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Executive Summary

Xecutive summar

Approach and main activities

The assessment of the Stampriet Transboundary Aquifer System (STAS) was undertaken based on

a multi-disciplinary methodology developed by the UNESCO International Hydrological Programme
(IHP) and the International Groundwater Resources Centre (IGRAC) that includes the collection and
processing of national data (hydrogeological, socio-economic and environmental, gender, legal and
institutional), and the harmonization of data across all three countries to enable a joint assessment of

the transboundary resource.

Activities were done within the framework of the Governance of Groundwater Resources in
Transboundary Aquifers (GGRETA) project, executed by UNESCO-IHP, in close cooperation with
IGRAC, and funded by the Swiss Agency for Development and Cooperation (SDC). The assessment
has been carried out by a team familiar to the area and composed of professionals of Botswana,
Namibia and South Africa. Apart from collecting and studying relevant literature for assessment and
diagnostics, the team has spent much attention to compiling basic data and to GIS mapping. In total,
more than 40 thematic maps were prepared and have been uploaded to the Information Management
System (IMS) developed by the project (https://ggis.un-igrac.org).

Location, delineation and type of aquifer

The STAS covers a large arid region stretching from Central Namibia into Western Botswana and South
Africa’s Northern Cape Province. It contains two confined sandstone aquifers, overlain by unconfined
Kalahari aquifer units. The delineation of the STAS area follows the outer boundary of the Ecca Group
of geological formations within the catchments of the Auob and Nossob Rivers. The STAS is a very
large transboundary aquifer system, receiving insignificant recharge, in a dry region without permanent
surface water.

General features of the Stampriet Transboundary Aquifer System (STAS) area

The STAS area is 86 647 km? in extent and has a generally flat topography, gently sloping from NW to
SE, between 1450 and 900 m above mean sea level. It has a hot and dry climate, with an annual mean
temperature of 19-22 °C and mean rainfall ranging from 140 mm/yr in the SW to 300 mm/yr along the
northern and north-eastern segment of the STAS area. During the period May through September there
is hardly any rainfall. The Namibian sector of the area covers approximately two-thirds of the area and

is almost completely in use as agricultural land. The Botswana sector occupies 19% and includes

from North to South three distinct land use zones: agricultural land (mainly in Ghanzi district), wildlife
management area and national park. The South African sector (8%) is entirely used as national park. The
area is sparsely populated with an estimated population of nearly 50 000 of which more than 90% which
is in Namibia. Major settlements are Aranos and Koes, but their population is less than 5000; all other
settlements have less than 2000 inhabitants. Commercial industrial and mining activities are absent.
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Water and water use in the area

Given the climatic and other geographic features, there are no permanent rivers in the STAS area. Apart
from the ephemeral Auob and Nossob Rivers that provide some water during the rainy season, there

are surface water pans scattered over the area that collect and store water for livestock watering during
rainy season; these reserves can last a few months after the rains. The only permanent and dependable
water resource in the area is groundwater. Groundwater is withdrawn from the Kalahari, Auob and Nossob
aquifers, by means of dug wells and boreholes. It is estimated that at least 20 million cubic metres per
year is abstracted; 66% of this volume comes from Kalahari aquifers, 33% from the Auob Aquifer and 1%
from the Nossob aquifer. The breakdown of overall water use is as follows: 47% for irrigation, 37.5% for
stock watering, 16% for domestic use, and 0.5% for tourism. In general, the urban centres and villages
receive water from governmental and parastatal water supply corporations. Private land owners usually
have their own wells.

The Stampriet Transboundary Aquifer System (STAS)

Conceptually, the physical processes taking place in this system of two confined aquifers are
reasonably understood in Namibia and not much in both Botswana and South Africa, but quantification
is still limited —in spite of many efforts made over a long period of time. Apart from diffuse recharge by
downward seepage from the Kalahari aquifers, there are a few recharge zones in the western part of
the STAS area where sinkholes facilitate concentrated recharge during rare wet years. The mean annual
recharge rate for these confined aquifer units is likely to be significantly less than that of the Kalahari
aquifers, for which rates of around 1 mm/year, averaged over the area, have been estimated. The
general direction of groundwater flow is from NW to SE. In the SE quadrant of the area, groundwater is
presumed to seep upward from the confined aquifers and discharges into the Kalahari formations, from
where it evaporates. Groundwater salinity in this zone — known under the name Salt Block — therefore is
rather high.

