* identification of groundwater management problems, constraints and uncertainties.

* development and analysis of alternative strategies (including measures) and uncertainties
(multi-objective analysis).

* selection of the best compromise solution (robust solution).

17
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3. PROFILE OF THE STUDY AREA

The project is located in the area defined by the proposed WUAs in the dolomitic terrains of the
North West Province (see Map A.2), where water users are directly or indirectly dependent on
groundwater. Towns included in the study are those either currently using or those needing to
augment their water supplies using dolomitic groundwater in the near future (see Table B.1,
Annexure B) for water consumption figures for towns).

The land-use around the urban settlements is largely rural, and characterised by cultivated or
grazing land (commercial and subsistence agriculture), undeveloped land and scattered rural
settlements, many once part of the former Bophuthatswana. The main land uses (see Map A.3) in
the study area include agriculture, small industrial and mining operations, urban and rural
settlements, and conservation.

3.1 Socio-economic characteristics of the study area

Demographic data (see Box 3.1) reveals strong imbalances and disparities in living conditions and
opportunities between rural and urban areas. Conditions in rural areas, particularly in former
Bophuthatswana districts, have poor standards of infrastructure and basic services, as well as low
levels of employment and livelihoods opportunities.

Box 3.1 Development conditions in the study area

* In general, populction densities are low, with around 6 people per km' for most of the study area. Densities are
slightly higher in the south, around Lichtenburg, Coligny and Ventersgorp (6-15 people/ km’), and notably higher in
the former Bophuthatswana districts around Mafikeng (63-96 people/ km?) and in areas north of Zeerust.

* The population age distribution is concentrated in the 5-19 year group, indicating a young, rapidly growing and
depencent population with a low percentage of the population currently economically active.

o Employment figures range between 12% in Zeerust and 23% in Ventersdorp, with figures in Lichtenburg and Mafikeng
2% and 197 respectively, ingicating high rotes of unemployment.

»  Of those ermployed, the majority are in elemental/unskilled occupations, mostly in farming (Ventersdorp), followed
by social services (Mafikeng and Zeerust).

s The average monthly household income Is less than R1500 (63% earn under R1500/mnth in the Ventersdorp area).
»  Migration patterns reflect a movement from rural and farming areas 1o the urban centres.

o Education levels are low, with 20-28% of people with "no education”. Of those with education, the majority have a
primary education (30-37%)

s Although statistics show that most people have water supplied 10 their dwellings, higher densities and better service
levels in urdan areas introduce an urban bias in these figures. Public taps supply water to 60% of the population in
Zeerust, while in Mafikeng 35% of the population receive water from public taps end a further 25% from boreholes.
These figures are more ingdicative of conditions in rural areas.

» Light throughout most of the study area s from candles, particularly Ventersdorp. Municipal electricity is only the
sacond largest source of electricity/light, followed by paraffin.

e Pit latrines (esp. Zeerust and Mafixeng) are predominantly used for sanitation, followed by waler borne sewage. A
small {dut not insignificant) percentage of people use a bucket system or no sanitation system.

e The North West has the second lowest growth in GGP in South Africa, and the lowest contribution to the GNP.

» Disparities in growth and economic activity between former Bophuthatswana and Transvaal districts:
Overall GGP contribution: 0-7%
- High GGP growth around Dinckana: 3 and 7%, and around Mafikeng: 7 & 12X (former Bophuthatswanz)
- Low/negative GGP growth south of Zeerust and around Ventersdorp (-2 & 3%), and north of Lichtenburg (-7 & -
%), indicating a rapid decline in economic growth in these areas
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units falling in three main Water Management Areas (see Map A.2). Because of their lower
transmissivity, these dykes act as partial boundaries, in some places giving rise to springs that
sustain a perennial flow, which provides water supplies to towns, villages and for irrigation. Major
springs form the source of rivers such as the Molopo, Marico and Schoonspruit (see Map A.4), and
are important ecosystems, supporting a variety of floral and faunal populations, including rare and
endemic fish species, such as the Barbus paludinosus and Barbus previpinnis (see Table 6.1).

The Grootfontein unit and surrounding dolomite has been the focus of several groundwater studies
aimed at refining techniques and developing new methods to obtain reliable assessments of the
groundwater resource. Monitoring of groundwater levels has been maintained at several points and
records for the Wondergat'’ (see Map A.4) exist back to 1923. The flow of several springs has been
gauged and has been impacted by abstraction and so have water levels. Irrigation abstraction in the
Grootfontein/Lichtenburg areas has been inferred from the electricity consumption of pumping
installations over several years (van Rensburg, 1987).

Irrigation from boreholes comprises about 800ha in the Grootfontein unit™, 700ha in the
Lichtenburg/Itsoseng unit, 4000ha in the Schoonspruit (Ventersdorp) unit, over 3800ha in the
Grootpan area and a much smaller irrigated area in the Zeerust unit.

The status quo of the dolomitic aquifer of the Northwest region is that the water supplies of several
towns, rural areas and irrgation are directly dependent on groundwater supplied from springs and
boreholes. There are limited alternative options for water supply due to a lack of suitable dam sites
and the virtual absence of surface runoff. Shallow groundwater levels, wetlands and springs sustain
the aquatic environment and certain vegetation.

Occurrence of groundwater in dolomitic aquifers covering the entire area is essentially not
different to that of fractured hard-rock aquifers. In the dolomite the dissolution of carbonate by
rainfall has effected large storage of subterranean storage being recharged from rainfall. Rapid
drainage of groundwater via springs and wetlands could occur along highly permeable channels that
have been leached underground. However the rate of drainage of groundwater is impeded by
diabase dykes acting as overflow and partial leaky boundanes, which subdivide the dolomite into
smaller compartments. The compartments could become isolated units in the case of severe
depletion of the groundwater levels due to the dykes becoming less impermeable with depth.
Interflow between different compartments is still an uncertain factor and needs to be addressed.

The natural balance between the groundwater recharge and output determines the piezometric
levels. Apart from recharge the latter is controlled by outfiow, which is governed by:

1) the hydraulic head and permeability of the aquifer;
2) the discharge of springs and river base flow; and

3) evapotranspiration losses by vegetation and wetlands.

'Y wondergat is @ natural sinkhole formed by the collapse of dolomite into a subsurface cavity over 60 m deep.
" Units refer 1o the areas broadly defined by the proposed water user associations (see Map A.2), the boundaries of which
are based on aquifer sub-compartments,
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The regional piezometric levels determine the drainage pattern, which generally conforms to the
topography of the area (see Map A.1), although sudden water level drops could occur over the
dykes. The natural groundwater levels fluctuate according to variations of rainfall during wet and
dry periods. The natural vegetation and aquatic environment have been established according to
the long-term average hydrological balance and would be affected by artificial abstraction of
groundwater. Large expansions of irrigation from boreholes have had an impact on water levels and
the flows of springs. In the same way the natural quality of the groundwater could be affected by
pollution due to effluent cisposal, spillage and farming activities such as cattle feedlots and use of
fertilizers in crop growing.

Hydrological surveys and studies of the dolomite of the Northwest region over several years have
greatly advanced the knowledge about groundwater occurrence and the quantification and
management of the dolomitic resource, using simplistic methods as well as complex hydrodynamic
models (Taylor, 1983; Botha, 1993; Polivka, 1987; Bredenkamp, et al 1995; van Rensburg, 1995;
Bredenkamp and Nel, 1997).

The recharge is estimated at 10% of the average annual rainfall and the storativity of the aquifer
varies between 1.5 to 5%, although in highly leached zones it is much higher. The aim of effective
management of the groundwater resources of the region is to ensure sustainable development
within tolerable limits of the detrimental impacts on the natural conditions imposed by abstraction.

In terms of quality, the flows of most springs have been affected by irrigation abstraction and some
have even dried up, (e.g. the Grootfontein that has previously supplied Mafikeng with water). The
impact of abstraction could be quantified reliably (Bredenkamp 1999, Bredenkamp et al 1995) and
natural flow rates have been shown to vary proportional to the average rainfall over several years,
or to the cumulative departures of rainfall from the average precipitation.

The quality of the groundwater has not yet been seriously affected. This is partly due to the vast
volumes of water stored in the aquifer, the high rate of recharge and dilution effected by flow
along large underground conduits. Overall the water is still of excellent quality but pollution by
poor sanitation close to boreholes supplying local communities, is a matter of concern. The
temporary hardness of the water due to bicarbonate in solution is not a serious problem.
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4 EXISTING INSTITUTIONAL ARRANGEMENTS

4.1 Dept of Water Affairs and Forestry: National Office

As the public trustee of the South Africa’s water resources, National Government, through the
Minister of Water Affairs and Forestry, is ultimately responsible for ensuring that water resources
are "protected, used, developed, conserved, managed and controlled in a sustainable and
equitable manner, for the benefit of all persons”™ (RSA, Act 36, 1998).

Within DWAF, the organisational approach is based on centralised planning and policy-making, and
decentralised implementation at the regional and catchment level (DWAF, 2000b). The
establishment of catchment management agencies is a major initiative currently being driven at
the national level. This delegation of water management to the lowest practical level, according to
regulatory/operational and service functions, has the potential to enhance groundwater
management and increase participation””. Once established, CMAs will have delegated
responsibilities for licensing of water use and water allocation, according to specific catchment
management strategies for all water resources (including groundwater) in their boundaries.

The challenges in implementing this management structure, as perceived at a national level, are
that the knowledge of geohydrology within some regional level institutions is limited and that the
capacity to manage groundwater at a catchment scale, with current resources is limited. There is
thus an urgent need to enhance skills and capacity in catchment agencies and water user
associations. From a national level, groundwater management needs to become a stronger element
of water resources (catchment) management.

4.2 Emerging institutions: CMAs and WUAs

Ultimately, as organs of state, CMAs will be the institutions responsible for the management of
groundwater (as a resource) in a particular water management area (WMA). Where
necessary/required, CMAs will be supported at a local level by WUAs who would undertake more
operational management functions (Murray and Dindar, 1998; DWAF, 2000b). This institutional
structure has the potential to benefit groundwater management, through decentralised and
localised management of resources, and a supportive and participatory approach.

However, a challenge posed to groundwater management by this new arrangement is that WMAs
have been defined primarily according to surface water systems and flow patterns, sidelining the
importance of groundwater in the management of water resources. This has resulted in cases where
aquifers extend through a number of WMAS, raising complex transboundary management issues, as
illustrated in this study (see Map A.2). In these cases, groundwater management structures needs to
extend across managerial boundaries, in an integrated system, capable of addressing both technical
groundwater issues, as well as social and transboundary management issues.

In defining institutional arrangements, the role of CMCs and WUAs in addressing transboundary
management issues needs to be considered. Distinction is also needed between responsibilities for

" Braune, E. 2001, personal communication, Pretoria, 20 July.
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resource management functions (intended for CMAsS/CMCs) and day-to-day operational functions
(intended for WUAs, municipalities).

CMAs in the study areg

The CMAs, and therefore the institutions to be responsible for managing the dolomitic aquifer,
include (see Map A.2):

» Crocodile West-Marico (managed by DWAF Gauteng and North West regional offices™®)
* Middle Vaal (managed by the DWAF Free State regional office)
e Lower Vaal (managed by the DWAF Northern Cape regional office)

The implications of this impending management structure and its boundaries are that management
of the aquifer (at a resource level) will be divided among three catchment management agencies,
in different stages of establishment, possibly adopting in different management policies and
practises, and different pricing structures for users of the same aquifer.

For practical purposes, an agreement has been made between the regional offices of DWAF that the
North West regional office will be responsible for managing sub-quaternary CA31 - a portion of the
dolomite that falls into the Northern Cape regional area around Lichtenburg”’. Although this
represents a step towards reducing the number of regional offices involved in direct management
of the aquifer, there remain portions of the dolomite in the Northern Cape management area and
as a result, does not resolve the problem (see Map A.2). The implications/benefits of this decision
therefore require further consideration. If all areas of the Northern Cape dolomite are managed by
the North West Regional Offices, this will effectively shift the Crocodile West-Marico CMA boundary
to the southern boundary of the aquifer.

WUAs in the study area

A need was identified to manage the dolomite as a single water resource, However, the option of
establishing one WUA for all users of dolomitic groundwater was rejected owing to the vast area of
the dolomite, the numerous stakeholders and complexity of management issues. Five WUAs,
defined according to internal boundaries of compartments within the aquifer™, have therefore
been proposed and are in different stages of establishment. The proposed WUAs are (see Map A.2):

= Lichtenburg-itsoseng
* Grootfontein

e Grootpan

» Ventersdorp

o Teerust

Although WUAs should represent all water users using a resource, commercial farmers, who have
had to register their water use in terms of the NWA, are driving the establishment of WUAs in the

"® In this CMA, respons®dilities for geohydrology and catchment managemeant functions are shared between the North West
and Gauteng regiona. offices

T van Dy, G. 2001, personal communication, email, 31 August

! The optimal boundaries of the WUAs, according to geochydroiogical criteria, need 10 be resoived as an outcome of this
project.

3




Groundwater Management in Dolomitic Terrains Phase 1 Synthesis Report

S— —————

study area. While representatives of WUAs acknowledge the need to involve all water users in the
area”, attempts to involve groups outside municipalities and the commercial farming sector, in
establishing WUAs have largely proven futile. If this situation is not addressed, existing patterns of
imbalance and inequity in the use and management of water, and resulting development
opportunities, may be entrenched through WUAs. The membership and voting systems of the
management committees of WUAs are issues that also need to be considered. For example, should
representation be on the basis of the amount of water used, or the number of water users?

Concerns raised by WUA representatives include:

* management problems caused by the lack of knowledge of groundwater™.

» defining the optimal boundaries for WUAs, which may run through a farm, thus placing the
farmer in two WUA areas’'.

* the need for clarity or assistance from DWAF on the membership and mandates of WUAs,
details on boundaries, and establishing WUAs

* how to involve other water users and small-scale farmers in establishing WUAs®

* the need for interaction between surface and groundwater users (e.g. around Schoonspruit)

* issues around water charges and their impact on the viability of farming®

4.3 Dept of Water Affairs and Forestry: Regional Offices

The regional offices of DWAF are decentralised national offices, acting as implementing agents for
policy. Although the study area falls within the North West province, the existence of three CMAs
has involved the regional offices responsible for each CMA in the management of the aquifer. Once
the CMAs are established, the regional offices will most likely continue to exist, although in a
reduced, and largely supportive, capacity’.

At this stage, the regional offices involved in managing the dolomite are:

* North West Regional Office
* Gauteng Regional office

» Free State Regional Office
* Northern Cape

Regional management of groundwater seems beset with problems. Claims are made that
groundwater management is not well organised at this level, and indeed, no clear and integrated
management structure seems obvious. Issues of institutional capacity, together with a history of
neglect of groundwater due to its status as private water, appear to lie at the root of these

" Beyers, A. 2001. personal communication, Lichtenburg, 21 June,

¥ Beyers, A. 2001. personal communication, Lichtenburg, 21 June; Lohann, M. 2001, personal communication, telephonic,
July.

' Lohann, M. 2001. personal communication, telephonic, July.

2 Kruger, D. 2001, personal communication, telephonic, 10 July; Lohann, M, 2001, perscnal communication, telephonic,
July,

" yvan Zyl, H. 2001, personal communication, telephonic, 19 July.

¥ Botha, R. 2001. personal communication, telephonic, July.
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problems. The following constraints affecting groundwater management at a regional level were
identified:
* the neglect of groundwater in overall water management
» a lack of knowledge on the functioning of the aquifer, cross-flows between compartments
and the impact of current levels of abstraction on aquifer®®
* the failure to implement the recommendations from recent research on groundwater™
* the perceived lack of control of the use of irrigation systems?®’

As implementing agents of policy, regional offices currently occupy pivotal roles in decentralised
water resources management. Issues of capacity, clarity of management functions, roles and
responsibilities, and interaction with CMAs will have to be addressed in @ management system.

4.4 Water boards

Water boards are organs of state established to provide water services to other water services
institutions within its service area (RSA, Act 108, 1997). The water board in operation in the greater
part of the study area is North West Water Supply Authority (NWWSA), originally established under
the old Bophuthatswana government to supply water to Bophuthatswana (see Map A.6). There is
currently no water board serving the southern portion of the study area around Ventersdorp. The
existing arrangements of services and functions supplied by NWWSA to towns in the study area are
provided in Table 4.1 below, in section 4.5. However, the future role of water board is a subject of
debate, particularly in terms of the economic viability of water boards as opposed to local and
district councils in providing water services™,

NWWSA would like to see a framework for groundwater management which includes
representatives from CMAs, water bnards as well as local and district councils. There should be a
formalised structure and a clear division of functions between the tiers of government, with a clear
delegation of functions from national to local government, in line with the institutional capacity
available to undertake these functions.

4.5 District and Local Municipalities

In terms of the Water Services Act, local government (district councils and local municipalities) has
been tasked with the responsibilities of water service authorities, and are responsible for the
planning and implementation of water services and infrastructure to ensure acceptable minimum
levels of provision to their constituents (OWAF, 2000a). While not tasked with any specific resource
management functions, they are important agents in the operational aspects of water management
(e.g. provision), and their level of capacity and resources are critical factors in the efficiency of
service delivery anc¢ local management.

 Botha, R. 2001. personal communication, telephonic, July.
¥ gotha, R. 2001, personal communication, telephonic, July.
¥ Van der Merwe, P. 2001. personal communication, telephonic, July

i strongly argued by ward councillors from the Ditsobotla Municipality (21 June 2001).
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District councils are responsible for the bulk service functions of old regional service councils, and
in some cases, they provide municipal services directly to the public (Murray and Dindar, 1998). In
general, local municipalities are responsible for the planning, implementation, operation and
maintenance of the water services infrastructure within their municipal area. However, there is a
lack of clarity and considerable confusion around the division of roles and functions between local
and district councils’®. As water managers, the district and local councils occupy a key role in the
institutional structure for the management and supply of water. In addition, their role as major
users of water must not be overlooked and they need representation in water management
structures, in terms of their own local management and use practises, and as representatives of
their constituents.

The study area includes portions of two district councils™: the Central District Council and the
Southern District Council. Municipalities in the study area include Mafikeng, Zeerust, Lichtenburg
and Ventersdorp (see Map A.6).

In terms of institutional capacity, the Central and Southern District Councils appear confident that
they are addressing issues of delivery within their service areas, and that they have the
institutional and financial resources to continue this function,” although these views would have to
be validated in communities served by the district councils. In contrast, the ability of municipalities
to fulfil their roles as service providers and water managers is hindered by a lack of capacity and
financial resources, and the lack of clarity in terms of divisions of roles and functions between local
and district councils, particularly with respect to rural settlements included in municipal areas
following the demarcation process (e.g. Grasfontein near Lichtenburg)”.

The following arrangements (Table 4.1) at a district council and municipal level, for water supply,
operation and maintenance are identified in DWAF (2000a) and in the Ventersdorp WSDP”,

District Councils Town (Municipality) Water Board  Bulk Water Supply  Municipal
Ownership O&M _—

Central (DC 38) Lichtenburg (NW 384) NWWSA Central DC  Own Own

Central (DC 38) Itsoseng (NW 384) NWWSA DWAF NWWSA  Own

Central (DC 38) Zeerust (NW 385) NWWSA Own Own Own

¥ This issue was raised in almost every interview with municipal managers,

¥ Although they currently 2o not use water from the dolomite, should the towns of Koster and Swartruggens (situated
north of the dolomite boundary) require water from this source in future, the Rustenburg District Council would be
included as part of the study area. However, in terms of current planning, the expense of supplying these towns with
dolomitic groundwater precludes this opticn, as they are some cistance from the colomite area.

" mokhele, J. 2001 personal communication, Mafikeng, July: Labauschagne, F. 2001. personal communication,
telephonic, July.

¥ Harde, M. 2001. personal communication, Lichtendurg, 18 June; Dandashe, B. 2001, personal communication, Zeerust,
20 June; Smit, H. 2001. personal communication, telephonic, 4 July.

¥ Labuschagne, F. 2001. 2001. personal communication, telephonic, July.
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Central (DC 38) Lehurutse (NW 385) NWWSA DWAF NWWSA  Own
Central (DC 38) Mafikeng (NW 383) NWWSA DWAF NWWSA  Own
Central (DC 38) Mmabatho villages (NW 383)  NWWSA  DWAF NWWSA Central DC
Southern (DC 40) Ventersdorp (NW 401) None DWAF Own Own
Southern (DC 40)  Villages INW 401) None n/d n/d n/d

Table 4.1 Water supply in district councils and local municipalities
(after DWAF, 2000a; Ventersdorp WSDP, 2001)

4.6 Ward councillors and ward committees

The election of ward councillors and ward committees is essentially the forth and lowest tier of
governance. These committees are/will be responsible for the representation of the community”s
needs and, depending on the circumstances in the area, may have key roles in local water
management,

Currently, different systems are in operation at a local level. In some communities (e.g. Sheila),
water committees are well established and functional, performing tasks such as the collection of
payments, conveying problems to the councillor and undertaking repairs to pipes and pumps in the
water supply system. In other communities, water committees do not exist or play a major role in
the management of water. This was evident in communities (e.g. Dinokana) where water is
managed locally by the tribal authority, which interacts with the ward councillor,

At a local level, particular systems of managing a water source/supply that work well and are
suited to the local culture may be in existence. Cognisance must be taken to identify these
structures, and where appropriate, utilise them in the broader water management structure, rather
than instituting external systems in an area.

4.7 International water management arrangements

Geological information shows that the dolomites do extend into Botswana (see Map A.5). The SADC
water Sector Coordinating Unit describes the dolomitic resource in the study area as a "small but
very important transboundary aquifer in the dolomites of the Transvaal Group, which is used on
both sides of the border. ... The aquifers are mentioned in general terms by South Africa as part of
shared water resources of the transboundary Limpopo basin.."” At this stage no (formal)
international arrangements are evident between Botswana and South Africa for the
use/management of transboundary dolomitic aquifers®.

Issues related to internationally shared aquifers include:

» the use and management of transboundary aquifers and how practises on one side of the
border affect the resource as a whole, for other users

‘ POyoo, S. 2001. correspondence via email, 27 June

% The Karoo aquifer between Sotswana, Namiaia and South Africa is being used as a starting point for the development of
transbhoundary aquifer management - an initiative beirg promoted by the Internationally Shared Aquifer Resource
Management [ISARM),
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the interaction between ground and surface water systems across international borders, for
example, how surface water developments (e.g. dam-building) affect transboundary
groundwater resources (e.g. in terms of recharge)

Information is needed from Botswana regarding current and projected demand patterns (in relation
to the dolomite) a well as existing institutional arrangements for managing the dolomite aquifer in
Botswana. This would assist in mapping the institutions required in managing the aquifer.
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WATER USER PROFILE

Water use and demand in the study area
Water use and demand in the study area is characterised by the following factors:

All water users in the study area are either directly or indirectly dependent on groundwater.

In most areas, current water supplies are able to meet existing demands, but any increase in
water demand will exceed local supplies.
There is not enough bulk water in the region to meet the projected future needs of all
consumers, including domestic use, irngated agriculture and mining (DWAF, 2000a:1). However
future bulk water demands for primary (domestic) consumers can be met from local resources

(DWAF, 2000a). See Annexure C for a regional water balance, drawn from DWAF (2000a).

The following conclusions relevant to this study were established in DWAF (2000a):

- the major growth sector in terms of water use is the domestic sector
- mining and cement production (industry) are not expecting any growth

- agriculture is @ major factor in water consumption and irrigated agriculture has recently

witnessed significant growth™

- most settlements will require additional bulk water by 2030, with priorities being

Swartruggens, Zeerust, Lehurutse and surrounding villages

The main users o f groundwater in the study area include agriculture, domestic/urban, industry,
conservation/environment, recreational, and small-scale/emerging users. Despite their presence in
most user groups, small-scale and emerging users are discussed separately as these groups face
similar constraints and need particular attention in terms of their involvement in management
structures.

The total water demand, per sector, from the dolomitic compartments in the NW province is
indicated in Table 5.1 (Source, DWAF, 2000a):

— .

' 7Compartment Total for Water Us;_(ﬂnn’/a) Total
Irrigation Domestic  Mining  Environ.

Zeerust 731222 10008  2.665  0.000 | 43.895
Grootfontein 29.845 9.097 0.000 7.455 46.397
Lichtenburg 22.824 11.831 2.117 0.000 36.772
Groot Marico”  60.366 0.000 0.000 0.000 60.366

30.936  4.782 7.455 187.430

Total 144,257

Table 5.1 Summary of Water Use per Sector from Dolomitic Compartments

(Source: DWAF, 2000a)

* Use of irrigation in agriculture has grown, despite declining GGP contribution of agriculture (see section 3)
7 The Groot Marico compartment referred to in DWAF (20003) includes both the Ventersdorp and the Grootpan
compartments in this study.
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5.2 Agriculture

Agriculture is a major economic activity in the study area, around which many towns and activities
have developed. The contribution of agriculture to the local formal and informal economy,
particularly in terms of employment, livelihoods and supporting rural communities, is significant. In
addition, agriculture has been identified as a key sector for future economic growth in the region.
However, alongside this important role in providing livelihoods and economic growth, there are
disparities associated with the agricultural sector related to water consumption and access,
particularly between commercial and emerging farmers. The development of water management
strategies, particularly in an agricultural context, is likely to be highly contentious, and these issues
need to be clearly understood and addressed. In addition, water resource management needs to
look beyond the narrow focus on irrmgated agriculture, but also to consider the broader needs of
‘agricultural crop water use’™ which is an important part of integrated sustainable rural
development policy.

Issues of representivity and organisation are factors to consider in the agricultural sector,
particularly with respect to involvement and representation in the establishment of WUAs. Issues of
payment for agricultural water use are controversial amongst both commercial farmers, whose
access to water has been protected and ‘free’, and amongst emerging farmers, who are entering
the agricultural market needing support, and often with perceptions that water was and is ‘free’.
This debate includes positions where commercial farmers have personally placed large financial
investments in developing water supplies on their farms™.

Through years of experience in the area, and with water central to their livelihoods, farmers see
that they have a central role in managing the dolomite aquifer at a local level, provided they
receive accurate information on safe water yields and aquifer boundaries from DWAF* and they
operate within the broader framework of an aquifer monitoring system.

5.3 Domestic water users

The availability, use and management of water at a local level has profound implications for health
and development opportunities, and management and cecision-making at this level must be
considered against the background of inequity and uneven development. The domestic users profile
is separated into those served by district councils and those served by municipalities, as issues
differ accordingly®'.

* *Agricultural crop water use' encompasses more than irrigates agriculture, but also the use of water through rainwater
harvesting ang other conservation technigues to improve agricultural praductivity.

* Swanepoel, Mr, 2001. personal communization, telephomc, 19 July.

«<a s A 2001 personal communication ichterburg. 21 ne. van Zyl. H. 2001 rsonal communication teleshonic
Seyers N1, personal <o GNICALoN, LIChienDurg., 41 June, eyl Wi, perscnal communication, teiephonic

19 July

¢ This is largely Decause municipalities have not been able t0 address problems in thelr new service areas (including

newly INCOrporated rural areas) white sLancaras in the olg service areas (mainly towns) are generally adequate
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District councils

Central to the provision of water and sanitation services in district council areas, are the many
rural settlements® (some once part of the former homeland state of Bophuthatswana, others
recent settlements or the result of land reform initiatives), which rely directly on groundwater. The
level of services within rural settlements varies enormously, from areas with no local water supply
and no services, to those with basic RDP standards, others with a nearby water source (e.g. spring),
to those with household supplies. Addressing standards of water supply and sanitation services are
immediate challenges for the new district councils where there are many communities in desperate
need of water and sanitation. One of the significant threats to groundwater quality and the health
of local communities is contamination of water from cattle kraals and the location of poorly
constructed pit latrines in proximity to groundwater supplies®.

Payment for water services is a controversial issue at the district level and methods of payment are
varied. Sparse information on government's 'free basic water' policy has further complicated
attempts to encourage payment for water services. In addition, conflicts and tensions between
tribal authorities and local municipalities compound problems around payment™. A thorough
understanding of local systems and problems affecting payment is needed, and where necessary,
education and awareness is needed to instil an appreciation of the value of water and the need to

pay.
Local Municipalities

Overall, the level of service provision and water supply within the original service areas of local
municipalities is adequate. However, certain areas now included in municipalities following the
demarcation process have not yet received sufficient attention from local authorities in terms of
addressing their needs. Municipal managers were quick to point out that they were unfamiliar with
conditions in the areas newly included in their boundaries, which in many cases, are still served by
district councils.

Concerns amongst local authorities across the study area included pollution to groundwater from
pit latrines in informal areas, and the quality of domestic water in informal areas. Compounding
factors included the lack of knowledge in municipalities on the effects of pollution on groundwater
quality, and their lack of capacity to address this through regular monitoring®. Issues of urban
growth, the impact of growing water demands on existing supplies as well as the implementation
and implications of the 'free basic water’ policy were concerns in some municipal areas.

“ District councils include many small settlements, each with particular problems, ways of addressing them, internal
community structures, water supply systems and so on, which management systems must take care to consider. Mowever,
to provide an understanding of the types of problems that groundwater management needs to address, | will provide an
overview of some of the more representative isswes and problems that communities in district councils experience
regarding the'r water ang sanitation systems.

“ mokhele, J. 2001 personal communication, Mafikeng, July: Labauschagne, F. 2001. personal communication,
telephonic, July

“ Thubise, D. 2001. personal communication, Dinokana, June,

“* Marde, M. 2001, personal communication, Lichtenburg, 18 June.
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Table B.1 in Annexure B provides information related to consumption patterns, unaccounted for
water and monitoring within municipal areas. However this information was sourced from data and
reports, mostly preceding the municipal demarcation process in 2000, which have not been recently
updated.

5.4 Industry

The existing formal industrial activities include cement factories and lime quarries, small alluvial
diamond mining operations, and other mining operations (peat, fluorite, slate, etc.). Small-
scale/emerging industrial operations (e.g. brick making) are discussed separately in section 5.7.

The water needs of these industries are generally limited and none of the existing industries is
planning any expansion of their operations, or expecting any increase in water consumption.
Although none of the industries experience any problems in accessing a regular and sufficient water
supply, a concern raised that the recent increase in large-scale irrigation may affect groundwater
levels to the detriment of other user groups™.

While there is wastewater discharge from most of the industries, this is first treated and monitored
for quality and most plants use recycled water to some extent in their operations. All industries
undertake some form of regular monitoring of water levels, and in some cases, microbiological
quality testing. Indications from industry are that there is minimal environmental impact occurring
as a result of their operations (the exception being limited aesthetic scarring from mining).

A closer analysis of the environmental impact (e.g. impacts on the hydrological landscape, dust,
visual pollution, flora, fauna, etc.) of industrial operations, particularly those in proximity to
communities and sensitive systems (e.g. springs), is required. Furthermore, Nel et al (1995)
mention the significant effect that mining activities has on the water table by dewatering of shafts
through pumping. Due to the extent of the underground caverns, a mine could have a far-reaching
effect on the water table within an underground chamber. Assessing the overall impact of mining
should also consider economic and social impacts such as employment creation, infrastructure etc
(Nel et al, 1995).

Although there are no short term plans for the expansion of existing industry in the area, rural-
urban migration and the growth of Zeerust and Mafikeng, are creating an increased demand for
employment that needs to be adcressed, possibly through industrial growth (e.g. North West Spatial
Development Initiative). However, growth in the industrial sector will have a significant impact on
water use in the province, particularly if water demand management is not implemented. Future
industrial development initiatives will therefore have to be carefully planned, balancing the
capacity of water resources with development needs,

5.5 Conservation

The water needs of conservation must be considered in managing groundwater. Springs in the study
area provide unique habitats, which have developed in near isolation, some sustaining endemic
species, which would be threatened should groundwater levels drop (see section 6). Of concern to

“ meyer, P. 200'. personal communication, telephonic, 5 July
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environmental managers in the area is that only one of the eyes (the Malmani eye) has any formal
conservation status’’., The springs and wetlands require careful management and protection in a
broad sense, understanding the impacts on these habitats should water levels or water quality
deteriorate.

Other management issues, from an environmental perspective, include®:

* the impact of high levels of abstraction on groundwater-dependent ecosystems

= the impact of large-scale irrigation on water levels and soils

* the introduction of alien fauna (e.g. bass) in water systems

* the impact of alien vegetation species (e.g. eucalypts and acacias) on water levels®

* water quality issues (impacts of pesticides and fertilizers), and the lack of knowledge of the
long term effects of these pollutants on the aquifer

* the impact of mining operations around springs (e.g. peat mining near Schoonspruit)

* the impact of seasonal influxes of holiday-makers at recreational sites near the eyes,
particularly increased impacts from septic tanks (e.g. Molopo Eye).

The North West Department of Agriculture, Conservation and Environment currently has no active
role in groundwater management, although they have capacity and would like a limited role in
functions such as groundwater monitoring™. This raises the question of departmental mandates and
the policy of cooperative governance, which needs to be practically addressed in defining the
activities and resources needed for sustainable and equitable groundwater management®'.

5.6 Recreational use

Groundwater also has a valuable role in recreational and tourism activities in the area, and the
needs of these users must be considered, as well as impacts resulting from these activities.
Recreational uses include diving and swimming, fishing, camping, bird watching, etc. Smail
infrastructure developments have occurred around the eyes to support these activities (e.g.
Wondergat and Molopo eye). Clearly, if water levels decline, the viability of these activities will be
threatened, whilst at the same time, they have potential to impact on groundwater (e.g. pollution,
disturbance, etc.)

