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Section B: Geohydrological Considerations for Groundwater Component of Resource Directed Measures

B.1 Role of Groundwater

B.1.1 Interpretation of the Reserve

By definition, the Reserve is the quantity and quality of water required to satisfy basic human needs and protect aquatic ecosystems in order to secure ecologically sustainable development and use of water resources.  It was understood that the Ecological Reserve specifically excludes water required to maintain terrestrial ecosystems (including terrestrial vegetation).  

Nonetheless, the spirit of the new Act encompasses the slogan of some for all forever.  To achieve this, the functionality of hydrological systems has to be maintained.  As hydrological systems comprise a number of components, impacts on the groundwater component could impact the functioning of the hydrological system.  The need exists, therefore, to use groundwater resources in a sustainable and integrated manner to ensure that functionality of hydrological systems and the ability to satisfy Reserve requirements are not compromised.  The groundwater component of the IRD method presented in this report addresses both the links between groundwater and aquatic ecosystems and ensuring sustainable groundwater use.

Determination of the water use which may be allocated from groundwater resources must take account of:

· water quantity and quality to meet the requirements of the Reserve for surface water ecosystems;

· water quantity and quality to supply basic human needs;

· protection of the integrity of the groundwater resource;

· water to supply down-gradient or downstream needs.

SPECIAL NOTE:

le Maitre et al. (1999) note the National Water Act (Act No. 36 of 1998) does not define groundwater and makes little direct reference to geohydrological aspects.  However, the Act clearly recognises a unitary, inter-dependent hydrological cycle of which groundwater is part.  The IRD method is based on the principle of sustainable use of groundwater resources in order to ensure Reserve integrity and promote a balance between the need to protect and sustain water resources on the one hand, and the need to develop and use them on the other.

B.1.2 Groundwater as part of the hydrological cycle

It is now well recognised in South Africa that groundwater is an integral part of the hydrological cycle.  This recognition is evident in recent changes to water legislation (National Water Act, Act No. 36 of 1998).  As such, groundwater plays a number of key roles in the hydrological system:

· groundwater systems contribute baseflows to rivers, estuaries and wetlands;

· groundwater bodies supply water to vegetation in the near surface zone; and

· groundwater bodies store water which can be abstracted (either naturally or artificially) long after recharge has taken place.

The groundwater component of the Reserve cannot be determined in isolation.  It should recognise the strong inter-relationship between quantity and quality, surface water and groundwater, the saturated and the unsaturated zone, and with the catchment of which they are part (Braune, 1997). 

B.1.3 Geohydrological regions

The integrative function that groundwater plays in hydrological systems is central to the procedure which has been developed to determine the groundwater component of the Reserve.  The concept of geohydrological region typing was introduced to facilitate a systems approach, particularly in the IRD method  (Figure B1).  Typing was based on the work of Braune and Dziembowski, (1997).  Ten geohydrological region types were identified (Figure B1).  These have been grouped into three categories:

· Systems Integrity - should conditions change sufficiently, the integrity of the hydrological system within a catchment would be threatened.  As a result groundwater should not be abstracted from these geohydrological regions.

· Discharge Integrity - the specific role of these geohydrological regions is the discharge of groundwater into rivers and springs.  A minimum flow is required to sustain this function. 

· Ecological Integrity - groundwater is a source of water for sustaining the ecology.  The groundwater level therefore must remain within certain limits.

SPECIAL NOTE:

Homogeneous response units are similar to ecoregions but typing is based on geohydrological considerations i.e. groundwater systems with similar geohydrological properties and which respond in a similar manner.

Geohydrological response units are a sub-set of homogeneous response units and are demarcated on the basis of the geohydrological region type classification (Figure B1).

B.1.4 Important groundwater characteristics

The characteristics of groundwater differ significantly from those of surface water.  Those relevant to the current project include:

· groundwater moves at a slow rate, usually measured in m/yr, and

· groundwater cannot be seen, thus requiring indirect methods of measurement and quantification.

Owing to the slow rate of groundwater movement, the response of groundwater bodies and resilience to fluctuations in the hydrological system is generally slow and less evident than in surface water systems.  Geohydrological response to development is also generally slow and if over-abstraction were to occur, impacts would initially remain localised.  This consideration has an important bearing on the applicability of  any preliminary assessment of the groundwater component of the Reserve:

The ability of aquifer storage to buffer against seasonal variations is a fundamental role which groundwater plays in the natural environment (O’Keeffe et al., 1998).  This concept has been incorporated into the method for evaluating the groundwater component of the Reserve.  Review within 5 years of any preliminary Reserve determination provides a safe guard against negatively impacting the aquifer (and hence aquatic ecosystems).


