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CHAPTER 6 INITIAL ENVIRONMENTAL EXAMINATION

The overall objective of this Study is to carry out the investigation of the groundwater flow
and recharge mechanism in the Stampriet Artesian Basin, and to formulate a groundwater
management plan for sustainable groundwater development. The Study as such isin reality
an environmental assessment, which should lead to achieving and maintaining sustainable
groundwater utilization in the Area. In view of the paucity of environmental base line
studiesin the area, this Study will essentially comprise an environmental audit.

The detailed description of natural and socia environment of the Study Area shal be
elaborated in Chapter 2 of this report. The project proposed through this Study is not
infrastructure development project in the usual sense, but rather a resource assessment.
Therefore, in this chapter, the focus is placed on the examination of interrelationship between
the groundwater management and the environmental issues, which potentially have impacts
on the groundwater as a natural resource, and vice versa, have potentia to receive impacts
from activities related to groundwater management.

6.1 Screening and Evaluation

The Initial Environmental Examination was carried out in order to identify the
environmental impacts on areas, which will be affected by the groundwater
management plan, and in reverse, the potential impacts on groundwater resource
imposed by environmental factors. The identification and screening were
conducted in line with the “Environmental Management Act of Namibia (1988)”
and the Guidelines prepared by JICA (1992). The examined environmental items
were adopted from the JICA Guidelines, for each of which the degree of impacts
was evaluated in five (5) categories. In Tables 6-1 to 6-3 these impacts are
summarised and evaluated for the Social Environment, the Natural Environment,
and potential Pollution, based on the information as described above. It is evident
that the main study of the sustainable potentia of the Stampriet Artesian Basin will
provide the necessary basis for the environmental assessment.

The following section describes the environmental items, which was concluded in
this IEE to have impacts at any level regarding the groundwater use and its
management.
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6.1.1 Socia Environment

1) Economic Activities: Loss of production base (land etc.) and change of economic
structure

Economic activitiesin this area are mainly related to farming, tourism and trading (at
towns). The farming activities involve stockbreeding and agricultural crop
production by irrigation. The aternative of groundwater management plan
proposes the reduction of irrigation water by 30% of the current water use of the
region. |If thisis applied, it is estimated that the agricultural yield shall accordingly
be constrained and lead to the potential deceleration in the economic growth in the
Area. One possible mitigation measure on this issue is to shift the crops to those
with higher market values. In this regard, natural resource accounting (Lange,
1997) could be applied to determine the domain where a reduction in water use
could possibly be effected with the least impact on the economy of the study area.
The specific study of the Stampriet Artesian Basin (Lindgren, 1999) may serve as a
guideline in this regard. The detall of this subject is included in Chapter 8,
Conclusion and Recommendation.

(1) Causes of Impacts
- Constraints on the conventional water use

(2) Possible Environmental |mpacts
- Changein agricultural productivity per unit farmland

(3) Factorsfor Evaluation
- Economic return per cubic meter of water used for each economic activity

(4) Measures
- Measuring of actual water use by means of water meters

- Generdly alow most economical use of water resource (including the change
of conventional irrigation scheme)

- Restrict least economical water use

- Improve the economic productivity per unit farm land by the conversion of
Ccrop species to cash crops

(5) Related Subjects for Study
- Socioeconomic impact of restricting water use(s)
- Possible repercussions of crop conversions
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Water Rights and Rights of Common: Obstruction of irrigation and water rights

The legal situation with regard to water in Namibia is still regulated by the Water
Act of 1956 (Act No 54 of 1956). Surface water is controlled by various clausesin
the Water Act and permits are required for example for the removal of any water
from a catchment, or for the construction of any water controlling structuresin rivers.
In terms of this legislation, groundwater can also be controlled by the proclamation
of subterranean water control areas. Outside such proclaimed areas, landowners
have full access and rights to the groundwater underlying their property. However,
thisis essentially in conflict with the Constitution of Namibia and a new Water Act
is being drafted for giving the Government full control over groundwater.

The Stampriet Artesian Basin, described as the Windhoek - Gobabis - Mariental -
Keetmanshoop Artesian Area, was proclamed a Subterranean Water Control Area
by Government Notice No 302 of 1 October 1955. Subsequently, adjacent areas,
including most of the surface catchment areas of the rivers flowing through the
Stampriet Artesian Basin, were declared subterranean water control areas. the
Windhoek - Gobabis Subterranean Water Control Area (Government Notice No 189
of 6 February 1970) and the Windhoek - Gobabis Subterranean Water Control Area
(Extension) (Government Notice No 47 of 26 March 1976). The upper reaches of
the White and Black Nossob fall outside these subterranean water control areas,
which imply that, at this stage, no control can be exercised over groundwater
abstraction in this area.

At present, groundwater is abstracted without any particular control measure. The
legidlative control of water use itself does not have any legal conflict, but in practice,
it may accompany a socia conflict in the subject of water right. However, since
the groundwater is a natural resource with highly public significance, the sustainable
water use should be carried out al through. To achieve the goal, a step-wise
implementation and public education on water use and taxation may mitigate the
socia impact in this regard.

(1) Causes of Impacts

- Obstruction in irrigation water use by the legidative control

(2) Possible Environmental Impacts

- Reduction of agricultural production
- Public opposition on taxation and regulation of water use
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(3) Factorsfor Evaluation
- Long-term water level trend determination at several points
- Determine sustainable groundwater potential

(4) Measures
- Step-wise implementation of water use regulation & taxation
- Establishment of intensive regulation zone
- Public education/information on the water use and regulation

(5) Related Subjects for Study

- Most economical use of water (over and above drinking water needs), possibly
making use of natural resource accounting (Lange, 1997)

3) Public Health Condition: Worsening of health and sanitary condition due to generation
of wastes and appearance of harmful insects

Increased population numbers and the development of towns lead to increased water
use and the generation of wastewater. Though the impact of wastewater on
groundwater quality has not been reported so far, the wastewater discharge and
treatment should be monitored for the public health aspect. Wastewater discharges
are controlled and where available, permits for wastewater treatment systems are
listed in the Appendix E in the supporting report.

According to the initial examination of the result of hydro-census conducted in this
Study, the use of fertilizer is assumed to be very limited both in area and quantity.
Accordingly, at present, the risk of groundwater contamination from the fertilizers
has not been reported. However, certain agricultural chemicals that can be harmful
reach these aquifers and enter the groundwater resource. Others, such asfertilizers,
may cause eutrophication of surface water supplies. Further examination and
monitoring is expected for the detection of long-term impact of these factors on the
groundwater resource.

(1) Causes of Impacts
- Water pollution
- Useof potentially harmful agricultural chemicals

(2) Possible Environmental Impacts
- Increase in water-related illnesses
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(3) Factorsfor Evaluation

- Present occurrence of potentially water-related illnesses, e.g. diarrhoea,
malaria

- Present usage and usage trends of agricultural chemicals

(4) Measures
- Control of wastewater discharges for protection against groundwater pollution
- Control of potentially harmful agricultural chemicals

(5) Related Subjects for Study

- Water-borne diseases, e.g. malaria, may cause a minor problem from time to
time and it is considered important to obtain statistics for considering the need
for further actions.