5.7 Emerging and small-scale water users

Discussion around the water use of small-scale and emerging water users has been separated from
the sectoral discussions above. The needs and problems affecting emerging users, across sectors,

“ Mangold, S. 2001, personal communication, teleghonic, 26 July.

“ mangold, S. 2001. personal communication, teleghonic, 26 July.

“ Blue gum trees, for example, are know to use up to 2201 of water per cay - comparing this to basic water needs raises
questions about the overall impact of allen vegetation on the aquifer and the need to increase alien clearing
programmes.

* mangold, S. 2001. personal communication, telephonic, 26 July.

* As an example, at least three provincial or regional departments, as well as local government, have some role to play
in water quality monitoring. however, very little % currently done in this regarg,
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have generic trends and specific attention needs to be given to following an integrated approach
that involves emerging/small-scale users in water management structures such as CMAs and WUAs.

The water uses of emerging/small-scale groups, for income or subsistence purposes, include
amongst others, vegetable gardening, stock watering, brick making, diamond digging and small-
scale commercial farming operations.

involving small-scale and emerging water users in the management of groundwater is a major
challenge, given the lack of organisation and formal representation of these groups, but is an
essential component of equitable management systems. With their lack of representation in water
management structures, current patterns of inequity are likely to be perpetuated, as emerging
groups' needs are unlikely to be adequately represented. In many cases, representation of small-
scale water users i1s through local government structures (e.g. ward councillors). However, local
politics and conflicts may prevent the concerns of small-scale water users from being heard, thus
causing small operations to collapse (e.g. Grasfontein)™, Although these are internal issues, the
lack of alternative representation for small-scale water users, as well as gender issues, reinforces
the problem in communities.

The impacts of overabstraction are real threats to users whose access to water is primarily from
spring flow. For small-scale farmers who do not have the resources to pump water should springs
dry up, seasonally or completely, this will effectively block access to this water resource, limiting
the livelihoods opportunities.

Gender issues are particularly relevant in the context of access to water and representation in
these groups. The important role of women in food security and providing or supplementing
household incomes, and their access to water and representation, is disproportionate. The knock-
on effects in the community, in terms of heaith, empowerment, livelihoods and opportunity are
considerable. In addition, the needs and customs of tribal communities are important in managing
water. For example, the lack of access to water for stock watering leads to conflicts with local
farmers when cattle wander into their property in search for water,” which again affects
livelihoods and security.

: - - i~ ~rac sain 1
Mahlada, =, 2001, personal cemmun'cation, Grasfonte S June

I Milton. 2001, personal communication, Grasfontein, 19 June
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6 GROUNDWATER-DEPENDENT ECOSYSTEMS

Groundwater resources sustain important habitats and ecosystems in the associated springs,
streams, wetlands and subterranean chambers. These ecosystems are dependent on groundwater
resources in terms of quality and quantity, and as a result are highly sensitive to fluctuations in
water level and water quality.

Globally, freshwater wetlands are threatened ecosystems, which perform essential ecological
functions such as the filtration and purification of water. Wetland systems and the species they
support are particularly vulnerable due to the increasing water demands being placed on the
aquifer. These systems highlight the interaction between ground and surface water, and need for
an integrated approach to managing ground and surface water.

Due to the relative geographical isolation of these habitats, many of the springs and wetlands
sustain rare or endemic flora and fauna. Each dolomitic eye supports ecological communities
evolving independently of one another, driven by particular local factors (e.g. temperature, flow
etc). For example, the algal and diatom community in the Molopo eye are different to that at the
Malmanies eye, indicating that each eye could be a unique ecosystem (Nel et al, 1995). Distinct
morphological and behavioural changes have been recorded in the Pseudocrenilabrus philander
(southern mouthbrooder) and P. crenilabrus in the various eyes indicating species specification (Nel
et al, 1995).

Other points of conservation significance related to groundwater dependent ecosystems include
(Nel et al, 1995):

* dolomite eyes are highly sensitive to invasion by exotics (e.g. Black Bass at Molopo);
indigenous species are sensitive to the introduction of alien predatory fish due to the water
clanty

« the reed beds around the eyes and wetlands provide important avian refuges and roosting
areas

* very little is known about the flora and fauna of subterranean dolomitic chambers, which
may be important in terms of biodiversity. Small crustaceans (amphipods) have been
recorded at depth and it is likely that higher forms of life may exist in the underground
chambers

* little is known about the present potential for the groundwater dependent ecosystems to
serve as mammal refuges

* the wetland vegetation of the of the dolomitic area is not rare, but the systems are
ecologically important in terms of the numerous services they provide
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Five natural (groundwater-dependent) water bodies occurring in the dolomite of the North West
region have been studied, namely the Molopo eye, Malmani eye, Wondergat, Marico eye (Kaaloog)
and Schoonspruit eye (Skelton et al. 1993). The natural aguatic ecosystems of these terrains are
similar in respect of some of the fish and faunal populations that they support. In addition
however, each water body sustains a unique ecological habitat that evolved in isolation from the
others (see Table 6.1).

The aquatic systems are particularly vulnerable because springflows and water levels fluctuate
according to the natural varying rainfall over the recharge area. This has been the case up to about
1980. Thereafter both groundwater levels and spring flows have also been affected by increasing
abstraction demands, imposing an additional threat to the sustainability of the aquatic
environment. Figure 6.1 illustrates the decline in springflow from the Molopo eye with increased
abstraction since the 1980s. The discrepancy between the natural flow and the affected flow in
Figure 6.1 represents the effect on the grouncwater-dependent ecosystems. The greater the
discrepancy between the natural and affected flows, there will be a greater the impact on the
ecology (exponential relationship). The critical levels have to be determined.
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Figure 6.1  Flow of Molopo eye in relation to the cumulative departures of rainfall (CRD) from
the average, clearly indicating that the flow of the eye has been affected by
abstraction in the region
(Source: Bredenkamp, 1999).

The following threats to the dolomitic ecosystems are noted in Nel et al (1995:27):

* extraction of groundwater from the dolomites leads to a lowering of the water table to the
degree that surface water is no longer discharged

* pest control using aricides to control queleas (birds)

* introduction of alien fish species

37




Groundwater Management in Dolomitic Terrains Phase 1 Synthesis Report

o excessive collection of rare species

* sinkhole formation

e canalising and drying up of wetlands

* unsustainable management practices/land uses related to fires, lands, draining, dams and

weirs

The conservation potential of the dolomitic eyes has not been determined and only one of the
springs in the area (the Malmani eye) has any formal conservation status (Nel et al, 1995).
However, each of these systems provides a valuable but threatened habitat, and performs key
environmental functions. In addition, springs, and Wondergat, are being used increasingly as
popular recreation sites, and in this respect, are also valuable local resources. Management of
these sites is therefore of critical importance, both ecologically and socially, and needs to be seen
as an integral component of groundwater management.

For all of the five sites listed above (and others where necessary) it has been recommended that:

« management plans, in accordance with the requirements of the different stakeholders, are
formulated

* due to the diverse water requirements there are bound to be conflicting issues, requiring
participation of all stakeholders

e the flows of the eyes should be monitored and abstraction measured, enabling the effects of
abstraction on groundwater levels and dependent ecosystems to be determined (culminates in
determining the ecological reserve)

« the water quality of the springs be regularly monitored to detect and address any
contamination at an early stage

= land use patterns and activities close to the eyes should be carefully assessed and regulated

e an awareness and education campaign should be implemented to inform the public of the
vulnerability of aquatic ecosystems, activities that threaten these systems and how they can

assist in conservation-related activities.
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7 GROUNDWATER QUALITY

Groundwater quality refers to the water chemistry and micro-organisms present in the water. The
level of total dissolved substances (TDS) in groundwater determines its salinity., One of the
objectives of responsible groundwater management is to be aware of the land use and activities in
the area, and sites which area potentially vulnerable to pollution. Chemical monitoring of
groundwater is important for the purpose of establishing reference concentrations for the
identification of pollution.

Chemical data obtained in the study area during surveys and follow-up studies (from 1977 to 1996)
did not show any serious signs of pollution when undertaken (see Table 7.1). Only in the case of the
Renosterfontein eye, southeast of Zeerust, has clear evidence of pollution been obtained (see
Figure 7.1).

TDs | Hco, |AveCl [so, |
itic sprin m
Bo Molopo Dolomitic springs ™ mg/l [ | ll r | Comment
Dinokana Upper (some 351 207 4.9 6,6  Pristine spring, low TDS and Cl
recharge from banded indicating higher recharge
ironstone)
Molopo (100% dolomitic) 326 199 4,8 5.3  No contamination
Vergenoegd (100% dolomitic) 399 244 49 6.6 Natural spring, no contamination |
Skilpadfontein (100% 442 272 B 6.5 Natural spring, no contamination |
dolomitic)
Rhenosterfontein (Transvaal 395 209 25* 12 The chemistry is clearly
shales and quartzites, only different to that of normal
partially dolomitic) dolomite, spring also indicates
pollution

*sporadic influx of poliutant

Table 7.1 Comparison of the chemistry of different springs in relation to the characteristics of
the recharge areas
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8 IMPACTS ON GROUNDWATER RESOURCES

The dolomitic groundwater resources have been subject to a range of impacts, in terms of both
groundwater quality and quantity, which are either naturally induced or the results of
anthropogenic activities. Examples of impacts to groundwater include:

1) Natural fluctuations in groundwater levels due to variable rainfall caused by prolonged periods
of below average rainfall (or droughts), leading to a decline in water levels and diminished
spring flows. A record of the water levels for the Wondergat sinkhole between 1923 and 1980
represent natural conditions and corresponds linearly to the flow of the springs.

2) Since 1981, the water levels of Wondergat and the flow of the springs have been affected by
abstraction (see Figure 6.1), however the natural water levels and the spring flows could be
simulated by means of the cumulative departures of rainfall from the average (CRD method), or
according to the moving average rainfall over several months (MA method; Bredenkamp, 2000).
Soth the CRD and MA methods could be used to incorporate the abstraction as an equivalent
depth of precipitation, and by removal of the stress component the natural groundwater
fluctuations and spring flows could be obtained.

3) The water quality of production boreholes could deteriorate as groundwater that has been
polluted either chemically or biologically, is captured and drawn in by pumping borehole.

4) Excessive lowering of the groundwater levels could trigger the formation of sinkholes. It is
generally assumed that if the water levels decline more than 8 metres, the risk of sinkhole
occurrence is high. However, the stability of the dolomite in the area has been good, as even at
drawdowns of up to 30m at the Grootfontein eye, no sinkholes have yet occurred. The
determination of the Reserve should address this issue,

5) The excessive lowering of the groundwater levels, either as a result of low rainfall or
abstraction, could have serious secondary impacts on the water supply of local communities, as
well as on the groundwater-dependent ecosystems occurring in springs and wetlands. The
knock-on effects of these impacts are considerable.

6) Irrigation from groundwater resources resuits in the recirculation of water carrying fertilizers,
resulting in the pollution and salination of the groundwater, Thus far however, the high natural
recharge and large subterranean reservoirs of the dolomite have curtailed such impacts. The
long-term effects of these patterns need to be determined.

These examples of the impacts that have or might affect groundwater resources, either through
natural or anthropogenic events, provide some indication of the complexity of groundwater
management, particularly when considering potential knock-on impacts, affecting both
communities and ecosystems that are dependent on groundwater resources.
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9  DELINEATING ENVIRONMENTAL ASSETS AND DETERMINING THE
RESERVE

Delineating ecological regions in which fauna and flora are dependent on groundwater and sensitive
to its fluctuations, must take intc consideration riparian habitats of rivers and wetlands (Van
Tonder and Dennis, 2001). Such areas in the dolomitic terrain include the major water
impoundments at Molopo eye, Wondergat, Malamani, Marico Kaaloog eye, Schoonspruit eye, the
Lichtenburg and Grootfontein eyes (see Map A.4). In addition, numerous smaller springs and
wetlands, such as those occurring in the Malmani River, the Polfontein downstream area and upper
Molopo River channel also have to be delineated and designated appropriate levels of conservation
status and management.

Considerations that need to be addressed before determining the amount of water that can be
allocated include the reserve (both human needs and ecolegical needs), international obligations
(e.g. Botswana) and water needed to sustain the integrity of the resource. Only after taking into
account these requirements, can water be allocated to users. Depending upon the significance of
the resource in question, the reserve determination could be a preliminary or a comprehensive
estimate.

The following steps are part of an initial Comprehensive Reserve Determination for groundwater to
be applied in the NW dolomitic area (Parsons, 1998):

1. delineation of the resource (i.e. type, significance and water quantity );

2. determining the geohydrological region (i.e. general climatic and topographical features
boundaries, aquifer characteristics and identifying groundwater-dependent ecosystems);

3. obtaining reference conditions and setting the current management class;

quantifying the reserve;

5. setting resource quality objectives (RQOs), which for ecological impacts have to be provided
by ecologists and

6. establishing follow-up monitoring.

x

RQOs can be defined as a numerical or descriptive statement of the conditions that should be met
in the receiving water resource, in terms of the resource quality (and quantity) to ensure the
resource is protected (MacKay, 1998). Determination of the reserve for aguatic ecosystems entails
investigation of the relationship among major interactive components of the water cycle, namely
surface water bodies and groundwater. Validation of the determined reserve would be subject to
review at a penod of five years.

Groundwater plays a key role in the reserve determination wherever there is a direct hydraulic
connection between groundwater and surface water bodies, which jointly sustain the aquatic
ecosystems. In such situations the often-complex role of groundwater (in terms of recharge,
volumes, movement and distribution), in supporting the ecosystem and human population, has to
be ascertained.

Sustainability takes into account the balance between protection and utilisation. The two
important parameters that should be considered for a borehole protection area are:
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e the radius of influence of the borehole (as the impact of abstraction from the borehole will
have a zero influence on water levels outside the radius of influence), and

* the capture area of the borehole which will be used to estimate the safe yield of the borehole;
and to determine the impact of pollution.

Van Tonder and Dennis (2001) have derived the piezometric levels and drainage of the system
according to the water balance:

CHANGE IN STORAGE = INFLOW - OUTFLOW
which incorporates:

« the recharge and aquifer storativity,
o lateral inflow/outflow and
* pumping and evapotranspiration.

Fulfilling the demands of the basic water requirements entails sustaining groundwater levels within
certain limits. The following approach is advocated to determine the ‘reserve’:

e A steady-state water balance is required, and the status of the aquifer has to be considered
ensuring that flow across international boundaries remains unchanged.

* Itis assumed that the maximum riparian ecological requirements are equal to the water flow
towards the river.

*  The inflow/outflow from/to deeper aquifer systems is regarded as zero as a first
approximation,

* The water demand of an impoundment, which could be circular or in the case of a linear
feature would be equal to the rate of water flowing to the water system,

The amount of groundwater needed for basic human needs can be determined by multiplying the

population that is dependent on groundwater by the minimum basic needs requirement of 25! per

day. Future changes in the size and needs of the groundwater-dependent population must also be

considered. After the estimation of the different components, the water balance equation could be

used to estimate the potential groundwater for allocation to a catchment. The term ‘potential’

allocation s used because water balance components on a large scale have been estimated under

steady state conditions. Local impacts due to abstraction must still be evaluated separately (e.g.

abstraction close to a river can cause the water level gradient to be reversed leading to undesirable

conditions). In practice, the groundwater to be allocated will be less than the potential volumes to

be allocated. Basic guidelines, principles and approaches to effectively manage and control a

groundwater system have been presented by Van Tonder and Dennis (2001), however the equitable

allocation of groundwater is a complex problem, requiring a high levels of professional expertise.
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10 MANAGEMENT CHALLENGES

The following challenges to achieving equitable and sustainable management of groundwater have
been identified. Institutional arrangements need to be developed and equipped with the resources,
tools and capacity to address these and other challenges through the management of groundwater.

10.1 Geohydrological uncertainties

In terms of technical management of groundwater, particularly with respect to the accuracy of
groundwater data on which key decisions are based and the ability to predict the response of the
aquifer to certain conditions, several uncertainties need to be addressed to achieve sustainable use
of the aquifer.

Water Balance
Key components of the water balance that need to be quantified reliably include:

1) Reliable estimation of both the gverage recharge and its variability. Several methods could be
applied, for example:

a. The ratio of the chloride concentration of rainwater relative to that of spring water will
provide an average recharge integrated in time and space (Bredenkamp et al 1995).

b. Relating the abstraction during selected periods of equal volume status of the aquifer to the
input rainfall. The correct rainfall in accordance with the Moving Average method has to be
used (Bredenkamp 2000).

c. According to the corrected natural outflow of springs during periods starting and ending with
the same flow (equal-flow periods), also in relation to the correct rainfall input. Reliable
estimation of the recharge area is required. According to this method the recharge derived
from the flows of the Buffelshoek eye shows an exponential increase with higher rainfall.

d. If the storativity of the aquifer has been derived in a reliable way, the recharge could be
inferred from the cumulative rainfall departure (CRD method) and moving average rainfall
(MA method).

2) Estimation of the aquifer storativity by:
a. Special water balance interpretations yielding a bulk estimate (Van Rensburg, 1995).
b. Pumping test analysis according to the latest methods (Van Tonder and Xu , 1999).

¢. Insertion of the recharge into the CRD and MA regression fits between rainfall and water
levels.

3) Reliable estimation of abstraction based on the irrigated areas and crop water requirements, or
according to the electricity consumption of the irrigation installations (Van Rensburg 1995).

4) Deriving the depth of the aquifer by means of a regression between the Moving Average rainfall
and water level fluctuations (Bredenkamp, 1999).
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Aquifer modelling

Reliable simulation of the aquifer response to recharge, abstraction and inflow/outflow particularly
with regard to the assessment of impacts at critical points by means of a hydrodynamic model,
would be an essential element of effective management of the aquifer,

Such a model would have to accommodate flow between different sub-compartments and
preferably also the heterogeneity of the aquifer both laterally and with depth. The 2-dimensional
AQUAWIN model (Van Tonder, 1996) has been applied with reasonable success to part of the
Grootfontein unit and to the Zeerust groundwater unit (Bredenkamp and Nel, 1997) with the flow of
springs introduced as variable pumps. Since then it has been established that the flows of the
springs have been incorrectly determined and would have to be reassessed before a new simulation
is carried out.

At this stage it seems as if the MODFLOW aquifer model, which is capable of simulating the aquifer
both two and three-dimensionally would be the best model to apply. This would enable a
comparison of a Z and 3 dimensional models and would also be a more suitable model to simulate
the flow of springs and impacts of abstraction.

The CRD and MA methods representing a simple though effective hydrological model of the aquifer
could also be used to simulate the impact of abstraction at specific points - after an initial
calibration, Additional developmental work and programming would be required to model the
integrated water level impact to simuitaneous pumping from different points by means of a
CRD/MA response-matrix.

Once the piezometric groundwater levels could be simulated in a reliable way the impacts on spring
flows and environmental stress could be addressed according to quantitative response-criteria that
would facilitate the assessment of more effective management scenarios, especially with regard to
environmental impacts.

In the next phase of the investigation it is recommended that the entire dolomitic area under
investigation, be simulated by means of a suitable model.

10.2 Social and institutional constraints

A further set of challenges and constraints are found in the institutional and social conditions in the
study area.

Information about the resource

Leading on from section 10.1, is the lack of accurate information about the supply and functioning
of the aquifer. Managers and users simply do not have the information needed to make informed
decisions about groundwater, or the ability to develop this information base through monitoring.
nformation is needed by managers at all levels, and equally by users, that is both trusted and
easily accessible by all stakeholders), tc enable them to participate in an informed way in
groundwater management, and to understand the consequences of certain actions. The following
information needs to be collected to enable informed decision-making regarding groundwater:
groundwater levels, abstraction rates, rainfall, and groundwater quality (Murray and Dindar, 1998).
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Institutional capacity

Addressing issues of institutional capacity at every level in the management structure, from local
government through regional/provincial levels to the national level, is a central factor that affects
sustainable and equitable management. This is currently a significant problem and an issue that has
been raised repeatedly as a challenge to groundwater management, in both existing and emerging
institutions,

Issues of cooperative governance and departmental mandates need to be practically resolved in
line with the management needs of the resource (e.g. monitoring), and the capacity and resources
available to undertake these functions. Roles, functions and responsibilities need to be clarified in
the context of the available capacities and resources, and channels of communication for data,
information and recommendations need to be established within and between the institutions.

Small-scale and emerging user groups

The lack of organisation and representation of small-scale and emerging user groups, to represent
their needs and concerns with respect to the access to and use of water (including resources,
services and benefits) and thus to participate in decision-making and management is a critical issue
that needs to be considered in developing the institutional arrangements for the management of
groundwater. Compounding factors related to the capacity of this group include internal power
relations, the role of women, cultural traditions and the integration of formal and informal
systems. Without the appropriate interventions, the lack of capacity within this group and the lack
of involvement in formalised management structures will entrench existing patterns of imbalance,
inequity and poverty.

Representation

An issue related to both of the above points, is the strength and representivity of local structures
(including both local government and WUAs). This is particularly relevant where local politics and
unbalanced power relations prevent the needs of disempowered groups from being articulated and
addressed. Issues of culture, empowerment and vested interests prevent marginalized groups from
gaining access to resources that would contribute to their livelihoods and levels of empowerment,
and possibly upsetting existing power relations. Establishing representative organisations, such as
WUAs, without facilitating proper participation through building capacity and awareness, will
simply lead to the entrenchment of existing patterns of unbalanced use and inequity, and create
problems of buy-in and ownership.

Competition between water users

Competition and conflict between different user groups have been articulated, particularly
between agricultural, domestic and industrial water users, and between more powerful and weaker
users. These matters need to be resolved through allocations and local management of the
resource. Dominance of certain groups in the process must be addressed.

Formal and informal systems of water management

In some areas, particularly in rural communities where formalised institutional structures have had
minimal influence, informal systems of local water management have developed. In some cases,
these systems serve all members of the community adequately and equitably, while in others, they
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entrench unbalanced power relations to the detriment of certain groups. When developing and
implementing formal systems of management, consideration must be given to identifying informal
systems (which may contain valuable knowledge and skills) and where appropriate, integrating
them into the management structure of the resource,

10.3 Preliminary Criteria for Institutional Arrangements

Although Phase 1 has largely been a desktop study to examine the body of knowledge on the
aquifer, and thus to identify gaps in knowledge and management challenges, some preliminary
criteria for institutional arrangements have emerged based on information in existing research.
These would clearly have to be workshopped widely with stakeholders in the following phase of the
project. In Section 1.3, the concept of "institutional arrangements’ was discussed and defined as
the:

* principles, objectives and institutional approach for groundwater management
= overall institutional structure and implementing agencies
= roles, responsibilities and functions of implementing agencies

* requirements and support needed to ensure functioning institutions

Preliminary suggestions for the institutional arrangements for groundwater management are:
» Principles and Objectives

The broad principles and objectives set out in policy and legislation form the
guidelines/framework within which institutions carry out their activities. These include,
amongst others:

all persons should have access to potable water and an environment that is not harmful
to their well-being

equity, sustainability and efficient and beneficial use

resource integrity

recognition of the unity of the hydrological cycle and the interdependence of all its
elements

water is a common resource to all, subject to national control, consistent status of all
water in law

there is no ownership of water, only a right to its use or authorisation for use (not
granted into perpetuity)

meeting international obligations

investments already made and to be made by the water user in respect of the water use
integrated water resource management

decentralised management of water resources

~ Institutional Approach

The institutional approach adopted in policy is one based on:
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- participative management of water resources

- decentralised water resource management through institutions at a regional level and
local (CMAs and WUAs)

However, the institutional structure defined within this approach does not necessarily
address transboundary management issues and the specific characteristics and role of
groundwater. A co-management approach™ would seem appropriate to address
transboundary management issues, where equity and sustainability are crucial goals. This
approach enables multiple stakeholders to be incorporated into natural resource
management in a variety of roles.

The main principles of co-management include (Borrini-Feyreabend et al, 2000):

- recognition of different values, interests and concerns involved in natural resource
management, both outside and within local communities

- seeking transparency and equity in natural resource management

- allowing civil society to assume ever important roles and responsibilities, leading to
natural resource management partnerships

- harnessing the complementarity of the capacities and comparative advantages of
different institutional actors (collaborative governance)

- linking entitlements and responsibilities in the natural resource management context

- appreciating that the process is more important than short-term products
learning by doing through on-going revisions and improvements in natural resource
management
no blueprint, but a considerable flexibility in developing co-management arrangements

These principles of co-management are supported by the legislative framework for water in
South Africa. Both CMAs and WUAs are examples of institutions where participative and
cooperative management is crucial to their success.

Wwhile the context in this project suits a co-management approach, with clear benefits to
the resource, and both users and managers, the challenge is to develop the institutional
arrangements that would enable co-management of the dolomitic aquifer.

» Institutional Structure and Implementing Agencies

The institutional structure and implementing agencies set out in legislation and policy
provide the broad framework within which specific institutional arrangements, suited to a
particular context, need to be developed.

In terms of groundwater resource management, the institutional structure is provided by
the following implementing agencies (their current roles and responsibilities have been
discussed earlier) are:

- DWAF, national office and regional offices

3 Co-management is defined as "o situation in which two or more sociol actors negotiate, define and guarantee amongst
themselves a fair shoring of the management functions, entitlements and responsidbilities for a given territory, oreg or
set of natural resources” (Borrini-Feyreabend et al, 2000:1).
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CMAs
Catchment management committees

At an operational (supply) level, the following institutional structures exist:

WUAs

Local authorities (district and municipal)
Water boards

Ward councillors and ward committees

Several recent studies have examined the operational (supply) level of groundwater
management (see analysis in Stephens 2001). In addressing the sustainable management of
the dolomitic aquifer, the challenge is to define institutional structures at a resource
management level that are equipped (in terms of information, resources, capacity,
representation) to deal with transboundary issues. Thereafter, the operational structures
can be defined through a participative process.

The National Water Act (Section 82(5)) makes provision CMAs to "establish committees
(including an executive committee and consultative bodies), to perform any of its functions
within a particular area, or generally or to advise it, and must determine how they must
function™ (RSA, 1998, Act 36). A committee may therefore be established to manage
specific resources, such as sub-catchments within a WMA, which require particular attention
(e.g. they may be water-stressed). Establishing a committee for the purposes of aquifer
management and through representation, equipping it to handle transboundary issues, is a
preliminary option for managing aquifers that transcend WMA boundaries.

The following broad structure (see Figure 10.1) is presented as a preliminary
recommendation in which management of the aquifer could take place through a Dolomitic
Aquifer Management Committee:

The Dolomitic Aquifer Management Committee (in terms of Section 82(5) of the
NWA) would be responsible for managing the aquifer as one system, within the
broader context of catchment management in the region. The Dolomitic Aquifer
Management Committee would therefore 'span’ the three WMAs with representation
from these bodies. This would ensure an IWRM approach is followed, recognising and
understanding the interaction between ground and surface water. As an example of
its role, the Committee would undertaxe to ensure that CMA policies and catchment
management strategies are consistent in terms of management functions and
practices, pricing, etc.

A Technical Committee, with sub-committees for specific functions as necessary,
would undertake or oversee certain groundwater management functions (e.g.
monitoring and data collection) to ensure management is guided by sound
geohydrological knowledge of the aquifer. Consultants (e.g. engineer,
geohydrologist, etc.) may be appointed as necessary (possibly as a Technical
Secretary). The committee would interact closely with the DWAF, Directorate:
Geohydrology.




Grounawater Management in Doiomitic Terroing Phose 1 Synthesis Report

DWAF (at a regional and national level), the CMAs and WUAs would participate in the
management of the aquifer through representation on the Dolomitic Aquifer
management Committee. Water users and other stakeholders would participate
through WUAs. This may present problems if issues related to WUAs, such as
representation, are not addressed.

International issues: There would need to be some mechanism to enable
international stakeholders to participate, through the Dolomitic Aquifer Management
Committee, in cooperative aquifer management. However, the nature of
international issues requires further clarification in this respect.

The following important issues are central to the functioning of such a committee and
require thorough consultation through workshops and focus groups with stakeholders to
resolve:

powers (advisory or executive)

roles, functions and responsibilities

information and support requirements

issues of accountability and representation
broader participation of stakeholders

resources (human and financial)

channels for communication and recommendations
implementation of recommendations
collaborative governance and representation of other government departments with a
role in groundwater management

mechanisms for dispute resolution
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| Technical Committee
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Figure 10.1: Proposed Institutional Framework for Groundwater Management in Dolomitic Terrains

* Establiy 1 lerm I Section 82(59) of the Hational water ACt (Act J6 of 1998)
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11 CONCLUSIONS AND RECOMMENDATIONS

11.1 Conclusions

Following the Phase 1 situation analysis, during which the body of existing research was examined,
several gaps in the existing knowledge base have emerged which need to be addressed. Gaps relate
to the level and accuracy of geohydrological understanding as well as specific information regarding
the users and institutions involved in groundwater. These gaps pose constraints to the development
of institutional arrangements for the sustainable and equitable management of groundwater.

One of the greatest barriers affecting sustainable and equitable aquifer management is the lack of
information on the supply and availability of water from the aquifer. At one level there are gaps in
the knowledge base (mentioned above), which need to be addressed through research. At another
level, where information does exist, it needs to be effectively disseminated to users/managers to
enable informed decision-making and negotiations.

A great deal of geohydrological information of the different dolomitic units is available and
essential aquifer parameters (e.g. recharge, pumping, spring flow, aquifer storativity,
transmissivity and aquifer depths) have been obtained. However, in the light of improved
techniques and data series, refinement of the estimates is necessary in order to improve our
understanding of the aquifer and its functioning. This would also assist in providing information
needed to define possible boundaries for water user associations. Improved understanding and
accuracy of the following factors is needed, through hydrodynamic modelling of the entire aquifer
system:

* the groundwater drainage of the total area;

* the leakage between compartments, and outflow to and inflow from adjacent geological
formations;

« the effect of dykes acting as leaky boundaries;
* a water balance of the total area;

* delineation of the probable recharge areas of the different springs in relation to the water
quality (chloride concentrations);

» simulation of the aquifer response to different scenarios of abstraction and recharge;

» quantification of the water level impacts at the different springs and ecological sensitive water
impoundments.

Further, a certain degree of controlled overabstraction would help to assess the aquifer response to
abnormal stress, an in better understanding the role of dykes. A better understanding of the long-
and short-term effects of pollution (from sanitation systems, pesticides or fertilisers) on the water
quality in the aquifer, and the impact on health is also needed.

In terms of social and institutional issues related to the use/management of groundwater, the
following issues need attention:
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* small-scale/emerging groups, with particular emphasis on the role and importance of water in
their operations, problems they experience in accessing water, how this affects their activities
and livelihoods, the nature and structure of any management systems they employ, internal
systems of organisation and channels of representation, as well as internal power relations and
tragitions.

= the relationship between access to water, livelihoods and development opportunities needs to
be clearly understood in the context of the study area (Where are the critical areas where there
are problems with access to a reliable and sufficient water supply and services 10 meet basic
needs, and how can these be addressed through the management of groundwater? What is
needed in management of groundwater address these problems?)

» reliable projections of future water demand in the area, considering the implications of planning
initiatives (e.g. the North West Spatial Development Initiative) for water demand

» clarification of international issues related to the dolomitic aquifer (e.g. the interaction
between ground and surface water systems in cross-border context, as well as the relationship
between the transboundary aquifers between South Africa and Botswana)

11.2 Way forward: Phase 2

There are two important issues that need to be clarified before proceeding into the field research
components in Phase 2 of this project. These broadly relate to the scope of the project and the
integration of this project with other water management projects underway in the study area.

The first issue relates to the need for integrated planning processes - to what extent and how
should this study relate to other development planning initiatives in the area, and other water
management planning processes? Interaction/interaction with catchment management agency
processes is important to identify opportunities for the projects to support each other, However,
the implication of integrating this project with two CMA processes, at different stages of
establishment, and following different approaches needs thought.

Stakeholder involvement is an issue relating to integration with other studies that needs attention.
The various water management studies currently underway have lead to a degree of confusion and
stakeholder fatigue. How does this groundwater project, which depends on a broad and
participative process in the development and ultimate implementation of a management
framework, proceed in this context?

Before proceeding with further research, these issues need to be resolved. Thereafter the
following research and field investigations are needed in Phase 2 of the project:

Geohydrological research

As a preliminary measure, a conceptual model of the aquifer will be developed, showing basic
geohydrological parameters and other relevant information (e.g. environmental sensitivity, social
features etc) gathered during Phase 1 of the project. This will serve as a tool, to assist decision-
making related to the social and institutional issues.

Thereafter, although an initial determination of the ‘reserve’ could be based on available
information, assessments of critical parameters (recharge and aquifer storativity) and a simple
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approach towards estimation of the ecological requirements, the preparation of a proper
hydrodynamic simulation of the aquifer is recommended using both a 2- and 3-dimensional model.
This would require:

* reassessment of critical parameters according to different methods;

= collation of all available information and monitoring data in a suitable data base;

* screening of all data to validate the integrity of the information,

The following specific investigation/research could be carried out:

* More reliable estimation of abstraction.

* Obtaining the natural pristine condition of the aquifer water levels and spring flows.
* Development of a simple model based on the CRD and MA rainfall relationships

* Determining resource quality objectives.