Proper monitoring is an essential part of resource management as it provides information about groundwater response to natural and anthropogenic influences which otherwise would not be directly evident; and should a preliminary Reserve determination method result in an over-estimation of the groundwater allocation, the resulting impacts will remain localised in the short-term.

If results of monitoring indicate that over-abstraction is taking place, a re-evaluation of the groundwater component of the Reserve can be made and corrective actions taken before significant impacts occur.
SPECIAL NOTE:

The role of ongoing groundwater monitoring as an integral part of the methods cannot be over-emphasised.  The methods presented in this document provide estimates of the volume of groundwater that can be abstracted from a significant water resource without impacting the Reserve.  The validity of these assessments can only be determined by evaluating the observed response of  groundwater systems to abstraction.
B.2 Exploit


B.3 ation Potential

B.3.1 Conceptual understanding

Conceptual understanding of groundwater and groundwater systems is now well developed.  A conceptual block model can be used to illustrate various inputs and outputs of a groundwater body (Figure B2).  It is possible to quantify the resource as a whole using a mass balance or catchment water balance approach.  Braune and Dziembowski (1997) note the following relationship exists where groundwater is exploited:

adjusted recharge - reduced outflow - pumpage + storage loss = 0

Though conceptually sound, quantification of this relationship is made difficult by an inability to accurately or directly measure most of the components of the relationship and to account for spatial and temporal variation, both of which are problematic under semi-arid conditions and when dealing with fractured aquifers.  Both adjusted recharge and reduced outflow (including discharge to surface water, evapotranspiration losses through vegetation and direct evaporation) are extremely difficult to quantify with a high degree of certainty.  The error in calculating vegetation interception and evapotranspiration losses (depicted as “other losses” in Figure B2), for example, generally exceeds total groundwater recharge. 

The relationship between groundwater and vegetation is conceptually reasonably well understood but difficult to quantify (Scott and Le Maitre, 1997; Hatton et al., 1998).  Accounts of the impact of groundwater usage on ecosystems in South Africa remain largely anecdotal.  Evapotranspiration losses are controlled by, amongst other factors, climatological factors, vegetation type and density, depth to water, soil media, temperature and moisture content.  Further, the rate of loss is dynamic and fluctuates according to season, daily climatic controls, ambient conditions and land use factors.  As a result of this and the inability to readily and accurately quantify various components of the hydrological system, the methods for determination of the groundwater component of the Reserve were not based on a catchment water balance model.  A simple, pragmatic approach using the following relationship has rather been adopted:

Qsustain 
=
 Qrecharge - Qbase
where:


Qsustain
=
sustainable groundwater yield from a geohydrological 

response unit

Qrecharge 
=
long-term average annual recharge

Qbase 
= 
annual baseflow in the river

This relationship assumes all recharge in a geohydrological response unit is accounted for in the same unit.  Using empirical groundwater flow equations it is possible to demonstrate subsurface flow out of a groundwater unit is significantly less than recharge in that unit.  This assumption, therefore, is not considered a limitation.

B.3.2 Semi-arid conditions

Temporal variations in a largely semi-arid country also influence our ability to quantify groundwater resources.  In the wetter eastern parts of the country, groundwater contribution to streams and rivers through base flow is both appreciable and relatively constant.  Under such conditions, rivers and streams have an effluent nature (Figure B3).  In drier areas, base flow contributions are limited with the rivers and streams generally retaining an influent and ephemeral nature.  However, intermittent conditions prevail for most parts of the country (Figure B3).  Quantification of such variability is not possible without detailed stream flow and rainfall data, measured over a sufficiently long period of time.  Further, these systems are dominated by quick flow or inter flow as opposed to the more constant baseflow.

In a similar fashion, recharge in the drier parts of the country is sporadic and tends to occur only after a threshold has been exceeded during significant events (Bredenkamp et al., 1995; Kirchner et al., 1991).  Seward (1988), for example, reported that recharge in the Beaufort West area occurred on average every 4.3 years.  A number of 
methodologies, ranging from simple empirical estimates to detailed numerical models, are available to estimate long-term average annual recharge (Table B1).  The methodology used generally depends on data available and geohydrological knowledge of the area.  Monitoring and re-evaluation based on the response of an aquifer to abstraction also allows for improvement of recharge estimates.