- It is potentially possible that groundwater pollution from wastewater
discharges may occur which could cause water-related illnesses.

4) Waste: Generation of construction waste, surplus soils, sludge, domestic waste,
etc.

No Namibian guidelines could be found for (solid) waste disposal activities.
Pollution derived from waste management and disposal will not be a consequence of
groundwater development and its management, but of existing anthropogenic
activities. Depending on the nature of the disposal sites, they may have an effect
on groundwater quality in the phreatic aquifers, and could eventually impact on the
use of groundwater. Though the adverse impact has not been reported so far, a
through investigation and constant monitoring and management are necessary for the
prevention of contamination impacts from waste disposal.

(1) Causes of Impacts

- Waste disposal activities and sites which do not comply with minimum
requirements for environmental protection needs

(2) Possible Environmental |mpacts
- Groundwater pollution
- Littering

(3) Factors for Evaluation
- Quantities of waste generated
- Types of waste (apart from domestic wastes)
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(4) Measures
- Informing local authorities on hazards involved
- Providing minimum guidelines (from other countries)

(5) Related Subjects for Study
- Sewage sludge disposal

6.1.2 Natura Environment

1) Groundwater: Lowering of groundwater table due to overdraft and turbid water
caused by construction work

The lowering of the groundwater table is already an established trend for alarge part
of the study area. This may be due to a multitude of reasons, including, inter alia, a
reduction in groundwater recharge, and possible overexploitation. Once the
sustainable potential of the Stampriet Artesian Basin has been determined, measures
will have to be implemented to ensure that overdraft is eliminated. This aspect will
need detailed investigation and already forms part of the general project brief.
Should the sustainable management plan is established and effectively enforced,
only positive impacts are expected on the groundwater recharge of the region.

(1) Causes of Impacts
- Control on overexploitation of groundwater
- Increased recharge of aquifers

(2) Possible Environmental |mpacts
- Maintaining the groundwater table in phreatic and confined aquifers

- Repression of saltwater intrusion from overlying or underlying aquifers, into
aquifers with good quality usable groundwater

(3) Factors for Evaluation
- Sustainable water resource potential of the whole aquifer system
- Water abstraction trends
- Water usefor irrigation
- Water quality trends and saline water intrusion
- Areasof natural leakage

(4) Measures

- (Since the proposed management plan is expected to lead only positive impact
on the Stempriet Artesian Basin, no further mitigation measure shall be
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required except a regular monitoring and management)

(5) Related Subjects for Study
- Water-use situation study (economically and population induced)
- Water quality evaluation
- Isotope studies for determining aquifer recharge and sustainable yield
- Identify leaky boreholes and find solution for providing permanent casings

2) Faunaand Flora:  Interruption of reproduction or extinction of species due to change
of habitat condition

According to Griffin (pers. comm., 8 November 1999) a change in the natural
vegetation will eventualy affect the whole ecological chain. The Kalahari
ecosystem in the area around the Auob and Nossob Rivers has been described by
Leser (1971). Thomas and Shaw (1991) give a general description of the Kalahari
environment.

The Giess Vegetation Map of Namibia (1971) is the only countrywide survey that
existsfor Namibia. Presently, the National Botanical Research Institute of Namibia
is carrying out a project to update the Vegetation Map of Namibia at a scale of 1:1
000 000 (Strohbach and Sheuyange, 1999). The surveying has started in the Karas
and Hardap regions during the 1997 growing season, and it has covered the part of
the Stampriet Artesian Basin to the east of 18° E and south of 24° S.  Although no
guantitative data is available, it was postulated (Strohbach, pers. comm., 10
November 1999) that the Kalahari is arelatively young desert, as only 10 to 15 plant
species were found per 1000 m? compared the Karas Mountains where
approximately 60 species per 1000 m? were recorded. It has to be noted that the
climate in the Karas Mountains varies considerably and would lead to a greater
diversity of species.

The aien Prosopis sp. is responsible for destroying the habitat of the natural
vegetation. The camel thorn trees (Acacia erioloba) are very sensitive for such
invasions and they would seem to be affected in many places. Strohbach (pers.
comm., 1999) has the impression that the Prosopis will grow in areas, which have
ample supplies of water. In the Auob River, where such invasions occur, perennial
grass, Sporabolus tenulus, was found which usually occur in marshy conditions, e.g.
around a spring. The extent and success of attempts to control the invasions are
unknown.

With regard to the fauna in the Stampriet Artesian Basin, no specific study has been
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undertaken. The closest area where any study was done is the Hardap Dam
National Park. Draft tables were compiled of the occurrence of amphibians,
reptiles and mammals (Griffin, 1999). This type of study was carried out for al
national protected areas under the control of the Ministry of Environment and
Tourism. As the Hardap Dam National Park covers an area adjacent to the
Stampriet Artesian Basin, the data obtained from Griffin (1999) is included in
Appendix D.

(1) Causes of Impacts

- Alien vegetation invasions
- Potential overgrazing at stock watering points

(2) Possible Environmental Impacts

- Reduction in numbers of plants and species, followed by a decrease in the
numbers of and species of fauna

- Desertification

(3) Factors for Evaluation

- Changesin vegetation determined by satellite imagery or aerial photography

(4) Measures

- Control of alieninvasive vegetation
- Control livestock numbers

(5) Related Subjects for Study

- Occurrence of Phragmites sp in the Auob River bed on the farm Schilflage,
R143, approximately 100 m south of the entrance road to the farm house
(Strohbach, pers. comm., 1999)

- Over grazing near, and trampling of vegetation at watering points (DRFN,
1997).

Pollution

1) Water Pollution

This project in itself will not lead to any significant pollution impacts. Pollution is
expected to occur through anthropogenic activities, existing and new, and that
should be controlled by applying the necessary regulations and also by providing
information to the local councils and the public.

The provisions of the Water Act, 1956 (Act No 54 of 1956) are intended to promote
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the maximum beneficia use of the country’s water resources, and to safeguard
public water supplies from avoidable pollution.  For this reason, permit applications
are required for potential polluting activities, such as wastewater treatment and waste
disposal (see application form in Appendix E). See also the attached list of Towns
(Appendix F) and the list of Guest Houses and other establishments (Appendix G)
within the area, some of which have applied for wastewater discharge permits in
terms of the Water Act.

(1) Causes of Impacts
- Potential causes are solid waste and sewage sludge disposal activities
- On-site sanitation

(2) Possible Environmental Impacts
- Deterioration of water quality in the phreatic aquifers

(3) Factors for Evaluation
- Extent of disposal activities (population related) and likely impact
- Control of permitsfor potential polluting activities

(4) Measures
- Ingpection by Government authorities
- Information dissemination to the local councils and the public

(5) Related Subjects for Study
- Effluent standards (see Appendix H)

In Tables 6-1 to 6-3 these impacts are summarised and evaluated for the Social
Environment, the Natural Environment, and potential Pollution, based on the
information as described above. It is evident that the main study of the sustainable
potential of the Stampriet Artesian Basin will provide the necessary basis for the
environmental assessment.
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Table6-1  Screening for Groundwater Development:  Social Environment
. - Evalua- Remarks
No Environmental Item Description :
tion (Reason)
1 Resettlement Resettlement by land occupation (transfer of rights of residence, D No resettlement isinvolved in the project.
land ownership)
2. Economic Activities Loss of production base (land etc.) and change of economic Implementation of sustainable groundwater management may cause a change in
structure B the economic structure due to a potential need for realocation of water

according to basic needs and economic guidelines

Traffic and Public Facilities

Impacts on existing traffic, schools, hospitals, etc. (e.g., traffic

No permanent impacts are foreseen.