Quantifying ecological impacts from controlled abstraction could be done near an impoundment
(e.g. the Marico-Kaaloog) where the groundwater levels could be drawn down several metres. The
water that is pumped could be discharged into the Marico River to temporarily augment the flow of
the river. Alternatively the Molopo eye could be put under stress and excess water could be
delivered to the channel of the Molopo River. In the latter case the water could not be used as
beneficently as at the Kaaloog.

Social/institutional research

Further social/institutional investigations are needed in order to complete the situation analysis
and to assess and refine the preliminary criteria for institutional arrangements presented in
Chapter 10. Research is needed on the following range of issues:

* detailed research and analysis into the social, cultural, political and institutional
interactions taking place with respect to groundwater use and management in the study
area, looking particularly at:

issues that would facilitate or hinder the implementation of groundwater management in
the area,
the type of groundwater management systems that would both gain support from users
and managers, and promote issues of equity and sustainability, against preliminary
recommendations

- stakeholders' vision for groundwater use/management - whether there is a common
vision, or where points of conflict may exist

* a thorough investigation intc issues of institutional capacity and resources, the roles,
functions and responsibilities of different lines and levels of government, as well as
departmental mandates and issues of cooperative governance, communication channels,
technical assistance and information sharing between departments with respect to
groundwater management

« further research into the use patterns, representation, management arrangements (formal
and informal) and concerns of small-scale/emerging user groups as well as how to address
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Annexure B: Water Consumption
Table B.1 Figures relating to water consumption for towns in study area

Data was taken from DWAF 2000a and Water Service Development Plans (where available). Data is useful only as an indication of trends and of the quality
of data currently available from municipalities, Figures have not been updated following the municipal demarcation process in 2000, Outside urban
boundaries, the rural areas included in these figures are variable (e.g. Dinckana is included in some of the data for Zeerust). (N/d = no data)

Area Water source Present Estimated Growth  Consumption ~ Demand  Water balance Unaccounted  Monitoring
demand  demand  rate’ **  patterns’ centre’  (excess/deficit) ' for water' **  (quality at
(2000)" (2030)° ! 2000 2030 source)
Mafikeng  Grootfontein R 7 A T 1 X “Growth s theee 1" 18216 -10.553  28% N
compartment (pumping),  Mm'iyr M’ fyr times higher than  largest ~ Mm’/yr  Mm'/yr
Molopo compartment normal
(overflow), Setumo dam | ! ,
Teerust Zeerust compartment 2.117 5. 36 4.08% Negative growth . 0,037 -3.688 | 9.1% Yes (monthly)
(well field) Mem'iyr Men'fyr OVer Past years largest Mm'iyr  Mm'iyr
Lehurutse®  Zeenst compartment 0,829 g M358 N ok 0976 | -1.062 | Unknown N/d
(Dinokana eye) Man'iyr largest  Mm'fyr  Mm'iyr |
Lichtenburg  Lichtenburg Itsosensy 3.752 13.3 1.85% Less than 3 2,402 -6.642 0% Yes (quarterly)
compartment Man' i yr Mmn'iyr theoretical largest | Mm'iyr  Mm'iyr
demand . :
Itsoseng Lichtenburg Itsoseng 1.784 i 4.3% " Lquivalent to 3 1197 1,054 778" Yes (quarterly)
compartment Mm'iyr M’ fyr theoretical largest  Mm'fyr  Mm'iyr
. demand
Ventersdorp'' Schoonspruit eye 0.928 N/d N/d N/d N/d N/d Nid Nid Yes (quarterly)

(Ventersdorp comp. | Mm'iyr

“ Sowce: DWAF, 20000 (except data for Ventersdorp which is from the Water Service Development Plan).

* Growth in water consumption, (DWAF, 20004)

* figures within 10% are generally regarding as well within acceptable limits of unaccounted for water

“ Source: Municipal Water Service Development Mans

¥ including Dinokana and environs

* high growth rate due 1o high number of illegal yard commections in arca

¥ contributing factors 1o the high figures for Mafikeng and Itsoseng are not so much water lost, but water not properly metered and billed
7 Sowrce: Municipal Water Service Development Plans
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Annexure C: Groundwater recharge and water balance
Dolomitic groundwater: recharge and consumption

The following tables of figures have been drawn from DWAF (2000a).

Phxase 1 Syedhesis Reopen t

Compartment Area | Recharge (Mm'/a) ‘ Compartment Total for Water User (Mm'/a)
Name (km’) Min Max Name Irrigation | Domestic ~ Mining | Environ,
Jeennt | 591.0 30.727 11 89% Jeerust . 11.222 i 10.008 2.665 ' 0.000
Grootfontem 785.2 12.478 46,397 Grootfonten 29.845 | 9.057 0.000 7.45%

: Lichtenburg | 653.4 . 25.74) 36.772 Lichtenburg 22.824 i 11.831 2117 ‘ 0.000
Groot Maico / | 1723.8 42.256 ' 60. 366 Groot Marico 60.366 | 0.000 , 0.000 | 0.000
Schoonspruit” | . Total 144.257 | 30.936 | 4.782 | 7.455

| Total | 3753.4 131.201 l 187.43 Table C.2 Water Use l|'u|n Dl)ll)llillll( (Hlllpdjlllllt'lll‘a
Table C.1 Dolomitic compartments and recharge (Sowrce: DWAF, 2000a)

capacities

(Source: DWAF, 2000a)

includes Ventersdorp and Grootpan comparntments n this study

Total

13.895

46,397

‘ 16.772

60, 3164

' 187.430
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Regional Water Balance

Criterion { Volume (Mm'/a) | - Regk;l_ | water Source (Mm'/a)
2000 2030 ! Ground Surface
Demand | ‘ N Zeerust region | 7.275 o |
Zeenst region 7.761 16.083 Grootfontein region ? 10.553 '
Grootfontein reglon 13,366 11,854 Lichtenbuw g region ' 8.548
Lichtenburg region 6.768 18.915 Groot Marico region®' ‘ 3.016
Groot Marico / Schoonspruit region | 2.946 6.756 Sub-total ‘ 26.376 3.016
Sub-total 30.841 83.608 Total 29.392
| Resources A Table C.4  Summary of Additional Water Resources
Zeerust region 8.808 8.808 Required for Study area
Groetfontein region 31.582 3.3 (Source: DWAF, 2000a)
| Lichtenburg region 10.367 10.367
Groot Marico / Schoonspruit region 4.947 4.947
Sub total 95.704 55.423
Exces i Defict | 2463 | 28185

Table C.3 Summary of present Regional Water Balances for
Study area, including surface and groundwater resources
(Source: DWAF, 2000a)

* includes Ventersdorp and Grootpan compartments in this study
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Annexure D

Table D.1  Key Informant Interviews: Phase 1

CONTACT ORGANISATION/ROLE INTERVIEW
Water User Associations (WUA)

wiriee Bo ors .vr—»j,»”—‘; te ,-ﬁ,; A JA y A
Manfred Lohan G tnan WUA Ve &/07/0
Dawid Kruger ventersdorp WUA Yes, 10/07/0
iurter va ."{ Vents D WUA Yes. 19/07/0
M Aier Zeerust WUA o5
It 5 du P S Grootfontein WUA (Bo M Water Boarc No
dendrik St Grootfontein WUA (Bo Molopo Water o Yes, 5/07/01
- B ) Water Supply Authorities -

Faan van Rensburg “North West Water Supply Authority (NWWSA Yes 13/07/01

Agricultural Unions
Andries Beyers North West Agrnicultural Umor Yes, 21/6/01
) rey . -’J‘ ADT ntura I_,' n Yes. 11 7 /01
? t ra Brs 1 (N NO C 3Ce
- - Researchers r_r)“_sul‘(nts_k
Reinhard Meye Env ek, CSIR es, 10/07/01
rof. B.de V ers seology jep rYotcherstiroom umve y Yes, /07 1
15! Hart Resol ve pment Consultants e 4 7/01
.,-?' . Er » ‘ » st ’ R 4 "? ::v
. DWAF Regional offices

nael Khumoeng DWAF - North West Yes, 19/06/01
aul van der Merwe DWAF - N Vest 4 1
.. vy : OWA - SAT07 704
- sotl wtenp 5/07/01

o NW Province
K 0 . _.: . L ‘_‘» —v_ P » 3 . . € . -4
atiane Lekalaks Dep | s N h West { 'y, 1
t d Vel pture, | servation and es, L0
- - nent .
DWAF Head Office
- var .'.'b Trect ate C "_‘ o | Y :' y 4 :~
tberhard Braune Dire rate: Geohydrology Yes, 20/07/01

Local Government
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" Municipality o
MrBoshoff Treasurer, Ventersdorp Local Municipality  VYes, by fax
‘Mr Bester/Mr van Staden  Koster Local Municipality ~ Yes, 2/07/01
MrHarmse  Town clerk, Swartruggens Local Municipality  Yes, 2/07/01
Tommy Pienaar _ Coligny Local Municipality Messages
Department of Agriculture
Walter Viljoen ..North West, Dept of Agriculture ~~~~~~~~  Yes.
Priscilla Kgosi North West, Dept of Agriculture Fax, awaiting
info.
“Mr Swanepoel  North West, Dept of Agriculture — Yes, 19/07/01
_Dan Thubise North West, Dept of Agriculture (Dinokana)  Yes, 20/6/01
B Industry
Dennis Edgar _Lafarge Cement (Lichtenburg) e Yes, 3/07/07
Peter Meyer PPC Cement (Slurry) Yes, 5/07/01
Kostas & Dimitri Synodinos Diamond mining operations, small scale Yes, 16/06/01
» (Grasfontein) S
Flip Wessels _ Clover Dairy e Yes, 24/07/01
Derek Wolmarans ~ Alpha Cement Yes, 5/07/01
Ward Councillors
Councillors Ditsobotla Municipality Yes, 21/06/01
Other
CharlesSteyn ~ GrasfonteinCommunity  Yes, 18/06/01
Irene Wapad ~ Grasfontein Community ~ Yes, 18/06/01
Setch Malebo Grasfontein Community, pump attendant “Yes, 1_8/06_/ 01
“Ruth Celishane _ Grasfontein Community _ Yes, 19/06/01
Milton Manenza  Ward councillor, Grasfontein Commumty T Yes, 15/06/01
Flora Mahlaba “Grasfontein Community, women's group  Yes, 15/06/01
Alex Ngabasa Bodibe Community ' “Yes, 19/06/01
“Agnes Sepharaqatiha  Bodibe Community ~ Yes, 15/06/01
Petrus Mhlapo/Petrus ~ Sheila Community Yes, 19/06/01
Ma‘Sdo . - IS — ctmsmesmsnce
“Sheila Water Committee  Sheila Community - water committee Yes, 15/06/01
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1 INTRODUCTION

1.1  Background

Groundwater has a history of neglect and unsustainable utilization in South Africa. and the recent
process of water law reform, as well as international developments in water management, have drawn
attention 10 the need 1o address the position of groundwater in water resources management (Braune,
2000). A management framework is needed that defines the institutional arrangements to both protect
this valuable and strategically important national asset, taking into consideration the specific
characieristics and role of groundwater. as well as one that addresses issues of vast inequity around

the access to and use of water resources

With high rates of evaporation and limited surface water resources South Africa is among the 20 most
water stressed countries in the world (Braune. 2000). Water scarcity is further compounded by a

grow ing population and an urgent need for economic development address poverty, job creation and
social incquity. Access 10 water and water services is vital for improved health and development
opportunities. Poverty alleviation thercfore, has 1o be one of the focal points of water management.
Groundwater is becoming one of the most viable sources of water 1o meet the urgent needs for water.

Addressing its optimal management in this context is therefore a priority.

However, groundwater management is complicated by its unseen and invisible nature. Past and
current planning has resulted in a challenging situation. where the boundaries of water management
areas. provinces, local authorities and other initiatives do not coincide. a situation which is further
compounded when incorporating geohy drological boundarics into the scenario (WISA, 1997). In
addition. water management areas (and institutions) are largely defined by surface water patterns,

further sidelining the importance of groundwater, and increasing the problems for its management.

I'he key challenge of this project. is thus 10 develop a framework for the management of groundwater
that addresses issues of sustainability and equity in the management of a natural resource that is

divided between management areas and institutions.,

1.2 Objectives of this report

The purpose of this project is the development of institutional arrangements for the sustainable and
equitable management of groundwater in dolomitic terrains. In achieving this purpose. the project has

been divided into four phases.

® phase 1: situation analysis - desk-10p review
* phase 2: situation analysis = research studies

* phase 3: workshop management options and approaches
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However, as perceptions (or misperceptions) held by stakeholders. this information is valuable and
important 10 consider in developing institutional structures for groundwater management that suit the

social dyvnamics of the study area.

In addition, the use of socio-economic statistical census data following the municipal demarcation

process in 2000 has provided an important socio-economic context to the study.

1.4 Other water management studies

In line with integrated water resource management, as well as integrated development planning. it is
important that this project take into account other studies currently underway in the project area. This
is particularly relevant in the case of water management projects, the outcomes of which will have
significant implications on each other. This also provides an opportunity to share know ledge and

resources where necessary.

The number of long term projects not only creates confusion, but also fatigue amongst stakeholders,
affecting their level of interest, willingness to cooperate and to participate in the process and its
outcomes. Participation is a key component of this project. particularly considering the array of
stakeholders involved, and will significantly influence the results of the research. In addition,
participation of stakeholders is an important clement of water resource management, and is strongly
emphasised in water law and policy. It is therefore essential that participation informs the
development of a management fra.mc\\ml.‘. in which stakeholders will ultimately play a key role. Asa
result. it is necessary 1o plan and manage the public participation process of this study sensitively,

with an awareness of. and possibly in conjunction with, similar processes in the area.

The establishment of the catchment management agencies are processes currently underway in the
study arca. However. the two CMA studies which affect this groundwater project are at different
stages in their development and follow ing different approaches. It is nonetheless important that. as
water management projects, there is integration between the CMA studies and this groundwater
project as the outcomes of these projects have the potential 1o significantly affect each other. This
issue has been raised with the relevant institutions and the need identified for a process 10 be formally

established 10 facilitate some form of integration.

A further DWAF project is underway in the study area, investigating the augmentation of primary
water supplies to Zeerust, Mafikeng and Swartruggens. Contact has been made with this project team,

and the need for integration or coordination, where necessary.

Local planning processes, which should also be considered where necessany, include the preparation

of integrated development plans for the district councils in the area. as well as the preparation of

water service development plans.




1.4 Structure of this report
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2 WATER RESOURCES MANAGEMENT: PRINCIPLES AND
PRACTICES

This section will provide a brief overview of the international experiences of groundwater
management. The history and evolving discourse in water management in South Africa will be
examined. followed by a discussion on the concepts which are informing water resources
management — equity and sustainability. Finally, previous studies that have addressed groundwater

management, and their implications for this project. will be outlined.

2.1  International experiences

At an imtemmational level, problems charactensing the use and management of groundwater include
depletion of groundwater levels due to overdraft, water logging, salinisation and pollution, with a
common symptom being the general decline in water tables (Shah, et al. 2000b). These and other
problems associated with groundwater are evident in regions such as China. and South Asia where
population densities, and the numbers of people dependent on groundwater are far higher than
currently in South Africa. Groundwater problems in these areas are therefore much more extreme

than those we are beginning to experience in South Africa

Other problems associated with groundwater over-exploitation include the devastation of wetland
ecologies (with associated socio-economic impacts such as decline the in tourism industries). the loss
of recharge area through the rapid growth of urban areas (¢.g. near Beijing in China and Izmir in
Turkey ). land subsidence due to groundwater depletion. and the risk of saline intrusion into depleted
coastal aquifers (Shah, et al, 2000b).

In addition. the complexity of groundwater management across international borders has not been
addressed. The uncontrolled drilling of boreholes into aquifers that transcend international boundaries
raises complex questions around issues of sustainability and management arrangements at an

ternational level'

International water transfer schemes are an increasing topic of debate. and at the same time, a rapidly
developing source of supply augmentation. Several projects are underway in South Africa. and a

number are being planned for the Southern African region”. The interdependency of water resources,

"Meyer, R 2001 persona! communication, Pretoria. July,

? Those currently underway include the Lesotho Highlands Water Project between South Africa and Lesotho,
the North South Carrier in Botswana and the Eastern National Water Carrier in Namibia. Projects being planned
within the Southern African region include the Matabele-Zambezi Water Project (10 carny water from the
Zambezi river 10 below Victoria Falls), a pipeline in Namibia to carny water from the Okavango Riverand a
further project in Namibia to develop a dam at the Epupa Falls on the Cunene River (Turton, 1999), It is
noteworthy that these are all surface water schemes ~international aquifer management being relatively
uacharnered territory M this stage







Growndw gler Management in Dolominie Terrains Soxial Assessment Reporr

* intensify links between national and regional levels of activities within a general framework

of regional economic integration

Despite these problems, groundwater has a valuable role to play, particularly in poverty alleviation, if
integrated management systems are implemented (Braune, 2000; DWAF, 2000b). The resilience of
groundwater resources during droughts, due 1o the long lag time between changes in recharge and the
responses in groundwater levels presents an important opportunity in arid and semi-arid countries
(Colvin. 2001: Shah, et al, 2000b). In addition, groundwater offers numerous advantages in

agriculture and plays a central role in livelihoods creation strategies.

In fulfilling this role, groundwater availability at a global and national scale appears well in excess of
current use, however this needs to be contextualised within the growing demands on groundwater,
and the spatial imbalances in its occurrence. The challenges facing groundwater today therefore. are

not its development as a resource, but its sustainable management (Shah, ¢t al, 2000b).

There are a few examples of sustainable management approaches for groundwater resources
throughout the world. However, problems lie in transferring these lessons in water management
between countries, taking into consideration very different local conditions within which such
sysiems would be applied (Shah, et al, 2000b). Different base-line conditions. inadeguate institutional
capacity and a lack of information are some of the problems facing water resource managers in

developing countries

In their paper on “Limits 10 Leapfrogging”™, Shah, et al, (20002) expose the challenges fuced in
transposing institutional models for water management from developed countries to the developing
world. While institutional models for water management in developed countries may indeed hold
some lessons, their application in developing countries has not always been successful, and in some

cases has proved counter-productive. for the following reasons:

* the conditions in developing countries are vastly different. including hydrologic and climatic
conditions, demographics and socio-economic conditions, and the organisation of the water
sector

® the problems addressed by water managers in the developed world are often not the same as
those which are of relevance in developing countries, pantly due to their differemt stages of

development

Shah. et al (2000a:16) argues the need 10 take a broader view of institutional development: to look
bevond the narrow focus on the role of governments in institutional change, and incorporate all
stakeholders (business. civil society, religion, etc.) in the development of institutions. with panticular
emphasis on the voices from the grassroots. An understanding of the realities within a specific context

will best inform the institwtional changes necessary for addressing that reality,



2.2 New paradigms for water management in South Africa
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Despite developments in policy, and the importance of groundwater as a national asset and a
strategically important source of water on which many rural communities depend. water resource
management in South Africa is largely determined by surface water systems. Aquifers do not always
comply with the nineteen catchment management areas. demarcated for the devolution of water
resources management. This further emphasises the challenges in developing institutional

arrangements for the management of groundwater in this project.

2.3 “Sustainability” and “equity™

“Water is a common good and a community resource, but it is...used as a private good or economic
necessity: it is not only a recreational resource. but a basic necessity of life: it is imbued with cultural
values and plays a pay in the social fabric of our communities. Applying principles of sustainability
and equity will help bridge the gap between such diverse and competing interests™ (Gleick,

2000:136)

In South Africa, the denial of water rights through exclusion from land under apartheid has had
profound socio-economic and environmental implications (Turton. 1999). The uneven distribution of
water and unequal access 10 water resources and services creates ineguity, social injustice and
poverty. Addressing these imbalances in access and distribution is therefore a fundamental aspect of

achieving sustainability and equity.

In preparing a management strategy for groundwater management, institutional arrangements, which
determine the management and provision of water, need to be structured to realize the combined
goals of social equiny and susiainability. These concepts are captured in the Department of Water

Affairs and Foresin s slogan, “some, for all, forever™. In other words, providing:
& access to a limited resource (some)

=< on an equitable basis (for all)

in & sustainable manner, now and in the future (for ever). (DWAF, 1997)

"

Equins also needs 1o address access 10 water services, water resources and the benefits from water
The goals of equity and sustainability are thus the guiding objectives of the National Water Act
(Braune, 2000.9)

The following figure | indicates the three components of sustainability that need to considered and

informed by local needs and circumstances. and where necessary, trade ofTs made on this basis

(WISA, 2000):

* expressed in 1998 by Prof. Kader Asmal, then Minister of Water Affairs and Forestn (Turton. 1999:20)
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any management sy stem framework depends on adequate and accurate information (through
regular monitoring) regarding the characteristics, functioning and status of the

geohydrological system:

3. the management of groundwater must be part of integrated water resources management
(IWRM) as an important component of the hydrological cycle. and its interaction with

surface water systems fully understood and 1aken imo account;

4. any management system must be based on the principles of sustainability. equity, and

beneficial use (efTiciency ):

5. Shah et al (2000b:16-17) also include the need for sustainable resource management
strategies 1o include demand-side management measures (sustainable withdrawal) and

supply-side management (augmentation of recharge)

Several recemt projects have looked at developing structures 1o manage groundwater in an equitable
and sustainable manncr. These structures will be briefly reviewed in terms of their feasibility for the
particular conditions in the study area, where urban growth and increasing domestic water demand are
key factors. In addition, we need to develop a framework that brings together the emerging CMA
institutions and groundw ater issues into integrated management system, based on principles of equiry

and sustainability.

Murray and Dindar ( 1998) have produced a framework that defines the roles and responsibilities, as
well as a management structure, for groundwater resources in rural arcas. This structure begins with
institutions and their functions at the lowest level, with village water committees and water service
providers, through to catchment management agencies, and the regional and nationz! offices of
DWAF. The steps needed. as well as the potential costs entailed. in establishing & rural groundwater
management system are detailed. The structure of this system. as well as flow paths for the transfer of

data, are represented in figure 2. below:

11
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operation and maintenance of the project. As a resull. community-based structures have assumed
informal responsibility for the operation and maintenance of such projects. The outcome is therefore
based on an analysis of community management structures and lessons arising from these systems for
nore formal arrangements. The focus of this model is however at a local level and on the supply and

service side of water management

The following generic model (figure 3) was developed in Cain, Ravenscroft and Palmer (2000):

[ Water services authority
local government (district council)

4
1 . )
Support | Water services forum (facilitated Bulk services
organisation(s) | by District Council) provider
' J
Water services provider(s)
Water committees and staff
Key:
Comractual relations
Input and support —— ' Customers J
C ommunation

Figure 3: Generic model of institutional arrangements for the management of rural water supply
(Source: Cain, Ravenscroft and Palmer, 2000)

Cain. Ravenscroft and Palmer (2000:v11) go on to outline the management, financial and technical

management arrangements needed for this generic structure to function, Relevant points include

e communit -based water senvice providers are the most suitable option for rural water supply
projects

* water is sold to village water service providers on a pre-paid basis

e formalised systems for community report-backs. including finances, need to be arranged

o the support function of the water services authority is crucial for ensuring sustainable
operation and maintenance

® asense of ownership and awareness (through participation, training and imolvement of local
government and tribal authorities), as well as a culture of payment. are vital to project
sustainability

e technical assistance and support is vital for any upgrading,. operation and maintenance and

staff supervision
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3 LEGISLATIVE FRAMEWORK FOR GROUNDWATER

KNevin Pietersen (Water Research Commission)

3.1 Introduction

South Africa has gone through an extensive review of water legislation, since 1994, This resulted in
the promulgation of the Water Services Act (DWAF, 1997) and National Water Act (DWAF, 1998).
These acts provide a combination of legal obligations, rights, responsibilities and constraints for the

sustainable development and management of water resources in South Africa.

The Water Services Act provides the framework for delivery of water services to the people of South
Africa. The Act establishes water institutions and defines their roles and responsibilities. whilst
achnowledging the authority of local government in respect of water services. The National Water
Act provides the framework for the attainment of integrated water resource management (IWRM)
principles. The Act recognises the unity of the water system, and the interdependency of all its
clements, both in terms of quantity and quality. There is further recognition that the protection of
water resources falls within a broader framework of integrated environmental management. This
paper sets out to identify the challenges of implementing the National Water Act in South Africa to

achieve sustainable use management of groundwater resources.

3.2 Historical development of water policy in South Africa

The water law in South Africa prior to 1994 was based on the development needs (domestic,
agricultural and industrial) of white settlers. Roman law, Roman Dutch law and later English and
American law shaped South African water law (Kavin, 2000). The results of these influences were the
distinction made between public and private water (riparian principle). The riparian principle entitled
landholders unlimited use of private streams and groundwater resources found on their land. In 1912
the Irrigation and Conservation of Waters Act was introduced. which dealt mainly with irrigation.
Priority use of water was given to agriculture. This legislation was repealed in 1936 through the
introduction of Water Act. This was necessary due 10 the rapid growth of mining and industry.
However, the Act entrenched the concept of private water and there was no obligation to share of

resources equitably.

Afier 1994, water legislation was reviewed extensively through the publication of the following

policy documents and legislation:

*  Water Supply and Sanitation Policy Paper (1994)
*  National Sannation Policy (1996)

*  National Water Policy for South Africa (1997)

= Water Services Act (1997)

16
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* National Water Act No 36 of 1998 (NWA): This act aims 1o ensure that South Africa’s water
resources are protected, used. developed, conserved. managed and controlled in a sustainable
manner for the benefit of all persons. The Act establishes the National Government, acting
through the Minister of Water Affairs and Forestry, as the public trustee of the nation’s water

resources, with power to regulate the use. flow and control of all water in the Republic.

The imroduction of the National Water Act and Water Services Act has important implications for
groundwater, providing a framework for sustainable use of the resource. However, while groundwater
is now considered to be an integral part of the hydrological system, it is the part most prone to poor
management. due to a lack of understanding of the occurrence. attributes and dy namics of

groundwater,

3.3 National Water Act

The lack of accoumability 1o the government for proper groundwater resource management and use
commonly resulted in over-exploitation of groundwater resources (Lazarus, 1998). Examples are the
Sand River valley north of Pietersburg, the dolomitic compartments at Tosca, weathered granite-
gneiss at Coetzerdam, the Dendron-Vivo area, and in the northem and souther Springbok Flats
(Dziembowski. 2000). The Water Act 34 of 1956 made the following distinction between different

categories of groundwater (Lazarus, 1998 Kavin, 2000)

o Subterrancan water. Subterrancan water includes, “water naturally occurring underground or
obtained from underground in an area declared.... as a subterranean Government water control
area. Subterrancan water is not defined as either public or private water in the Act. Itis a
category of water, distinet from underground water and subject to different allocation rules. In
terms of the Act 34 of 1936, as soon as a subterrancan government water control area is
declared. the right 1o the use and control of subterrancan water, vests in the Minister. The
provisions of section 30( 1) of the Act limit the application of this section. This section implies a
distinction between water that was allocated and used immediately prior 1o the declaration of a
subterranean government water control area and water that was allocated and used immediately
prior to the declaration of the control area vests in the land owners to which the right was
allocated. The right to the use and control of subterrancan water only vests in the Minister if the
water was unallocated or unused immediately prior 1o the declaration of the arca as a
subterrancan government water control area. The provision for the recognition of existing rights

specifically made proper groundwater management vinually impossible.

* ‘Public’ Surplus water. A second category of groundwater that is regulated by statute is that
water which falls within the statutory definition of public water. Surface water (streams)

qualified as public water and was further categorized as cither normal flow or surplus water,
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Source directed controls are the “traditional™ measures used 10 protect water resources, and aim to

minimise the over-exploitation and degradation of groundwater (DWAF, 2000). They consist of:

* Establishing an understanding of the vulnerability 10 pollution of the country*s groundwater
resources:

* Establishing an understanding of the relationship between polluting activities (sources) and
quality effects in the groundwater:

*  The regulation and prohibition of land-based activities which may affect the quantity and
quality of water, i.e. the location and nature of development in relation 10 impact on
groundwater quality:

* Control of practices and use of measures 1o lessen the polluting effects of activities which
threaten groundwater quality: and

* Controlling the aggregate impact of certain prescribed activities,

RDM, a series of measures 10 be progressively developed to protect water resources, are provided for
in the National Water Act (DWAF, 1998). The RDM consists of three core concepts (DWAF, 1999):

(a) Classification. Under a national protection-based classification system, water resources can be
grouped into classes representing different levels of protection. The risk, which can be accepted in
each class, is related to the level of protection required for that class. This provides a nationally
consistent basis and context for deciding on an acceptable level of shon-term risk. against the
requirements for long-term protection of a water resource. For water resources, which are
especially important, sensitive, or of high value, little or no risk would be acceptable, and they
would be assigned a high protection class. In other cases, the need for short to medium term
utilisation of a water resource may be more pressing: the resource would still be protected. but
would be assigned a class which reflected a higher risk

(b) The Reserve. This is defined by the act as “the quantity and quality of water required:

To satisfy basic human needs by securing a basic water supply for people who are or who
will in the reasonably near future be relying upon. taking water from. or being supplied
from the relevant water resource: and

- To protect aquatic ecosystems in order to secure ecologically sustainable development

and use of water resources.”

(¢) Resource Quality Objectives (RQOs). The RQOs for a water resource are a numerical or
descriptive statement of the conditions, which should be met in the receiving water resource, in
terms of resource quality, in order to ensure that the water resource is protected. RQOs are
scientifically derived criteria, hased on the best available scientific knowledge and understanding.
They represent our best assessment of the resource quality, which is necessary 10 provide a desired

level of protection 1o a water resource, with a particular degree of assurance or risk.




Measures Objectives and strategies

3.4 Challenges to sustainable development of groundwater resources
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deliver the services. However, emphasis has been placed on construction for increased coverage
rather than sustainability. This risk associated with the emphasis was recognised in 1997 (Pictersen

and Dent, 1997) and has in fact. contributed to numerous scheme failures (Mvula Trust, 1998).

The lack of sustainability leading to failure has been as a result of implementing agencies operating in
an environment in which they design technical solutions and then take no further responsibility to
make the solutions work. This has happened despite the fact that the Reconstruction and Development
Programme (RDP) and the Water Supply and Sanitation (WSS) Programme emphasise the need for
community involvement at all stages of the process (DWAF. 1994). There has been only limited
integration between technical and social issues. In an external evaluation of Myula Trust the

following success criteria were identified (Myula Trust, 1996):

o Smaller projects comprising one community and developed from scratch are easier to manage
and have more potential for success than larger projects comprising more than one community
and which may be linked to existing (often failed) systems.

* Traditional Authority support for a project is crucial. Opposition can sink a project before it
even gets a chance to stan or prove itself.

*  For most successful projects there have been no power plays between differem community
structures, Added to this, there has been an open and honest relationship between structures and
with the community, Community decision taking (rather than committee decision taking) is
viewed as extremely imponant.

® There needs to be absolute honesty and transparency by the Water Committee in dealing with
all project related issues. most notably finances. Water Committee members need to
demonstrate accountability 10 their membership.

® The community should be consulted on all aspects related 10 the project, even if this is time
consuming. Exenybody should be aware of what the project can offer and within which
parameters. This is to avoid community tension and conflict arises normally when technical
failure occurs.

® |t is unrealistic 1o expect a 100%, contribution by the community 1o the capital and O&M costs
of the project. The Water Commitiee, community and the Mvula Trust should address this up
front in order that all stakeholders are aware at the outset of the situation and develop
contingency plans.

* Although the success criteria focus on social and institutional issues, they are nevertheless
important pointers towards sustainability. Successful implementation requires community
involvement and responsibility. which cannot be obtained through higher level planning

approaches, but rather an approach that supports communities’ innovation.

In meeting the objectives of sustainable rural livelihoods and completing the tasks required, the

following key issues should be addressed:

2
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Table 2: Water availability in terms of total annual rencwable surface water per person of total
population (Population Action International, 1993)

343  Resource sustainability

While groundwater may be comparatively casy and economical to develop. achieving sustainable and
optimised aquifer management is complex. Poor assessment of groundwater resources, inadequate
analyses of the consequences of groundwater exploitation, or lack of technical understanding and
inadequate institutional frameworks. may lead to management decisions that could cause irreversible
loss of groundwater or even the aquifer storage capacity (ASCE and IHP 1V, 1997). Kev challenges
that will have 10 be addressed 10 achieve sustainable and optimised aquifer management are (after
Foster er al, 2000);

* Development and application of groundwater resource decision support systems,

*  Assignment and consolidation of groundwater use rights and introduction of realistic
abstraction charges.

* Stimulation of stakeholder participation through the formation of aquifer associations.

* Breaking down the common resource management paradigm that groundwater recharge is a
fixed parameter, and instead recognising that it varies markedly in a temporal sense with long-
term climatic cycles and changes: with surface water engineering works: and with changes in
irrigated agriculture and urban water-service systems.

* Recognition of the interaction and interdependence between groundwater and surface water

resources, which often greatly favour their conjunctive use.

344  Environmental issues
Implementation of IWRM principles also requires protection of the environment. The philosophy
being that the protection of the ecosystem structure and function will maintain resilience and sustain

the resource (MacKay ¢ al, 2000). Groundwater plays a number of key roles in the hydrological

syvstem (Parsons, 1998):

o  Groundwater systems contribute to rivers and wetlands as an important component of baseflow.
o  Groundwater bodies supply water to vegetation in the near surface zone.
* Groundwater bodies store water which can be abstracted (either naturally or antificially) long

after recharge has taken place.