Table B1:  Methods for quantifying groundwater recharge.

METHOD
COMMENT

Ground Water Balance
Of limited value under arid conditions

Does not consider fracture flow

Empirical
Based on percentage MAP

When based on historical data, can yield reasonable first order results

Groundwater Level Fluctuation
Requires storativity values, monitored water level data and well defined aquifer boundaries

Used to good effect by Bredenkamp et al. (1997)

Saturated Volume Fluctuation
Needs to be developed for each region

Kirchner et al. (1991) obtained good results when estimating recharge of Karoo aquifers

Baseflow and Spring Discharge
Provides an estimate of minimum recharge

Can be useful

Chloride Recharge Balance
Has been used to good effect in the past

Problems arise from low concentration of Cl in rain water, in coastal areas and when sediments were deposited under saline or marine conditions

Isotopic Methods
Quantification remains a problem

Numerical Modelling
Can obtain good results, but is data intensive

Chloro-fluoro carbons method
Still in the development stage

Can only be used for young groundwater (less than 50 years)

Requires careful sampling procedure

Current groundwater abstraction
Provides a minimum estimate of recharge if no detrimental impacts are recorded

Requires hydrocensus and careful assessment

(After Parsons, 1994)

B.3.3 Impact of groundwater abstraction

Impacts of groundwater abstraction on ecosystems are not well understood, although in some instances the effect is obvious eg. reduction of baseflow in rivers, impact on wetlands, increased land instability and / or sinkhole formation, deterioration of groundwater quality.  In general these effects gradually increase over time until they become apparent (usually visually).

In many instances however, impacts on terrestrial vegetation are less obvious and more difficult to quantify. This limits our ability to fully comprehend and quantify the effects that groundwater abstraction may have.  Though a few anecdotal cases were reported (eg. Venetia diamond mine, Sishen wellfield abstraction, Hex River Valley), no well documented case studies exist where the impact of groundwater abstraction on ecosystems has been quantitatively investigated.  Similar findings were reported by Scott and le Maitre (1998) as well as Hatton et al. (1998) in Australia. Though it is recognised groundwater abstraction does have an affect on the hydrological cycle, the affect may not necessarily be negative, and may be insignificant in terms of the water balance within a particular catchment.

Lack of documented case studies suggests that impacts of groundwater abstraction on ecosystems may not be a major issue except under specific conditions or in instances where gross over-exploitation occurs.  The proposal by Hatton et al. (1998) to map ecosystems based on groundwater dependance could be used to expand the terrestrial vegetation geohydrological region presented in Figure B1.

SPECIAL NOTE:

During development of this procedure, it was evident that few instances of impacts of groundwater abstraction on aquatic ecosystems in South Africa have been documented.  This has resulted in a largely theoretical conceptualisation of the problem with no means of calibration.  Because of potential limitations on groundwater abstraction which could result from conservative preliminary Reserve determination assessments and the associated development and economic implications thereof, it is recommended that detailed investigations (comprehensive Reserve determinations) be carried out in those areas reported to be impacted by groundwater abstraction.

B.3.4 Terminology

The concept of a long-term sustainable exploitation potential or safe yield of an aquifer is reasonably well understood in a conceptual sense, but is difficult to define and quantify.  The terms exploitation potential, harvest potential, firm yield, safe yield, groundwater resource base, annual safe abstraction, sustainable utilisable potential and others have all been used to describe the volume of groundwater that can be abstracted for beneficial use without having a detrimental impact. 

The issue of terminology has been made more complex by the introduction of terms such as resource base, resource capacity, utilisable portion and others during development of the National Water Act (Act No. 36 of 1998). 

B.4 Groundwater Component of the Reserve

B.4.1 Basic concepts

The concept of the groundwater component of the Reserve is illustrated in B4. A groundwater resource comprises three main parts, namely the Non-extractable portion, the component set aside for the Reserve and the Utilisable portion
.  The groundwater component of the Reserve comprises that part required to satisfy basic human needs (basic human needs Reserve) and that required to protect aquatic ecosystems (ecological Reserve). In allocating water from a particular water resource, the Reserve is given the highest priority by the National Water Act (Act No. 36 of 1998).  Only once water has been set aside for the Reserve can the utilisable component be allocated for other beneficial uses, which may include maintenance of terrestrial ecosystems.