. . D
jam, accidents)
4. Split of Communities Separation of regional communities by hindrance of regional D No infrastructure will be installed to this effect
traffic
5. Cultural Property Loss or deterioration of cultural properties, such as temples, D No infrastructure is planned that will have such an effect
shrines, archaeological assets, etc.
6. Water Rights and Rights of | Obstruction of fishing rights, irrigation and water rights B For sustainable groundwater development, water abstraction rights for irrigation
Common may need to be reconsidered
7. Public Health Condition Worsening of health and sanitary condition due to generation of No impact negative caused by the study itself is foreseen.
garbage and appearance of harmful insects C  |Groundwater quality is deteriorating in some areas due to leaky borehole
casings.
8. Waste Generation of construction waste, surplus soils, sludge, domestic c The project will not cause any impact but existing and future anthropogenic
waste, etc. activities can potentially cause pollution
9. Hazards (Risk) Increase in risk of cave-ins, ground failure and accidents D No impacts are foreseen. Precautions will be taken at the drilling sites to

prevent any problems
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Table 6-2

Screening for Groundwater Development:

Natural Environment

- R k
No Environmental Item Description EV?““"" emarks
tion (Reason)
10. | Topography and geology Change of valuable topography and geology due to D No large-scale construction is planned in the initial stage of the project.
excavation and earth fill
11. | Soil erosion Topsoil erosion by rainfal after land reclamation or D No large-scale construction is planned for the initial stage of the project.
deforestation
12. | Groundwater Lowering of groundwater table due to overdraft and turbid The lowering of groundwater levels is already an established trend, which could
water caused by construction work B be related to the overdraft, reduced recharge of aquifers, and/or leaky borehole
casings. The project isaimed at sustainable use
13. |Hydrologica Situation Change of discharge and water quality due to reclamation Spring flow aready negligible. Thus, no negative impact from this project is
and drainage D foreseen. However, changes in the catchments of the rivers entering the
Stampriet Artesian Basin will affect the water balance in the area.
14. [Coastal Zone Coastal erosion and sedimentation due to littoral drift and D The area is situated far from the coastline and the ephemera rivers are only
reclamation linked very indirectly with the coast viathe Orange River system
15. [Faunaand Flora Interruption of reproduction or extinction of species due to The study will not affect the fauna and flora. However, significant changes in
change of habitat condition B vegetation may be taking place due to aien plant invasions.
Overgrazing and desertification may also need to be evaluated.
16. | Meteorology Change of micro-climate, such as temperature, wind, etc., D No impacts foreseen.
dueto large scale reclamation and construction
17. | Landscape Deterioration of aesthetic harmony by structures and D No large-scale construction is planned.

topographic change by reclamation
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Table6-3  Screening for Groundwater Development:  Pollution
) o Evalua- Remarks
No Environmental Item Description .
tion (Reason)
18. | Air Pollution Pollution caused by exhaust gas or toxic gas from vehicles D Short term limited exhaust gas generation during exploration drilling and test
and factories pumping only
19. [Weter Pollution Water pollution of river and groundwater caused by drilling C Environmental pollution will be limited by employing proper drilling control
mud and ail and management
20. | Soil Contamination Contamination caused by discharge or diffusion of sewage D Impact due to existing and new systems are not related to project activities
or toxic substances
21. [Noiseand Vibration Generation of noise and vibration due to drilling and D Short term exploration drilling and test pumping only
operation of pumping machines
22. [Land Subsidence Deformation of the land and land subsidence due to D Following completion of this project, groundwater exploration will be
lowering of groundwater table managed
23. | Offensive Odour Generation of offensive odour and exhaust gases D Short term limited exhaust gas generation during exploration drilling and test
pumping only
Overall Evaluation: However, the environmental impacts on the water quality and water balance of
Either |EE or EIA is necessary for the project implementation? NO the Stampriet Artesian Basin may be significant
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Discussion

The ratings of the various environmental items as defined by JCA (1992) are
evaluated in the following categories:
- A:Seriousimpact is expected
- B:Someimpact is expected
- C: Extent of impact is unknown
(Examination is needed. Impacts may become clear as study progresses.)
- D:Noimpact isexpected. |EE/EIA isnot necessary

As set out in the introduction to this report, the Study as such actually constitutes an
environmental assessment for the Stampriet Artesian Basin. Accordingly, the
project in itself will not lead to an environmental impact, but would rather lead to
mitigation of any existing impact. For this reason, none of the 23 environmental
items in the tables were evaluated as having a potentially serious impact
(“A”-rating). The ratings given should be considered as the existing or potential
future situation due to anthropogenic and other activities. All environmental items
with a“B” rating reappear in Table 6-4 below, detailing a brief study plan and afew
remarks.

The main thrust of the project is to determine the hydraulic relationships in the
various aquifers as defined by means of the newly interpreted geology, and
particularly the associated flow regimes in each aquifer. These findings will be
supplemented with interpretations based on the water quality (chemistry and
isotope) data in those areas where other information is unavailable or insufficient.
Against this background, the environmental factors will have to be reviewed as the
project progresses. For example, depending on the findings of the project with
regard to the sustainable potential of the aquifer, it may be required that water rights
have to be reallocated to conform to such potential of the aquifer. This will have
to involve a detailed economic value assessment of the various water uses in the
area, and the associated impacts.

The overal evaluation as set out above is summarised in Table 6-4, giving the
evaluation for each item and a brief indication of the planned actions. These
actions will be reviewed as the project progresses and further information becomes
available.
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Table 6-4