Sustainable management of groundwater resources therefore requires an understanding of both how
vegetation influences recharge and of how groundwater discharges influence ecosystems (Le Maitre
et al, 2000). The nature of the dependency is poorly understood and there is a great deal of

uncertainty how far the actions of mankind influenced the environment (Table 3).
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3.4.6 Multi-objective analysis

IWRM requires multi-objective decision-making. The challenge of water resource planning and
management is to make decisions that result in optimal use of the resource, while protecting the
environment and similarly contributing 10 economic development. Non-trivial decision-making of this
kind involves multiple goals with some measure of trade-off between conflicting goals or objectives
(Stewart er al. 2000). The decision-making process needs to be robust (the system can adapt to
unexpected future changes in demands or purposes without substantial costs) and resilient (the system
has an ability to recover and function properly afier some unforeseen failure event). Implementation
of the National Water Act. is essentially a multi-objective decision-making problem, because in
issuing a general authorisation or licence (section 7) a responsible authority must take into account all
relevant factors, including (DWAF, 1998).

» Existing lawful water uses:
® The need 10 redress the results of past racial and gender discrimination;
* Efficient and beneficial use of water in the public interest;
*  The socio-economic impact-
(a) of the water use or uses if authorised; or
(b) of the failure 1o authorise the water uses or uses:
* Any carchment management strategy applicable to the relevant water resource;
* The likely effect of the water use 1o be authorised on the water resource and on other water
users;
® The class and the resource quality objectives of the water resource;
* Investments already made and to be made by the water user in respect of the water use in
question:
* The strategic importance of the water use to be authorised;
*  The quality of water in water resource which may be required for the Reserve and for meeting
international obligations; and

® The probable duration of any undentaking for which a water use is to be authorised.

3.5 Progress in implementing the National Water Act from the
groundwater perspective

Prior 1o 1998, the use of groundwater was bevond the regulatory jurisdiction of the state. The
National Water Act corrected this situation and considers groundwater as an integral part of the
hvdrologic cycle. The National Water Act provides the legal framework for groundwater management
in South Africa. which will be put into practice through specific regulations. The Act introduces the

following measures:
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*  How the will the reserve for groundwater be specified?

* Groundwater systems and their linkage 1o surface water and related ecosystems are still poorly
understood,

* The reserve is spatially referenced. What about temporal variabilin?

*  What is the volume of accessible water that satisfies basic human needs.

* Verification of methodologies (so that they are legally defensible)

* low 1o develop “acceptable” methodologies within a framework of limited financial and

human resources

The third step is to determine the allocatable portion of the resource, once the RDM measures have
been determined. The allocation plan must address issues such as facilitating social and economic
development. The right 1o use of water is established in the National Water Act on condition that one

or more of the following stipulations apply:

® [t is permissible under Schedule 1 (minimal or no impact)
* It is permissible as a continuation of an existing lawful use
* [t 15 permissible in terms of a general authorisation (low risk of unacceptable impact)

*  Authorisation by a licence (high risk of unacceptable impact if not controlled)

General authorisations for groundwater (Table 4) have been given for South Africa based on the
aroundwater harvest potential map. The groundwater harvest potential map atempts to determine
available groundwater resources. In arid zones only schedule 1 uses are permitted. while subterranean
water control areas are excluded from general authorisations for groundwater abstraction. The
efficient and sustainable use of water resources is encouraged through the adoption of water

consenvation and demand management practices.

Zone 1 General Authorization
(m’/ha/annum)
hl_:l—.'i.ﬁrglm\) Only Schedule | use
2 <60
3 < 300
4 s 730

Table 4: General groundwater use authorisations in South Africa (Source: Braune, 2000)

The fourth step is 10 implement source directed controls to prevent or minimise impact on
groundw ater resources. This is done through regulatory controls and incentives. DWAF proposes 1o

effect its policy goals through. among other things:



final ste p

3.6 Concluding remarhs
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4 PROFILE OF THE STUDY AREA

The following section provides a brief overview of the developmental and socio-economic context of
the study area, in order to highlight the range of local characteristics and conditions within which

groundwater management must take place.

4.1  Locality

The study is situated within the North West Province of South Africa (see Map A.1). The main t1owns
included in the study include those either currently using or possibly needing to use dolomitic
groundwater in the near future to augment their water supplies. These towns have developed around

and grown to support the agricultural activities in the region, which underpin the local economy.
Larger urban settlements include

® Zeerust and Lehurutse

*  Mafikeng and Mmabatho

* Lichtenburg and Itsoseng

*  Ventersdorp
Smaller towns on the periphery of the study area include

*  Slum

*  Koster, Swartrugeens and Coligny lie on the periphery of the study arca but are not planning

10 utilise dolomitic groundwater directly in augmenting their water supplies.

I'he area around the urban settlements 15 largely rural. and characterised by cultivated or grazing land
(commercial agricuhure). undeveloped land and smaller, scattered rural settlements and villages,

many once part of the former Bophuthatswana.

4.2 Land use

The nature of land use is highly dependent on the availability of local water resources. Understanding
the interaction between land use and water resources 1s an imponant component in developing

sustainable management systems.
Land use in the study area s illustrated in Map A3,
Agricultural land uses consist of,

® irrigation farming
* dry land cropping

* livestoch farming

L)
L




4.3  Demographic information
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432 Socio-economic characteristics’

In all municipalities. population age distribution is concentrated in the 5-19 vear group, indicating a
rapidly growing. voung and dependent population with a low percentage of the population currently
economically active. Figures for the over 65 age group were not significant within the overall age

distribution

“sa

Percentages of the population employed ranged between 12% in Zeerust and 23% in Ventersdorp.,
with Lichtenburg and Mafikeng 22% and 19%6 respectively. This indicates a high rate of
unemployment across the four municipalities (students, pensioners and disabled people are included

n this category).

High unemployment figures are consistent with conditions in rural areas in South Africa. where this
has resulted in a high dependency on pensions, social grants, and remittances from migrant workers.
In addition. unemployment and poverty are greatest barriers affecting the affordability of water,

compounding living conditions in rural areas (Ralo, et al, 2000).

Of those employed. the majority are in elemental’unskilled occupations. The most employment
opportunities are in the farming sector (ranging between 49% in Ventersdorp to 5% in Mafikeng),
with social services employing the next significant number (36% in Mafikeng and 28% in Zeerust).
Fhey Key role of agriculture in the local economy, providing employment and livelihoods is
emphasised in these figures. Any decline in agricultural productivity will therefore have significant
implications for emplosment opportunities and regional economic growth. In terms of annual
houschold income. most people within the study area eamn less than R1500 per month, particularly in

the Ventersdorp area where 63% of people eam within this level.

Associated with employ ment opportunities are migration patterns in the area. In some communities,
houscholds receive remittances from relatives working in Gauteng. Within the study area, migration

patterns reflect a movement from rural and farming areas towards the urban centres.

The Grasfontein communty (NW 384, ward 14), near Lichtenburg, live in condtions of acute
unemployment. In a community of some 350 househcids, 11 people are employed (ten in the nearby
diamond mines, and one on 2 farm)” Households within this community are highly dependent on eiderly or
disabled persons for their government pensions, or on contributions from relatives working in Gauteng, 1o
cover all basic household necessities, including water, wood, food, clothes, education for children and
transport. ncluding Gaily transport of children 10 school ™. There is thus a significant burden on the eiderly,
n ferms of ther roe as breadwinners a both the housahold and community level

' Data collected during the 1996 census and modified following the 2000 municipal demarcations provides
useful information about employment, income, education and service levels in the study area,
" Celishane, R. 2001, personal communication, Grasfontein, 19 June

Stevn, C. 2001, personal communication, Grasfontein, |8 June,

‘s
RN
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study area . While providing water borne sewage systems might not always be a feasible solution.

the improved design and construction of pit latrines needs 10 be addressed.

Demographic data for the study area. especially at a ward level of analysis, represents a situation of
strong imbalances and disparities between living conditions in rural and urban areas. Conditions in

rural areas need urgent attention, in terms of basic service provision and livelihoods opportunities.

A lack of water presents a barrier 1o even basic local economic development or subsistence projects
(e.g. food gardening and brick making). The impact of rural water schemes on local economic
development needs to be realised in a broad sense. Very often. rural water projects represent the most
significamt development input in rural settlements. while in terms of gender, women are often the key
beneficiaries (Ralo. et al. 2000),

4.4  Economic growth

The North West province shows the second lowest growth in GGP for all nine provinces in South
Africa, as well as the lowest contribution 10 the GNP, despite the strong presence of primary

economic sectors (mining and agriculture) in the provinee .
Key economic characteristics of the study area, identified in DWAF (2000a), are:

® In general, there are significant disparities in growth and economic activity (reflected in
Gross Geographic Product — GGP™) between former Bophuthatswana and Transvaal districts.
There is generally a lower GGP contribution in the Bophuthatswana districts but a higher
growth, indicating a reliance on subsistence activities and the dormitory economies in the
Bophuthatswana districts. This is evident in the following GGP figures:

- throughout the region, GGP contribution is between 0-7%

GGP growth is highest in the former Bophuthatswana areas north of Zeerust (around
Dinokana. 3-7%) while around Mafikeng and 10 the west GGP growth is between 7-
12%. In contrast. in the area south of Zecrust, and around Ventersdorp, GGP growth
is between -2 and 3%, while to the north of Lichtenburg. and around Coligny. Koster
and Swanruggens, GGP growth is between -7 and 2%, indicating a rapid decline in

economic growth,

These GGP figures highlight the key role that agriculiure has playved in the region. in terms of

supporting the local economy. and providing employment and livelihoods in agricultural activities

"' Ditsobotla ward Councillors, 2001. Meeting. Lichtenburg, 21 June.
¥ Source: 1995 State of the Environment Report for the North West province.

" GGP represents the returns received from the production factors (land, labour. capital and entrepreneurship)
for their production in 3 specific area
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particularly with respect 1o the provision of water supplies and sanitation services. which are basic

requirements in providing livelihoods and development opportunities.

4.6 Future developments

I'he availability of water (and access 10 water) is a crucial factor in determining the potential for
development and economic growth in a region. In planning any development, the availability of water
needs 1o carefully assessed. as well as the impact of on water demand and availability, and the effects

(particularly in terms of access) on other users,

Data available in the Land Development Objectives indicates that the most rapidly grow ing towns
within the study area are Mafikeng and Lichtenburg. Growth between 1998 and 2003 is projected 1o
be 4.5% and 5.0% for Mafikeng and Mmabatho, respectively (DWAF, 2000a). Growth between 2003
and 2013 is expected 1o slow 10 around 4% for the Mafikeng municipal area, including Mmabatho.

Most future developments within the study area will take the form of housing. In all municipalities,
the lack of housing is a primary ¢concern and several developments have been planned to alleviate this
growing demand. As an example. some 14,000 residential erven are planned for development around
Mafikeng (DWAF. 2000a). Further housing developments have also been planned in and around

Zeerust and Lichtenburg.

None of the existing industrial activities are planning any significant expansion or growth, while two
chrome mines in the arca are in the process of rehabilitation (DWAF, 2000a). Future industrial

development around Mafikeng is planned. although no specific plans have vet been developed.

The North West Spatial Development Initiative (SDI) is a project for the North West province
designed to give effect 1o the macro-economic strategy of the country. SDIs aim to unlock the
economic potential of a region by encouraging development along Kev transport routes or nodes. The
Platinum SDI (which forms part of the Coast-to-Coast SDI linking Maputowith Walvis Bay via the
Trans-Kalahari Highway ) runs along the N4 from Pretoria to Botswana, via Brits, Swarntruggens and

Zeerust.

Job creation will be facilitated through the development of manufacturing, platinum mining,
agriculture and tourism activities along this route. The NWSDI project is entering its next phase,
which is to prepare pre-feasibility studies of two new areas in the province = the Mafikeng Taung
corridor and the Klerksdorp-Orkney -Stilfontein-Hartebeespoort (KOSH) corrider (Sunday Times.
2001). These areas have been declared as priority for the development of the province. and include
some of the most poverty stricken areas. Key development sectors along these routes are agriculture
in the Mafikeng area, and gold mining and jewellery manufacturing along the KOSH corridor
(Sethibelo, 2001)
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5 EXISTING INSTITUTIONAL ARRANGEMENTS

5.1  Dept of Water Affairs and Forestry: National Office

As the public trustee of the South Africa’s water resources. National Government, through Minister
of Water Affairs and Forestry, is ullimately responsible for ensuring that all water resources are
“protected, used. developed, conserved, managed and controlled in a sustainable and equitable

manner. for the benefit of all persons™ (National Water Act, 1998).

Within DWAF, the organisational approach is based on centralised planning and decentralised
implementation at the regional and catchment level (DWAF, 2000b). The national office undertakes
policy-making responsibilities, while the regional offices of DWAF carry out its implementation,
This delegation of management to the catchment level is aimed 10 improve community participation

IN Water resources management.

In terms of managing groundwater, the national department currently carries out the following

functions'”:

*  collating information abouwt the functioning of groundwater resources
*  protection of groundwater and definition of the Reserve

*  building agencies responsible for devolved management of groundwater (CMAs)

At a national level. the interaction between the Directorates of Geohydrology and Catchment
Management. in terms of integrating groundwater into the overall management of water resources, as
specified in the National Water Act, is limited. However, the specific focus on groundwater in a
recently commissioned project to develop guidelines for integrated water resources management is a

significant step in this direction

The delegation of water management to the lowest practical level, according to regulatory/‘operational
and service functions, has the potential to enhance groundwater management . In delegating the
water management functions 1o a catchment level. the establishment of catchment management
agencies is a major initiative currently being driven at the national level. Once established, CMAs
will have delegated responsibilities for licensing of water use and water allocation. according 10
specific catchment management strategies. While all attention is currently focussed on the
establishment of CMAs, localised institutions (water user associations) need 10 be established, within

this management framework, to manage common water resources,

* Braune, E. 2001. personal communication, Pretoria, 20 July
Once the new agencies (CMAs) are established, the primany functions of the national department will be
protection and the collection of information on groundw ater resources

' Braune, E. 2001, personal communication, Pretoria, 20 July
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transition from the current centralised structure 1o emergence of new functional and participative

institutions (Braune. 2000:12).

In addition, water management areas have been defined primarily according 1o surface water systems
and flow pattemns, sidelining the importance of groundwater in the overall management of water
resources. As a result. and pertinent 1o this study. there are situations where aquifers extend through a
number of CMAs. raising complex transboundary management issues. In these cases, groundwater
management structures needs 10 extend across managerial boundaries, through an integrated system,
capable of addressing both technical groundwater issues. as well as transboundary managerial issues.

The role of WU As in addressing this issue needs 1o be forefronted.

Until both catchment management agencies and water user associations are established and have
sufficient capacity and knowledge 10 adequately address groundwater issues, the existing institutional
structures will remain responsible for groundwater management. In the spirit of cooperative
govemance. once CMASs are established as an organ of state, DWAF will still be involved in the
CMA in a supportive capacity (WISA. 2000). The success of the CMASs will depend on strong and
supportive linkages between the CMA and other stakeholders (both within and beyond the spheres of
government). In developing a strategy for groundwater management, the emergence of new water
management bodies, their roles. functions. responsibilities and issues of capacity must be a focal

point,

522  CMAsin the study arca

The CMAs in the study area include (see Map A2):

*  Crocodile West-Mariko (managed through the DWAF Gauteng and North West regional
offices™)
*  Middle Vaal (managed through the DWAF Free State regional office)

* Lower Vaal (managed through the DWAF Northern Cape regional office)

The implications of this impending management structure and its institutional boundaries for the
groundwater in the region, is that management of the aquifer will be divided among three catchment
management agencics, in different stages of establishment. possibly adopting in different
management policies and practises, and different pricing structures for users of the same aquifer. For
practical purposes. an agreement has been made between the regional offices of DWAF that the Nonth
West regional office will be responsible for the management of the portion of the dolomite that falls

into the Northern Cape regional area around Lichtenburg (van Dyk, 2001). This reduces the number

* In this CMA. responsibilities for geohydrology and catchment management functions are shared between the
North West and Gauteng regional offices
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823 WU Asin the study arca

In terms of the new water legislation, water users can be required by the Minister to register their
water usage and form water user associations. Altlernatively, interested persons can apply 10 establish
a WUA with the submission of a proposal for the WUA to the Minister. This particularly applies to
the existing irrigation boards and subterranean water control boards which will ultimately be

restructured as WU As.

A need was identified to manage the dolomite as a single water resource at a local scale. To facilitate
this, the option of establishing one WUA for all users of dolomitic groundwater was mooted, but
generally discarded, owing 10 the vast area of the dolomite, the numerous stakeholders and
complexity of management issues. Five WUASs, broadly defined according to intermal boundaries of
compartments within the aquifer, have thus been proposed for users of the dolomitic groundwater (see

Map A2). These include:

*  Lichtenburg-ltsoseng
e Grootfontein

*  Grootpan

*  Ventersdorp

e Jeerust

These WUAs are in different stages of establishment, some well organised and waiting to operate,
others barely conceived. Further discussion around the WUAs will take place in section 6.2, however
it is worth noting here. that in most cases, an urgent need has been expressed by WUA representatives
for DWAF 10 intervene and assist with the establishment of the WU As. Of particular concern to

representatives from WUAs are

* defining the optimal boundaries of the WUAs
® the organisational capacity to begin the process of establishing the WUA
* the need for accurate information on water supply and allocations to effectively manage the

resources.

5.3 Dept of Water Affairs and Forestry (Regional Offices)

The regional offices of DWAF are decentralised national offices, acting as the regional implementing
agents for policy made at a national level. Although the study area falls within the North West

province, the establishment of three CMASs across the dolomitic area has involved the regional offices
responsible for each CMA in the management of the dolomitic aquifer (see Map A2). To some extent,

the regional offices currently fulfil the role of CMAs and will continue 10 do so umtil the CMAs are
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5.4  Water boards

Water boards are organs of state established to provide water services 10 other water services
institutions within its services arca (Water Services Act. 1997). The water board in operation in the
greater pant of the study area is North West Water Supply Authority (NWWSA), originally
established under the old Bophuthatswana government to supply water to the Bophuthatswana
districts (seec Map AS). There is currently no water board serving the southemn portion of the study
area in the Southern District Council. The existing arrangements of services and functions supplied by

NWWSA 10 various towns in the study area are provided in table 6 below, in section 5.5.1.

Beyond infrastructure and water services, the groundwater management functions that NWWSA
currently undentake include data collection and monitoring (of water levels and quality), testing
borehole sites and the design of appropriate installations according 10 the geohydrological
specifications . Monitoring is also undertaken around particularly sensitive aquifers, and points of

pollution.

The future role of water boards is very much up for debate. Issues that need to be resolved concem
the economic viability of either water boards or local and district councils in providing water services.
In some instances there are the perceptions that local municipalities could provide these services more
economically and would prefer independence from water boards™. Currently however, NWWSA has
the know ledge and experience of managing water supplics in the arca, has instituted regular
monitoring and data collection systems, as well as the equipment and capacity 10 undertake water
supply functions. Problems of institutional capacity within local and district councils need to be

thoroughly assessed and addressed.

A related issue is the transfer of operation and maintenance responsibilities from NWWSA 10 district
and local councils. The lack of qualified staff within these structures again raises questions regarding
capacity and the future operation of these schemes under local councils. Staff in district offices are

frequently new 10 the area and lack the detailed know ledge of local conditions to enable them to alen

authorities early enough, should problems or waming signs emerge ™
Perceived threats and challenges to groundwater management, identified by NWWSA, include:

® the impact of pesticides on water qualny, particularly in sensitive arcas
* the lack of control of sewage treatment and dumping into water courses
® the lack of capacity and clanty in terms of roles and functions. at the local government level,

to enable district and local municipalities to fulfil their roles as water service authorities

™ Van Rensburg. S. 2001. personal communication, telephonic, 13 July
¥ strongly argued by ward councillors from the Ditsobotla Municipality (21 June 2001)
™ Van Renshurg. S. 2001. personal communication, telephonic, 13 July
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NWWSA proposes a framework for groundwater management which includes representatives from
CMAs. water boards as well as local and district councils. There should be a formalised structure and
a clear division of functions between the tiers of government, with a clear delegation of functions
from national to local government, in line with the institutional capacity available 10 undertake these

functions.

5.5 District and Local Municipalities

In terms of the Water Services Act (Act 108 of 1997) local authorities (including district or local
councils) have been tashed with the responsibilities of water senvice authorities, and are responsible
for the planning and implementation of water services and infrastructure to ensure acceptable
minimum levels of provision to their constituents (DWAF, 20004). While not tasked with any specific
groundwater management functions, these agencies are important agents in water management, in

terms of provision. and their level of capacity and resources are critical factors in the efficiency of

senvice delivery and local management.

District councils are new structures (or built on the old Regional Services Councils and Joint Senvices
Boards), following the local government transition and the demarcation process. that have a key role
to play in the provision and management of local water services ( Murray and Dindar, 1998). District
councils are responsible for the bulk senvice functions of old regional service councils, and in some
cases, they provide municipal services directly to the public. In general, local municipalities are
esponsible for the planning. implementation, operation and maintenance of the water services
nfrastructure within their municipal area. However, there is a lack of clarity and considerable
confusion around the division of roles and functions between local and district councils, following the

local government elections and municipal demarcations in 2000 .

In terms of the Water Senvices Act and as pant of the integrated development planning process, local
authorities are responsible for preparing and adopting water senvice development plans (WSDPs) to
ensure the basic minimum standards for access 10 basic water supply and sanitation are met (W ater
Services Act. 1997), However, where WSDPs have been prepared. many are now outdated following
the demarcation process

As water managers, the district and local councils fulfil a Key role in the institutional structure for the
management and supply of water. [n addition. their role as major users of water must not be
overloohed. Municipalities therefore need representation in water management structures, in terms of

their own local management and use practises, and as representatives of their constituents

Thes 1ssue wis raised in almost evers intessiew with municina’ manasers

" Khumoeng. 1. 2001. personal communication. Mmabatho, 19 June,
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5.5.1 District Councils

At a district level. the study includes portions of two district councils (see Map A4)

* the Central District Council

* the Southern District Council.

Although they currently do not use water from the dolomite, should the 1owns of Koster and
Swartruggens (situated north of the dolomite boundary ) require water from this source in future, the
Rustenburg District Council would be included as parnt of the study arca. However. in terms of current
planning, the expense of supplying these towns with dolomitic groundwater precludes this option. as

. . T
they are some distance from the dolomite” .

A1 a district council level, the following arrangements (see Table 6) for water supply. operation and

maintenance have been identified in DWAF™ (2000a)

Harmse, Mr. 2001, personal communication, telephonic, July. Bester, Mr. 2001, persona) communication,
1elephonic, July, However, there appear to be conflicting perceptions on the feasibility of supplying these areas
with water from the dolomite
" Labauschagne, F. 2001. 2001, personal communication. telephonic. July
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In terms of institutional capacity. the central and southern district councils appear confident that they
are addressing issues of delivery within their service arcas, and that they have the institutional and

financial resources 1o continue this function™. These views would have 1o be validated with research
in communities served by the district councils 1o determine the overall levels of service and needs in

their management areas, and the capacity for local management of water supplies.

552 Local Municipalities

The study area includes the following municipal and district councils” (see table 7 and Map A3)

.ﬁu—ﬁki_pilllia District Councils
Lichienburg (NW384) Central District Council (DC 38)
Matikeng (NW383) Central District Council (DC 38)
Zeerust (NW38S) Central District Council (DC 38)
Venmersdorp (NWA01) Southern District Council (DC 40)
AW AT iKaster Swariruggens) Rustenburg District Councd (DC 37)

-— S ———E— - — e ————— —— ——

Table 7: Municipalities and district councils in the study arca

In general, the focus of local mumicipalities is the urban areas within their municipal boundaries. As
with district councils, they are responsible for water service provision, and infrastructure operation
and maintenance within these areas. Again, an issuc raised by several municipal managers, is the lack
of clarity in terms of divisions of roles and functions between local and district councils, particularly
with respect to rural settlements within municipal arcas following the demarcation process (e.g.

- . )
Grasfontein near Lichtenburg) .

553 Ward councillors and ward committces

The election of ward councillors and ward committees is the lowest tier of governance. These
committees are responsible for the representation of the community “s needs and. depending on the
circumstances in the area. may have key roles in the management of a local water supply and service
delivery. There however are several obstacles that have lead to 2 dechine in participation amongst

committee members (Ralo, 2000). These problems include:

® adifficulty in antracting new members

e insufficient training leading 10 inadequate shills

" Mokhele, J. 2001 personal communication, Mafikeng, July; Labauschagne, F. 2001, personal communication,
telephonic, July.

“ post 2000 municipal demarcations

' Harde, M. 2001. personal communication, Lichtenburg, 18 June: Dandashe. B. 2001. personal
communication. Zeerust, 20 June: Smit, H. 2001, personal communication, telephonic, 4 July
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Although we are not able 10 identifs any curremt (formal) international arrangements between
Botswana and South Africa for the use or management of transboundary dolomitic aguifers in the

study area, this is clearly an important issue that needs clarification®’

Issues related to internationally shared aquifers that need 1o be considered in groundwater

management include:

* the use and management of transhoundary aquifers and how practises on one side of the
border affect the resource as a whole. for other users

* the interaction between ground and surface water svstems across international borders, for
example, how surface water developments (e.g. dam-building ) affect transboundary

groundwater resources

Existing international arrangements regarding surface water, in proximity to the study arca, include
the supply of water to Botswana from the Molatedi Dam on the Marico River in South Africa. In this
respect, the relationship between these surface water resources and groundwater, particularly from the
dolomitic area, needs to be clearly understood. One particular example of surface/groundwater
interaction is that the building of dams may cause negative long-term impacts on groundwater
recharge and in this respect, transhoundary activitics and water resources management need 1o be

fully assessed in their regional context.

In addition. the hydrological interaction between the dolomitic aquifer in this study, and groundwater
in Botswana also needs 10 be understood. Geological information shows that the dolomites do extend
into Botswana. Clarification is therefore needed on whether abstraction on gither side of the border

has any impact on cross-border groundwater levels, and what implications this holds for groundwater

management and institutional arrangements for dolomite.,

Y The Karoo aguifer between Botswana, Namibia and South Africa is being used as 2 stasting point for the
development of ransboundary aguifer management - an initiative being promoted by the Internationally Shared
Aquifer Resource Management (ISARM).
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6 USER PROFILE

6.1 Water use and demand in the study area

The key factors regarding water use and demand, which lay the context for the user profile analysis

mclude:

*  Water users in the study area are dependent on groundwater - whether it is water pumped
from boreholes or outflow from springs. Surface water resources in the dolomitic area are

limited and those that exist are integrally connected with the groundwater system.

* In most areas. current water supplies are able 1o meet exiszing demands, but any increase in
water demand will exceed local supplies in addition, many rural areas and villages within the
study arca of this project do not have adequate water supplics to meet even basic needs at
RDP standards, The implications of implementing the *free basic water” policy also need to
be fully understood in terms of an increase in water demand., although the provision of basic

water is a non-negotiable prionty.

* A study commissioned by DWAF and completed in 1999 established that there is not
enough bulk water in the region available to meet the projected future demands of all
consumers, including towns and villages. irrigated agriculture and mining enterprises
(DWAF, 2000a:1). To meet the future demands of the towns™ in its study area it was noted
that water would have 10 be supplied from external sources such as the Molatedi dam
(situated in South Africa near the Botswana border and supplying water 1o Botswana) or the
Vaal River - both at substantial cost (DWAF, 2000a).

* Conclusions from a more recent DWAF study ™ established the following factors of relevance

10 water use and demand 10 this study (DWAF, 2000a):

- the major areas of growth are domestic water use (residential development and associated
institutional and commercial activity)

- mining and cement production are not expecting any growth

- agnculture is a major factor in water consumption and recent vears have witnessed

significant growth in irrigated agriculture

“ The North West Water Suppls and Sanitation First Order Strategy

** The arca covered by the study included the towns of Swartruggens and Koster in the cast, Mafikeng in the
west, Lichienburg in the south and the Lehurutse district in the north.

* commissioned following the North West Water Supply and Sanitation First Order Strategy 10 investigate the
augmentation of the primary water 10 Zeerust. Swantruggens and Mafikeng

]
)
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6.2  Water User Associations

Although WU As should represent all water user groups using a particular resource, commercial
farmers, who have had to register their water use in terms of the National Water Act, are driving the
establishment of WUASs in the study area. In some cases (Grootfontein), existing irrigation boards are
converting to WUAs. Across the area, WUAS are thus in various stages of establishment - some
ready 1o operate (Lichtenburg-ltsoseng), others having stalled for various reasons (Grootfontein), and

others have not staried a2t all (Zeerust).

While representatives of WU As acknow ledge the need to involve all water users in the area®
attempis to involve groups, outside municipalities and the commercial farming sector. in establishing
WUASs have proven futile. In order 10 understand the social dynamics and the causes for poor

participation and representation, this issue needs to be addressed in further research in this project.

WU As are thus dominated by commercial farmers and issues of ownership and buy-in from other
groups (e.g. emerging farmers) will arise as they realise the need to become involved in a process
which started without them. If this situation is not addressed. despite the best intentions and sound
policy, existing patterns of imbalance and inequity in the use and management of water. and resulting
development opportunities (including health, socio-economic and gender issues), are likel 1o be

entrenched in these processes.

The membership and voting systems of the management committees of WUAS is a crucial issue that
needs to be examined. Questions of representivity need to be addressed, for example. Should

representation be on the basis of the amount of water used. or the number of water users?
Key concerns raised by WL A represematives include:

® the lack of knowledge about groundwater (how much water is there, how much is safe 1o use,
flow patterns etc.) and the problems this raises for managing water sustainably and
equitably ™.

* the optimal boundaries for WUAs, which may run through a farm. placing the farmer in two
WUA areas’’.

» the need for clarity or assistance from DWAF on the membership and mandates of WUAs,
details on boundaries, and around Zeerust, o initiate the process of establishing the WUA,

*  how 10 involve other water users and small-scale farmers in establishing WUAs™

“ Bevers, A. 2001. personal communication, Lichtenburg. 21 June

“ Bevers, A 2001, personal communication. Lichtenburg, 21 June: Lohann, M. 2001. personal communication,
telephonic, July

* Lohann, M. 2001. personal communication, telephonic, July

" Kruger, D. 2001, personal communication. telephonic. 10 July: Lohann, M. 2001. personal communication,
telephonic. July

o
N
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drive 10 “mainstream the marginalized™, the revitalisation of “agricultural crop water use™ is one

pan of a broader integrated sustainable rural development policy.

The Department of Agriculture (DoA) in the North West does not play a role in groundwater
management, however, their activities in agriculture, particularly with respect to irrigation and their
involvement in the agriculture community (both commercial and emerging). places them as
stakeholders in the use of groundwater. In arcas such as Dinokana, the DoA is involved in the drilling
of borcholes for applicants, after the application has been approved through the tribal office and the
district council™. (Although currently lacking, there should be some coordination in this regard with
DWAF.) DoA also assist (cither through resources or funding) in developing facilities such as

reservoirs for stock watering,

The DoA sees that the primary challenge for groundwater management will be the implementation of
an accurate metering and monitoring system, particularly for borehole water used for agricultural

PAp—
acuvities

Issues of payment are controversial amongst both commercial farmers, whose access 1o water has
been protected and free, allowing them considerable advantage in developing their activities, and
amongst emerging farmers, who have been denied access to land and water, and are entering the
agriculwral sector needing support, and often with perceptions that water was and is free. This debate
includes positions where farmers have personally placed large financial investments in developing

water supplies on their farms™’. This matter needs to be carefully addressed.

Issues of representivity and organisation need to be addressed in the agricultural sector. Commercial
farmers are well represented through organised agriculture and agricultural unions. The National
African Farmers” Union (NAFU) is a membership-based organisation for black farmers but, in the
study area, was not seen to be active in terms of organising and developing capacity amongst
emerging farmers and representing their needs at a local level™. Although invited 10 meetings, NAFU
has not plaved a role in the establishment of WUASs in the area and was not able to provide comact
details for their members . In contrast, the commercial agricultural unions have been actively

involved in this process.

* Agricultural crop water user encompasses more than irrigated agriculture, but also the use of water through
rainwater harvesting and other conservation techniques to improve agricultural productivity.

" Thubise, D. 2001. personal communication, Dinokana, 20 June.

* Swanepoel, Mr. 2001 personal communication, telephonic, 19 July; Viljoen, W. 2001. personal
communication, telephonic, June.

* Swanepocl, Mr. 2001. personz! communication, telephonic, 19 July.