Main groundwater management challenges in the area

Lack of monitoring data (climate, groundwater abstraction, water levels, water quality) seriously
hampers a systematic diagnostic analysis. Nevertheless, the findings and combined experiences of the

assessment team have revealed a number of challenges.

Groundwater quantity stress has not been observed. Lack of monitoring may be an explanation, but the
exceptionally low intensity of groundwater withdrawal certainly plays a major role. If for some reasons
(population growth, economic development, water transfer, etc...) the demand for water in the region
would increase significantly, then very soon the groundwater resources may run short of meeting these
demands. Therefore it is very important to initiate effective control of groundwater quantity, e.g. by
some initial practical steps such as solving the problem of water spillage by leaking boreholes in the

Auob aquifer and preventing future problems by improved regulation of drilling.

Groundwater quality has its natural variations. Most notable are generally poor conditions in or near

the Salt Block zone. Pollution, however, may also lead to groundwater quality degradation elsewhere
in the area. The confined transboundary aquifers have very low vulnerability to pollution, but they will
experience higher withdrawal pressures if overlying Kalahari aquifers become polluted. The shallower
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and usually phreatic Kalahari aquifers are vulnerable to pollution; in particular in the Namibian sector
the pollution risk is often medium to high due to irrigated agriculture (using fertilizers and pesticides)
and environmentally unfriendly sanitation and waste disposal practices. Partly from the groundwater
management point of view and partly for health reasons, there is scope for enhancing water supplies

and even more for improving sanitation in the entire area.

Improving groundwater governance

Given the fragility of the aquifer system and the fact that groundwater is the only permanent source of
water in this huge area, it is evident that the STAS should be governed and managed wisely. A large
part of the provisions and interventions to be considered are of a local nature, but transboundary
cooperation will be very useful by sharing information, exchanging experience and by harmonizing
interventions across the international boundaries. At the level of the assessment, the three countries
have already proven to be willing and capable to cooperate effectively.

Botswana, Namibia and South Africa all possess individually the main elements of a domestic
legal framework that provides essential controls on groundwater use and pollution. However,

the implementation and enforcement of groundwater quantity and quality regulations raise more
challenges. The STAS includes large areas where water abstraction and pollution is not subject to

regular inspection and controls.

Botswana, Namibia and South Africa could benefit from further collaboration to develop jointly legal
and institutional responses to current and future development of the STAS. The three countries already
collaborate through regional bodies notably the Orange-Senqu River Commission (ORASECOM) and
the Southern African Development Community (SADC), but there is no arrangement among the three
STAS countries that pays attention to the needs of the STAS. Consequently, the need for a multi-

country co-operation mechanism has been identified.

The over-arching objective of a multi-country cooperation mechanism for STAS (MCCM) is to transition
from GGRETA project-driven cooperation in the study and characterization of STAS to institutionalized
cooperation among the STAS countries, beyond the life of the project. In the short-tem, the specific
objective of the MCCM is to continue the joint study of STAS, also by generating a steady flow of
agreed additional/fresh data and information feeding the Information Management System (IMS) for
STAS, generated by the GGRETA project. In the long-term, as cooperation takes hold and matures, the
MCCM’s institutionalized cooperation objective may expand from data collection and exchange to joint
strategizing and advising STAS countries on management issues of the STAS groundwater resources.

Two potential models for the establishment of a MCCM for the STAS have been identified. One

builds upon national government capacities and institutions in the three STAS countries, and seeks

to synergize them towards a common purpose, i.e., the cooperative husbanding of the STAS and its
resources. The other model taps into the regional existing institution whose mandate comes closest to
the STAS, i.e., ORASECOM, and nests in it dedicated attention to the STAS.
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1.1. General background

Groundwater represents some 97% of all liquid freshwater on Earth and is an integral part of the water
cycle, inextricably linked to surface waters and ecosystems. It provides drinking water to at least 50%
of the world’s population (UNESCO-WWAP, 2009) and represents 43% of all of the water used for
irrigation (Siebert et al. 2010). Over the past 50 years, thanks to the availability of new and cheaper
drilling and pumping technologies, groundwater abstraction has increased by more than 300%, and
has brought major socio-economic benefits to users (Llamas and Martinez-Santos, 2005; van der Gun,
2012). However, its development and use has often fallen outside of governance frameworks (FAO,
2015). Hydrogeologists refer to this change in groundwater utilization as ‘the silent revolution’, since it

has occurred in many countries in an unplanned and totally uncontrolled way. It went almost unnoticed.