Overall Evaluation for Groundwater Devel opment

No [ Environmental Item | Evaluation Study Plan Remarks (Reason)
2. | EconomicActivities B Determination of sustainable potential of artesian basin (from main project) Sustainable groundwater potential may be exceeded,
Assessment of the economic value of groundwater for the different uses (from DWA studies) | "équiring reallocation of water according to basic needs
. . . and economic guidelines
Possible reallocation scenarios (DWA)
6. |Waer Rights and B Water abstraction rights for basic uses, stock watering, irrigation and other purposes may [If the sustainable groundwater potential is exceeded,
Rights of Common need to be reconsidered (DWA) (see item 2. above) water abstraction will have to be reduced
7. |Public Health C Study use of potentially harmful agricultural chemicals The JCA project will not create any health hazard, but
Condition L|§|ng Of pa‘m|ts|wed by DWA for mage and waste d|sp05a| eXiSi ng health hazardS in the Study area Wthh are
. . . identified during the study will have to be considered
Surve)./ of sewage a.nd waste disposal prfxtlces pptenyally harmful to health . (see also items 8. and 19, below)
Establish potential impact of water quality deterioration due to leaky borehole casings
8. |Waste C Present and potential future anthropogenic activities producing waste need to be recorded [ The JICA project itself will not produce waste of any
(seealsoitems 7. and 19.) significance, but existing and future activities may
Determine types and quantities of waste (apart from domestic waste) present a hazard
12. | Groundwater B Evaluate abstraction trends and permanency of groundwater decline (from main project) Indications are that groundwater levels are receding,
Consider determining extent of impact of reduced piezometric heads on borehole leakage| €-9- more and more boreholes, which were free flowing,
into/from artesian sandstones (hydraulic modelling) stopped and are being pumped. Reducing/increasing
Estimate the extent of leakage due to corroded/inadequate borehole casings water usage ‘.N'" affect piezometric heads and losses
from the artesian aquifers
15. |Faunaand Flora B Estimate the role of the aien vegetation invasion with regard to groundwater losses, | Removal of alien vegetation should reduce groundwater
particularly in those areas directly affecting the natural recharge of the Karoo sandstones losses and increase the recharge and sustainable
Consider the need for the regulation of overgrazing and desertification potential of the artesian basin
19. | Water Pollution C Estimate the order of magnitude of waste generation, sewage treatment and disposal (see|Impacts due to existing and new sewage and waste

items 7. and 8.)
Investigate the extent of water quality deterioration due to leaky borehole casings

Develop guidelines for identifying leaky borehole casings and remedial measures, including
the sealing/grouting of such boreholes

disposal systems do not related to this project but need
to be recorded and managed. Leaky borehole casings
may contribute significantly to water quadity
deterioration
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Conclusions

As such, this project should only have a beneficial impact on the environment, as the
outcome should indicate what measures are required for sustainable use of the
groundwater and for resource protection.  Aspects, which should receive attention, are,
for example:

- the presumed long term lowering of the groundwater table

- the hydrological situation in the upstream river catchments and the effect on the
water balance of the Stampriet Artesian Basin

- the natura recharge situation and the need for artificial groundwater recharge, in
which case further environmental assessments will be needed

- alien vegetation invasions, particularly of theriver valleys
- reconsideration of the usage of water for different economic purposes
- reconsideration of water abstraction rights

- considering environmental impact assessments where irrigation water use exceeds
100 000 m*/a as proposed in the guidelines of the Department of Water Affairs

- leaky borehole casings and the associated water quality deterioration

- control over anthropogenic activities which potentially may pollute the soil and
groundwater

Recommendations

It is recommended that the outlined study plans are followed for those four
environmental items having a “B”-rating (see Table 6-4), viz. economic activities,
water rights & rights of common, groundwater, and fauna & flora. The definitions of
theseitemsareasgivenin Table 6-1 to 6-3.

It is also recommended that the three environmental itemswith a“C”-rating (Table 6-4),
i.e. public health condition, waste, and water pollution, is reviewed as the project
progresses and further information becomes available.
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CHAPTER7 GROUNDWATER MANAGEMENT PLAN

7.1 Concept of Groundwater M anagement

The most desired form of groundwater use is to abstract the necessary volume of water
without a groundwater level reduction or land settlement.

In the study area, the aguifers of Kalahari, Auob, and Nossob are used to abstract water
for domestic, stock, and irrigation purposes. The total abstraction volume (0.015x 10°
m®) is very small compared to the total groundwater storage (357x 10° m°). However,
natural recharge cannot be expected to fill the aquifers due to the limited precipitation
and complex hydrogeological features of the area. Therefore, as has been made clear by
the long-term monitoring carried out by DWA, the groundwater level has continuously
decreased, resulting in a negative water balance. Furthermore, the groundwater
withdrawal in some areas shows a marked increase, causing a severe decrease in the
groundwater level.

In the study area, the largest groundwater consumers are the irrigation farms. However,
inefficient water use would not appear be the cause since the irrigation method has
already been converted from flood irrigation, which involves alarge water |0ss, to more
efficient sprinkler methods and/or drip irrigation. The significant increase in the
abstraction volume is therefore considered to be as a result in the increase of irrigation
farming and over-extraction beyond the permitted rate.

As aresult of the study, as examined in Chapter 3 of this report, groundwater levelsin
the Kalahari aquifer could be depleted in the area around the Auob River catchment in
the next 30 years. In other words, groundwater will soon be dried up in the aquifer
where the community has mostly depended on it so far. In order to maintain the
groundwater level of the aquifer, a 50% reduction of the current water use is required
(See Chapter 3). On the other hand, changes in the groundwater level in the Auob
aquifer have not been estimated to be as drastic in this time span.

Considering that the current socio-economic system of the study area is dependent on
groundwater, a sudden reduction of water use by 50% is therefore not practical.

Accordingly, the study shall propose that the groundwater management plan to contain
both sustainable use and practical application aspects, which are acceptable to the
government and the public of the area.
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Optimum Groundwater Use in the Study Area
Target Groundwater Extraction

According to the groundwater simulation carried out in this study, it is estimated that a
depletion of the Kalahari Aquifer would take a period of 70 to 80 years if current
extraction is reduced by 30%. A 50% reduction in the pumping rate is required to
maintain the current groundwater level. The groundwater model applied here is based
on the existing data and information, and needs further improvement for future data
compilation. When the model is upgraded in the future, the depletion period may
change accordingly. The ultimate purpose of the groundwater management plan is to
enable the sustainable use of the aquifer. However, in practice, agricultural production
provides the basis for most livelihoods in the area.  In this regard, as the first step of
the management plan, it is recommended that there is a reduction 30% of the current
extraction rate. This will be achieved upon the implementation of several action plans
as described below. This is the adaptive management plan to achieve the target
reduction rate of 30%, as well as adjusting the required reduction rate based on the
continuous monitoring of the effectiveness of the extraction control.

Environmenta Consideration

Although water abstraction is inducing the gradual decrease in the water table in the
study area, no other environmental impact is evident. Besides, a groundwater
management plan would not involve novel developments of the groundwater resource,
but rather would mitigate the decreasing tendency of the groundwater level. As aresult,
it would be considered to have positive impacts on the environment.

Groundwater Management Plan
Alternatives to Mitigation Measures

The study area is designated as Subterranean Water Control Area by Government
Notice No 302 of 1st October 1955. According to this, the following three activities are
required upon extracting groundwater from the study area:

(i)  Toobtain permission for water extraction.
(i) To obtain permission for the operation of irrigation on farms larger than 1 ha.
(ilf)  Toreport the total extraction volume per year.