* Thubise. D. 2001, personal communication, Dinokana, 20 June,

*" Bevers, A. 2001. personal communication, Lichtenburg, 21 June.
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The Transvaal Agriculural Union and the North West Agricultural Union have both been actively
involved in the establishment of WUASs in their respective areas, in terms of representing their
members and the interests of the commercial farming community, Although the National Water Act
will impact on farmers, Union representatives delieve that while farmers were initially concerned
about its impact on their activities, as users under the new Act. farmers have a voice in the
management of water, and with the correct information, they will be able to manage water and
minimise negative impacts . Despite this view, there is uncertainty over water management in the

agriculture sector, Farmers do feel vulnerable and realise that water levies will decrease their income

and probably the scale of their operations™
The Key concerns voiced by Unions include:

* the lack of information and understanding of groundwater, in terms of safe water vield,

s the impact of pesticides and overabstraction on groundwater

o the growth of urban areas, particularly Mmabatho, and the impact of increased domestic
demands on groundwater and the implications for agricultural users’

* Issues of payment were also raised by the unions, with the perception that when WUAs are
established, farmers will be able 1o manage water more efficiently and with lower
administrative costs than current structures, ultimately resulting in lower pavment charges for
water use’

® |nterms of management, it was also noted that the degree of representation should be
proportional to the amount of water used — in other words, as large users of water, farmers

should be well-represented on management structures ™, This is evident in the membership ol

the management committee of the Lichtenburg-ltsoseng WUA'
In terms of managing the dolomite at a local level, through vears of experience in the arca. and with
water central to their livelihoods. farmers see that they have a central role 10 play. provided they

receive the accurate information on safe water yvields and aquifer boundaries from DWAF”™

* Bevers, A, 2001. personal communication. Lichtenburg. 21 June: Grevling. P. 2001. personal communication

.

telephonic. 10 July

Kruger, D. 2001, personal communication, telephomic, 10 July: van Zyl, H. 2001, personal communication,
elephi . 1V JL

Greyiing. | 0 ersonal communication. selephonic Ji

Gres ling. P, 2001, personal communication, telephonic. 10 July

“ Bevers, A, 2001. personal communication, Lichtenburg. 21 June.

From the Proposal to DWAF for the Establishment ¢ fthe | xJ!:'r.'l:’-_'-lts-.'\:r: Water User Assocation

*Bevers, A, 2001, persona! communication, Lichtenbure. 21 June, van Zvl, H. 2001 personal communication

telephonic, 19 July
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6.4 Domestic use

The availability. use and management of water resources and services at a local level has profound
implications for health and development opportunities, particularly among marginalized groups.
Analysis of water use and decision-making at this level must be seen within this context of inequity

and uncven development.

6.4.1  District councils

Key considerations in the provision of water and sanitation services in district council areas. are the
many rural settiements — some once pant of the former homeland state of Bophuthatswana, others
recent settlements of the result of land reform initiatives™. Rural communities within the district
councils rely primarily on groundwater. These settlements generally lack a formal institutional
infrastructure and thus fall under the responsibility of the district councils in terms of service
provision, operation and maintenance (DWAF. 2000a). Water supplies in rural settlements are
generally managed at a local level by the community (through village water committees, where they
exist) and maintained by water boards for the district councils, or by the district councils themselves

(DWAF. 2000a).

The level of service provision within rural settlements in district council areas varies enormously,
from arcas with no local water supply and no services, 1o those with basic RDP standards, others with
a nearby water source (e.g. spring) and then those with houschold supplies and services. Addressing
standards of water supply and sanitation services are immediate challenges for the new district

councils,

I'he Rural Water Supply Programme, being implemented in collaboration between NWWSA and the
district councils, is assisting in the development of services in rural areas™. In both the Central and
Southern Districts. several projects are in progress to develop water and sanitation services 10 RDP
standards’ in rural settlements™. However. there are still many communities in desperate need of
water and service provision. Some communities are happy with RDP service standards”™ . while others

would prefer standards to be uparaded 1o vard connections to facilitate pavment and better

“* District councils include many small settiements. cach with particular problems, ways of addressing them,
internal commumity structures, water supply systems and 50 on, which management systems must take care to
consider. However, 1o provide an understanding of the types of problems that groundw ater management needs
10 address, 1 will provide an overview of some of the more representative issues and problems that communities
in district councils experience regarding their water and sanitation sysiems

* Van Rensburg. S. 2001. personal communication, telephonic, July

*T RDP standards of service refer 10 the basic minimum level of service required in the Water Supph and
Sannation Policy White Paper of 23 litres per person per day of potable water within 200m of any household
(Cain. Ravenscroft and Palmer, 2000)

¥ Mokhele, 2001; Labauschagne, 2001

* Labasuschagne, F. 2001, personal communication, telephonic. July
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municipal supplies (sce table 8). the monitoring of groundwater quality around the municipal area
(panticularfy to monitor the quality of water used by rural communities) is not a norm. Very few
institutions seem to be undertaking this function or ensuring that systems are in place to collect this

data. As an exception. the Southern District Council monitors water quality twice yearly ™.

6.4.2  Local Municipalities

Overall, the level of service provision and water supply within local municipalities is satisfactory,
However. cenain areas now included in these municipalities following the demarcation process have
not yet received adequate antention from local authorities in terms of addressing their needs and
improving service Jevels. Most municipal managers were quick to point out that they were unfamiliar
with conditions in the arcas newls included in their boundaries. In many cases, these areas are still

served by district councils.
The primary concerns from local authority managers across the study arca were:

o pollution 1o groundwater from pit latrines in informal areas,

* the quality of water being used for domestic purposes within informal areas,

® their lack of know ledge on the impact of pollution on groundwater quality, and

o their lack of capacity (currently and in the foresecable future) 10 address these concerns
through regular monitoring of water quality .

o issues of urban gromth, and the impact of water demand on the existing supplies were raised
in some municipal areas. Particular growth nodes include Mafikeng, Zeerust and
Lichtenburg.

The high levels of unaccounted for water due to leakage and unauthorised connections are issues of
particular concern that affect water use and predicted future demand in Mafikeng, and Lehurutse and
Dinokana near Zecrust (DWAF, 2000a). Concerns about overabstraction by municipalities was raised
by water users and managers across the study area. The need for better control of unaccounted for
water and more accurate metering systems is one means of addressing this problem and an important

component of local water management.

The implementation of the government s free basic water policy is a further factor of concern within
local municipalities. The full implications of this policy require research. particularly in terms of
understanding the implications for increased demand. and the infrastructure requirements needed 10
provide this service ™. In Zeerust. for example, the local authority has considered implementing a

30001 per household per month free quota to determine the effect on water demand, before instituting

™ Labauschagne. F. 2001, personal communication, telephonic, July.
" Harde. M. 2001, personal communication, Lichtenburg, 18 June.
™ Dandashe, B. 2001. personal communication. Zeerust, 20 June.

61
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Table 9: Figures relating to water consumption for towns i study arca

Sociad Assessment Repowt

Daati wars taken Trom DWAF 20000 and Water Scrvice Deselopment Plans (where available), Data s wsetul only as an imdication of trends and of the qualiny of data corremtly
avinlable from mumcipalities. Figures have not been npdited following the municipal demarcation process in 2000, Onside urban boundaries, the rural arcas included in these
figures are variable (e.g. Dinokama is mncluded in some of the data for Zeerust). N/d
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* small-scale and emerging industrial operations (e.g. brick making) are discussed separately in

section 6.8 below,

None of the existing industries are planning any expansion of their operations, and some of the smaller
mining operations are in the process of rehabilitation. In addition, the water needs of these industries
(cement. diamond digging and dairy) are limited and no industry contacted was expecting their water

consumptions to increase in time” . The water use of Clover dairies is in fact decreasing™.

None of the industrics experience any problems in accessing a regular and sufficient water supply. All
of the industries undertake some form of regular monitoring of water levels, and in the case of Clover
dairies and Alpha cement, microbiological quality testing. PPC, for example. has monitoring data from

when they stanted producing cement at Slurry in 1915,

Indications from industry (environmental risk) managers are that there is very limited environmental
impact occurring as a result of their operations, with the exception being aesthetic scarring due to
mining. However this is not on a scale significant enough to alter catchment pattens. While there is
wastewater discharge from most of the industries, this is first treated and monitored for quality. Most
plants use recycled water 10 some extent in their operations. Where water is not treated (e.g. Clover
dairies), it is returned through the municipal sewage system. A closer analysis of the environmental
impact of mining and industrial operations, particularly those in close proximity 10 sensitive systems,

for example mining around springs, is required.

A concern amongst industrial water users is the recent increase in large-scale irrigation, leading 10

declining groundwater levels, to the detriment of other user groups’ .

Industrial representation on WUAS is limited, with the only positive response coming from Alpha
cement, which is represented on the Lichienburg-ltsoseng WUA.

6.6 Conservation

The water needs of conservation, and conservation-related activities should not be overlooked, and need
to be considered in managing groundwater and related systems. As an example, the springs in the study
ares provide unique habitats which have developed in isolation, many sustaining endemic species,
which would be threatened should the groundwater levels drop due 10 overabstraction. as in the case of

the Grootfontein eye. The North West Departiment of Agriculture, Conservation and Environmental

* Edgar. D. 2001. personal communication, telephonic, 3 July; Wolmarans, D. 2001, persona! communication,
telephonic, § July: Mever, P. 2001. personal communication, telephonic, § July: Wessels, F, 2001, personal
communication, email, 24 July.

* Wessels. F. 2001, personal communication, email, 24 July.

¥ Meyer, P. 2001 personal communication, telephonic, 5 July.
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Affairs is involved in monitoring environmental impacts which might affect groundwater quality (e.g.

the oil spill at the Eskom substation near Lichtenburg).

Of particular concern to environmental managers in the area is the fact that only one of the ¢ves (the

. G .
Malmane eye) has any formal conservation status ™. As unique and threatened ecosystems, the springs
in the area require careful management and protection. but this has to be done in a broad sense,

understanding the impacts on these habitats should water levels or water quality deteriorate.
Other challenges. from an environmental perspective, in managing groundwater, include’

® high levels of water abstraction and its impact in the broader ecological context. as well as the
sensitive ecosystems and habitats of springs

e the impact of large scale irrigation on water levels and soils

* the introduction of alien fauna (e.g. bass) in water systems

* the impact of alien vegetation species on the aquifer in terms of increasing water use

o water guality issues, particularly relating to the high use of pesticides and fertilizers, and the
lack of know ledge of the long term effects of these pollutants on water quality in the aquifer -
for example. is water quality deteriorating or stabilising over time?

® the impact of mining operations around springs (e.g. peat mining near Schoonspruit and brick

making around the Polfontein eye at Bodibe)
e the impact of scasonal holiday -makers at recreational sites around the eves, particularly in

terms of increased impacts on septic tanks and resultant pollution (e.g. Molopo Eve).

I'he North West Department of Agriculture, Conservation and Environmental Affairs currently has no
active role in groundwater management. although they have sufficient capacity and would like to play a
limited role in functions such as groundwater monitoring” . This raises the question of departmental
mandates with respect to the policy of cooperative governance. which needs to be practically addressed,
considering issues of capacity and resources. As an example. at least three provincial or regional
depariments, as well as local government. have some role to play in water quality monitoring, however,
veny lirtle is currently done in this regard. These matters need 1o be resolved in defining the activities

and resources needed for sustainable and equitable groundwater management.

Environment and conservation managers are stakeholders in groundwater use and management, and

their needs. concerns and roles need to be included in a management framework.

™ Mangold, S. 2001. personal communication, teiephonic, 26 July
" Mangold. S. 2001 p

Blue gum trees, for example, are know 10 use up to of water per day - comparing this to basic water needs
raises questions about the overall impact of alien vegetation on the aquifer and the need 10 increase alien clearing

programmes

£ i
personal communication, telephonic. 26 July

20
ewll

_\l.m.;ol:, S. 200]. persona! communication h.'!.'p".nf‘ ¢ 26 July
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6.7 Recreational use

Groundwater also has an important role in various recreational and tourism activities in the study area,

and the needs of these users must be considered, as well as impacts resulting from these activities.
Recreational uses include:

* diving and swimming
* fishing
*  camping

*  bird waiching. etc

The deeper springs in the area are regularly used by divers for both sport and training (particularly
Wondergat and Groot Marico Eye). Small infrastructural developments have occurred around the eyes
to support these activities, particularly at Wondergat, where a campsite has been established. Clearly. if
water levels deteriorate. these activities will be threatened. whilst at the same time, they impact on

groundwater in terms of pollution through increased sewage, run off from campsites, etc.

6.8 Emerging and small-scale water users

Discussion around the water use of small-scale and emerging water users has been separated from the
sectoral discussions above. Specific attention needs 10 be given 1o involving emerging'small-scale users
in water management structures. [n some cases, the needs and problems characterising emerging users,

across sectors, have generic trends.

The water uses of emerging and small-scale groups, for income or subsistence purposes include,

amongst others:

* vegetable gardening

* stock watering

® brick making

* diamond digging

* small-scale commercial farming operations
Involving small-scale and emerging water users in the management of groundwater is a major
challenge. given the lack of organisation and formal representation of these groups, but is an essential
component in developing equitable management systems. In some communities. the DoA has
agricultural extension offices that offer assistance and representation 10 emerging farmers. but they
nonetheless remain a marginalized and excluded group that faces significamt constraints and challenges
in their activities and access 10 water, particularly in the comext of the history of inequity and

imbalances in access 10 wWater resources.,
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7 MANAGEMENT CHALLENGES

I'he following challenges 10 the equitable and sustainable management of groundwater have been

identified and need 10 be addressed in developing a management framework for groundwater.
Institutional capacity

Addressing issues of institutional capacity at every level in the management structure, from local
government through regional ‘provincial levels 10 the national level, is a central factor that affects
sustainable and equitable management. This is currently a significant problem and an issue that has
been repeatediy raised as a challenge to groundwater management. in both existing and emerging

institutions.

Questions related to cooperative governance and departmental mandates need 1o be practically resolved,
in line with the management needs of the resource (e.g. monitoring), and the capacity and resources
available 10 undertake these functions. Definitions of roles. functions and responsibilities need to be
clarified, in the context of the available capacitics and resources, and strong channels of communication

for data, information and recommendations need to be established within and between the institutions.
Small-scale and emerging wser groups

The lack of organisation and representation within small-scale and emerging user groups, to enable
these users to articulate their needs and concems with respect to the access to and use of water
(including resources, senvices and benefits) and thus to participate in decision-making and management
is a critical issue that needs to be considered in developing the institutional arrangements for the

management of groundwater,

Compounding factors related 10 the capacity of this group include internal power relations, the role of
women, cultural traditions and the integration of formal and informal systems. Access 1o water, and the
ability 1o participate in decision-making are significant factors that affect livelihoods and development
opportunities. Without the appropriate interventions, the lack of capacity within this group and the lack
of involvement in formalised management structures will entrench existing patterns of imbalance,

inequity and poverty,
Representation

An issue related 1o both of the above points, is the strength and representivity of local structures. This is
particularly relevant in the context of internal conflict. where local politics and unbalanced power
relations prevents the needs of marginalized groups from being articulated and addressed. Issues of
culture, empowerment and vested interests prevent these groups from gaining access 1o resources (e.g.
water) that would contribute 10 their livelihoods and levels of empowerment, and possibly upsetting

existing power relations. Where these matters cannot be resolved internally, groups need access to
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8 CONCLUSIONS AND RECOMMENDATIONS

8.1  Conclusions

Several gaps in the existing knowledge base on the users and institutions involved in groundwater have
emerged. These gaps pose significant problems in developing sound institutional arrangements for the
management of groundwater. which will effectively address its sustainable and equitable management.
In addition, these institutions need 1o both bring about and accommodate change, focussing particularly
on “mainstreaming the marginalized™, In order 10 develop this institutional framework, several issues
need to be resolved.

A deeper understanding of the needs and internal informal structures of small-scale/emerging groups is

needed. with particular emphasis on:

* the role and importance of water in their operations,

* problems they experience in accessing water

o  how this affects their activities and livelihoods,

* the nature and structure of any management sy stems they employ, internal systems of
organisation and channels of representation,

* internal power relations and traditions.

In addition, the relationship between access to water, livelihoods and development opportunities needs
10 be clearly understood in the context of the study area to inform the development of institutional
arrangements and promaote equity. Where are the critical areas where there are problems with access 1o
a reliable and sufficient water supply and services 10 meet basic needs, and how can these be addressed
through the management of groundwater? What is needed in management of groundwater address these

problems?

One of the most sigmificant knowledge gaps affecting groundwater management is the lack of
information on the supply and availability of water from the aquifer. Where this information exists in
research, it needs to be effectively disseminated 1o users’managers to enable informed decision-making
and negotiations, while gaps in the scientific knowledge that affect management. must be addressed in
further research. Gaps in knowledge relate particularly to the definition of the two components of the

reserve of this resource. and the amount of water available for allocation 1o users.

There is also a lack of information on the impacts of pollution on the aquifer. The relationship between
sanitation systems (¢ g. pit latrines), water quality and health, is one issue, while the impact of fertilisers
and pesticides on water quality. both in the short and long term, are issues thar need clarification, A
better understanding of the long term impacts of pollution on the aquifer is essential to informed

decision-making - is the quality of the aquifer deteriorating or stabilising over time?



Recommendations and research needed
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I'hercafier, issues that require further research in the social institutional components of this

groundwater project, include:

*  detailed research and analysis ino the social, cultural, political and institutional interactions
taking place with respect 10 groundwater use and management in the study area, looking
particularly at:

- issues that would faciiitate or hinder the implementation of groundwater management in the

area,

- the type of groundwater management sy stems that would both gain support from users and

managers, and promote issues of equity and sustainability

- stakcholders™ vision for groundwater use management = whether there is a common vision,

or where points of conflict may exist

® further research into the use patterns, representation, management arrangements and concerns

of small-scale/emerging user groups
®  how to address issues of capacity, organisation, representation, education/awareness,
empowerment, etc.. particularly within marginalized groups through groundwater management

e capacity building. education and awareness about the important role of groundwater in the arca.

and developing an understanding of the responsibilities of users in terms of new legislation

* athorough investigation into issues of institutional capacity and resources. the roles, functions
and responsibilities of different lines and levels of government. as well as departmental
mandates and issues of cooperative governance. communication channels, technical assistance

and information sharing between departments with respect to groundwater management

* the integration of existing formal and informal systems of groundwater management, the
consideration/adaption of management arrangements proposed in other studies, with a

framework appropriate in this context. that promotes sustainability and equity

* an analysis of the economic implications of proposed institutional arrangements on various user

groups and economic activities

o clarification on the scope in terms of international issues
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Map A Localiny

Map A2 Water Management ..
Map A3 Land Use
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Social Assessmene Re

ANNEXURE B:

KEY INFORMANT INTERVIEWS

Phase 1: Groundwater Project - Social Assessment

CONTACT

ORGANISATION/ROLE

INTERVIEW
Water User Associations (WUA)

" Andries Beyers ~ Lichtenburg Itsoseng WUA 1 Yes. 216/01
Manfred Lohann Grootpan WUA ' Yes. 5/07 ll!
Dawid k'l."gf \ L‘H!Cl\d\'tp WL A Yes. 10 ('
Hurter van 7)1 Yes. 19 HM( ]
Mr Cordier Zeerust WUA Yes

| Theuns du Plessis | Grootfontein WUA (Bo Molopo Water Board) | No ‘
He _n_J ik Smit ) Grootfontein WA (Bo M Ium Water Board) \ss‘_':_![ .

| o Water Supph Authorities - -
l__m_\ an Re n~huu North West Water Supply Authority (NWWS A)  Yes I3 ll 701

[ o - Agricultural Unions A
\mlrm Beyers - North West Agricultural Union Yes. 21/601

Paul ( sreviing

->\.;l'i mal African Farmers' l'r"u;-n (\ AFL )

R'{ 'X!'.LL.'\’ \1\‘}&'!’ )
Prof. B. de Villiers

T'im Han

Transvaal Agricultural Union

Yes. 110710}

N\o contact

Consultants/research nr«amsaliom ]
Environmentek, CSIR

Geology dcl‘l. Potchefstroom Uniy ersity

Resource Development Consultants
Emst and Potnes, Rustenburg

Yes, 10°070]
\\'\_ : “- 01

' 'Yes. 12/07/01

Max Jordaan Yes. 40701

DWAF - Regional nfﬁcm

Isma¢l Khumoeng _DWAF - North f\—i. ‘ . | Yes 190601

Paul van der Merwe DWAF - North West T Yes. 1407/0]

Dr Johan van der Merwe - DWAF - Free State Yes. 20074

Rens Botha - DWAF - Gauteng -  Yes. | .:,",-_:'
I ‘ i NW Province

Kelebogile Sethibelo N f)_k: of Economic .) velopment .n-\_ Tourism  Yes. 17010

Batlang Lehalake Dcp of Land Affairs, North West — Yes. 2200701

Stuant Mangold - Dept of Agriculture, C onsen xnun a nd Envir umcnl ~Yes. 260701

I)\\ AF Head Office

l 1 __n ';\.\k : Directorate: Geohvdrol 2y Yes. 20070
I h hard Braune Directorate: Geohydrology - - Yes, 20 “: 01
o S Local Government - o o
.I\'hn—\rix'khc‘c Cen 1'11 l)uln“ \hum |'\|l v \ es. Zn 0601
Felix | abuschagne Southern Di strict \h'"mpah'\ - Yes. 40701
Dirk Lombard Engineer, Ditsobotla ( Lichtenb urg/ltsoseng) Local  Yes, 210601

\hmmpalm .
Manfred Harde Health Inspector -, Ditsobotla | LichtenburgTtsoseng)  Yes, 180601
Local Municipaliny
Mafikeng Local \Immmnlm | Yes, 40701
E ngineer. Zeerust Local Municipality - Yes, 200601

Yes, 3/07/0]

v”‘ dnk Smit
\lrI)t \.l\hk )
Mr van Nickerk

L.!\ of Health Sernvices, Ventersde p Local
Municipality

\Mr 1;"{\]{; :| o Irg.'\llf\r Ventersdo m l ocal \A ni¢ lpnln\ _ \_'\_'x_.‘_i";\‘ flax.
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1. INTRODUCTION

Resumé

Groundwater is increasingly being recognized as a national asset and strategic resource that
has to be utilized, managed and controlled in accordance with the new Constitution and water
rights defined in the different water acts. The main goal of water management is to obtain a
balance between protection, conservation (also of ecosystems) and utilization in a sustainable
manner. The development and utilization of groundwater must be addressed in a scientific,
structured and controlled manner. It also requires a sound understanding of the concepts of

sustainable development and integrated resource management within the legal framework.

The Water Services Act - WSA (DWAF, 1997) - and National Water Act - NWA (DWAF,
1998) - provide a combination of legal obligations, rights, responsibilitics and constraints for
sustainable development and management of water resources of South Africa. The aims of
the NWA are directed at the protection of the resource, its effective use, development,

conservation, management and control of water utilization in a sustainable manner.

The effective management and control of groundwater resources within sustainable limits,
which is the ultimate objective of the study. also requires a clear understanding of the
interactions and impacts induced both naturally and artificially on the groundwater systems.
The reaction of the groundwater levels to the different stresses, and determination of the
"groundwater reserve’, are key factors in the assessment of these impacts. A comprehensive
report dealing with concepts and the assessment of the reserve of both surface and
groundwater has been compiled by Braune et al. (2000) and a condensed version relating
only to groundwater has been prepared by Van Tonder and Dennis (2001) (see Section 6).
According to the National Water Act (1998), there are three things that rank as important
when considering the amount of water that can be allocated:

e the reserve

e international obligations

e the integrity of the resource.
Only water which is still available after waking the above points into account can then be

allocated 10 users.

ra




The present project has been initiated in the light of the new legislation and constitutional
responsibility of the National Government to support and augment the functions of local
authorities, so as to enable them to perform their tasks effectively. This has led to a contract
being awarded to the World Conservation Union (IUCN) South Africa by the Water Research
Commission (WRC), in collaboration with the Department of Water Affairs and Forestry.
The object is to explore the options and approaches for managing the groundwater of
dolomitic aquifers of the North-West Region (see Fig. 1.1). This area has been identified as
one of the most important groundwater resources supplying many towns, local communities.,

industries and farming activities with water

The focus of this report is to examine the technical issues and perspectives related o effective
management of groundwater resources in the region, i.c.
- the occurrence and utilization of groundwater, as well as special features and
sensitivities specific to the different groundwater units;
- hyvdrogeological conditions, also environmental and social aspects;
- determination of excess water available for permit allocations;.
- integrated mapping of different features and aspects;
- institutional structures, arrangements and technical responsibilities to control and
manage groundwater exploitation:
- identification and synthesising of technical information and methods to be used
for the assessment and control of groundwater utilization: e.g.
1. profiling of essential characteristics of groundwater aquifers e.g. aquifer
recharge. storativity and transmissivity. and assessments to sustain the vields

of boreholes and the utilization of the aquifers:

2. data and technical requirements of methods that could be used to manage
exploitation of groundwater resources:

3. availability of appropriate data. and possibilities of obtaining additional data
by monitoring and assessing of the impacts of groundwater exploitation on
water levels. spring flows, ecological impacts, etc.:

4. water use patterns in relation to the demographics of the area;

5. storage of all relevant data on a suitable database. retrieval of essential

administrative and technical information. and graphical displays etc.
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The dolomitic formations generate little surface runoff but are capable of storing large
volumes of water underground. With regard to the North-west Region included in the
investigation and covering an area of about 5000 km’, the water resources comsist almost
exclusively of groundwater. Based on an estimate that 10% of the rainfall constitutes
groundwater recharge. 300.10° m” is annually available in the dolomitic region. The volume
of water stored within the aquifer, assuming an average aquifer thickness of 30 m and a

storativity of 0,03, is 5000. 10° m’ representing a capacity equivalent to 2 Vaal Dams

I'he dolomite also sustains several springs that have been the only water supply for many
towns and irrigation developments (see Fig. 1.2). With the introduction of more effective
dnlling machines and technology. high-vielding boreholes have been established and used for
imigation. Provision of electricity to farms and sprinkler systems has stimulated the
expansion of irrigation, especially in the dolomitic areas of the North-west Region, to the
extent that it has threatened water supplies to municipalities from springs as in the case of
Mafikeng, Lichtenburg, Zeerust and Ventersdorp: all these towns depend on groundwater

supplies from the dolomite.

Ihe uncontrolled escalation of irrigation from the dolomitic aquifers could largely be
attributed to the previously inadequate legislation and regulations to enforce control over
groundwater development. The Bo Molopo Subterrancan Groundwater Control Area has
been proclaimed in phases: in cach period intervening between proclamations there was an
escalation of drilling activities by farmers to establish their water rights. Instigation of
groundwater control. intended initially to protect the water rights of small irrigation boards,
also included the water supply areas of towns such as Mafikeng, Lichtenburg and Zeerust.
However in the Grootpan and Ventersdorp areas irrigation then mushroomed as indicated by
the survey by Polivka of the Schoonspruit and Marico dolomitic areas (Polivka 1987a and b;
Schoeman 1996). Clear evidence that the flow of the Schoonspruit eve has declined (in
comparison to the natural water levels of the Wondergat) due to the irrigation expansion (sce

Fig.1.3) led to the proclamation of the Schoonspruit Groundwater Control Area in 1995,
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2. INSTITUTIONAL STRUCTURES AND RESPONSIBILITIES

2.1 Introduction

In 1erms of the WSA the regulatory framework. institutions, their roles and responsibilitics
within which water services are 10 be provided, are specified (Pictersen, 2001) and are
discussed in greater detail in the report by Stephens (2001). Control over abstractions and
management of groundwater and water rights is to become the responsibility of the local
communities i.e. the people utilizing the water. The methodology for the comprehensive
determination of the groundwater component of the reserve of all identified areas has been
targeted 10 be ready by January 2001 and. after verification. to be gazetted in January 2004
(Braune et al., 2000). As part of the Resource Directed Measures (RDM). the research
findings of the programme K5/1007/40/1 entitled “Groundwater Reserve Determination™
sponsored by the Water Rescarch Commission (WRC) is incorporated. The Programme
started on January 1st, 1999 and is due to be completed by the end of 2001.

22  Groundwater and management responsibilities

Delineating water management areas

The 19 catchment management areas (CMAs) proposed for the country have already been
delineated by the Department of Water Affairs and Forestry (see Fig. 2.2.1). For the present
study three areas are of significance i.e. Crocodile West /Marico, and the Middle and Lower
Vaal. Control of the North-west dolomitic groundwater resources is to become the
responsibility of Water Users Associations (WUA), and will involve groundwater matters and
the management of water allocations. These WUAs are to operate within Catchment

Management Agency arcas (CMAs).

The WUA and CMA boundaries will not always coincide with the natural boundaries of an
aquifer. However, it is still possible in most cases to compile a water balance on a catchment
or subcatchment.




Fig. 2.2.1

wimbabwe

Delineated catchment management areas (after Van Tonder and Dennis, 2001)

Y

I'he area investigated falls in three main CMAs (see Fig. 2.2.2). They are

the Middle Vaal, receiving water from the Mooi River which is fed by the
Schoonspruit,

the Lower Vaal which is fed by the Upper Hartz River;

Crocodile West & Marico which drains water to the north, and derives some water

from the headwaters of the Malmani sprning.

Based on geohydrological information the study area has provisionally been subdivided into

five groundwater units for which Water Users Associations may be instigated according to

the Water

'
i)

)

Act (see Fig. 2.2.2). The units are the

Ventersdorp groundwater unit feeding the Schoonspruit ¢ve which is the main
water supply of Ventersdorp and of irrigation lower down. Large irrigation from
boreholes has caused the flow of the Schoonspruit eve to diminish drastically
(Bredenkamp et al. 1995, and Schoeman. 1996):

Grootpan unit where irmigation from groundwater has significantly expanded over
the last 8-10 vears, increasing concerns that it will deplete the groundwater
resources of the area;

extended Grootfontein unit supplies Mafikeng with water from a pumping

scheme at the Grootfontein eye and overflow from the Molopo eve. At the same

1

large abstractions for irrigation occur in this compartment. Several more

ume




springs ooze from this unit, sustaining wetlands at the springs and down the
Molopo riverbed. In this compartment a prominent sinkhole, the Wondergat
occurs (see Fig. 1.2). Water level fluctuations of the sinkhole dating back to 1923
proved invaluable for assessing of the characteristics of the dolomitic aquifers
and deriving reliable records of spring flows (see Section 4);

4)  Zeerust groundwater unit, from which water is supplied from the Rietpoort and
Doomfontein pumping schemes to the town of Zeerust; and from Dinokana eyves

and a few boreholes to settlements at Dinokana-Lehurutse:

)
~

Lichtenburg-ltsoseng unit which supplies Lichtenburg with water, originally from
springs but presently only from boreholes drilled in the dolomite. Irrigation from
groundwater resources has increased over the past 10 years, but in 1983 about
580 ha had already been irrigated from boreholes. In the Itsoseng part of the unit
water is supplied to the local villages, namely Sheila, Itsoseng and Polfontein

informal settlements.

At this stage it is envisaged to have WUAs for each of the units, but the possibility of two or
more groundwater units residing under one WUA is an option 10 be considered, and depends

on the outcome of the present investigation.

According 10 the present boundaries the Grootpan unit overlaps into three CMA areas (see
Fig. 2.2.2) which is undesirable as it would complicate administration, divide jurisdiction and
complicate decision making. The boundaries may have to be reviewed depending on the
outcome of the present investigation and should be addressed as a matter of urgency in the
light of the establishment of WU As.

A draft constitution (refer Document, 2001) for the establishment of the Lichtenburg/Itsoseng
Water Users Association, the first in the area, has been prepared and is awaiting ratification.
The structures within which this WUA should operate have been outlined, but need 10 be
critically examined before the constitution is adopted for the other groundwater units e.g. the

Schoonspruit Subterranean Water Control arca which was proclaimed in 1995, and urgently

awaits the establishment of a WUA.
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2.3 Functions and responsibilities of Water Users Associations

The functions and responsibilities of the WUAs have been examined and can be defined as

follows:

1

Setting up a comprehensive, hands-on Data Base, that will collate all relevant
geohydrological information. Large volumes of data are being stored in the
National Groundwater Database (NGDB) operated and managed by the
Directorate Geohydrology of DWAF. The NGDB is not sufficiently dynamic to
support the functions of WUAS, especially with regard to eventual management
of the aquifers. Information to be stored in the new database should be
transferable to the NGDB and vice versa. A database that appears to comply with
the requirements is WISH (Windows Information System for Hydrologists),
which has been developed by the Institute for Groundwater Studies at the
University of the Free State (1GS) with support from the WRC. Special features
of the database are that it can

accommodate all and more of the data inputs required;

import data from and to various formats,

store and retrieve data on project-related information;

produce quick graphs and sophisticated charting functions:

be integrated with GIS to produce maps of borcholes, water levels, borehole
vields, abstractions, discharge of springs;

be linked 10 and support a variety of Database Management Systems of which the
NGDB is one which is compatible with ARC-VIEW mapping used by the
DWAF,

The following are examples of information that could be produced

()

Maps of basic information of farmland viz.
delineated boundaries of the WUA area
farms and registered property owners
groundwater abstraction points
springs and wetlands
areas irrigated indicated by circle diameter size

volumes of water abstracted per farm, indicated by circle area sizes.