We have now come to realize that, without proper knowledge of the resource and sound resource
governance principles’ including respect of human rights and adherence to gender equality principles,
this huge resource can be rapidly and irreversibly degraded. Pollution of aquifers is hardly ever
reversible: over-exploitation may have permanent impacts on aquifer resilience and behaviour. There is
a realization that different types of terrestrial and aquatic ecosystems depend on groundwater regimes,
as is the case for most semi-arid alluvial plains, wetlands, coastal habitats, and even coastal marine
environments. Groundwater cuts across basins and landscapes, sustains ecosystems and biodiversity,
mitigates the impacts of climatic fluctuations, and contributes to human health and social-economic
development. It is now apparent that groundwater, from the shallowest unconfined aquifers to the
deepest hidden reserves, has a critical role to play in addressing the new challenges of adapting to the
realities of a changing climate and combating desertification.

The need for groundwater resource assessment and management, and for governance structures

of comparable scope, has come to the forefront of the global agenda on sustainable development
(FAO, 2015). This is particularly true, and even more challenging, in the case of transboundary aquifers,
which require cooperation and collaboration among the various authorities in charge of groundwater

across the national borders, based on mutual trust and on transparency.

1.2. The GGRETA project

The “Governance of Groundwater Resources in Transboundary Aquifers (GGRETA)” project is a
two-phased demonstration project that operates in three pilot transboundary aquifers representative
of different natural and socio-economic settings and located in regions of potential conflicts over
water among countries, among uses, and among users. It is a technical assistance effort that strives
to achieve a better integration of groundwater resources into the water budget of basins, countries
and regions, as part of a step-by-step approach to enable and foster transboundary cooperation.
UNESCO'’s International Hydrological Programme (IHP) has embarked on this project, financed by the

Swiss Agency for Development and Cooperation (SDC).

1. “Groundwater governance comprises the promotion of responsible collective action to ensure control, protection and socially-sustainable
utilisation of groundwater resources and aquifer systems for the benefit of humankind and dependent ecosystems.” Global Framework for
Action on Groundwater Governance, 2015, available at www.groundwatergovernance.org
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The main goal of the GGRETA project is to enhance cooperation on water security, prevent
transboundary and water-use conflicts, and improve overall environmental sustainability. The project’s
implementation is focused on pilots, for which three transboundary aquifer (TBA) systems have

been chosen: one in Central America (Trifinio), one in Central Asia (Pretashkent) and one in Southern
Africa (Stampriet). The latter is the Stampriet Transboundary Aquifer System (STAS) shared between
Botswana, Namibia and South Africa. The project aims to reinforce the capacity of Member States in
managing groundwater resources; strengthen cooperation among countries sharing the aquifer; and

develop a long term strategy for the monitoring and governance of the transboundary aquifer.

The project’s overall objectives have been formulated as follows:

¢ Improve the knowledge and recognition of the importance and vulnerability of transboundary
groundwater resources,

e Strengthen cross-bor der dialogue and cooperation,

¢ Develop shared management tools; and

¢ Facilitate governance reforms focused on improving livelihoods, economic development and
environmental sustainability.

The expected outcomes and outputs of the first phase of the project are shown in Table 1.1.