Although the above subjects are the most essential parts in the groundwater
management plan, they are hardly followed in practice. The actual situation regarding
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items (i) and (ii) were made clear by the hydro census and DWA'’s data. The
information regarding illegal wells and irrigation farms in the hydro-census data was
provided on condition of penaty exemption. Therefore, the handling of these illegal
water users needs careful consideration upon the formulation of groundwater
management

For the sustainable use of the aquifers in the study area, a reduction in the current
extraction rate is required. This is especially crucia in the Subterranean Water Control
Area. In this area, as stated previously, countermeasures are necessary for the control of
over-extraction beyond the aquifer capacity. In this regard, action plans for the
reduction of groundwater extraction are proposed in Table 7.3-1. Both items for
urgent implementation and for adaptive application are described. Not all the action
plans are to be implemented, but mitigation effectiveness on the groundwater receding
should be monitored for the feedback adjustment of the plans.
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Table 7.3-1 Action Plans for the Reduction of Groundwater Use

No. [ Priority Action Plan Contents Remarks

Enlightenment  of  sustainable To hold local explanation meetings in| To alow understanding for the aquifer

1 cooperation with Farmer Union potentiadl and the predicted depletion of
groundwater use groundwater under the current water usage.
Compulsory installation of flow meter to al
> Observation of water extraction | To assure the through enforcement of | wells. The pumping rate shall be regularly
volume reporting duty of well owners. reported. The reporting duty and meter
installation shall be inspected.
To take back the current extraction permit | WW No. should be issued to all existing
3 Review of permission system and reallocate them to achieve the 30% | wellsincluding illegal ones, and the reporting
reduction target of extraction rate is made mandatory.
Present irrigation area; 546ha in Stampriet
4 o Reduction of irrigation area To keep the permitted irrigation area area (Areall in Fig.4-2) should be reduced to
399.5ha

In  cooperation with Department of
agriculture and Farmer Union, the possibility
of crop conversion shal be discussed to
alow understanding and cooperation of farm.
The status of crop conversion shal be

To promote the conversion of crops to
5 ) Conversion of cultivation crops those with higher market values with
lower water demand.

monitored.
To expect the farm operators to | Closely related with the public education
6 ) Voluntary reduction by water users | voluntarily conserve irrigation water as a | (item No. 1), which require the cooperation
result of public education. with farmers organizations as Farmer Union.

Application of efficient irrigation | To convert the irrigation method for In cooperation with farms, irrigation area and

7 . . method shall be studied. The annual pumping
method promoting more efficient water use. rate shall be monitored.

To charge on groundwater extraction to Setting of a valid amount of water price

8 Pricing on groundwater should be examined based on the water value

control the excessive water use. calculated in the study.

Countermeasure for urgent implementation
o  Countermeasure for short-term implementation
Countermeasure for long-term implementation



732

1)

Chapter 7  Groundwater Management Plan

Mitigation measures for the Reduction of Groundwater Extraction from Economic
Aspects

A wide range of measures should be taken to control the water use such as raising
awareness by education and information, legal measures and economic measures.
However, considering the existing conditions of water use in the study area (refer to
Chapter 4), this economic study focuses on the points mentioned below:

1) Conversion of cultivation crops

2) Application of efficient irrigation method
3) Reduction of irrigation area

4) Pricing of groundwater

Conversion of Cultivation Crops

To improve the water use efficiency from an economic perspective, reduction in the
production of Lucerne and Cotton which require a lot more water than other crops
and has lower added value compared to other crops is required. It is necessary to
shift to high value added crops such as sweet melon, tomatoes, watermelon and other
vegetables (Table 7.3-2).

Considering the farm size and the value added of crops, different scenarios of water
reduction, all of which are realistic and efficient in the water use were simulated. It
was examined how much water could be saved from conversion from Lucerne
production into higher value added crops, while maintaining the same income of the
farmers. In case farmers change their farming operation from Lucerne to Grape in
Scenario 1-2 (changing ratio: 50 %) or from Lucerne to Maize in Scenario 2-1
(changing ratio: 100 %) the groundwater extraction will meet the short-term goal of a
30 % reduction in water use, which is the aim of this master plan. In Scenario 1-1
(changing ratio: 100 %) the groundwater extraction will attain the sustainable use
level (68% reduction in water use).

Casel Lucerne - Grape

Ratio of Changing| Reduced Water Reduction
Area Volume (m°) Ratio
Scenario 1-1 100% 6,140,737 89 %
Scenario 1-2 50% 3,070,368 45 %
Scenario 1-3 20% 1,228,147 18 %
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Case2 Lucerne — Maize
Ratio of Changing| Reduced Water Reduction

Area Volume (m°) Ratio
Scenario 2-1 100% 1,917,569 28 %
Scenario 2-2 50% 958,784 14 %
Scenario 2-3 20% 383,514 6 %

Table7.3-2 VaueAdded of Crops
Gross Total Net Unit Water
Crops Income Cost Income Consumption Value Added
(N$/ha) (N$/ha) (N$/ha) (m*/ha) (N$ /m®)

Wheat 6,000 4,320 1,680 12,187 0.138
Lucerne 12,000 5,880 6,120 28,480 0.215
Maize 8,000 4,700 3,300 9,427 0.350
Cotton 11,000 5,360 5,640 16,507 0.342
Grapes 40,000 17,668 22,332 14,761 1.513
Sweet Melon 40,000 12,708 27,292 10,467 2.607

Source: MAWRD and Hardap Cooperative

2)  Application of Efficient Irrigation Method

As Table 7.3-3 shows, micro irrigation methods such as Drip and Micro sprayer
enable more efficient water use than with Sprinkler and Flood irrigation. Ideally
irrigation water use can be saved by the application of more efficient methods.

Table7.3-3 Minimum Water Requirements for Different Crops and Irrigation Methods

Minimum Irrigation methods
Crop type requirement Micro Sprinkler Flood

(m*halyear) | (m¥/halyear) | (m°/halyear) | (m*/halyear)
Maize 5,656 6,284 7,070 9,427
Melon/Vegetablg 6,280 6,978 7,850 10,467,
Tomato 7,216 8,018 9,020 12,027
Wheat 7,312 8,124 9,140 12,187
Citrus 7,888 8,764 9,860 13,147
Grapes 8,857, 9,841 11,071 14,761
Cotton 9,904 11,004 12,380 16,507,
Lucerne 17,088 18,987 21,360 28,480

Source: MAWRD

Note:  Sprinkler = Minimum requirement /0.8
Micro = Minimum requirement /0.9
Flood = Minimum requirement /0.6
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As shown in Table 7.3-5, most of the farms have applied efficient methods such as

drip, micro spray and so forth.

In order to estimate exact water saving volume by

ateration of irrigation methods, applicable irrigation methods should be considered
based upon the information of irrigation areas and applied irrigation methods by each

crop type.

However, the hydro census data does not cover the detailed data of

irrigation areas by crop type. Because of such data constraint, this study estimates a
possible saving water volume considering the below cases which exclude the farms
applying spray and flood irrigation methods mixed with other micro irrigation
methods (refer to Table 7.3-4).

As Table 7.3-4 indicates, switching irrigation methods leads to a reduction of 215,500
m°/year which amounts to about 3 % of the total irrigation water use in the study area
The figure does not meet the short-term goal as well as the sustainable water use level.
However using a variety of efficient irrigation methods more reduction could be
expected.