TH)

All of this

Data base information per registered property and owner
boreholes with details of depth, water strikes
tested sustainable vield and date
water levels, date of measurement
water use. pumping installations and
if used for irrigation the sprinkler systems, areas and crops being irrigated and
seasonal plantings.
Permit details and allocations are to be structured in such a way as to
differentiate between the priority categones of water use, namely
basic requirements i.¢. drinking water and cattle farming. being Category 1 in the
order of preference:;
municipal and industrial use, being Category 2:
water needed to sustain the ecology and aqua-ecosystems, would probably be
rated a Category 3 water use in view of the fact that basic human needs will
probably always be of higher priority:
water for irngation is rated as Category 4 in terms of the new water legislation;
However these consumers would be entitled to continue with abstractions as at the
time of proclamation, but allocations would be subject to revision in terms of the
bulk allocation and new priorities. It is anticipated that reviewing and issuing of
new permits could be a sensitive matter if allocations are not based on a reliable
estimate of the resource.
raintaining an inventory of levies that have been paid

information along with an inventory of levies paid could be accommodated in the

WISH mini database to be used by all WUASs in all areas where groundwater control and

management are 1o be introduced.

2)

Decision-making regarding permit allocations

Decisions concerning the division of the resource, will probably ultimately be made by a

local governing authority. with due regard for the overall *Reserve” set by the Minister on the

advice of a panel of experts

In view of the control function at the CMA levels WUAs would have to be responsible

for the

following:

10



1)

i)

iii)

)

Consideration and adjudication of all applications for permits, which will
have to be based on hydrological assessments of the exploitation potential
of the resource. In this respect WUAs would have to be provided with data
on the total supply for allocation as well as the groundwater reserve that is
to be provided at all umes. The reserve represents the water required to
provide in the basic needs of all people in the area, and 1o sustain the
ecology (see Section 6). Quantifying the reserve is still a very uncertain
process and its determination is still in the research phase but certain
concepts are discussed in Section 6 — specific reference being made to an
excellent treatise of the reserve determination by Van Tonder and Dennis
(2001).

Both CMAs and WUAs would have to be well-informed of natural
fluctuations in the groundwater supply due to variable rainfall,
abstractions, and interactions between compartments where diabase dykes
act as partial boundaries or under certain conditions as full boundaries.
Understanding the groundwater interactions, and assessment of critical
parameters, are crucial to the success of groundwater management. and
will be discussed in more detail in Section 6 dealing with methods to
assess recharge, aquifer storativity and techniques of simulating impacts on
the groundwater resource.

Periodic reassessment of the groundwater situation will be necessary in
view of

deterioration of the aquifer system due to droughts or over-exploitation of
the resource that would occur if certain assigned limits (water levels) were
10 be exceeded and therefore require adjustment of permits;

the need 1o verify that there is sufficient water to increase allocations, in
which case permit applications should be considered according to set
prioritics:

new applications for permits.

Inspection and enforcement of policies and controlling measures will be
needed in respect of

drilling activities:

testing of new borcholes and assessment of the sustainable yield;

[}




- measurement of water abstractions and checking that meters function
properly:

- monitoring of water levels and spring flows.

It is as part of all the abovementioned responsibilities and tasks that monitoring of
hydrological parameters must be carried out to accumulate information on rainfall, water

level fluctuations, water quality and abstraction.

3)  Liaison with Water Authorities and Stakehoiders
From time to time the WUA would have to report to and liaise with the water authorities and
local interested parties regarding policy matters. the groundwater status, complaints and
management issues that require a higher level of consultation. A structure within which the

WUA could operate is depicted in Table 2.3.1.

Table 2.3.1 Proposed Structure within which Water Users Association will function.

;T\ UA Steering Committee Purpose ‘l
.
This committee should have restricted membership | - to provide a forum for discussion g
so as 10 be effective and should consist of | - 1o ensure consistency of policy {
| representatives delegates from | = todeal with equitable allocations of water
| - Dept. of Water Affairs Management = 1o delegate authority
- Carchment Management Agencies within the | - 10 ensure uniformity in the structure of levics
area. | - 1o be accountable to the Management of
| - Established Water Users  Associations | DWAF
| (WUA) | = 1o enforce penalties in case of non-compliance
- Technical Advisory Committees or violation of policy

The members or delegates could co-opt persons
acting on sub-committees of the community water |
supply  organization and representing  the |
demographic profile and various interests vested in
__the community, — =}
. WUA Management Comminee . Summary of tasks of WUA
| - to prevent water from being wasted
Oversees and controls the management of water in | - 1o protect the water resource |
cach WUA area. The task and responsibilities of the | - 10 prevent its unlawful use
WUA management has been defined in a document | - to protect the water quality from deteriorating
dealing with the establishment of the first WUA in 10 manage and regulate abstraction of water
the Bo Molopo area. (Proposal for the establishment to investigate and record water levels,
of the Lichtenburg ltsoseng Water Users Arca) quantities abstracted, pumping installations,
| and records of owners entitled to the use of
groundwater
= 1o apply penalties in cases of users not
complving with permits

Continue -




' Technical Advisory Committee

The technical aspects will form an integral part of
the scientific assessment of the groundwater
potential of an aguifer so as to ensure an equitable
allocation of the water supply and penodic
reassessment of the resource. Representation of
professional staff of the Directorate Geohydrology,
or an appointed consultant, is essential.

In the presemt project IUCN will probably be
assigned the task of evaluating groundwater

resources, environmental impacts, sustainability of

Tasks

= 1o guide the evaluation of all geohydrological
aspects related to the assessment of the aquifer
charactenistics, and determination of the
exploitation potential taking full cognizance of
the environmental and other impacts. A
consultant could be appointed to carry out a
full geohydrological study;

= 1o resolve technical issues in disputes over
water allocation and adjustments;

= to provide professional guidance on the
assessment of the water resources and control
measures to be implemented.

resources. This will be performed under guidance of
the Project Steering Committee to be established by
| the WRC after approval of the inception report,

24  Geohydrological information

Irrespective of the institutional set-up that is io be established, all interested groups require a
good understanding of the physical nature of the resource, its general characieristics, and

constraints limiting effective wtilization of the resource.

Previous geohydrological and supplementary geophysical investigations supported by
monitoring activities have provided much information on the dolomitic aquifers of the North-
west Region. The Grootfontein and surrounding area has been the main focus of several

12, 413, 1518, 23, 28.30, 32.35, 1%, 4447 ) aimed at refming

groundwater studies (see references
techniques and developing new methods for reliable assessment of a groundwater resource.
In addition, dynamic modelling has been applied to the Grootfontein aquifer with the view to
simulating different management options that incorporate assessments of:
- recharge. which could be highly variable;
- rates of abstraction if not already measured:
- drawdown of water levels and ascertaining if water levels have been affected by
pumping:
- the role of dykes acting as partial boundaries to groundwater flow, that could
result in parts of the aquifer becoming hydraulically isolated from regional flow.
Such isolation is rather theoretical and would have to be investigated by modelling

and a centain degree of over-exploitation of the aquifer.

With the view to modelling the resource to test different scenarios of recharge and

abstraction. the flow dynamics of the entire dolomitic regions under investigation is to be
13




incorporated in an overall model in Phase 2 of the project. Although a model on such a large
scale would sacrifice resolution within smaller compariments, the main objective would be to
reduce uncertainties regarding the flow between sub-units and to address the total water
balance. [f necessary the selected groundwater units could at a later stage be simulated

individually

3. DOLOMITIC GROUNDWATER RESOURCES OF THE NORTH-WEST REGION

-

As indicated the dolomitic aquifers of the North-west Region contain large volumes of
groundwater and constitute valuable natural assets that have to be utilized and managed

responsibly
- A Location of the study area

The area covered by the project comprises dolomitic depositions extending from Ventersdorp
in the east. past Lichtenburg and Zeerust to the boundary of Botswana in the west (see Fig.
1.2). It covers an area of about 5000 km®. Due to the virtual absence of surface water in the
area. the dolomitic groundwater is the sole supply of water 1o most municipalities as well as
to cement factories, local industries and large-scale irrigation. It also provides drinking water
to inhabitants of rural areas and livestock farmers. Some of the springs'wetlands are
ecologically sensitive areas where unique aqua-ecological habitats for fish and plants have

been established.
. lopography and drainage

The project area forms pant of the highlands of the North-west Region with elevations
ranging from 1600 mamsl in the north-cast to less than 1430 mamsl in the west. The terrain is
generally flat, with inconspicuous drainage valleys. Topographical lows next to diabase dyke
or formation contacts often form points of outflow of springs. From the east westwards the
topography rises gently to the top of the drainage areas where the three CMA boundaries
meet in the central area of the Grootpan unit (see Fig. 1.2). The transition from the dolomite
to the Black Reef Formation constitutes a flat relief but coincides with large deposits of

limestone



A major N-S fault also runs though the CMA intersection point, from where the
topographical drainage is south-westwards to in the direction of Lichtenburg. northwards as
part of the Marico catchment and south-eastwards towards Ventersdorp. The extended
Grootfontein compartment falls largely in the Crocodile-West catchment but part of it
extends into the proposed Lichtenburg/ltsoseng unit which is part of the Lower Vaal CMA.
The Zeerust groundwater unit slopes to the north until reaching the hilly banded-ironstone
formations bordering the dolomite in the region of Dinokana; further to the east the escarp
marks the presence of formations of the Transvaal Sequence. Over the rest of the dolomite
south of Dinokana the topography is almost flat and featureless up to the Botswana border. In
the central arca between Ventersdorp — Grootpan and Lichtenburg the flat relief is
occasionally broken by shallow circular and linear depressions with broad hillocks. Some

depressions form pans that occasionally fill with water.

The area is virtually devoid of surface drainage channels except

- in the upper reaches of the Marico River where the valley extends into the
dolomite to form a swampy vlei area that is the natural outflow of the Marico (
Kaaloog) spring;

- in the central area where the riverbed of the Molopo drains to the west: it is fed
from springs, as well as by runoff during periods of high rainfall:

- cast of the Molopo where the Malmani River drains to the north. It has perennial
flow supplied from springs and base flow seepage. During the period 1978-1981
large volumes of water were contributed to the Marico River and the Crocodile
River, mainly as base flow contributions from the groundwater reservoirs;

- for the dry Molopo riverbed which during recent times has only carried water in
1980-81 afier the exceptional high rainfall of 1975-1980;

- for the Polfontein spruit which drains excess water from the Polfontein eve 10 the

West,

The boundaries of the surface drainage catchments of the central dolomitic region have been

drawn according to topographical elevations on an essentially flat terrain. As is indicated by

Fig. 2.2.2 the boundaries in the central area do not correspond to the geohydrological

boundaries of the groundwater units, which coincide with diabase dykes. A decision is

pending as to whether the surface catchment boundaries should be depicted as coinciding
15



with the dykes that form the subsurface boundaries. A decision can only be reached once the
present study has been completed and the different flow patterns have been established by
reliable groundwater contours, which will enable the subsurface drainage to be compared
with the surface topography. By means of a dvnamic flow model the impact of abstraction on

the flow regimes would be revealed: only then can decisions on the boundaries be made.

Several perennial springs and others with intermittent flow issue from the dolomitic rock (see
Fig. 1.2). The larger springs such as the Grootfontein eye. Molopo eve. Rietpoort eve.
Lichtenburg eye. Polfontein and Schoonspruit eve. supply water to local townships. The
springs and wetlands in the vicinity of the discharge points are environmentally sensitive and
vulnerable to exploitation of dolomitic water. The relationship between rainfall, the flow of

springs and groundwater levels will be examined in Section 6.2.
3.3 Climate and vegetation

I'he area of investigation falls within the northern steppe of Southem Africa. Precipitation
occurs principally from thunderstorms in summer and autumn. The mean annual rainfall of
the western area is about 560 mm while the eastern area receives on average 600 mm. The
scasonal and annual variability of the rainfall is manifested by corresponding fluctuations of
the groundwater levels, as is revealed by the Wondergat, a prominent sinkhole in the arca

(see Fig. 350
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Fig.3.3.2 Flow of springs in the Bo Molopo dolomitic area relative to the water levels of

the Wondergat.

As will be indicated in Section 6.2 the cumulative departures of rainfall from the long-term
average (CRD) mimic the groundwater levels quite well. Similarly the moving average
rainfall over several vears (MA) also corresponds to the groundwater level fluctuations. Both

relationships provide a method to simulate from rainfall data the natural response of the

17




groundwater levels. These relationships representing a simple conceptual approach have
proved to be of great value in assessing the impact of pumping on groundwater levels, which
in tumn affects the flow of springs and causes wetlands to dry up (Bredenkamp et al.. 1995). In
this respect a useful relationship between the flow of springs and the water level of the
Wondergat has been established. indicating that all springs in the area would stop flowing if
the water level of the Wondergat were to decline to a level of 1411 mamsl (see Fig. 3.3.2). As
is indicated in Section 6 this could provide a basis to help determine the reserve and to
quantify the impact of diminishing water levels on the wetland ecology and the flow of

springs.

The potential evapotranspiration in the area is about 2100 mm'annum and exceeds the
average annual precipitation by a factor 3.5, However the actual evapotranspiration is much
lower as the shallow soil cover limits availability of moisture to the plants. This at times
causes excess soil water to infiltrate below the root zone, and recharge the groundwater
reservoir. An analysis of the chloride profiles has revealed that recharge could still be

significant even in arcas covered by thick layers of clayey soils, (Bredenkamp, 1993).

The natural vegetation in large parts of the area is grassveld reasonably covered by trees in
some areas in the vicinity of the Upper Molopo and Malmani Rivers. Lineations of trees are
often associated with geological dykes. In large areas where good soils of reasonable depth
cover the dolomite, cultivated crops such as maize, sorghum and sunflower have replaced the
natural vegetation. With the advent of electricity. irmigation from groundwater has escalated
appreciably, Water from springs is used to irrigate smaller patches of arable land to grow
maize. wheat and occasionally also vegetables and luceme. Areas with natural vegetation and
arable land are shown in Fig. 3.3.3. The full extent of irrigation still has to be established
from agricultural survevs or by remote sensing. although fairly good estimates have been
obtained from previous geohvdrological studies eg. of the Grootfontein area. and the
Grootpan and Ventersdorp units. conducted after the proclamation of groundwater control
arcas. For all groundwater units except the Ventersdorp one, these surveys have to be updated
as new irrigation has been established. In the Zeerust area the irmigation from borcholes is

rather small. For most of the groundwater units a reasonable estimate of the volumes of water

abstracted for irrigation could be inferred from data on the electricity consumption of
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installations, obtainable from ESCOM with approval of the owners, as had been done for the

Grootlontein compartment (Van Rensburg, 1987)
3.4 Geology

The geology of the area under investigation is the key to the occurrence/flow of groundwater
and has been the basis of the subdivision into compartments. as well as the delineation of
groundwater units that are 10 be managed and controlled. Fig 5.4.1 shows the geology of the

area of investigation.

Dolomite Formations

Dolomite is the product of depositioning of calcium and magnesium carbonate in a vast basin
on the Kaap-Vaal granite craton about 2300 million years ago. The lithostratigraphy of the
geological sequence shown in Fig. 3.4.2 indicates that the dolomite is first of all a member of

the Chuniespoort group. which in turn is part of the Transvaal Sequence.
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Fig. 3.4.2 Lithostratigraphy of the geology of the arca of investigation in the North-west
Region

The dolomite rests on the Black Reef (quartzite and shale) that forms the base. upon which
alternating layvers of dolomite of different chert content have been deposited in the course of

geological times. The succession of dolomitic formations from the Black Reel upwards
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comprises 1) the Oaktree Formation (chert-poor) followed by the Monte Christo Formation
(chernt-rich). which is overlain by the Lyttelton Formation (chert-poor) followed the Eccles
Formation (chert-rich). In the Zeerust area two more formations lie on top of the Eccles. viz
the Penge and Frisco Formations which are transitional to the Transvaal Sequence that has
been deposited on top of the dolomite. Clays and mudstone of the Karoo Sequence occur
south of the dolomite outcrop. and in some deep depressions in the dolomite kaolinitic clay
and mudstones have been deposited. e.g. in the Pienaar’s Pothole near Lichtenburg and one
close to the northerm border of the farm Grootfontein. These potholes are probably large
depressions or sinkholes similar to the Wondergat, which have been infilled over geological

times.

Tertiary deposits
Superficial deposits, over 20 m thick in places, overlie much of the dolomite and cover the
underlying formations. The major deposits are

- alluvial gravel — usually very clavey and where it is thick it is usually ascribed 10
solution of the dolomite underneath (after Taylor 1983).

- calcrete over 20 m thick, which occurs largely on the southem and western rim of
the dolomite, and is used in the manufacture of cement;

- alluvium consisting of black organic clay derived from decomposed reed beds,
often compressed 10 peat, and occurring near springs and seepage along stream
courses. These areas would be vulnerable in cases of depletion of groundwater by
eXCessive pumping.:

- residual chert and red soil which cover large parts of the area and has been
mapped in some areas as part of previous geohyvdrological studies. The areas of

good soil are presently cultivated. a relatively small portion being irngated thus

-

-

far (see Fig. 3.3.3).

The Black Reef Formation outcrops along the southern and western boundary of the dolomite
and dips with the rest of the dolomite to the north and east, causing the different dolomitic
formations to outcrop over large areas, as is indicated by Fig. 3.4.1. The thickness of the

lavers of dolomite increases to the north, reaching @ maximum under the Transvaal Sequence

(as shown in Fig. 3.4.2).




Dvkes

A distinctive feature of the dolomite formations of the RSA, and differing from similar
formations elsewhere in the world. is the network of diabase dykes which has intruded the
dolomite during different periods of intrusion of magma from the deeper layers of the earth.
These dvkes subdivide the dolomite into smaller compartments and because of their lower
permeability the dykes act as partial barriers to groundwater drainage from areas of higher
water levels. According to fairly extensive drilling carried out in the Lichtenburg area

(Taylor, 1983), the dvkes are mostly vertical and between 8 - 30 m wide.

The extent of the dyke intrusions can also be seen in Fig. 3.5.1, likewise the network of
compartments of different sizes that have been formed. Closer to the surface the dykes are
weathered and allow groundwater to overflow from higher to lower-lying compartments.
Although at greater depths the dykes are essentially impermeable, they could still be fractured
in places due to dislocation and tectonic movement. Therefore the dykes impede rather than
stop trans-compartmental flow of groundwater that otherwise would have been large through
highly transmissive cavernous dolomite. In the light of these features the flow characteristics
within the main dolomitic aquifer needs to be addressed in more detail by means of a
conceptual model. as it would have a strong influence on the management of the water

resource. This will be addressed later.

Often a zone close to the contact between the dolomite and an igneous dyke is a preferential
area of water infiltration and high permeability. Boreholes of high vields could be drilled in
these zones (Taylor. 1983). The dyvkes also play a prominent role in the occurrence of springs,
being points of overflow of surplus water from one compartment to lower-lying ones. The
occurrence of some springs is also associated with the contact zone between different
dolomite formations (Oaktree - Monte Christo e.g. Grootfontein eye and Lytielton - Eccles
¢.g. Buffelshoek, Molopo and Doornfontein eves). A large number of springs also emanate
along the perimeter of the dolomite. where the thickness tapers out, causing the transmissivity
1o decrease and water levels to rise until outflow in the form of a spring occurs. Typical

examples of the latter type are the Grootfontein, Polfontein, Lichtenburg and Schoonspruit

eves,




3.5 Geohvdrology

General

Dissolution of the calcium and magnesium carbonate by rain over many vears has
transformed the dolomite into aquifers capable of storing large quantities of groundwater
The occurrence of groundwater in relation to the geology is very similar in all five of the
groundwater units. The dissolution process in the dolomite, called Karstification, has been
more active in the chert-rich dolomite because of more frequent infiltration of rainfall to
deeper levels along chert fissures and facies. Along the dyvkes the contacts represent zones of
high transmissivity that act as zones of preferential flow often feeding the springs e.g
Doomfontein in the Zeerust dolomite, For this reason the Monte Christo and Eccles
Formations are the most productive aquifers because of high recharge, large storage and their
capability of sustaining high rates of abstraction from boreholes drilled into deep cavemous

or fractured dolomite.

The geohydrology of the area has been derived from several studies and surveys that have
been carried out in the area (see Annexure 1). Components that are important to the effective
management of the groundwater are
- the occurrence of groundwater and vields of boreholes in the different formations,
and in relation to dykes, and subdivision of the dolomite into different
compartments;
- recharge to the aquifer and the flow of springs in relation to rainfall;
- the sustainability of pumping rates from borcholes that are critical to the supply of
water to local communities:

- determination of the reserve and the impact of abstraction on aguatic ecosystems.

Boreholes with high vields are usually found in the chert-rich Monte Christo and Eccles

formations

Groundwater recharge and aquifer storativity

Recharge of the groundwater is of critical importance to the long-term exploitation of the

resource in compliance with the reserve. but is difficult to determine reliably because the




variability of recharge. abstraction. evapotranspiration and lateral flow all simultaneously

affect the groundwater level response.

An EXCEL-spreadsheet program RECHARGE (Van Tonder and Xu., 2000) can be used to
determine the nett groundwater recharge. RECHARGE can be used for different methods
including the Chloride method, Saturated Volume Fluctuation method (Van Tonder, 1989),
Cumulative Rainfall Departure method (Wenzel, 1936; Temperley, 1980; Bredenkamp et al..
1995), Isotopes method. and Series of qualified guess methods.

To derive lumped estimates of recharge from water balance studies, simplifving assumptions
must be made. For example, recharge is equal to the abstraction during periods of equal
volume and could be related to the corresponding rainfall. Storativity is usually determined
by means of pumping tests that have proved not to be representative of a fractured/cavernous
aquifer such as the dolomite (Bredenhamp et al.. 1991). Special interpretations of the

groundwater balance, however, allow the storativity of the aquifer to be determined.

Recharge has also been derived from the chloride concentrations of the rainfall relative to that
of the spring water (chloride method) or from the average flow of a spring in relation to the
recharge area (Bredenkamp et al., 1995). By means of the linear relationship between the
flow of springs in relation to the Wondergat, a complete series of monthly flows could be

simulated from 1923 to the present time.

Groundwater levels

Groundwater level monitoring points were established in the course of geohydrological
studies carried out in the different areas. The distribution of the monitoring stations is
indicated in Fig. 3.5.], and water level observations have been interpreted in different ways to

obtain the charactenstics of the aquifers.
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A graph showing the correlation between water levels and surface elevations of existing
boreholes in the catchment should be plotted. as in more than 95% of aquifers studied in the
RSA., the groundwater levels follow the surface topography (Van Tonder and Dennis. 2001).
If the correlation is high then the topography can be used to assess regional water levels.
Topography data, casily obtainable from a digital terrain data or map, can be used in a
BAYESIAN estimation to plot a reliable groundwater contour map. Figure 3.5.2 indicates
that there is a linear relationship between the topography and the groundwater levels of the
Pretoria area; hence the groundwater contours and drainage would resemble the surface

topographical relief (Van Tonder and Dennis, 2001).

However, because of the dykes. the dolomitic aquifer is not homogeneous and almost
certainly for the dolomitic area of investigation a poor relationship between the groundwater

levels and the wopography is likely to be found.

From the groundwater contour map the areas could be identified, where groundwater enters
or leaves the catchment. Usually the catchment boundary acts as a groundwater divide and it
is only in low-lying areas that groundwater will enter or leave the system. This might not be
the case in the area of investigation because of the flat topography and the bounding effects
that the dykes and fault impose on the flow.

The recharge and transmissivity of the aquifer control the groundwater levels. The
groundwater level gradient increases if the transmissivity is small and becomes flatter where
transmissivities are higher. Steeper gradients also occur if the groundwater flow is obstructed

e.g. by a diabase dvke or decreasing thickness of the aquifer due to wedging out of the
dolomite on the edges of the basin. A sharp drop in groundwater levels over a distance of
several metres normally indicates the presence of a dvke. When the water levels have been
drawn down appreciably the dykes could act as impermeable boundaries, which could have a

significant impact on the exploitation of water,

It is of critical importance to compile a regional drainage map for the entire area under

investigation to determine the flow patterns and arcas of inflow and ouiflow of groundwater.




} GEOHYDROLOGICAL INFORMATION AND MONITORING
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Fig. 4.1 Monthly abstraction at the Grootfontein eve supplyving Mafikeng with water, in

relation to the moving average rainfall of the preceding 12 months.
\ groundwater monitoring programme can be defined as a system for collecting field data
pertaining to the occurrence and behaviour of groundwater in a given region over a given

period of time (Van Wyk, 2000). To ensure the protection of the areas, and that the ecological

component and allocations have been correctly calculated. a monitoring programme must be




Table 4.1 Summary of all the data needed to determine reference conditions and
potential sources over the country (after Braune et al., 2000).
Data needed Potential data sources Data required
Water
quantity
~groundw ater NGDB. ficld dsa & national groundwater maps | At least 2 years of monthly daa from a borchole
levels (Vegrer, 199%) for every 2km* of geohydrological region,

-surface water

Field data & WRY0 « ruunfall (Midgley er al,

preferably where very little or no abstraction is
1aking place
At least 2 years of monthly data from every

levels 1994) surface water body in geohydrological region
-abstraction NGDB. ficld dua At least 2 years of monthly data for a borehole
for every 2km’ of geohydrological region
-rainfall WRY0 - rainfall (Midgley ef af, 1994), Weather | At least § years of monthly data for a borehole
Burcau & ficld data for every Skm’ of geohydrological region, the
last 2 years of which must be the same time
period as that of the surface and groundwater
level data required.
-recharge Field data. WR9) - rainfall (Midgley er al, One set of recharge values for the
1994). National groundw ater maps - baseflow geohvdrological region
(Vegier. 1995) & various methods 1o calculate
recharge/discharge (Bredenkamp er al. 1998
Kirchner er al, 1991: Vegter, 1995 Water
Research Commission, 1990 y
-aquifer NGDB & field data | Information for a borchole every 2km” of
parameters | peohydrological region
Water quality
¢ NGDB, field data data & national groundwater Al least 2 years of monthly data from a borehole
-pH maps (Vegler, 1995) for every 2hkm’ of geohydrobogical region
-Cl The daa should date back a1 least 2 years
-Sources of ~Land use maps (CSIR & ARC). field data
contamination
Aquifer
structure
-geology NGDB, field data daa & national groundwater Geological logs for a borchole every 2km” of

~blow vields

maps (Vegter, 1995)

Drillers, borchole owners/managers & NGDB

geohydrological region; a down-the-hole camera
can be used.

Original records of at least onc borehole every
2km° of geohydrological region

~abstraction Borehole omners'managers & NGDB At Jeast 2 vears of monthly data for a borchole
rates for every 2hm’ of geohydrological region
~aquifer Field data Information for a borchole every 2km” of
parameters geohvdrological region

Ecological

aspects

-all ecosvsiems

| Land use maps (CSIR & ARC) & ecologists

The data should date back at least 2 vears

implemented. Each of the monitoring components can be altered according to the results

obtained. Reference conditions that describe the natural, pristine or “unimpacted” conditions

of a geohydrological region, and present a baseline from which the current conditions can be

calculated. The natural series of groundwater levels and spring flow could be simulated by

means of the cumulative rainfall departures from the average rainfall (CRD) and by the

moving average rainfall method (MA) - see Section 8.3,
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Ongoing monitoring extends the historical data that have been collected from previous
studies. and all the information has to be collated in an appropriate database. Table 4.1

indicates the different parameters that have 10 be monitored, and relevant sources of data.

'he monthly abstraction of Mafikeng appears to correspond to the moving average rainfall of
the preceding 12 months rainfall (see Fig. 4.1) and the same has been observed for the
irrigation abstraction (Bredenkamp. 1999). The latter correspondence seems more likely than
the first. but the first implies that there is a large component of water used for gardening in
Mafikeng which is portion of the water consumption varying according to the average rainfall

of preceding months.

An assessment of the current status of a resource is necessary to determine the degree of
modification that has occurred and hence the current risk of irreversible damage to the
geohvdrological region. Factors. which may collectively account for unrealistic monitoring.

are summarised below

1. Lack of government funding
2. Priority given to issuing licenses
3

Unwillingness on the part of organizations to assume and sustain the responsibility of
monitoring

4. Absence of formal requirement or legal obligation
5. No experience of monitoring

6. Lack of technical resources, especially at local levels

-

Absence of an appropriate methodology

8. Benefits difficult to quantify or not immediately apparent

9. General ignorance about groundwater

10. Complacency due to apparent fluctuation of groundwater levels.

In Annexure | a brief summary is given of the outcome of geohvdrological investigations and

hvdrocensus surveys that have been carried out in the area and which have yielded much

information on the different sub-units in the dolomite




- ECOLOGY AND WATER QUALITY

& Aqua-ecosvstems

Fresh-water wetlands are the most scriously threatened ccosystems of Africa, and the
wetlands of the dolomite of the North-West Region which sustain unique fish and faunal
populations are particularly vulnerable to the increasing demand for water. As the dolomitic
ecosystems form a valuable part of the natural heritage. South Africa has a responsibility to

conserve, sustain and manage these systems.

A multi-disciplinary investigation to determine the value of the ecosystems was initiated by
the Department of Nature and Environmental Conservation and has been funded by the
Department of Environmental Affairs. The J.L.B. Smith Institute was contracted to
characterize and determine the uniqueness of the indigenous fish populations (Skelton et al.,
1994). The Institute also investigated an allegation by the local people at Molopo Eye that the

natural fish population was threatened by the introduction of alien fish species (bass).

Five natural water bodies occurring in the dolomite of the North-West Region have been

studied. A comparison of the fish populations is shown in Table 5.1.1. The water bodies are:

Molopo eye — this is a perennial spring constituting the origin of the Molopo River and is
situated about 32 km NW of Lichtenburg. It presently supplies water to Mafikeng and is used
as a private holiday/recreational area. The spring has an estimated long-term minimum flow

of about 190 I/s and originally was used for irrigation on both sides of the river channel.

1) The diversion of the flow of the spring has been effected by the construction of a new
weir about 600 m downstream from where the eve 0ozes. The new weir diverts the bulk
of the water into a pipeline supplying Mafikeng with water, allowing the surplus flow to
sustain the wetlands of the Molopo River below the weir. The maximum capacity of the
pipeline to Mafikeng is 190 Is but the flow at times could be less due to drought, thus
little water except for some leakage underneath the weir would be available at such times

10 sustain the ecology downstream in the Molopo River. During the drought of 1993 only




about 200 m’ of water was supplied to the wetlands below the diversion weir in the month

of April, which is totally inadequate to sustain the wetlands lower down.

lable 5.1.1

Summary of indigenous aquatic biota of different springs in the dolomite of
the North-west Region.

Aquatic fish fauna |

sl

renuQbrus

Pseudix
Phiiander
(southern mouth

brooder)

Banded tilapia
Tilapia

Npvrarrmanie

Large mouth bass
| Spewdocrendabrus
philander

| Sharp-tooth catfish

Clartus gariepinus

Straight fin barb
Barbus

paludinosus

Short fin barb

Buarbus previpinnis

Micre Ny
salmordes

Barbus moichensis

dmphvilius
WrAnOSCUPNS
Chilogianis

pretoriae

Molopo eve

Wondergat

- Maimani eve

|

Marico eye

Kaaloog

Occur in shallow area
surrounding the jettes
Move from channel to
lagoon - utilized by
female brooders

Occur in shallow area
surrounding the jetties,
Follows the same
patterns as P Philander

Large increase after
culling of M salmoides
Breed successtully in
Molopo. Populations
have decreased

Threatened by habitat
loss — endemic species,

| Only habitat in the

Orange rive system for
this species - endemic

Threat to all species.,

Breeding and
migration of all
species appears to be
unafTected and no
decline in populations
has been observed

Land owners should
adopt a management
plan and educate
visitors on the
importance of
sustaining the fish
species,

he impact of man
on the Wondergat
(diving activities)
should be limited

| Consistent supply of
water to the wetland
should be ensured
Being a nature
conservation area it
should maintain the

| environmental assets

This species occurs in
spring, vlei area and
above and below weir.

This species occurs all
over the aquatic
regime

This eve represents a
unigue case of an
undisturbed wetland

¢COsysiem.

Oxccurs In spring and
channel and vi¢: arca

Occur in the eve.

Dense vegetation

protect Tilapia

Observed in the eye

Movement of bass
| during hunting

limited due 10 thick
vegetation

Importance of
conservation of the
site and

management of the
system (pumping
from the eye not .

- recommended).

Only occur in the
viei area.

Occur in the vies,

| upstream and

downstream of

waterfall

Present in vier and

down waterfall.

Only present in vie
Only present
upstream of

waterfall |
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Fig. 5.1.1 Flow of Molopo eve in relation to the cumulative rainfall departures ( CRD).

I'he flow of the eye fluctuates according to the rainfall over the recharge area. Clear evidence
that the flow of the eve has been affected by irrigation abstraction in the region has been

obtained- see Fig. 5.1.1 (Bredenkamp, 1999).

A detrimental impact of human activities due to about 100 residents living during the
holidays around the eve is a great concern and refuse and sewerage disposal is to be
regulated. The quality of the spring water has been measured by the Department of Water

Affairs and Forestry but has not shown any pollution yet.

2) The Wondergat, situated about 25-km east of Mafikeng near the Molopo River is a
sinkhole that formed in geological times, close to the contact between the Oaktree and
Monte Christo dolomitic formations. The sinkhole is about 50-60 metres deep and is one
of the most popular inland training sites for scuba diving in the country. Many visitors

camp around the eve and until recently there have not been adequate ablution facilities.

Insecta: Only one of the 10 families is found at the Wondergat but crustacea is similar to
that of the springs. suggesting that the crustacea populations are related to the chemistry

of the water.
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Fish populations: Mostly psendo philander and Tilapia sparrmanni but the sharp-toothed
catfish seems 1o be uniquely associated with the Wondergat. Alien species of carp and
moddervis have been noticed.