Table 1.1| GGRETA’s envisaged outcomes and outputs

Expected
Phase Outcomes Expected Outputs
Phase 1 Countries sharing 1) Detailed Indicators Based Assessments of Selected TBAs
the aquifer The Assessment and Diagnostic analysis will be carried out for each pilot
recognize the transhoundary aquifer, and will amongst others respond to the following questions:

transboundary (i) what human and ecosystem uses of these groundwater resources are currently
Assessmentand — nature and high  affected or impaired (i) how are the groundwater systems linked to surface water
Diagnostic analysis - vulnerability of systems and land use; iii) how will water conditions and uses develop during the next
of pilot TBAs the resource, and  gecades; and (iv) where will problems be occurring.

agree to take

steps to deal with  2) Information Management System.
Duration: @ts tr_ans_boundary Field data will be processed and entered into a database that amongst others will

uration. implications. allow production of Thematic Maps showing the values of selected variables or

2.5 years indicators for management purposes.

1.3. The Stampriet Transboundary Aquifer
System pilot project

1.3.1 People and organisations involved

The assessment of the Stampriet Transboundary Aquifer System (STAS) has been carried out by a team
familiar to the area and composed of professionals of Botswana, Namibia and South Africa. Guided
and coordinated by the Regional Coordinator, the National Specialists were responsible for collecting,
compiling and analysing relevant data from the different sources which were then structured into
tables, maps and other formats and later harmonized to provide a regional outlook on the status of the

aquifer. These national specialists reported through the project’s National Coordinators to the project

Governance of Groundwater Resources in Transboundary Aquifers (GGRETA) - Phase 1
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management in Paris, UNESCO-IHP. The project organizational chart is presented in Figure 1.1.

UNESCO-IHP counted with the support of the International Groundwater Resources Assessment

Centre (IGRAC), regional entities such as the Southern African Development Community (SADC) and

Orange Senqu River Basin Commission (ORASECOM), national institutions and national authorities of

the respective countries, namely:

¢ Namibia: Department of Water Affairs and Forestry (DWAF) of the Ministry of Agriculture, Water and
Forestry (MAWF);

¢ Botswana: Department of Water Affairs (DWA) of the Ministry of Minerals, Energy and Water
Resources (MMEWR);

e South Africa: Department of Water and Sanitation (DWS), Ministry of Water and Sanitation (MWS).

1.3.2 Project approach

In line with the general methodology of the GGRETA project, existing data about the transboundary aquifer
was collected, analysed, harmonised by a team of national experts from each country sharing the aquifer,
with support from the UNESCO/IGRAC team, the Regional Coordinator and National Coordinators. The
data collected cover the following fields: hydrogeology, environment, socio-economics, legal/institutional

aspects, stakeholders and gender issues.

This has resulted in achieving output 1: an indicator-based assessment, presented here as the main
component of this assessment report. Apart from reporting on the individual variables and other parameters,
several of them were also combined into indicators, which generate additional knowledge and provides at
the same time a better overview. The data gathered was available in different formats (reports, scientific
articles, data sheets, data bases, maps, etc) and was spread over different sources (different ministries,
agencies, universities, etc.). In the first phase national experts collected all these different data from the
different sources. After collecting the data, the data sets were harmonised and structured into clear tables,
maps and other overviews, and in some cases aggregated to provide a regional outlook of the aquifer.

Based on these data the actual assessment took place leading to this assessment report.

All processed and interpreted data will be stored in an Information Management System (output 2)
which has to become an important governance tool in support of the sustainable management of
the transboundary aquifers. The development of this system is led by the International Groundwater
Resources Assessment Centre (IGRAC) in the Netherlands under supervision of UNESCO-IHP.
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1.3.3. Adopted Assessment Methodology

As the Table of Contents shows, this assessment report consists largely of chapters that describe
systematically the different aspects of the STAS and its broad context, as far as the available data
allow. At the end of the report, this information on the different aspects is integrated into an aquifer-
and area-specific diagnostic. This diagnostic highlights issues that need to be addressed and thus

forms an essential basis for guiding groundwater governance and management in the near future.

Two methodological tools have played a key role throughout the report, but in particular in the
diagnostic chapter: the Drivers, Pressures, State, Impacts and Responses (DPSIR) framework and

the Transboundary Water Assessment Programme (TWAP) indicators. The DPSIR framework (OECD,
1993) attempts to describe and understand the dynamics of a system by making a distinction between
Drivers, Pressures, State, Impacts and Responses (DPSIR), all of them interacting. The TWAP indicators
try to combine variables, aggregated over the entire aquifer of its national segments, in such a way

that the overall management or governance issues are revealed and highlighted, although only in a

macroscopic way.