Table7.3-4 Water Saving Volume with Application of Micro Irrigation Methods

Cases applied with Saving volume NB
micro irrigation method (m% year) T
Casel | Flood — Micro (30 saving) 91,500 | 30.5hax 10,000 m® x 30%
Case2 | Sprinkler - Micro (10  saving) 83,000 | 83hax 10,000 m® x 10%
Case2 | Pivot » Micro (10  saving) 15,000 | 15hax 10,000 m® x 10%
Case 4 | Flood, Sprinkler 26,000 | 13hax 10, 000 m® x 20%
—»Micro (20 saving)
Total 215,500
Note: 10,000 m*= averaged water consumption per ha

20% isthe average of Case 1 and 2

An important aspect to be noticed as Table 7.3-3 and Fig. 7.3-1 indicates is that the
application of micro irrigation methods does not aways contribute to water saving.

Water consumptions of some farmers are far more than 28,480 m® per year which is

amost maximum water requirement of crops, athough they have applied efficient
irrigation methods which require much less water than that.

The main reason for this is that water saving highly depends upon the way which the

farmers use the technologies and groundwater. For instance, some farmers may not
have adequate knowledge about how to use the efficient irrigation methods properly and
furthermore, may not be aware of the scarcity and the importance of ground water. To
improve their knowledge and awareness, education for the farmers should be initiated in
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parallel with the application of more efficient irrigation methods.

Table 7.3-5 Irrigation Areas and their Employment of Various Irrigation Methods

Unit: ha
Area
| I Il v 1 Tota %
lIrrigation method
Drip 98.5 2.0 41 1046 238
Sprinkler 56.0 1.0 200 6.0 830 189
Sprinkler, Flood, Drip 77.0 770 175
Sprinkler, Drip 20 625 64.5 14.7
Flood 30 175 4.0 6.0 30.5 6.9
Flood, Drip 21.0 21.0 4.8
Pivot 15.0 15.0 3.4
[Micro sprayer 10 120 10 14.0 3.2
Sprinkler, Flood 10 100 2.0 13.0 3.0
Sprinkler, Drip, Micro sprayer 12.5 12.5 2.8
Flood, Micro sprayer 2.0 2.0 0.5
IMicro sprayer, Drip 2.0 2.0 0.5
Hose 0.5 0.5 0.1
Source: JCA analysis based upon Hydro-census data
Comparison between Irrigation use and Permitted water use (m3/ha/y basis)
120,000 120,000
110,000 :g:rgr::i(t)gduvsv(;t(enr]Su/siafr)rI])S/ha/y) 1 110,000
100,000 | 1 100,000
90,000 1 90,000
80,000 1 80,000
5 70,000 1 70,000
é 60,000 1 60,000 g
E 50,000 1 50,000 %
S
40,000 | 1 40,000
30,000 1 30,000
20,000 1 20,000
10,000 1 10,000
0 2 3 4 5 6 7 B 0 10 11 12 13 14 16 16 17 18 10 20 21 92 23 24 25 26 27 28 29 30 o1 32 33 34 35 36 37 28 30 0
— ——
Drip Flood Flood Pivot Sprinkler Sprinkler &Drip

Drip  permitted Farmers in the study area

Fig 7.3-1 Water Consumption by Irrigation Methods
Source: JICA analysis based upon DWA data
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Reduction of Irrigation Area

As mentioned in Chapter 4, farmers especially in Area Il have exceeded their
irrigation quotas and therefore a reduction in the irrigation area is one of the efficient
ways to reduce groundwater extraction.

If the current irrigation areas (432 ha) of permitted farmersin Areall are scaled down
to the permitted level by 30% reduction, then ssimply the same ratio of water
consumption can be reduced. In this case groundwater extraction in the study area
would almost meet the sustainable level.

Pricing of Groundwater

Enhancement and promotion of more efficient water use by education and campaign
are basically conducted at the initial stage of the water reduction implementation
program. However, such a policy may face some difficulty in persuading the
farmers to change their behaviours. This is because currently ground water is not
charged in the study area. Also it could be expected that farmers will not agree to
pay for ground water. However, charging for groundwater is a useful tool for
providing incentives to the farmers. As an ultimate economic measure pricing or
taxing can be applied considering affordability and acceptability to farmers.

This study considers the crop conversions with pricing policies as one of
recommendations (refer to 7.3.2 1)). Based upon the generalised data of costs,
benefits and required water volumes for crop productions, value added per cubic
meter for main crops in the study area were calculated. The figures basically
indicate how efficient crop productions use groundwater.

According to Scenariol-2, changing of crop production from Lucerne to Grape
enables a reduction of 34% of current water usage. However, this is quite difficult
without sufficient motivation to farmers, because such a shift requires some
additional costs and physical efforts on the part of the farmers.

Basically farmers change their farming activities based upon costs and benefits with
the aim to get more profit with lessinvestment. Due to the economic principle, they
tend to change their activities from irrigation farming with low value added to
livestock farming with high value added.

As Table 7.3-6 indicates in the case where the government charges a price between
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N$ 0.4 to 1.5/m* for ground water, farmers who cultivate Wheat, Maize and Cotton
etc which produces lower value added than N$ 0.4/m® will encounter a deficit with
this charging. According to economic theory we would then expect to observe
farmers to change their cultivating crop type from the lower value added ones to the
higher value added ones like Grapes and Sweet melon. As aresult of this charging
policy and consequently change of crop type water consumption is expected to be
reduced and should approach the sustainable level of water use.

Table 7.3-6 Vaue Added of Crops
Gross Total Net Unit Water

Crops Income Cost Income Consumption Value Added

(N$/ha) (N$/ha) (N$/ha) (m*/ha) (N$ /m®)
Wheat 6,000 4,320 1,680 12,187 0.138
Lucerne 12,000 5,880 6,120 28,480 0.215
Cotton 11,000 5,360 5,640 16,507 0.342
Maize 8,000 4,700 3,300 9,427 0.350
Grapes 40,000 17,668 22,332 14,761 1.513
Sweet melon 40,000 12,708 27,292 10,467 2.607

Source: MAWRD and Hardap Cooperative
Groundwater Monitoring Plan

Purposes of Groundwater Monitoring

Monitoring is required to assure the proper implementation of the above suggested
action plans, and the effectiveness of achieving the target . In case one action plan
does not seem to improve the situation, other actions may need to be applied in order to
reach the targets. Also, as a consequence of data compilation from the constant
monitoring, the accuracy of groundwater level estimation should be also improved.
Accordingly, agroundwater monitoring plan is proposed as follows.