B.4.2 The Reserve from a surface water perspective

The illustration used (Figure B4) is analogous to that of a bucket of water ie. a minimum volume of water must be left in the bucket to satisfy basic human needs and protect aquatic ecosystems.  The excess volume of water, however, can be utilised for other purposes.  Similarly, a minimum water level or flow must remain in rivers to satisfy basic human needs and protect aquatic ecosystems.

B.4.3 The Reserve from a groundwater perspective

The bucket analogy is inappropriate for groundwater and application of the concepts presented in Figure B4 need to be modified to accommodate characteristics unique to the subsurface environment.  A fundamental difference between surface and groundwater is the datum from which we work.  When considering the surface component, the water level required in a river is set above a certain datum (floor of channel).  In the case of groundwater, the water level has to be set below a certain datum (below surface).

If the groundwater level of an aquifer is reduced below the critical level required by the ecological Reserve, the natural ability of the subsurface system to provide water to maintain baseflow, sustain riverine vegetation and wetlands would be compromised as a result of the drop in water level.

SPECIAL NOTE:

The groundwater component of the Reserve is actually based on a depth of water which must be maintained to meet ecological needs and basic human needs.  This holds true for both surface and groundwater systems.  However, this is translated into a volume of water which can be abstracted in order to facilitate management, monitoring and allocation.  The ideal method of expression of the groundwater component of the Reserve would be to present groundwater levels on a map.  However, time and data limitations of the preliminary methods precluded this approach being used.  Further, it is unlikely that sufficient data on depth to groundwater exist for the majority of quaternary catchments in South Africa for the mapping approach to be used.  Preparation of groundwater level contour maps may be considered for comprehensive determination.
B.4.4 Concept of a groundwater allocation

Based on the above discussion, it is not the volume of water held in storage that controls the ability of the aquifer to maintain aquatic ecosystems, but rather the depth of groundwater.  It is a fundamental assumption of the proposed methods that if regional groundwater levels remain (relatively) constant and do not decline over the long term, then the ability of groundwater systems to sustain the ecological Reserve remains intact.  The groundwater component of the Reserve, therefore, is set at that point beyond which long-term lowering of the regional groundwater level occurs.  It is recognised groundwater levels fluctuate naturally (Figure B5).  Proper monitoring and interpretation thereof is required to distinguish between seasonal fluctuations and a long-term trend of lowering the regional water table or piezometric surface by over-abstraction.

Because of fundamental differences between surface and groundwater, the term “groundwater reserve” is inappropriate.  Methods to determine the groundwater component of the Reserve are based on determination of the sustainable yield of a groundwater system rather than the volume of groundwater that has to be left behind for basic human needs or ecological purposes.  The term “groundwater allocation” was hence adopted to describe the groundwater component of the Reserve.  Though the difference between “groundwater reserve” and “groundwater allocation” may appear to be a question of semantics, the adopted terminology does allow for the different framework from which the surface and groundwater disciplines operate to be recognised and incorporated into the Reserve methods.  Therefore it is recommended that the use of the term “groundwater reserve” be avoided.

SPECIAL NOTE:

Groundwater allocation is defined as the rate at which groundwater can be withdrawn without resulting in a significant drop of regional groundwater levels in a catchment over the long-term, and without inducing a deterioration of groundwater quality or without causing any other detrimental impact on aquatic ecosystems.

B.4.5 Balance between input and output

The groundwater level of an aquifer is an expression of the equilibrium between inputs and outputs (Figure B2).  If groundwater abstraction were to increase substantially, the equilibrium is disturbed.  This would be reflected by a change in groundwater level.  Because of the complex nature of groundwater systems and induced recharge, the relationship between recharge, groundwater level and volume of abstraction is not linear. A certain volume of groundwater, therefore, can be abstracted before a long-term change in groundwater level results.

Groundwater levels fluctuate naturally, as illustrated in Figure B5.  Levels rise in response to recharge and then gradually decline as groundwater is lost to baseflow, evapotranspiration and outflow (Figure B2).  However, over the long term, groundwater levels remain relatively constant.  Abstraction of groundwater by pumping changes the equilibrium of the system.  Groundwater levels usually decline to a level where a new equilibrium exists (Figure B5).  This can be accompanied by changes to rates and volumes of inputs, outputs and discharges.