To assist the Stampriet regional team and the teams of the two other pilot studies, assessment
guidelines have been developed by UNESCO-IGRAC in an early stage, later on laid down in a
publication (UNESCO-IGRAC, 2015). Figure 1.2 shows how these guidelines see the role of assessment

and information management in the process of transboundary aquifer management.
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Figure 1.2 | The role of assessment and information management in transhoundary aquifer
management (Source: UNESCO-IGRAC, 2015)
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2.1. Historical background

The discovery of diamonds and gold in South Africa during the late 19th Century instigated a program
to explore location of water for steam-driven railway locomotives required along railway lines, aiming

at linking harbours with developing mining and industrial sectors in the interior of the sub-continent
(van Wyk, 2014). Exploration focused on high-yielding artesian groundwater resources that do not have
energy costs and do not require equipment for pumping installations. The Cape Government Railways
(1898) opted to explore for deep-water sources in the southern Karoo and drilled down to depths in
excess of 300m. It was in 1912 when in the search for coal that Dr. Paul Range struck artesian water in
the Stampriet Artesian Basin (SAB) in a borehole at Stamprietfontein in Namibia (Figure 2.1). After World
War |, farms were developed for South African ex-soldiers along the Auob River. However little attention
was given to this basin until after World War Il when further farms were developed for South African ex-
soldiers in the far east lying Nossob River area (see Figure 2.2).

Figure 2.1 | First artesian water was struck in 1912 (110 m®/hr free flowing artesian borehole)
(Source: National Archives of Namibia)

After World War I, when South Africa continued to administer the territory, the search for water became
the foremost task in Namibia’s arid environment. The newly established Geological Survey of Namibia
focused on mapping and hydrogeology. Groundwater investigations and exploration for hydrocarbons
(especially in the oil-prone Whitehill Formation) remained a major task from 1960s to 80s, and led to
remarkably improving the knowledge of the Karoo Supergroup’s stratigraphy (Wilson, 1964; Kent,
1980). In the 1970s and early 80s Tredoux and Kirchner looked in more detail into the hydrochemistry
(Tredoux 1981) and (Kirchner and Tredoux 1975) of the basin while the Council for Scientific and
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Industrial Research (CSIR) in South Africa contributed with water quality (Huyser 1982a; Huyser 1982b)
and isotope analyses (Vogel et al. 1982). Interest on groundwater development of the SAB in Botswana
started in the 1980s.

Following the 1948 informal verbal agreement between the then Bechuanaland Protectorate and the
Union of South Africa to set up a conservation area in the contiguous areas of the two lands, the
intention to merge the Kalahari Gemsbok National Park in South Africa and the Gemsbok National Park
in Botswana led to representatives from the South African National Parks Board (now SANParks) and the
Department of Wildlife and National Parks of Botswana set up a joint management committee to manage
the area as a single ecological unit (Kgalagadi Transfrontier Park - KTP) in June 1992. The bilateral
agreement to merge the two parks was signed on 7 April 1999 between the governments of Botswana
and South Africa. Groundwater exploration aiming at establishing wildlife ranger camps were undertaken
in the late 1980s in South Africa (van Wyk, 1987) and late 1990s in Botswana (Gemsbok, 1999).

Further detailed research in the Stampriet Artesian Basin was undertaken after independence in
Namibia during the Japan International Cooperation Agency (JICA) project (1999 to 2002) (JICA,
2002) and parallel International Atomic Energy Agency (IAEA) isotope (Kirchner et al. 2002) and
hydrogeological map projects (van Wyk et al. 2001). In Botswana, the Matsheng project (2004-2008)
aimed at locating and developing sufficient potable groundwater resources to supply the primary
demand centres called as “Matsheng” Villages.

Figure 2.2 | Location map of the Stampriet Transboundary Aquifer System
(STAS boundaries in red, international boundaries in yellow)
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2.2. Delineation and general features of the STAS area

This section aims at providing insights on how the study area was delineated, and general features such

as geology, topography, and vegetation.