Target Area of Monitoring

This study targets the entire area of Southeast Kalahari Artesian Groundwater Basin.
The continuous nature of groundwater also requires a monitoring plan for the entire
basin. On the other hand, however, the receding of groundwater level is not uniform in
the study area. In this regard, the most significant water decrease is observed in the
limited area around Stampriet along the Auob River and its eastern region. Accordingly,
the above area is tentatively called as the Specia Groundwater Control Area. The
groundwater monitoring after the study should have specia attention to the area, while
the entire area of the basin has been already established as the “Groundwater Control
Ared’ in the Water Act.
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The monitoring items are divided into either technical or administrative aspects. Table
7.3-7 shows the outline of monitoring contents.
Table7.3-7 Monitoring Item
Item No. | Importance | Monitoring Item Method Responsibility
Automatic hydrograph,
1 Groundwater level DWA
manual measurement
Technical 2 Water quality Sampling and analysis DWA
[tem
3 Precipitation Automatic rain gauge DWA
4 Flow rate Automatic flow meter DWA
Well owners
5 Extraction rate Flow meter, inspection
DWA
Administrative _
[rrigation o i
[tem 6 o ] Reporting, inspection | Farms DWA
improvement
7 o Crop conversion Reporting, inspection | Farms DWA
Remark Item for urgent implementation

O

(1) Technical Monitoring Items

(i) Groundwater Level

Item that implementation is preferred

The monitoring wells targeting the Kalahari aquifer exist at 14 sites, but there
are none in the special monitoring area. For this reason three new observation
wells should be installed in the area as shown in Fig.7.3-2. The existing wells
owned by DWA and the newly drilled ones arising from the JICA study should
cover the other area.

As for the Auob and Nossob aquifers, the monitoring shall be continued in the
existing monitoring wells of both DWA and JICA.

The distribution of existing and newly planned observation wells is shown in
Table 7.3-8 and Fig. 7.3-2.




Chapter 7

Groundwater Management Plan

Table7.3-8 List of Monitoring Wells

Category Well No. Location Kalahari Auob Nossob
J1 Christiana - -
J2 Olifantswater West -
J-3 Steynsrus
J4 Okanyama
Aminuis
A 55 jaiivile —
(Stampriet)
J-6 Cobra
J7 Jackal sdraai -
J-8 Tweerivier
J9 Klein Swartmodder - -
JO-IN Neu Simmern - -
JO-2A Gumchab Ost - -
JO-3A Neumark - -
DWA-4,5,6,7 | Olifantswater West
DWA-3A | Stampriet - -
Bgr\évhﬁle DWA-2A | Boomplaas
JO-4A Tugela - o
JO-5N Gochas - -
JO-6N Dagbreek - -
JO-7A Glencoe - -
JO-8A Cobra - -
(Near Stampriet) or o
(;irr(i)I EZ (East to Stampriet) or o
(North to Stampriet) or o
Remark automatic hydrograph (Seba) o  automatic hydrograph (record paper) manual

Table7.3-9

The monitoring shall be conducted in the intervals as shown in Table 7.3-9. The
result of monitoring should be organized as the groundwater graphs as shown in
Fig. 3.7-4 of Chapter 3 to describe the fluctuation of the piezometric head.

Interval of Measurement and Data Collection of Groundwater Level

M easurement Method

Interval

Data Organized as

Automatic hydrograph Consecutive measurement, Daily fluctuation of

(Seba) data collected every three Piezometric Head
months

Automatic hydrograph Consecutive measurement, Monthly fluctuation of

(record paper) data collected every months | Piezometric Head

Manual Monthly regular Monthly fluctuation of
measurement Piezometric Head

Besides, there are many natural springsin the Auob catchment around Stampriet.
At the time when the study was started, al the springs had stopped. After the
intensive rainfall in the rainy season of 1999/2000, some of the springs resumed
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in places such as Hoachanas and Klein Swartmodder. Among these springs, five
to ten of them should be selected for the monitoring. The owners of these
springs will be entrusted for the monitoring of the flow behaviour of these

springs.
Water quality

There is an area called salt block that has an extreme level of salinity in the
study area. Saltwater intrusion, however, is not anticipated because the water
abstraction is very small compared to the total groundwater storage. Therefore,
it is not necessary to uniformly monitor the entire area, but only in the Special
Groundwater Control Area, where further groundwater receding and
accompanying water quality deterioration is anticipated. Accordingly, for water
quality, the following items shall be monitored at the designated boreholes as
shown in Table 7.3-10.

Table 7.3-10 Intervals for Water Quality Monitoring

Area Monitoring Interval Monitoring lItem
Specia Control Area Once ayear Maor cation & anion,
Others Once every two years NO,, NOs;, SO, F, pH,
TDS

Remark: Among the boreholes shown in Table 7.3-8, J-3N, J-6N, and J-8A are
excluded from the monitoring plan because the recovery from groundwater
abstraction is extremely slow at these borehol es.

Precipitation

For the examination of groundwater recharge, the precipitation data is important
as well as the data of the piezometric head. The observation points are required
in the groundwater recharge area and in the upstream area. At present, the
Meteorological Agency is conducting the observation at and around the study
area; however, the data is often missing, resulting in the provision of
insufficient data for the groundwater analysis. Therefore, it would be desirable
to build the DWA’s own observation system. DWA has currently installed
severa rain gauges in and around the study area under IAEA project. Further
installation of water gauge is required in other recharge areas to augment the
existing observation points. The proposed installation points are as follows:
Uhlenhorst area, Hoachanas area, Christiana area, Weissrand area.
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(2) Administrative Monitoring ltems
(i) Extraction Rate

At present, the reporting duty prescribed by the Water Act is not completely fulfilled.
Especialy, item 2 in Table 7.3-1 is hardly reported due to insufficient installation of
the flow meter. The grasp of extraction rate is essential for understanding the
groundwater balance in the study area. Therefore, the installation of flow meter and
reporting should be promoted in consent with water users.

The monitoring of the pumping rate is an indispensable subject in future groundwater
management. The installation of flow meter and regular reporting should be enforced
by the DWA inspections.

(i) Improvement of Irrigation Method

In the study area, the majority of farmers have aready introduced sprinkler or drip
irrigation method. Therefore, the effectiveness of water conservation by the
conversion of irrigation is limited. The action plan is to further promote the
improvement of irrigation method to every farmer in the study area.

As far as the irrigation water is concerned, the minimum pumping for the efficient
water use is desired. For this to be achieved, athorough provision of information and
education is necessary to obtain understanding and cooperation of the farmers. The
monitoring of the improvement status is also essential to ascertain the application of
the conversion.

(iif) Conversion of Cultivation Crop

Most of the crops cultivated in the Special Groundwater Control Area are cash crops.
If crop conversion is applied without proper measures, there could be it may a
decrease in the income of the farmers.  Crops with higher market values with lower
water demand should be introduced with the consent of farmers. The execution of this
action plan is expected to make a great impact on the total extraction rate, thus a
proper monitoring would be required.

Institution and Organization

While some part of the action plans may require cooperation with other relevant
divisions, the magjor part of the discussed groundwater monitoring plan assumes the
main input from Geohydrology Division in the DWA. Here an examination is
attempted for the institutional and organizational aspects.
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Table 7.3-11 shows the posts and tasks of the monitoring engineers. The Geohydrology
Division has vacant posts for amost half of the total quota. Therefore it is anticipated
that insufficient staffing may lead to improper conduct of monitoring activities. The
major factor in the of lack of personnel isthe outflow of engineersto NamWater. This
tendency is not expected to change for the moment, therefore, the proposed personnel
organization incorporate the rather fixed technicians and supple the other posts to
strengthen the organization. The following table shows the required posts and
numbers of engineers only for the groundwater monitoring activities.