Human pollution poses a potential danger and control measures should be introduced

3) Malmani eye: This is also a perennial spring. emerging from an extensive wetland about
8 km east of Molopo eye. The farm was bequeathed to the Department of Nature and
Environmental Conservation in 1993, and has been protected from human impact and
alterations of the flow. Sustaining of this ecosystem rates a high priority, especially in
view of the spring-flow having been earmarked as a potential source 1o augment the water

supply of Mafikeng in the future (Theron, 1989)

Insecta: Three of ten families of mayflies occur at the site and 16 species have been

identified, and 5 families of caddis. representing 21 species
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Fig. 5.1.2 Flow of Malmani eve derived from measurements that have been corrected in

relation to the cumulative departures of rainfall from the average (CRD)

Human activities are at present very slight as the area 1s a nature reserve but cattle grazing

close to the eye could pollute the wetland. It has been recommended that the flow of the eve

and its water quality be measured more reliably. The flow records of the eve have been




unreliable but by means of the good relationship to the CRD series the true flow could be

inferred (see Fig. 5.1.2).

4)

5)

Marico eye - (Kaaloog): This eyve forms part of the headwaters of the Groot Marico
River and is increasingly being used as a training and recreational site for divers. It
sustains a unique ecosystem that is being endangered by pumping to imrigate land.
Although some measurements of the flow of the eye have been obtained in the past, the
flow data does not correspond to the levels of the Wondergat and are therefore considered
to be unreliable. Polivka (1987a) has however simulated the flows based on a simple
relationship between the measured flow and the levels of the Wondergat devised by

Bredenkamp and Zwarts (1987).

Insecta: Four of ten families of mayflies, representing 14 species including four new ones
have been found. Four families of caddis representing 14 species occur at the spring

wetland.

Crustacea: Eleven species of Ostracods occur at the site.

Fish species: 6 Species occur with Tilapia sparrmanni and Micropterus salmoides being
the most abundant. Although bass has also been introduced into the water system the

dense vegetation protects the indigenous species from falling prey to the bass.

The main conclusion regarding this aquatic ecosystem is that it should be protected

against anthropogenic influences and the ripanian vegetation should be preserved.

Schoonspruit eve: The spring issues as seven eyes oozing from the Monte Christo
Formation not far from the contact with the Oaktree Formation. As is the case with many
of the other springs the Schoonspruit eye emerges as a result of the thinning of the
dolomite basin as it wedges out on the Ventersdorp lava. Apart from supplying water to
the town of Ventersdorp and to irrigation lower down the Schoonspruit, the eve sustains a
wetland of reeds and shallow water pools forming the habitat of several fish species.
Presently 84% of the yicld of the eye is used for irrigation along a canal to Rietspruit and
Elandskuil dams; 16% of the water is used for domestic and industrial purposes.
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Insecta: Two of ten families of mayflies are found in the area and 8 species have been
identified. Six species of dragonflies occur at the site and four families of caddis. Eight

species of Ostracods occur in the area.

Fish population: The spring is the habitat of two indigenous fish species viz. Pseudo
philander and Tilapia sparrmanni. A comparison of the fish populations appears in Table

5.1

Human impacts: The fact that the flow of the eve has been affected by irngation abstraction
in the recharge arca is of great concem (sce Fig. 1.3). If the abstraction is not controlled the
water supply of Ventersdorp as well as the irrigation lower down would be seriously
threatened, and the wetlands below the eve could dry up. Measures to control the irrigation
abstraction should therefore be put in place. The control and management of the groundwater

is thus of a high priority.

Conclusions and recommendations
The natural aquatic ccosystems of the five terrains are similar in respect of some of the fish
and faunal populations that they support but each sustains a unique ecological habitat. Table
5.1 indicates the different fish and faunal populations that have established themselves in
these water bodies and that would be threatened by declining water levels. For all of the five
sites it has been recommended that
- management programmes in accordance with the requirements of the different
consumers be formulated:
- conflicts due to the diverse water requirements be resolved through consultation
with the different stakeholders:
- the flow of the eves be monitored, the effects of abstraction by irrigation be
determined. and irrigation abstraction be measured:
- the water quality of the springs bc monitored to detect contamination, and
informal settlements close to the eves be limited;

- educational brochures be prepared and programmes be arranged to inform the

public and stakeholders of the vulnerability of aquatic ecosystems.




52 Groundwater quality

Overview

Groundwater quality refers to the water chemistry and micro-organisms living in the water.
The level of total dissolved substances (TDS) in groundwater determines its salinity, Water
with a salinity exceeding 450 mg/] tastes salty but up to 1000 mg/1 is still safe for humans to
drink. Livestock can tolerate drinking water with levels up to 3000 mg/1. All the groundwater
of the North-west Region is of an excellent quality except that the water is hard because of its
bicarbonate content. A useful handbook on groundwater quality containing valuable gencral
information on pollution problems has been published by Water Rescarch Commission based
on a project carried out by the Cape Water Environmentek branch of the CSIR (1999).

One of the objectives of responsible management of groundwater resources is to be aware of
areas and conditions that are potentially vulnerable to pollution. Once an aquifer has been
polluted it will no longer be available as a cost-effective source of water. Chemical
monitoring of groundwater is important for the purpose of establishing reference
concentrations for the identification of pollution. Sampling at points of abstraction or springs
provides a more representative picture of the chemical characteristics and changes occurring

in the groundwater, than water obtained from inactive borcholes.

Chemical data obtained during surveys and follow-up studies do not so far indicate any
serious sign of pollution. In most cases the concentrations of total dissolved solids and of
individual chemical components are so low that emrors in the analvsis could be mistaken for

pollution.

As a general rule chemical analysis of groundwater should be carried out at least once a year
at selected points of abstraction, where the vulnerability of the aquifer is high. In other areas
representing zones of potential pollution. water sampling and analysis should be carried at

least twice a year.

The chemistry of several springs has been monitored in the dolomitic area under investigation

(see Table 5.2.1) and analvses should be continued.
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Fig. 5.2.1 Chlonde and sulfate concentrations of water samples obtained from the
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According 1o Fig. 5.2.2 the Rhenosterfontein clearly shows that contamination entered the
aquifer around 1981 when concentrations started increasing and reached peak concentrations

in 1982, before diminishing exponentially. This is typical of an injected pulse of pollution.

The extent of the pollution can be seen in relation to the water quality of the Buffelshoek eye,
plotted as cumulative concentrations; the latter may still be in its natural state although a

slight increase in chloride concentration occurred from 1989 1o 1991 (Fig. 5.2.3).

A longer series of sulphate measurements is available but data on both chloride and sulphate
exist only from 1989 10 1996. Because the chloride and sulphate concentrations during the
latter period responded similarly and concentrations of sulphate have remained small, the
aquifer is regarded as being in a fairly natural state. Hence this spring would be suitable for

deriving recharge quantitatively using the chloride method.
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Fig. 5.2.2 Comparison of the chloride and sulphate concentrations of Renosterfontein,

clearly indicating that pollution occurred around 1981,






contaminants. The problem of contamination could be serious in those cases where the
groundwater occurs at shallow depths and in small quantities. As is the case in large parts of
the dolomitic area, the groundwater occurs at great depth and the unsaturated zone contains
clays of low permeability, thus the vulnerability of the aguifer to contamination is low.
However in many parts of the dolomitic aquifers in the area. pathways for rapid infiltration of

contamination of groundwater exist.

6. IMPACTS ON GROUNDWATER RESOURCES AND DETERMINING THE
RESERVE.

6.1 Introduction

The management and control of the groundwater resources being the ultimate objective of the
study, require a clear understanding of the interactions induced naturally and anificially on
the groundwater system. The response of the groundwater levels and their relationship to
recharge and the different stress factors is the key 1o the assessment of the impacts and
effective management of groundwater. Determination of the natural status and requirement of
groundwater in relation to the different consumers of water, termed the groundwater
“reserve”, is pertinent to the allocation and management of the groundwater resources. Table

6.1.1 indicates the three basic consumer groups of groundwater.

According to the National Water Act (1998), there are three important considerations
regarding the amount of water that can be allocated:

e The reserve

e International obligations

e The integrity of the resource with regard 1o the water quality. quantity and ecology.

Only water, which is still available afier taking account of the three components, can then be
allocated to users. Depending upon the significance of the resource in question, the
determination of the reserve required may be a preliminary estimate or comprehensive

evaluation.
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lable 6.1.1: Brief description of 3 basic use-groups of ground water, according to
availability and potential usage (Braune et al.. 2000),

Name (tag) Description

| Ecological Reserve (E)

!

Agreed amount of water required locally andor
downstream to maintain’ improve local ecology

|
| Basic Human Needs (B) \ Agreed minimum amount of water guaranteed as a right
| for every South African citizen, to suit basic human
needs, such as cooking and cleaning.

- T

Allocatable (A) | Remaining quantity of water, once Reserve has been
| determined and subtracted from the quantified total
| amount of water economically available.
|

A preliminary estimate may be upgraded into a more comprehensive and accurate reserve
assessment, as more information becomes available. The initial reserve determination will be
based on whatever hydrogeological and demographic information currently available. In
other words. readily obtainable hvdrogeological data, which is sufficient for preliminary
reserve determination (Parsons, 1999) could be insufficient for use in the comprehensive

reserve determination.

[he following steps are pant of an imual Comprehensive Reserve Determination
Methodology for groundwater to be applied in the North-west dolomitic area.

e STEP !: DELINEATE RESOURCE

e STEP2: DETERMINE GEOHYDROLOGICAL REGION

e STEP3: DETERMINE REFERENCE CONDITIONS

e STEPJ4: DETERMINE CURRENT STATUS (SETTING THE CURRENT MANAGEMENT CLASS FOR
A GEOHYDROLOGICAL REGION)

e STEP S QUANTIFY THE RESERVE

e STEPG6 SETRESOURCE QUALITY OBJECTIVES

e STEPT FOLLOW-LP MONITORING




e STEPS: PERIODIC REASSESSMENT OF RESERVE REQUIREMENTS
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programme
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Fig. 6.1.1 Presentation of the components involved in determining the groundwater reserve
(cf. Braune et al , 2000).

The Water Act takes into account two main principles: sustainability and equity. The
determination of the reserve is one of the ways in which these two principles can be taken
into account. Van Tonder and Dennis (2001) have prepared an excellent publication on the
determination of the groundwater reserve and related matters, and several excerpts have been

included in this report

The reserve is defined as the quantity and quality of water required (Van Tonder and Dennis,

2001)




(a) 1o satsfv basic human needs (BHNs) by securing a basic water supply for people who are
now or who will. in the reasonably near future, be relying upon and taking water from or
heing supplied from a certain water resource;

(b) 10 protect aquatic ecosystems in order to secure ecologically sustainable development:
this will be referred to as the ecological component of the groundwater reserve (ER) -
which is set according to instream flow requirements (IFR), riparian vegetation

requirements and use of the relevant water resource,

Determination of the resenve for an aquatic ecosystem entails investigation of the relationship
between major interactive components of the water cycle, namely surface water bodies and
groundwater. Validation of the determined reserve would be subject to review after five

vears

The total. sustainably available, groundwater in any given area, once decided upon and
quantified, can be divided into two potential or actual usage groups: the “Reserve’ (already

outlined) and the allocatable component

Groundwater plays a role in the reserve determination if there is direct hydraulic connection
between groundwaters and surface water bodies that jointly sustain the aquatic ecosystems. In
such situations the often complex role of groundwater (in terms of volume, movement and

distribution) in supporting the ecosystem and human population. has to be ascertained

Sustainability takes into account the balance between protection and utilization. Resource
Quality Objectives take this into account and can be defined as a numerical or descriptive
statement of the conditions which should be met in the receiving water resource, in terms of
the resource quality (and quantity). in order to ensure that the resource is protected (MacKay.

190X)

Important issues for the determination of a groundwater reserve, to be dealt with (Van Tonder

and Dennis. 2001). include;

e Concept of the Reserve
e Methodology employed
e Follow-up monitoring

e Interaction with surface water bodies




The authors recommend the following approach:
The groundwater level within the system can be expressed as:

Change in storage = Inflow = Outflow (6.1.1)

Equation 6.1.]1 can be expressed mathematically as:

SAV
=R+1-0-0 (6.1.2)
where
AV [L3] =  change in aquifer volume within the time increment At
R [L3/T) natural effective groundwater recharge to aquifer
1[L3/T)] =  natral groundwater inflow into the system
O[L3/T] =  natral groundwater outflow from the system
Q[L3/T] =  abstraction (including spring flow) from the system
S1] = specific vield
AtT] = time increment
I'he two entities | and O can be broken down into the following components:
=1+ 1 +lg
and

0= (.)p Y (), Y ()‘"

where
Iy & Oy = lateral groundwater inflow and outflow over catchment boundarics
I, & O, = groundwater inflow and outflow from/o rivers

lar & Oy = deep groundwater inflow and outflow over catchment boundaries

Under the steady-state groundwater flow condition, the change in storage is zero and

Equation 6.1.2 can be rewritien as:

R+I-0-0=0 (6.1.3)

Under steady state conditions (Equation 6.1.3), the Potential allocatable groundwater for a

catchment is defined as:
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can cause the water level gradient 10 be reversed, leading to undesirable conditions. In
practice, the allocable amount of groundwater will be less than the potential allocable

amount.

It is evident that, depending on the priorities of the demands of consumers, it would not be
possible to satisfv all consumers at all times, because the recharge from rainfall - the main
input counteracting the losses ~ is variable and could be low in times of prolonged droughts.
The groundwater “reserve’ could therefore be defined in terms of the minimum groundwater
level of an aquifer that is to be sustained to provide in the needs of preferential users of
groundwater. Basic guidelines, principles and approaches to effectively manage and control a
groundwater system have been presented by Van Tonder and Dennis (2001), but in its
entirety equitable allocation of groundwater is a complex problem requiring a good level of

professional expertise.

6.2  Estimation of groundwater recharge and aquifer storativity

Recharge is one of the most important impacts on a groundwater resource and is the main
component balancing the losses from the aquifer. This recharge water is stored in openings,
designated storativity, in the aquifer rock. Reliable estimation of the groundwater recharge
and storativity is a basic requirement for assessment of groundwater resources and their
cffective management. Although several estimates have been obtained in previous studies
(Bredenkamp, 1996a) a reassessment of these parameters is still needed in the light of

additional data that have been acquired. and refinement of methods that could be applied.

Although there are various methods of determining recharge, most estimates are subject to

uncertainties but these are less critical if the following methods are used:

6.2.1 Estimation of groundwater recharge by means of the Equal Volume Method

Monitoring of groundwater levels and abstraction is important in estimating the recharge of
an aquifer from the saturated water budget by balancing the input and output over a selected

time interval dt according to the water balance equation:

as
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Where
Re = total recharge with evapotranspiration losses included
Qanser = pumpage from system, or spring flow
Q. - lateral flow to lower compartments
Quatiow = lateral inflow from higher aquifers
Evt . evapotranspiration losses directly from the aquifer
S = aquifer storativity or specific viel
d\ change in saturated storage volume (positive or negative)

The effective recharge Regq represents the nett recharge after evapotranspiration losses from
the aquifer have been accounted for. It can be obtained more easily than Re,, because of
difficulties of quantifving evapotranspiration. Hence effective recharge is usually obtained by

applying the following balance to a sclected time interval:

I(L'-‘_q - (‘)"-,_:, v \ ki\' L2 (‘). utflos = () Y | T T — ) I(\ : :.

For dV = 0 and Qs = Quase the aquifer storativity does not come into play and the
effective recharge is equal to the abstraction over the equal volume interval. By comparison
with the rainfall during the equivalent period (in accordance with the moving average
relationship) the rainfall recharge relationship could be derived. In this way a lumped
estimate of the average recharge could be obtained

In the case of dolomitic springs of which the flows correspond linearly to the cumulative
departures of rainfall from the long-term mean, the equal-volume method could be applied to
periods when the flow at the beginning and end of the period is equal. Any pumping in the
recharge area during the equal-volume period has to be added to the flow of the spring. It is
therefore important t0 monitor spring flow on a regular basis. If only discontinuous
measurements of flow are available a full time series could be simulated from rainfall records
by means of the CRD and MA methods. Fig. 6.2.1.1 shows the relationship between rainfall
and recharge for the Buffelshoek eve as determined by means of the EV method. indicating

that the recharge at higher rainfall input becomes exponential
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Fig. 6.2.1.1  Relationship between the recharge and rainfall derived by means of the equal-
volume method applied to periods of equal flow of the Buffelshoek eve.

The recharge could be determined if the storativity is known, from the coefficient a= b/S (see
eq. 8.3.2 and 8.3.3) that has been derived from a regression fit between the CRD or MA
rainfall series and the natural water-level fluctuations of an individual borehole. If the water
level measurements have been affected by pumping they first have to be corrected by

removing the stress factor (see Section 8.3).
6.2.2 Determining recharge by means of the Chloride Ratio Method

As has been indicated by several authors in the RSA such as Kok (1992), Sami (1991).
Bredenkamp et al. (1995) and Bredenkamp (1993). the percentage rainfall representing
recharge can be derived from the ratio of chloride concentration in rainfall relative to that of
the local groundwater. Mathematically the relationship can be expressed as:

BRIl 5 e P IO oo commsu o sesven sxg st ss (6.2.3)

Although the chloride concentrations of the soil profile with depth can be used to determine
recharge, the chloride-method can be applied to the chloride concentration of spring water as
the springs represent the recharge integrated in time and space. A specific requirement is that
no chloride should have been added by dissolution of aquifer material, or by contamination or
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salts contained within the aquifer matrix. The natural hydrological evaporative processes

should be the only processes by which chloride injected by the rainfall is concentrated.

Values of the input chloride concentration could be derived from a relationship between
precipitation and chloride concentrations, based on chloride measurements over the country.
(Bredenkamp et al. 1995 and Bredenkamp, 1999). The lack of specific data of chloride
concentrations of rainfall in the area of investigation stresses the need to monitor the rainfall

chioride at selected water level monitoring points.

Recharge of several dolomitic springs determined by the chloride method is listed in

Fig. 6.2.2.1.
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Estimatec by chionde mathod

25 25
£ 204 20
A
- |
| 3 |
’ g v +10
T
| €
| &
| & 5 S
¢ 0
350 4.Q 450 S00 599 &0 €50 e
Ay Arnua rainfal (mm)
-~ T O Koy 15 Do SRR R
VTN Ak B N Aoy 15 Musran % Muorew
! Wgldedac ® Mayedwng 1 bt 71 Upper Dimocara
§ Mologe oo D Doorwe ar 15 Dverwt ommese bl | S T
f Tusery Thatank we 1* Merpooe =3 Twax fomce Up
o Noonens o S Visaforsgin IS NVergenowgsd 4 Teon B Lower
23 5 lpadionten
Fig. 6.2.2. Average recharge determined by the chloride method, for dolomitic

springs, relative to the average rainfall.

6.3 Abstraction data

Current groundwater abstractions can only be obtained by investigating abstraction boreholes
within the study area. Databases, such as the National Groundwater Database (NGDB), can
be used. A hyvdrocensus would also give an indication of abstraction rates. One should be

aware of the possibility that many boreholes are not registered on the database. If a useful

database does not exist, other sources of information such as land use maps (for estimating




irrigation) and population maps (for estimating drinking and industrial uses) can be used to

determine the existing abstraction rate,

The abstraction is an essential parameter required for modelling and in water balance studies
10 determine recharge and the storativity of the aquifer. Although meters have been installed
in the Grootfontein area to register the quantities being pumped from the main irrigation
borcholes, these meters have frequently not operated well. However, by calibrating electricity
consumption of the pumping installations against pumping rates, fairly reliable records have
been obtained for the Grootfontein aquifer (Van Rensburg, 1987). The same method could be
used to calculate the abstractions from all the groundwater units if the electricity data could
be obtained from ESCOM.

The following is an overview of the availability and reliability of abstraction from the
different units:

- The abstraction data of the Grootfontein unit are the most reliable and have been
checked by means of a relationship with rainfall over the preceding 12 months
(Bredenkamp 1996b). This relationship is probably due to the integrated soil -
moisture status and relative demand for watering of crops, and of gardens in
Mafikeng. Accordingly not only months with missing or incomplete records could
be simulated, but for all areas this relationship could be used to construct pumping
records that could be used in the models, for individual points of abstraction
proportional to the arcas that are being irrigated.

- Abstraction volumes from the Zeerust compartment mainly comprise water
pumped by the municipality of Zeerust, and are recorded.

- In the Lichtenburg ~ltsoseng compartment, except for the municipality, pumping
data would have to be resurveyed as several new irrigation installations have been
erected. Short flow records of springs obtained by Taylor (1983) in the
Lichtenburg area would have to be extended by means of a linear regression
between the measured flows and the corresponding levels of the Wondergat.

- Groundwater abstraction for irrigation has expanded in the Grootpan and
Ventersdorp groundwater units since the studies by Polivka (1987a and b) were

conducted. Fairly reliable interim estimates of the abstraction could be derived
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7. DELINEATING ECOLOGICAL REGIONS & DETERMINING THE
ECOLOGICAL RESERVE

7.1 Delineating an ecological region dependent on groundwater (after Van Tonder and

Dennis. 2001)

River
Wetland '

|
|
l
|
I
|
|

Line Source Point Source

Fig. 7.1.1 Construction of a groundwater protection area A for a sensitive riparian
aqguatic ecological region along a river (line source) and around a wetland.

Water management areas and even quaternary catchments are still too large to be used as a

basis for groundwater allocation. Therefore, for water allocation purposes sensitive ecological

regions have to be delineated. These delineated regions will be referred to as protection areas.

When delineating sensitive ecological regions identify riparian vegetation along rivers and
around wetlands as in the case of Molopo eye, Wondergat, Malamani, Marico eye,
Schoonspruit eve and the Grootfontein eve (which is presently dry due to excessive

pumping)

Terrestrial and riparian/aquatic ecosystems need to be considered separately.
- For riparian‘aquatic ecosystems determine the flux towards the surface water
body. To estimate the flux towards a riparian ecological region use either a
numerical model or Darcy’'s Law, When using Darcy’s Law the flux can be

determined as:

Qes=TiW (7.1)






for f = 1 a 68% certainty interval is estimated and for f = 2 the 95% certainty interval is

estimated.

Points to consider (after Van Tonder and Dennis, 2001) are that
e if the ecological region requires less than Qgg, then the area A will decrease. The
instream flow experts will set the instream flow requirement for a river, while
ecologists will have to be consulted on the requirements of sensitive ecological
vegetation:
e another method that can be used to estimate the ecological requirements is base flow
separation. However more research concerning base flow separation is needed;

e afirst estimate of Qg and L. can be obtained using national maps.

1.2 Delineating borehole protection areas and allocating groundwater (including BHNS
component of the reserve)
The two important parameters that should be considered for a borehole protection area are
(a) the radius of influence of the borehole (as abstraction from the borehole will have
zero influence on water levels outside the radius of influence) and
(b) the capture area of the borehole which will be used to estimate the safe yield of

the borehole. and to determine the impact of pollution.

Allocating groundwater in areas adjacent to ecological regions:

Manual procedure using Darcy's Law

The first step is to determine the radius of influence (re) for potential or existing borcholes.
I'he size of the radius of influence will be independent of borehole abstraction and will only

depend on T, S and the duration t of abstraction. The radius of influence can be estimated by:

- ,_,\,’7%_ (73)
where
T = transmissivity of the formation
S = storativity of the formation
t = time in days (=365 days)
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- Distributed parameter models combining aquifer simulation with optimization
methods. explicitly solve the partial differential equation to evaluate efficient use
of the aquifer: the models are integrated with assessment of the different impacts

at specified points in the aquifer.

Both types of model are important, the first being a simplified approach but often the only
viable option in the light of insufficient data and uncenainties regarding the interactions and
mathematical representation of impacts. The CRD/MA method would also fall under the first
type. In the case of the second type a hydrodynamic model is not only a more elegant method
to use but could accommodate most interactions and impacts. In the case of the North-west
dolomitic aquifers a reasonable amount of data has been accumulated, especially time series
of water level fluctuations and in some cases sufficient abstraction data, 10 model the
svstems. The impacted points could be critical boreholes, springs or aquatic ecosystems and
the changes of the groundwater heads have 10 be related 1o the effects induced on the
different components and especially on the reserve. A limit 1o the hydraulic-head vs.
component interaction has to be defined and should not be exceeded. By means of modelling,
compliance of the system 1o these limits could be checked for different scenarios of
abstraction, different spatial configurations of pumps, and variable rainfall conditions. This
type of modelling is usually applied on a trial-and-error basis to assess the impact by
inspection. However, if response relationships could be expressed mathematically the aquifer
model could be linked to an optimisation routine, allowing optimal management to be
achieved. In view of conflicting interests, and difTiculties of setting up response relationships,
sustainable utilization of an aquifer that would stll meet the constraints is a difficult ask.
Hydrodynamic modeiling of the aquifer should be considered in the next phase of the project,
primarily 1o simulate the entive North-West dolomitic area under investigation. so as to
reveal the overall flow pattern and water balance of the system, Later on a more refined
simulation of individual groundwater units could be modelled 1o assess the differing impacts

on each unit.

8.2  Hydrodynamic modelling (AQUAWIN and MODFLOW models)

The model that has been applied with reasonable success in modelling the Grootfontein and
Zeerust compartment is the AQUAWIN model (Windows version of AQUAMOD) (Van
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Rensburg, 1985: Van Tonder et al.. 1999; Bredenkamp. 1996 and Bredenkamp and Nel,

1997).

AQUAMOD for Windows (Van Tonder GJ. Buys J. 1996) is a public domain two-
dimensional finite element groundwater model which includes a mesh generator, flow
simulation, transport simulation. risk analysis and inverse modelling. The code is a result of a

WRC project and has been applied by many professionals in South Africa.

Difficulties experienced in dolomitic aquifers are to simulate the flow of springs and get fast
responses of water levels after periods of recharge, and to obtain good correspondence with
observed water levels during validation over an extended period (Bredenkamp and Nel,
1997). This is probably due to the fact that the AQUAWIN is a 2-dimensional model and
cannot accommodate heterogenecous flow occurring at depth. However both 2 and 3-
dimensional flow could be incorporated by MODFLOW, but assigning realistic parameter

values with depth would be difficult.

For numerical (conceptual) modelling. the following additional data are required:
hydrogeological boundaries of a geohydrological region. proposed abstraction rates, and

existing abstraction rates within the region

<

Numerical model

. Use the MODFLOW program to build a conceptual model 1o calculate the interaction

between groundwater and surface water.

Calculate the water balance of the study area. from which to obtain the potential

groundwater reserve
Methods for determining the amount of water being used by vegetation
Setting Resource Quality Ohbjectives (RQOOs)
The reason of this step is to set objectives for the maintenance of the groundwater level and

piczometric head. their rates of change, and water quality, which will maintain the integrity

of the aquifer as a water resource and meet the needs of groundwater-dependent ecosvstems

I'he latter will include the requirements of the other components of the reserve: aquatic
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systems (in rivers), wetlands and estuaries where appropriate and where these components

also depend on groundwater.

It is clear from the description above that RQOs can include any requirements or conditions
that may need to be met to ensure that the water resource is maintained in a desirable and

sustainable state or condition (MacKay, 1998a).

Aspects 1o be addressed by RQOs:

- asignificant drop in groundwater levels:

- deterioration of water quality either by saline intrusion. induction of poorer quality water
from adjoining aquifer and/or contaminated water;

- increased risk of sinkhole formation in dolomites;

- negative impact on spring flow:

- pegative impact on river flow;

- pegative impact on riparian vegetation; and

- negative impact on vegetation (dependent ecosystems),

The confidence level of the reserve quantification is dominated by at least two factors,
namely the quality and quantity of the input data such as hydraulic conductivity,

transmissivity, recharge rate, specific vield and storage coefTicient.

The MODFLOW mode! is favoured and will be applied to simulate of all five groundwater
units as one entity. if approved for the next phase (DWAF — private communication with Jaco
Nel). Modelling of the entire region would have the following advantages:

- It would clarify uncertainties regarding the significance and impacts of flow
through dykes that have subdivided the dolomite into different compartments. and
the 10tal water balance and drainage of the syvstem would be examined

- Hopefully the flow of springs could be simulated reliably and not, as in the case of
the AQUAWIN model, by substituting points of variable abstraction for springs.
In MODFLOW the springs would be introduced as drains at the respective nodes.

- By means of MODFLOW cither a 2 or 3-dimensional model could be tested.

- There are sufficient data to model the system effectively.
57



T |
\ . \ her A4 \
}
) \ 1 Nt v ' p
\ b1t
4
CICTENC
'
1 \
S ¢

=




a = proportionality constant, representing the unit response of water levels per
mm of recharge, which could be derived from the regression: and
b/S where b is the recharge coefficient and S the aquifer storativity.
C = the regression constant representing the average depth of the water level

below surface

If, according to the regression k>1. which indicates that pumping or an external impact has
affected the water levels, the natural water levels could be simulated from eq. 8.3.1 by setting
k=1.

The MA relationship which vields equally good simulations of water levels could be

represented by the equation:

h ‘:Z(Rf, -d)+C

(8.

L
o)
~—

where a = b/S, n = the number of months, d = Q/A, and A = the effective aquifer area from
which the abstraction Q is taking place, and C = the maximum water level below

surface (i.e. Rf, - d = 0) and hence represents the depth of the aquifer below surface.

In the case of natural groundwater levels both the CRD and MA methods mimic the levels

quite well, as are indicated by Fig. 8.3.1 and 8.3.2 for borehole C3N021,
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Fig. 8.3.1 Correspondence between the groundwater levels and the CRD series.

It is of particular significance that the ¢ffect of abstraction on the water levels is manifested
as a reduction (=d) of the loss component (= Rf,) and therefore only a fraction (a=h'S) of
the abstraction would cause a change in the groundwater level (See eq. 8.3.2 and 8.3.3). It is
for this reason that some surplus water could be available for irrigation. but only for as long
as the groundwater reserve is not exceeded. as the pumping would still negatively intluence
the water levels. More effective utilization of the aquifer will only be possible during periods

of high recharge, but during periods of droughts probably only basic needs could be satisfied

and very little irmgation.
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Fig. 8.3.2 Correspondence between the groundwater levels and the moving average rainfall
(MA) over 24 months.

I'he CRD and MA seri¢s can also be used to simulate impacted or natural spring flows
(Bredenkamp et al. 1995) and Bredenkamp (1999). The CRD and MA scries emphasize the
importance of monitoring and maintaining rainfall measurements. Monthly observations of
water levels and of rainfall are sufficient and would reduce the cost of monitoring. The

collected rainfall water should be used to determine 1ts chlornde concentration




A range of applications of the CRD and MA series to hydrological interpretations and
problem-solving has been presented in the guide (Bredenkamp, 1999). Fig. 8.3.3 shows the
excellent comparison between groundwater Jevels and CRD series applied to the first part of
the record of groundwater levels of borechole GN41 in the Grootfontein compartment. The

effect of abstraction is indicated by the subsequent deviation from the simulated natural

levels.,
g 20 Molopo Groctiontein GN41
) Smulaec Natural Water Levels
T
serou'ded ratursl
- Lo
‘ ; e "
X
ZE' 99 - Ry
¥ 2cq
id -
; =
-, W%
25 4 > .
T
i
1972 '67a 98TS Y578 156D 1582 'GBL  '5BS  'SA8 1950 1992 19%4
Time
®  meas.ed — N4 wmuated
Fig. 8.3.3 Comparison of measured water levels affected by pumping and the simulated

natural water level fluctuations derived by means of the CRD series.

A similar situation is evident from the record of borehole BB 35 situated fairly close to

pumping at the Grootfontein eye (see Fig. 8.3.4).
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The CRD and MA methods have not yet been thoroughly assessed as a means of predicting

the water-level variations in an aquifer, but practical application would entail the following:

1)

L

4)

It would be necessary to select the most appropriate parameters (m.n and k in the
CRD egquation and n and d in the MA equation) which should then be used to mimic
the water-level fluctuations under natural conditions. If some water-level data are
available (even intermittent measurements over a period of time) and a reasonable
match can be obtained with the CRD series. the latter could be used to simulate the
water-level responses.

To predict natural groundwater level fluctuations from the CRD equation requires
rainfall data covering not only the same period as the water-level records but also the
preceding period. A record extrapolated from a nearby rainfall station could be used if
local data are not available or if gaps in the record have to be filled by data generated
stochastically.

The natural response of the groundwater levels over extended periods could be
obtained using various sets of rainfall records that have been generated stochastically.
Subsequently the range and extent of the variations of the water-levels could be
analysed using probabilistic methods, which would allow the seventy of the water-
level declines to be determined relative to some selected critical limit e.g. the
recurrence interval of exceedance, or the duration for which the defined limit is
exceeded.