Lowering of groundwater levels results in a greater volume of aquifer being available for recharge.  This mechanism is accommodated by Braune and Dziembowski (1997) in their “adjusted recharge” term, also referred to as “induced recharge”.  Induced recharge, however, probably only impacts peak flows during storm events.  Further, quantification is difficult as it requires sufficiently long records of monitored groundwater level data, both before and after abstraction commenced.  Nonetheless, comparing the volume of water entering the 

subsurface to the volume of storm run-off in a particular catchment, the impact of induced recharge on a catchment and on baseflow is expected to be negligible.

SPECIAL NOTE:

It is generally accepted the volume of groundwater that can be abstracted from an aquifer without inducing a long-term decline in groundwater levels is equivalent to the long-term average annual recharge.  The groundwater allocation from a significant water resource hence can be defined by long-term average annual recharge.
B.4.6 Groundwater quality

Most of the above discussion has focused on aspects related to volumes of groundwater.  Groundwater quality considerations are equally important to the Reserve.  As a change in groundwater level could impact the ability of subsurface systems to maintain the Reserve, so too could a change in groundwater quality.  Groundwater quality, therefore, plays a crucial role in the groundwater allocation from an aquifer.

Quality of water is an important consideration in defining exploitation potential as usage is dependant on various quality criteria.  For example, saline water cannot be used for domestic supplies or for irrigation.  All groundwater, irrespective of quality, forms part of the Reserve as the surrounding natural environment has evolved to survive on water resources at its disposal.  A change in groundwater quality and the rate of change could impact on the environment and is hence of greater importance.   Monitoring of water quality, therefore, is also an important component in assessing the Reserve.  The need to prevent groundwater contamination must be considered when setting the Reserve and allocating and authorising water usage within a significant water resource.

Owing to slow rates of movement and an imperfect understanding of the assimilative capacity of aquifers, management of groundwater quality is more difficult than surface water.  Groundwater quality management is most readily achieved by imposing source-directed controls and influencing land-use practices (DWAF, 1998).  Preventing groundwater contamination, is important in maintaining the integrity of geohydrological systems which support aquatic ecosystems.

Adopting a similar approach to that used to set the water level component of the groundwater allocation (i.e. that the groundwater level cannot decline over the long-term), it is proposed that the integrity of groundwater bodies to support ecosystems is maintained if the groundwater quality of an aquifer remains within its natural range.   Resource quality objectives should thus be set to prevent deterioration of groundwater quality.

Evidence of groundwater contamination within a significant water resource could result in an intermediate Reserve determination assessment being inadequate.  A CRD assessment hence would be required.

B.4.7 Vulnerability mapping

Vulnerability mapping is a useful tool to assess the vulnerability of an aquifer to contamination.  The DRASTIC method (Aller et al., 1987) was adapted for South African conditions by Lynch et al. (1997) and was included in the aquifer classification map presented by Parsons and Conrad (1998).  The national vulnerability map provides a measure of aquifer vulnerability on a small scale.  In the absence of site-specific assessment, the national vulnerability map is used by the intermediate method to define present status (Section E.3).  The major benefit of vulnerability mapping, however, will become apparent when allocating groundwater abstraction licences and managing land use within a catchment.

B.4.8 Conditions when groundwater allocation is exceeded

The groundwater component of the Reserve is set at that point beyond which a long-term lowering of the regional groundwater level and / or deterioration of water quality would occur.  The volume (and rate) of groundwater that can be abstracted without inducing these conditions was termed the groundwater allocation. 

Because of the indirect nature of groundwater observations and assessments, a set of rules or criteria are required to determine the maximum groundwater allocation.  These include:

· no regional lowering of the water table or piezometric surface;

· no increased risk of land instability and sinkhole formation (particularly relevant in dolomitic terrain);

· no deterioration of water quality as a result of saline intrusion, induction of poorer quality from adjoining aquifer and / or contamination;

· no negative impact on spring flow;

· no negative impact on river or stream flow;

· no negative impact on riparian vegetation
.

As both regional and local scale monitoring are required to detect such changes, appropriate monitoring is a fundamental component of Reserve determination.  On-going monitoring, therefore, should be set as a standard condition of all water use authorisation licences.  Mechanisms to capture and interpret the monitoring data are required.