The Stampriet Transboundary Aquifer System (STAS, see Figure 2.2) stretches from Central Namibia into
Western Botswana and South Africa’s Northern Cape Province, and lies within the Orange River basin. It
covers a total area of 86 647kmz2, of which 73% is in Namibia, 19% in Botswana, and 8% in South Africa.

The STAS was delineated based on the occurrence of geological formations belonging to the Ecca Group
within the Auob and Nossob River basins?. The Auob and Nossob Rivers are the only major streams
within the study area and these originate in Namibia and flow in a south-easterly direction towards the
Molopo River in Botswana. The Auob and Nossob Rivers are ephemeral and only flow for short periods

during heavy rainfall events.

From a geological point of view, the study area is part of a huge sedimentary basin in which a thick
sequence of layers has been deposited. The layers of Carboniferous through Jurassic age are together
known as Karoo Supergroup and contain mainly sandstones, shales, mudstones, siltstones and
limestone. They are covered by a blanket of sediments of the Kalahari Group, of Tertiary-Quaternary age
and consisting predominantly of sand, calcrete (duricrust), gravel, clayey gravel, sandstone and marl.

. The STAS is formed by the confined artesian Auob and Nossob aquifers, and the overlying phreatic
Kalahari aquifers (free water table). The Kalahari aquifers are easily within reach of the local
inhabitants. The permeable zones in the Kalahari formations are discontinuous and their lateral extent
is limited, hence they form local aquifers, and the Kalahari sediments as a whole do not constitute a

transboundary aquifer system.

The topography of the study area is relatively flat with an elevation of 1450m-900m above mean sea
level from the northwest to the southeast segment of the STAS area (Figure 2.3). The area is largely
dune-covered in the central area with calcrete-underlain plains in the west and east of the study area.
The dune area continues southeast into South Africa while the Botswana portion of the study area

is generally a flat sand covered area. Groundwater flow in the Auob and Nossob aquifers follow the

surface slope from high to low.

2. Boundary uncertainties still exist given that the lack of stratigraphic data does not allow thorough assessment of the extent of formations in
the Auob and Nossob River basins. Uncertainties are presented with a question mark (?) in some of the maps (e.g. Figure 2.16)
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Figure 2.3 | Topography of the study area
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The study area is characterized by various landscapes, including sand dunes in Namibia and
South Africa, calcrete/sandy surface area with shrubs and in some cases thick bushes. Pans are also
important features found across the STAS. These features are shown in Figure 2.4.

Figure 2.4 | Common landscapes in the study area: dune area stretching

from the Auob to the Nossob Rivers (top left), calcrete/sandy surface where pans are quite
common (top right), deep cut in the Auob and Nossob Rivers (bottom center)

(Source: J. Kirchner)

The alien Prosopis species (native to America) also forms part of vegetation across the three countries.
Farmers were encouraged in the past to plant these tree species in large numbers to provide shade, fuel
wood and livestock fodder. The arid local climatic conditions and saline and/or alkaline soils provided
suitable condition for the survival of these contrary to others species that could not survive (Klein, 2013;
Wise et al. 2012 and Zachariades et al. 2011). Prosopis trees are found in abundance along the Auob and

Nossob Rivers, causing bush encroachment in some parts of the basin as shown in Figure 2.5.
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Figure 2.5 | Prosopis covered Nossob River upstream of Leonardville (Namibia)
(Source: J. Kirchner)

2.3. Climate in the STAS

2.3.1. Temperature

The study area is located in a region of high short-term and seasonal temperature fluctuations owing to
the semi-arid conditions. Summer months are from December to February, and winter months from June
to August®.

Annual mean temperature does not have high temperature variation across the STAS area and varies
between 19 and 22°C (Figure 2.6). Temperature is lower in the northern and central area. However,
January mean minimum and July mean maximum temperatures do vary considerably across the STAS
area*. January mean maximum temperatures are higher in the western, southern and eastern boundaries
of the STAS area, and the mean maximum temperature varies between 26 and 36°C (Figure 2.7). During
winter, the temperature pattern is reversed with mean minimum temperatures of 1°C in the western,
southern and eastern boundaries of the STAS and of 12°C in the STAS northern central area (Figure 2.8).
Annual mean, January (summer) mean maximum, July (winter) mean minimum temperature data are
presented in Table 2.1.

3. The clima