The water-level response in the case of exploited aquifers can be determined by
adjusting the CRD reference value by increasing the value for the long-term memory
Rf,.. even without knowing the arca of the aquifer. If the arcal extent of the aquifer is
known, the abstraction can be converted to an equivalent depth of precipitation, which
has to be incorporated in the k-factor. The margin by which this coefficient deviates
from 1 determines the cumulative cflfect that would be induced by the artificial
abstraction over a period. The effect of pumping (Q) on the groundwater levels could
be simulated by inserting a value for k (= 1+Q/A Rf,,) in the CRD equation, or d (=
Q/A) in the MA equation. In this way it is possible to examine the impact of different
rates of abstraction on the groundwater levels in a simple but effective manner. With
regard to the effect that lowering the water levels would have on the springs, wetlands
and ecology. the regional natural level of 1410.5 mamsl of the Wondergat has proved
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to be the stage at which all springs in the area would stop flowing (see Fig. 3.3.2)
This level is equivalent to a water level decline of almost 6m below the average
groundwater level of any compartment sustaining spring flows. If this level were
regarded as the ultimate ecological limit of the groundwater level there would
probably be an S-type relationship to describe the impact of water levels on the
ecological components. First there would be an exponential improvement of
ecological conditions from the base level (although the spring flows would increase
only linearly) up to the average groundwater level of the aquifer, and for higher levels
the improvement of the beneficial effect would gradually decline. The inverse
relationship would apply if water levels were 1o decline instead of rise. A linear
relationship between the water levels and the ecological impact could also be

assumed. It is for the ecologists and biologists to define the relationship

This S-type relationship could be incorporated in the hyvdrodynamic model and could even be

extended to yield relationships for individual ecological parameters and species.

8.4 Sustainability of borehole vields determined by pumping tests

It is most important for local communities that the yields of their production boreholes be
sustainable in the long-term. Assessing by how much the sustainable vield will be reduced if

- . | - e 1
other pumps nearby also operate 1s equally important

Pumping tests are usually performed on borcholes to determine the rates of abstraction and
characteristics of the aquifer using standard methods of interpretation. However by means of
improved new software (Xu. 2001) based on an extension of a study by Van Tonder and Xu
(2000) it is not only possible to determine S and T by interactive simulation of the drawdown
curve. but also to obtain the maximum sustainable vield of the borehole at different levels of

assurance

This software could easily be applied to all borcholes that have to be tested after drilling. or
to re-testing them from time to time ¢.g. when water levels have been affected by drought or

nearby pumping

(2 )




9.  KEY ISSUES TO BE ADDRESSED IN THE MANAGEMENT STRATEGY --
CONCEPTUAL APPROACH

91 General procedure

Introduction

Certain basic information will be required by whoever is 10 be responsible for the

management of the groundwater resources of the North-West dolomite. From an institutional

perspective the delineation of the sub-units within which the area forming geohydrological

entities could be managed effectively, has to be accomplished. The five groundwater units

that have been demarcated according to existing information and perceptions of the

groundwater flow, are merely provisional subdivisions. Key issues are whether

1)

the groundwater units as delineated at present have to be the basis for the
establishment of WU As: and whether

preliminary boundaries selected according to the geology, which fail 1o coincide
with surface drainage caichments, need to be shifted so as to achieve more
effective control in terms of administration and policy making. Even if some local
farm boundaries were to transgress into different CMAs. groundwater units could
be accommodated without serious complications. Such transgressions would be
the exception and are not a high priority at this stage. However the delineation of

the macro groundwater units is a preferential priority.

Any decisions regarding the groundwater WUAs and allocation of groundwater permits are

closely related 10

1)

2)

reliable estimation of the exploitation potential of the groundwater resources of
the total area of investigation;

the natural drainage, which is to be eswuablished from the overall groundwater
piezometric contours,

the extent to which the groundwater level contours have been affected by
pumping:

the influence of bounding dykes, the major fault, and formation contacts on the

groundwater flow.
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It is therefore of critical importance to derive the piezometric contour map of the entire

region under study. This would entail

i) close scrutiny of all groundwater levels measured at monitoring boreholes:

ii) establishing by means of the CRD and MA methods if the water levels are
representative of natural conditions or have been affected by abstraction;

ii) quantifving (as equivalent depths of precipitation) the impact of abstraction, if
that is present. by means of the CRD and MA methods:

iv)  removing the stress factors and simulatinge the natural response of the aquifer.

From the natural water levels at a specific date the regional piezometric contours should be
drawn and the drainage of the groundwater be inferred. The groundwater drainage should be
towards natural points of outflow i.e. springs. river, wetlands and leakage across certain
geological boundaries ¢.g. the Black Reef Formation to the south of the area.

A survev of collar elevation of those borcholes for which this information has not yet been
obtained should be conducted as a matter of great urgency in Phase 2 of the project. It is
important that the survey should extend slightly beyond the boundaries of the area of
investigation. The collar clevations of monitoring boreholes in the Zeerust, Grootfontein and
Lichtenburg/Itsoseng areas have been surveved but not those of the Grootpan and
Ventersdorp groundwater units. It is important that the elevation of the point, from which the
water levels of the Wondergat are being measured, also be surveyed accurately. The outflow
heights of the springs should also be determined and at the same time water samples from the

springs should be taken for chloride analysis.

Overall groundwater balance
The natural groundwater drainage map used in conjunction with the flow of the springs,

would assist in the delineation of the recharge areas of the different springs, in the following

way

a)  The natwral flow of the eyes would have to be obtained by means of the CRD and
MA methods. or in relation to the water levels of the Wondergat. after correction
of the Wondergat levels for the impact of abstraction.

b) lhe natural flows of the springs for the same date as that used to draw the
piczometric contours should be used by incorporating the recharge (determined
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C)

by means of the chloride method) and the arcas that feed the springs. The sizes of
the recharge areas could then be compared to the areas delineated according to
the flow lines derived from the piezometric map and drainage to the springs. If
the recharge arcas are smaller than the drainage areas, the flow measurements of
the springs are probably too low. If the theoretical recharge arcas are bigger than
the areas inferred from the drainage map the possibility of leakage/overflow from
higher lving compartments should be investigated; alternatively the recharge
could be higher. Leakage through bounding dykes could also contribute to the
spring flows. The total flows of the springs in comparison to the total recharge
over the entire area would indicate the extent of diffused losses in the form of
leakage or evapotranspiration from the aquifer via trees and other vegetation.

The role of the dykes and of the fault traversing the dolomitic arca should be
examined closely to establish from the step in water level across a dyke, whether

it acts as a boundary or not.

Assessment of the impact of abstraction has to be based on the following:

a)

b)

c)

the deviations from the natural status as indicated by the CRD and MA
relationships with observed groundwater levels;

the piczometric map that has been based on the actual measured water levels, to
ascertain if it indicates cones of depression affecting outflow from the area;

the difference between the natural and contours affected by abstraction,
represented as a saturated volume fluctuation. This difference could be converted
to a volume of water by means of the storativity of the aquifer and the area should

correspond to that where pumping is most intensive.

The natural piezometric contour map would provide the natural reference levels for

calibrating of the hydrodynamic model needed 1o simulate the interactions between recharge,

abstraction, spring flow, evapotranspiration losses and the recharge 1o the total arca under

investigation.

Allocation of water

The allocation of water to the different users on an equitable basis is difficult, as it has to

ensure the integrity of the aquifer and more particularly sustain both the aqueous environment

and long-term utilization of the resource. To quantify the basic water demands according to
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In addition, the application of the CRD and MA methods should be evaluated as simple
though effective means of simulating the response of the aquifer to fluctuations in rainfall and
abstraction. The usefulness of the methods in dolomitic aquifers has been proven in the case
of springs and for individual boreholes, but for the simulation of an entire aquifer it has not
been tested. It is envisaged that the methods could be used to establish the impacts of all
pumping by superimposing the impacts at specific points where water levels and spring flows
have been measured. If successful the CRD and MA methods could be developed into a
simple vet extremely useful simulation technique that would work in heterogeneous aquifers

such as the dolomite.

Data requirements of aquifer models
The following data inputs would be required to model the entire dolomitic area that is being
studied:
1) tume series of groundwater level fluctuations at observation boreholes
representing either
- the natural status of the aquifer that could be checked by the CRD and
MA methods; or
- the measured groundwater levels which have been affected by
abstraction;
2)  the recharge of the aquifers as determined by
- the chloride method applied to spring waters;
- the saturated volume fluctuation method (SVF method);
- the outflow of springs during recurrent events of equal flow:;
3) water abstraction from the area according 10 pumping rates and irrigation
scheduling:
4) monthly rainfall daa for the arca, obtainable from official monitoring stations of

the Weather Bureau.
It is also recommended that the water abstractions derived from the irrigation of crops and

areas under irrigation be checked against estimates of abstractions derived by the CRD and

MA methods.
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Representativeness of monitoring points

The extent to which the groundwater level monitoring stations adequately represent the
integrated response of the aquifer 1o many controlling factors has 1o be evaluated with the
view to determining

- if and where additional monitoring points have to be established:

- the effect on the reliability of assessments if some of the monitoring boreholes

were 10 be closed.

By means of a dvnamic model the quantities of water could be assessed that could be
reallocated for abstraction. whether for domestic, municipal or irrigation use. Thus the
modelling of the dolomitic system, either in its totality or as individual units, for different
scenarios of input and abstraction is important. To model the total aquifer would involve a
great deal of work to prepare the data, but once that has been completed the compilation of
the model e.g grid clements and assigning values to the nodes would be fairly
straightforward. However calibrating the model could be time-consuming as it would involve
interactive manipulation of parameter values and assessment of the degree of fit between
observed and measured water levels and outflow of springs. If parameter optimization were
to be used it would require long runs of computer time, and initial values assigned to
parameters would have to be fairly spot-on to reduce computer simulation time and obtain

realistic simulations.

e problem of WUA boundaries not corresponding to the CMA boundaries can only be
addressed once the regional flow of groundwater has been established from the piezometric
contours. This would require that the collar elevations be resurveved using accurate GPS
instruments. At the same time the water levels should be measured. The resurveving is a

matter of high priority.

10. CONCLUSIONS AND RECOMMENDATIONS

I'he main objectives of the desk study have been achieved and available data and information
relating to the delineated groundwater units of the dolomite contained in previous reports and
surveys of different areas within the delimited area of investigation have been examined. The

following are recommended:




1)

3)

4

3)

Simulation of all five groundwater units by one overall model should be
considered in order 10 minimize uncertainties regarding the flow between
different sub-compartments. A MODFLOW finite difference model that could
incorporate 2 and 3-D modelling of the aquifer appears to be the most suitable
model to use. By changing the transmissivity of the dykes it could be ascertained
if they play a significant role in the drainage of the groundwater. The proposed
modelling of the entire dolomitic area would indicate if the water level
observations are reliable and sufficient 1o calibrate the model: and if this is not the
case the network of monitoring points should be increased. The integrity of the
water level data should be checked by means of the CRD and MA methods which
could also be used to simulate the aquifer’s response 10 abstraction in terms of the
saturated volume fluctuation over the entire aquifer.

Water sampling for chemical analysis of borehole water from production
boreholes should be carried out twice per vear but is not a high priority at this
stage as little evidence of pollution has been detected thus far, However, chemical
analysis of the spring water should continue. as not only would it help to detect
pollution but the chloride concentrations could be used to determine the recharge.
Water samples of rainfall would have to be collected for more reliable estimation
of the chloride input.

Rather infrequent inspections of aqua-ecosystems would be required if the water
levels at these points do not decline much.

For the purpose of optimizing the management of these aquifers it is necessary to
formulate relationships between the water level responses and ecological impacts,
and specify response-criteria which should not be exceeded.

It is of critical importance that the use new software for the interpretation of all
pumping tests be applied. It could be considered 1o test all production boreholes
by means of the latest techniques. This would not only vield estimates of aquifer
storativity and transmissivity. but also the maximum sustainable vield of a
borehole. with or without interference from other boreholes in close proximity.
This is in many instances of greater practical value to local communities than to

know what the general water decline due 10 abstraction is.
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6)  Awareness of problems and conditions related to groundwater pollution should be

propagated amongst all

users. Distribution of the Handbook of groundwater

quality protection for farmers 1s recommended (CSIR Environn ek. 1999).

%

7) Ihe selection of a database that could be used 10 assimilate all the information to
be collected, and to store it in an organized way. is strongly recommended. The
suitability of the WISH database has to be evaluated

8) In view of the fairly advanced level of technical input and methodology required

to assess the impact of different scenarios of abstraction and recharge, WUAs and

even higher levels of management would for some time have 1o rely on technica

support by qualified geohyvdrologists

[here 1s very little information on these groundwater-dependent systems, and studies are

urgently needed to obtain more detailed information regarding the water resources being used

¢ nature and extent of groundwater dependence

by the vegetaton, ang
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ANNEXURE 1

Geohydrological studies

Comprehensive geohvdrological studies have been carried out in parts of the groundwater
units. The different areas that have been studied are shown in corresponding figures that are

inserted with the text.

1. Lichtenburg-ltsoseng area

-

One of the most comprehensive investigations is a study carried out by Tavlor (1983), and a

borehole survey covering an area of 500 km- that entailed the following:

compilation of piczometric maps;

- assessment of recharge and aquifer storativity;,

- studying limited spring flow records and groundwater drainage,

- limited geophysical surveying to detect dykes and identify drilling sites to reveal
the geology and compartmentlization of the aquifer;

- drilling of several exploration boreholes:

- pump-testing to establish yiclds and derive aquifer characteristics.

79







3. Extended Grootfontein area

. LMMenburg

A number of sub-compartments bounded by dykes are enclosed within the boundaries of the
extended Grootfontein groundwater unit that has been delineated as one of the groundwater
entities to be controlled and managed by a WUA. Several springs also issue from this unit,
one of which is the well-known Grootfontein eye = a main source of the water supply of
Mafikeng. According to surveys and hydrological studies the recharge area of the spring has
been delincated at about 169 km®; and has been the focus of many studies 1o determine
recharge and the storativity of the aquifer. It is not practical to summarize all aspects related
10 the present project but a list of the relevant studies and aquifer parameters that have been

quantified. appears in Table 3,

Bredenkamp (1996) has estimated the abstraction for irrigation from boreholes in the
Grootfontein area based on a linear relationship established between the pumping and the

average rainfall over the preceding 12 months.
Groundwater levels

Groundwater level monitoring points have been established as part of geohydrological studies

that have been carried out in the different areas. The distribution of the monitoring stations is
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indicated in Fig. 3.5.1. and water level observations have been interpreted in different ways to
obtain the charactenstics of the aquifers. The contours of groundwater levels relative to sea
level indicate the drainage pattern that for most aquifers conforms to the topographical
drainage. This is not necessarily the case in dolomitic aquifers. The groundwater levels are
mainly controlled by the recharge and transmissivity of the aquifer. The groundwater level
gradient increases if the transmissivity is small and becomes flatter where transmissivities are
higher. Steeper gradients also occur if the groundwater flow is obstructed as by a diabase
dvke or decreasing thickness of the aquifer e.g. wedging out of the dolomite thickness on the
edges of the basin. A sharp drop in groundwater levels normally indicates the presence of a
dyke. However when the water levels have been drawn down appreciably the dykes could act

as impermeable boundaries and have a significant impact on the exploitation of water.

Groundwater recharge and aquifer storativity

Recharge of the groundwater is of critical importance to the long-term exploitation of the
resource and is difficult to determine reliably because of recharge, abstraction,
evapotranspiration and lateral flow all simultancously affecting the groundwater level
response. For this reason estimation of recharge from water balance studies requires
simplifving assumptions. For example, recharge is equal to the abstraction during periods of
equal volume and could be related to the corresponding rainfall. (Bredenkamp et al. (1995)
have compiled @ manual on the estimation of recharge and aquifer storativity using a variety
of methods that have been developed as part of studies of the Grootfontein dolomitic aquifer.
These included water balance studies and analysis of chloride and tritium profiles of the
unsaturated zone. Storativity is usually determined by means of pumping tests but these have
proved not to be representative of a fractured/cavernous aquifer such as the dolomite

(Bredenkamp et al.. 1991).

Recharge has also been derived from the ratio of the chloride concentrations of the rainfall 1o

that of the spring water (chloride method), or from the average flow of a spring in relation 1o

the recharge area (Bredenkamp et al.. 1994).




| The abstraction volumes derived by Taylor (1983) were obtained from the different
consumers. but the irrigation component was based on information supplied by the farmers
and on irrigation schedules, pumping rates and hectares under irmigation

Spring flows

Ten springs issue from the arca with an estimated vield of about 8x10° m® per annum for the
period 1981-1983 (Taylor, 1983), based on limited measurements carried out on 8 springs. As
these flows have been derived after a period of good rainfall, they are not representative of
the average annual discharge of the springs. A full time series of monthly flows would have
to be obtained from a relationship between the existing flow data and the corresponding
levels of the Wondergat.

Table 3. Relevant information obtained from various studies in the North-West dolomitic

area.
Reference Storativity Recharge Comments
mm/a
Recharge of a dolomitic aquifer as | 0.03 25-35 Recharge underestimated
| determined from tritium profiles '
(Bredenhamp et al.. 1974) i
| Initial simulation of the 0.025 - 0.05 46 Recharge derived from simple
| Grootfontein aquifer (Cogho et al., soil moisture model CL, SVF
- 1982) and DPEM methods
Estimation of the Zeerust/Rietpoon 22-123 Highly variable soils
groundwater model (Botha, 1993)
Chloride profiles in soil cover 0.023 SVF method !
(Bredenkamp, 1993) |
Simulation of Grootfontein 0.009-0013 |
compartment ( Bredenkamp et al.. 7
1987) | !
Grootfontein - Bo Molopo aquifer 49 Interpretation of hydrographs
(Bredenhamp, 1999) CRD method |

Water abstraction fluctuates depending on the rainfall cycles but has shown a steady increase
from about 4 mil cub m/a in 1964 10 almost 11x10° m*/a in 1991/2. The latter figure exceeds
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The following groundwater investigations have provided useful technical information on the
geohydrology of this groundwater unit:
Bredenkamp and Zwarts (1987), Botha (1993), Theron (1989)

and Partridge, Maud and Associates (1992 and 1995)

M

Groot Marico groundwater unit

Zewrust

I'he Groot Manco compartment was surveyed as part of an extensive geohydrological
investigation of the Malmani Subgroup dolomitic aquifers by Polivka (1987) to evaluate the
water-bearing properties of the dolomite. The survey covered an arca of about 1500 km® and
over 850 boreholes were included. The most representative morphological features of the
area are sinkholes, smaller valleys, and pans like the Grootpan. In the western. central and

south-westemn part of the study area brecchiated quartz veins oceur.

The geology i1s similar to that of the other regions in that the Monte Christo and Eccles
o - -
dolomitic formations are the most productive groundwater arcas. The occurrence of

groundwater in the different dolomitic formations is indicated in Table 5.1.
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The flow of the springs has not been monitored regularly, but has been measured during the

study or has been estimated from the recharge and the sizes of areas feeding the springs.

Table 5.2 Farms and springs with estimated annual flows
Springs and Estimated annual o
| Farm names | _Flow in 10°m’/a
Rhenosterfontein |
| RN 11 i 0,015 (occasionally drv)
RN 12 | 0,045
RN 22 1 0,126
RN 23 0,126
Rietspruit
RT ] 2,37
Rhenosterhoek
RK § 022
RK 7 | 3,07
Grootfontein |
GF 21 113
Duikerfontein
DN 22 1.26
Bronkhorstfontein '
BN 15 0,13
Bokkraal
BK 21 0,90
 BK 22 | 1.4 7 ‘
6. Schoonspruit dolomitic groundwater unit

Survey by Polivka

Polivka (1987b) carried out a geohydrological study of the area covering about 1900 km’ and

1200 boreholes. Maps showing the geology, dykes, positions of high abstraction and the

extent of irrigation have been prepared. An attempt to draw a map of the groundwater

drainage failed due to the inaccuracy of the collar clevations of the monitored boreholes.

Borehole yields in relation to the geology have been examined, and have indicated that the

Eccles and Monte Christo Formations have higher yielding boreholes than the Oaktree and

Lyuelon Formations.
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Survey by Schoeman and Partners

e Zewrunt

-

Matsang - - LR U

In view of the declining flow of the Schoonspruit eve (see Fig. 1.3) that has been attributed to0
a dramatic increase of irrigation from groundwater since 1975, the assumed recharge area of
the spring was proclaimed an underground water control area in June 1995. The fimm
Schoeman and Partners surveved the area for the registration of boreholes and water works in
compliance with the proclamation. The arca surveyed is indicated in the inserted figure. The
following statistics are of interest:

- 59 farms were visited, and

- of the 1412 boreholes in the area 721 were in use at the time of the proclamation;

- the total irrigable area is 52000 ha of the total arca of 1600 km?, which is a more

reliable estimate than that of Polivka: the estimated abstraction of water for

T
‘

irrigation totals 24 x 10" m"/a, compared to 32 x 10°m" calculated by Polivka

Of particular significance to the establishment of a WUA for the Schoonspruit area is that a

valuable database of basic information on ownership, properties and boreholes has already

been put in place.
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ANNEXURE 2
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I'he sustainable vield of boreholes can be sessed by means of the EXCEL program

— n
modified by Xu and developed by Van Tonder and Xu (2000)
3\ ns of this progr the impac long-ter wstraction, as well as the influence of a
| i i
ncarbyv borchole and protection area around a production pump could be assessed. A typical
print-out from the program is attached
“




ANNEXURE 3

Groundwater Management

Introduction

Groundwater management has become a specialized field and employs various
approaches and techniques that are usually applied in the assessment and management
of surface water resources. A comprehensive study was carried out by Van Tonder et
al. (1994), covering the subject in great detail, but the CRD and MA methods were
not incorporated despite their great potential as a simple yet effective way of
predicting the performance of aquifers for different scenarios of recharge and

abstraction.

The management of a groundwater resource essentially entails assessing and
controlling the degree of fluctuation that can be tolerated in an aquifer, to ensure
that the levels remain above the minimum which signals the critical point at which

further pumping could cause harmful and often irreversible effects.

Fluctuations of the groundwater level are a function of the factors involved in the

following interrelationships:

FACTORS CONTROLLING THE LEVELS OF GROUNDWATER

Storage volume of aquifer Replenishment Losses
l ! rY
Area. storativity (S), aquifer Average recharge and Natural losses
thickness th and
Annual variability Abstraction

Compared to surface water systems, the management of groundwater is probably one
of the most neglected aspects of water resource utilization, mainly because in the past
the variability of recharge and the storativity of aquifers could not be quantified
accurately. An additional complicating factor is the difficulty of declineating the
aquifer area and defining boundary flow. These factors together with the hydraulic
parameter of the aquifer are essential for the compilation of a sound hydrodynamic
model of the aquifer. Such a model is the commonest tool with which to simulate the

response of an aquifer that is subjected to different stresses such as variable
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exploitation or recharge. The management approach based on the integrated response
of the water-level, using a lumped SVF integration or the CRD method. can provide
useful results which can also incorporate probability concepts and risks of failure

associated with different assessments of assured vield.

I'he optimization of aquifer exploitation is not an objective of this report. but it
generally involves:

- development of a model that will simulate the response of the aquifer;

- estimation of the exploitation potential of an aquifer,

- defining specific objectives for practical applications;

- setting constraints on variables:

- obtaining best solutions. using optimization techniques.

The assessment of the groundwater resources of an area is the first step in planning
the strategy for developing and managing a groundwater resource. Estimation of
groundwater recharge is regarded as one of the key issues in the management of an
aquifer. The provision of some viable, practical techniques can greatly improve
reliability of groundwater recharge and storativity estimates. Although it is preferable
to estimate the recharge on a monthly basis, lumped annual recharge inputs would be
adequate for most aguifer management purposes, which could be reduced to 12
monthly values. Although the estimation of recharge by various methods has been
discussed. the SVF, CRD and MA methods are considered to be the best ways of
simulating the water-level response of an aquifer in a simple way, because they reflect

the water balance on an integrated basis

Management

In groundwater management several factors have o be considered depending on the
specific demands made on a svstem. Llovd (1986) and Foster (1988) have listed
general guidelines. These relate mostly to recharge and practical considerations in
identifying the most important unknowns. The approach of aquifer exploitation (after

Foster, 1988; Lerner et al., 1990) is presented in schematic form in Fig. 3.1
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Fig. 3.1  Schematic diagram of the approach that generally has to be adopted in
view of limited available data on recharge (after Foster, 1988).

It presents a pragmatic dissection of the modus operandi that usually has to be

adopted in arcas where little data are available at the stant of the exploitation phase. In

the course of time. as more data are accumulated, the prediction of the water-level

reactions could be simulated with greater reliability, while in the interim exploitation

of the water can proceed as there are groundwater reserves in storage on which to

draw.

This largely trial-and-error management procedure can be improved upon by using
methods to be applied to the dolomitic area of the North-West Region. These methods
will improve the confidence limits of the initial projections of the water-level
responses, permitting a realistic appraisal of the aquifer performance and limiting the
risk of failure. Continual reassessments will naturally have 1o be made as more data

are acquired during the exploitation phase, allowing certain parameters to be defined

more accurately.




1, r '
- - { i ad
) AN NN
.
wi ~ eVe
\ 1
h 3
Y




i)  exceed the average annual recharge;
ii)  lower the water-levels excessively (cost implication); and
iii) deplete water-levels to the extent that an influx of water of undesirable

quality is mobilised.

In more recent times. following the trend that was set in surface hydrological
developments, the terminology and focus have changed to an assessment of the
sustainable yield of a groundwater system. which incorporates an assessment of the
risk of failure associated with a specified rate of abstraction. Therefore the sustainable
yield (Q..) can be expressed as follows:

Qus = f(Re. hy . Quoss )

where
Re = recharge, which is a function of the areal and temporal variation
of
rainfall and of the characteristics of the catchment;

h, = the piczometric head at time = t, which is determined by the
water balance as well as the interference between boreholes
pumping in close proximity to each other;

Que = the term incorporating abstractions; natural losses from the

system are seldom taken into account but are partly accounted

for in the initial calibration of a model.

The water-level fluctuations will reflect the combined response to pumpage. natural
losses such as outflow or evapotranspiration, and recharge. Hence if the maximum
permissible drawdown in an aquifer is a critical factor, for example because of its
environmental impact, the extent of the natural variation in groundwater levels has to

be 1aken into account.




Planning groundwater management

[In groundwater evaluations the main question of concern to water planners, is

|whether a specific abstraction could be sustained by an aquifer and what the

|associated risk of failure would be. Failure could be signified by different criteria but

generally occurs when a specified cntical groundwater level or abstraction rate

| " .
{cannot be maintained

In addition 1o obtaining 2 more reliable estimation of recharge and storativity, the
following simple methods could be used to good effect in the assessment of an

aquifer's response to different management scenarios

Saturated volume fluctuation method (SVF)

As has been shown this method reflects the water balance on an integrated basis
allowing the effective recharge and aquifer storativity to be obtained. and the water-
evel response for different scenarios of recharge and abstraction to be simulated (Van

Tonder et al.. 1999),

he risk factor can be determined in statistical terms as the probability that the water

levels over a specific period would

exceed a specified cntical water level. These
exceedance or non-exceedance probabilities will depend cnitically on the abstraction
and the rainfall events that control recharge. For example the integrated water level in
the aquifer can be simulated for different rates of abstraction, using the historical
rainfall record, 10 determine the probable variation of recharge. In the case of the
Grootfontein aquifer. raintall data were generated by stochastic techniques to vield the

probability density distribution of the water-level fluctuations for each month (Van

8]

Rensburg, 1995). as is presented in Fig. 3
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Fig. 3.2 The probable variations of the water levels in the Grootfontein aquifer due
to the natural variability of the recharge and the rate of abstraction from
the system (probability on the right-hand scale).

Several case studies in the manual by Bredenkamp ¢t al. (1995) illustrate more

examples of the practical answers produced using the SVF approach to obtain an

integrated picture of the groundwater level response. In the case of the dolomitic
aquifers that have high transmissivities, this integrated approach is acceptable for
most evaluations, as the SVF would reflect the overall water-level response over the
entire aquifer quite accurately. However, when the transmissivity of an aquifer is low
the SVF simulation might be too crude. depending on the number of observation

points. a dynamic flow model would then have to be compiled.

Dynamic model

The use of a hydrodynamic flow model has the advantage that the water-level
response at individual nodes can be obtained, enabling one to find the best spacing of
boreholes, using optimization techniques if necessary. At the same time the effects of
the regional variability of the aquifer transmissivity, storativity and recharge can be
incorporated.

The recharge of an aquifer can be obtained from the rainfall/recharge relationship that

emerges from the equal volume assessments, or the chloride method, whereas the







convincingly that it is one of the best approaches with which 0 mimic the

groundwater level response.

The CRD method can be applied
1. to reveal the varations of the groundwater levels due to the natural forces
acting on the system;

2. to ascertain the effect that abstraction would impose on the natural balance,

The distinction between natural and exploitation impacts is most important, and the
latter were found to dominate the response of the water-levels especially where vast

quantities of groundwater are abstracted for irrigation and in the dewatering of mines.

The CRD method represents a simple lumped approach, which utilizes only the
rainfall variations to simulate the piezometric response caused by natural forces and

pumpage. The latter effect is incorporated as an increased loss factor.

In any groundwater balance the Kknown abstractions could be incorporated as an
equivalent increment in the parameter k. However the pumpage could equally well be
obtained from the best regression fit of parameter K. In this way the effect of an
unknown external influence can not only be proved but also quantified if the area of
the aquifer is known, and the average rainfall can be inferred fairly reliably by

interpolation if a rainfall record at the specific locality is not available.

The reliability of the CRD method depends on the extent to which the imegrated
water-levels reflect the change in saturated volume and on whether the precipitation
record represents the areal rainfall distribution satisfactorily or not. This emphasizes
that for natural systems rainfall is one of the most important parameters determining

the regional variability in recharge and the associated aquifer response.

Application of the SVF and CRD methods (which would be similar for the MA
method)
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Although more work is required, the results obtained in case studies have already
tllustrated the superior capabilities of the combined SVE/'CRD/MA methods. A few

applications to aquifer management will be highlighted in the following case studies.

Grootfontein aquifer (after Van Rensburg, 1995 and Van Tonder et al., 1999

incorporating the SVF method)

I'he water-level response in this aguifer was simulated using a dynamic flow model.
I'he recharge and storativity of the aquifer were obtained by means of the SVF
method. The annual recharge was calculated from the equation

RE = 0,10 (Rf-67)

=84x10"m'a

from which an S value of 0.023 was derived. based on a water balance

I'he recharge and storativity values were then used to optimize the transmissivity
values used in the dynamic model so as to obtain the best calibration of the
piezometnc levels. After calibration, the cffect of any combination of pumping and
recharge could be assessed for different management scenarios, providing useful
information on the effectiveness of the spatial distribution of the existing pumps and

the probable variation of the water-level fluctuations.




Of even greater concern is the likelihood or otherwise that the aquifer will be able to
sustain the vield, in view of the additional pumpage by farmers for irrigation. First the
recurrence period of the present status of the aquifer levels needs to be assessed
relative to the worst natural status ever experienced. Thereupon the effects of
increased exploitation of the aquifer need 10 be quantified and compared 1o natural
extremes in the water-level fluctuations, thereby providing a measure of the risk factor

in practical terms.

The problem of the Grootfontein compartment was approached by simulating the
integrated response (SVF) of the water level for different rates of abstraction in
relation to the recharge, using a dynamic flow model. The results of these water-level
simulations were presented as a series of graphs, similar to those in Fig. 3.2 which
depicts the range of likely variation of the monthly water-levels, as well as the

probability that a given level will be exceeded or not.

Many more intricate analyses are possible on the same basis to address problems of
diminishing vields. optimal spacing of boreholes and environmental impact

assessments, all of which can be related to the water-level status of an aquifer.

Although the SVF graph reflects the integrated picture of the water-level response,
any borehole, which is part of the dynamic system, would follow a similar

fluctuation pattern that is linearly related to the integrated response.

It logically follows that any borehole not reacting in a similar way is not pant of the
dynamic response of the stressed system. and that such deviations could reveal the
effect of an external influence. such as a dyke, fault or additional inflow from an
adjacent compartment. In this way the boundaries of the responsive aquifer could be
delineated; in some cases boundaries were shown to extend bevond the dykes which

had initially been regarded as impermeable boundaries.
Lichtenburg aquifer (CRD method)

The best simulation of the water-level response to abstraction of water from the

aquifer is shown in Fig. 3.3. In this case the value of the multiplier factor k was
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Other related WRC reports available:

Groundwater monitoring: A critical evaluation of groundwater monitoring in
water resources evaluation and management

DB Bredenkamp

A major component of the study has been the validation of the integrity of
groundwater level observations and the extension of limited data series by means
of rainfall records, employing the cumulative rainfall departure (CRD) method.
This is because the cumulative departures of rainfall from the average rainfall
have been shown to match groundwater level fluctuations fairly well and to mimic
the hydrogeological balance of an aquifer based on the rainfall occurring in an
area. The CRD method represents a useful hydrologic model of the groundwater
balance and the response of water levels to recharge. Consequently, the impact
of abstraction can be determined.

The study has provided further insights and perspectives concerning groundwater
monitoring activities and the value of reliable long-term measurements. The CRD
and moving average (MA) rainfall methods were used to determine the response
of water levels in mostly dolomitic aquifers in order to determine aquifer
characteristics. Most monitoring records either cover a short period, are
intermittent or could contain unreliable data. It is, therefore, important to be able
to fill gaps in a record and to extend it back and forth in time. Because the
technique facilitates extrapolation of time-series data, it provides for a Acheck@
on monitoring data. Thus, it allows for an assessment of the reliability of data
gathered during monitoring programmes. Aquifer parameters were obtained using
the CRD and MA series and the groundwater level series. However, the
estimation of reliable storativity values remains difficult and requires a process of
iteration
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