It is recognised that in some cases lowering of water tables may not constitute a negative impact.  The concept of induced recharge proposes that a lowering of a water table increases the volume of groundwater recharged over the long-term.  A decision to lower a water table, however, must be based on site-specific data and assessment.  In line with the conservative approach adopted in the IRD method, a CRD assessment may be required if permission is to be sought from the Minister of Water Affairs and Forestry to deliberately lower the regional water table of a significant water resource, homogeneous response unit or geohydrological response unit.

B.5 Training and Capacity Building

Appropriate training and communication will be of critical importance when implementing the Reserve and quantifying the groundwater component of RDM.  It is estimated there are some 80 qualified and experienced geohydrologists in the country capable of performing various functions related to determining the groundwater component of  the Reserve (project management, review panel, IRD assessment).  However, few have experience in determining instream flow requirements for rivers, wetlands and estuaries.  Though concepts used in the methods are based on accepted geohydrological practice, development of a common understanding of the problem and standardisation of approaches will facilitate implementation.  Therefore, it is recommended that a series of short training workshops be held.  The courses, which should include sessions on both theoretical aspects and case studies, should target DWAF officials, geohydrological practitioners, catchment managers and any others involved in the process of managing the Reserve of a catchment. 

As quantification of recharge forms the basis of setting the groundwater allocation and recharge in semi-arid, fractured rock environments is a complex process, a series of short courses on recharge and its estimation should be presented to improve skills in this arena.

Surface - groundwater interaction and quantification thereof emerged as an area of limited knowledge and expertise.  Therefore, it is important this aspect receive priority attention.  Both short and long term solutions are required.  Short term solutions include attending courses and conferences focused on this aspect.  Appropriate research and inclusion into hydrology and geohydrology curricula are needed to address the problem over the long term.

WR90 data (Midgley et al., 1994) is used in setting the IFR of a river, a critical process in setting the Reserve.  It is recommended all Reserve determination team members have at least a working knowledge of the database and related software.  Short courses can be used to readily achieve this.

Similarly, it is recommended that a groundwater tool equivalent to WR90 be developed.  As progress is made with preparation and publication of various national and regional scale geohydrological maps, these can be included into a programme which can provide valuable information for assessing the groundwater component of the IRD.  Such a programme should also look at downloading data from the NGDB in a user-friendly, catchment based format.  The current initiative of the Directorate of Geohydrology could be useful in this regard.

Interaction and integration between specialist disciplines in the hydrological and ecological sciences also emerged as an area requiring attention.  A far greater degree of integration is required between disciplines.  Multi-disciplinary research is seen as a means of achieving this over the long term.  It is proposed a national conference be held in South Africa as a means of initiating integration and creating a common understanding of the Reserve and quantification thereof.

B.6 Implementation

In terms of the National Water Act (Act No. 36 of 1998) Reserve determinations for all significant water resources in South Africa will be required.  It is recognised that in many cases, rapid and intermediate determinations will suffice for the short to medium term.  It is estimated between 500 and 1000 catchments could require the groundwater component be assessed using the IRD method.  To ensure resources required to perform the assessments are available, it is a matter of some urgency that capacity building in both the public and private sectors be instituted.

When prioritising areas to be assessed, sole source and special aquifers should be afforded highest priority followed by major aquifers, minor aquifers and poor groundwater regions (Parsons, 1995; Parsons and Conrad, 1998).  A further means of prioritising aquifer systems requiring attention would be to identify catchments where significant volumes of groundwater are presently being abstracted.  This, in turn, would allow stressed aquifers to be identified.  A national-scale research project into groundwater usage is hence recommended.

A database of all determination studies should be maintained.  The purpose of the database would be to record salient features of studies and provide a mechanism for improving all levels of determination based on past experiences.
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Figure B1:  Geohydrological region type classification.
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Figure B2:  Conceptualisation of inputs and outputs of a groundwater system
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Figure B3:  An illustration of the different relationships between streams and groundwater
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Figure B4: Conceptualisation of the Reserve


Figure B5:  Monitored water levels in two boreholes near Beaufort West























� Editor’s note: Some discussion is needed here on the difference between homogeneous response units, geohydrological response units and the RESOURCE UNITS used for management purposes (integrating surface and groundwater) or reflecting land use differences.


� Editor’s note: Is the unutilisable portion not part of the Reserve?


� Editor’s note: Should  vegetation be included or is this only an indicator?
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