Table 7.3-11 Monitoring Item, Contents and Required Engineers

Required Engineer Ff\lefr%gj Tasks Remarks
- Management of groundwater level, | Urgently needed
Senior analysis of observation data
Geohydrologist or 1-2 - Water sampling for quality
Geohydrologist analysis, analysisand
interpretation of data
Groundwater 1 - Improvement of groundwater | 5 years after
Simulation Expert simulation model monitoring is started

- Collection and processing of
groundwater observation data

- Collection and processing of
precipitation observation data

- Collection and processing of
observation data of extraction rate

-  Waer sampling for quaity

The task volume of the
technicians may vary
depending on the
season. A systemis

Technician (A) (B) 2

analysis and data processing requl red for the
e e technicians to support
- Inspection survey of irrigation each other

method improvement and crop
conversion. Organization of the
survey
- Collection of river flow ratedata | In cooperation with
Hydrology Division

Technician (C)

The Senior Geohydrologist and Geohydrologist post are important posts to take charge
of the management of the groundwater monitoring. However, at present, the
employment of proper personnel is assumed to be difficult. For this reason, one
possibility would be to hire the domestic consultants or expert engineers dispatched by
international donors.

As for Technicians, at present, they are in charge of data collection and reading, but not
for processing. However, accuracy of monitoring could be assured if the same
technician makes the graphs after the reading the groundwater level.
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Table 7.3-12 Personnel Allocation in DWA as of October 2001

Post Quota Occupied Vacancy

Deputy Director: Geohydrology 1 1 0
Senior Geohydrologist 3 1 2
Geohydrologist 9 1 8
Technician 10 2 8
(Drilling Section) - - -
Driller 2 2 0
Foreman 3 2 1
Technical & Clerical Assistant 6 5 1
<Tota> 34 14 20
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8. CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions
1) Hydrogeological Structure

The Kalahari, Auob and Nossob Aquifer do not a simple monoclinal feature but a considerably
complicated structure. Redefinition of the aguifers was also done through this study (See
Fig.3.6-1).

2) Groundwater Potential Evaluation

The Auob Aquifer has the highest potential, followed by the Kalahari Aquifer, while the Nossob
Aquifer shows the lowest potential. (See Fig.5.3-9 to 11)

3) Groundwater Flow and Recharge M echanism

a) Groundwater Flow

Groundwater into each aquifer flows from NW to SE and it was estimated that it takes
severa thousand years to flow through the whole basin. (See Fig.3.7-1 to 3).

b) Recharge

The major recharge into the basin occurs via direct rainfall feeding the rivers and the
fractures as well as the karstic sinkholes that are situated on the rim of the basin.
Recharge via these features and structures feed the Kalahari Aquifer directly and this
amounts to 105x10°m°/year in an average rainfall year and 1,550 x 10°m?*/year during an
exceptional rainfall event (on average 1/50 years). Recharge into the Auob Aquifer via
the Kalahari Aquifer and the Kalkrand Basalts does occur but this is mainly during the
exceptional rainfall events. Recharge into the Nossob Aquifer is negligible and most of
the resource in the Nossob Aquifer can be regarded as fossil water.

4) Water Balance

a) Under average rainfall conditions, the water level of the Kalahari Aquifer decreases by
5cm/year on average. Even though a 1/50 year heavy rainfall event does reverse the
drawdown to some degree for a limited period, it does not prevent the longer term
water-level decline under the present conditions.

b) Groundwater recharge volume is up to 0.5% of total rainfall during a normal rainfall event

8-1
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and 3% during a 1/50 year heavy rainfall event. Most of the rainwater is lost by
evapotranspiration. This is exacerbated by the large amount of alien vegetation and
attention should be paid to solving this problem.

5) Groundwater Demand

a) Of the total groundwater abstracted from the Basin, approximately one half of the volume
of 15x10°m’/year is used for irrigation (6.88x10°m?/year). Approximately 78 % of the
total irrigation use is concentrated in the Stampriet area. (See P.4-12 and Table4.1-3)

b) Of the total groundwater abstraction from the Basin annually, 66% is from the Kalahari
Aquifer, 33% from the Auob Aquifer and only 1% from the Nossob Aquifer respectively.

6) Groundwater Simulation

a) Within a 60km square area around Stampriet the drawdown of the groundwater level is
remarkable. (See Fig.5.3-12 to 17)

b) Some wells within the Kalahari Aquifer around the Stampriet area may dry up within the
next 30 years if the present condition of water use prevails. (See Table3.3-2, 3 and
Fig.5.3-18) In view of the present over abstraction taking place, mitigating measures as
part of a water demand management plan as described in Chapter 7 of the report should be
adopted.

7) Groundwater Management Plan

a) Water Demand Management

It is proposed that the irrigation use be reduced by 30% for the short term and that the
following countermeasures are suggested:

i) Start of an awareness campaign regarding the sustainable use of groundwater.
Ii) Proper monitoring of water abstraction volumes.

1ii) Review of permit conditions for water allocation.

Iv) Reduction of over irrigated aress.

v) Switch to higher value crop cultivation.

vi) Voluntary reduction in water use by users.

vii) Application of more efficient irrigation methods.
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viii) Pricing of groundwater.
b) Aquifer Management Plan
An aquifer management plan was set up as follows.

i) A regional groundwater monitoring plan was set up covering the entire basin as shown in
Fig.7.3-2 and groundwater levels should be monitored on a continuous basis.

ii)A special groundwater monitoring area was aso proposed in an area covering
approximately 90km square around Stampriet. (See Table5.3-2, 3 and Fig.7.3-2) Here
three additional observation boreholes should be drilled and installed with recorders.

c) Personal Recruitment

DWA staff should be increased to fill the approved posts in order to do the necessary
follow-up work of this study and to implement the groundwater management plan.

8) Initial Environmental Evaluation

The proposed groundwater management plan is expected to have positive environmental
impacts as the groundwater potential in the Stampriet Artesian Basin will be positively
affected.

9) Counterpart Training

During this study, transfer of technical know-how to counter-part personnel was conducted
between J CA study membersin each field in the form of on-the-job training. The Director of
Resource Management and the Deputy Director of Geohydrogy also took part in the
counterpart-training course in Japan.
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8.2 Recommendations

1) This report be accepted in principle.

2) The mean groundwater recharge into the aquifer is limited to 135 Mm?%a, subject to future
monitoring management and adjustment.

3) An appropriate aquifer management plan, as described in Section 7 of the report, be
implemented.

4) The criteria for al allocation of water for irrigation should be adjusted as suggested in

paragraph 7-1 to ensure that the benefits of using the available water resources are maximized.

5) In view of the present over abstraction taking place, mitigating measures as part of a water
demand management plan as described in Section 7 of the report should be adopted in
cooperation with all water users to reduce the water demand and the local Water Committee

should play amajor rolein thisregard.

6) Further studies must be done to improve borehole construction and reduce the leakage from
the existing groundwater abstraction wells. Furthermore attention must be given to assess
and rectify the suspected contamination of groundwater taking place in the Basin, to reduce
the loss of artesian pressure and to enhance aquifer recharge from surface runoff in areas
where thiscan be done. The problem of alien vegetation should be addressed.

7) The technology used and the results obtained in this study should be utilized to manage other
groundwater basinsin Namibia.
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