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Executive Summary

The National Water Act of 1998 places an emphasis on the protection of water resources for their sustamable
utilisanon. This s reflected in the subsequent development of Resource Directed Measures ({RDM), which

consists of theee important aspects, namely: classificatson; the reserve: and resource quality objectives

The purpose of the Version 1.1 report 1s to provide the techmical reader with the best avanlable
informanion regarding an approach for determination of the groundwater component of the RDM as

required for issuing licenscs for water use

As a core concept of the RDM, the Reserve covers both Basic Human Needs (BHN) and Ecological
Reserve (ER). Since October 17, 1999, a Reserve determination of the total water resource should be
undertaken if a license application for water allocation is processed. Determination of the Reserve for
aquatic ecosystems cntails investigation of the relationship of major interactive components of the
hydrologic cycle, namely groundwater and surface water bodies including rivers, lakes and estuanes
Depending upon the current stress on the resource in question, the Reserve determination required

may be a rmpid or intermediate estimate, or a comprehensive evaluation.

As parnt of the RDM, this draft of the final report is based on the rescarch findings of programme
entitled “Groundwater Rescrve Deternunation”, sponsored by the Water Rescarch Commussion

(WRC). The Programme started on January 1, 1999 and is completed by the end of 2001

This documentation peesents & recommended approach to classify groundwater resources under the NWA,
and set the Reserve and Resource Quality Obgectives

Background

For purpose of groundwater protection, all three mechanisms of the RDM. namely Classification,

Setting of the Reserve and Resource Quality Objectives, should be used,

It is genenally accepted that groundwater plays a role i the ecological Reserve determunation if there
is a direct hydraulic connection between groundwiter and surface water bodies that jointly sustains the
aquatic ecosystems. In such situations the often complex role of groundwater (in terms of water level,
volume, and water quality ), in supporting the ecosystem and human population, has to be ascertained,
s0 that groundwater s not subscquently musallocated. Where aguifers have numimal connection with
the aquatic ccosvstems, the groundwater component of Reserve would refer to the Basic Human
Needs component (25 I/d/person multiplicd by the number of people using the groundwater supply in

the area)



The broader environmental role of groundwater i supporting important terrestnal ecosystems and
hypogean life, partsicularly m the large semi-and pans of South Africa, is resource quality objectives,

Once the groundwater component of the RDM has been determined, its role must be sustunable. This is o
be achicved through an optimal balancing of competing uses, ensuring that Jong-term detenioration of the
entire groundwater system s mamimused. Monitorng and penodic review of allocations is central 10 thus
process. The attnbutes of sustamabic development of groundwater resources. such as aquifer physical
miegnty, detenorating water guality, exc.. will bave 10 be accommodated within the provisions of the
National Water Act.

Classification

The classification system prescribed under the National Water Act (NWA) will provide guidelines on

how 10 set appropriate levels of protection for water resources, This chapier outlines guidelines for
classification of groundwater resources under the NWA,

The application of this classification system will delincate a groundwater management unit within a
sigmificant aquifer resource classed as either Protected, Good, Fair or Severely Modified. These four
classes imply different levels of protection and impact acceptable 1o the stakeholders of the resource.
They provide a frame of reference for the implementation of groundwater protection, use and
management plans for that groundwater management unit.

This document presents recommendations for a groundwater RDM classification system. It focuses on
the role of the groundwater specialist and their techmical and scientific input to the process. That role
will have to be performed in parallel to surface water specialists and a stakeholder parucipation
process,

The following sections outline guidelines and procedures for groundwater specialists contnibute to the
Classification of groundwater resources. These follow the generic Classificaton outline descnibed in
the NWRS. For cach stage of the generic procedure, the following s described:

e The overall aim of that stage of the procedure

e The role of the groundwater specialist within that stage

e  Genenc principles guiding the implementation of that stage.

e Considerations for groundwater which adapr and apply those prnciples meaningfully to the
Classification of groundwater resources.

e Procedural rules 1o be followed in the Classification of groundwater.



Recommended tools to be used in the implementation.
A summary of the outputs from the procedure.

Where relevant, parallel processes which underpin the validity of the procedure will be highlighted.
These may include, for example. stakeholder participation or the charactenisation of surface water
TESOUTCes.

A summary of the tasks to be performed by the groundwater specialist can be outlined as follows:

Delincate arca
Delineate groundwater regions.
Delincate groundwater response units,
Delincate arcas of common groundwater use.
Indicate the level of importance of varnious uses ascnibed by the stakeholders.
Delincate arcas of multiple groundwater usc.
Identify conflicting and non-conflicting multiple uses.
Describe the reference conditions of the response zones,
Descnbe the present status of prehimimary groundwater management units.
Indicate the vulnerability of the groundwater response zones with respect to:
o Ecological dependncy
Inherent contamination vulnerability
Inherent drought vulnerability
Over-exploitation risk
Current degree of impact
Delineate management units based on:
o Current and future requirements for groundwater usc.
© Vulnerability
o Common actions necessary to manage groundwater for desired levels of use.
Describe scenanos of management goals and actions for each management unit and the
conscquences of assigning likely management Classes for
All current groundwater uses.

O 0 0 o

Potential and natural groundwater uses,
Land-care management
Economic development

o 0 o o

Groundwater management units will be defined as arcas of the catichment, which requires consistent
management actions 10 maintain the desired level of use and protection of groundwater. Their



delincation and classification according to a level of impact acceptable to the stakcholders, will be the
final outcome of the Classification process. The groundwater specialist has a key role 10 play in terms
of informing stakeholders and other water resource management decision makers.

Groundwater Interaction with Surface Water Bodies

Understanding groundwater interaction with surface water bodies is prerequisite for determination of
groundwater component of the Reserve. However this is a poorly understood area in South Africa ot
present. Geohydrologsts were familiar with analysing strecams solely in order to gain a berter
understanding of recharge mechamsms. South Africa 5 no exception to this rule (Vegter, 1997).
Similarly, hvdrologists are not experienced in determining the groundwater fed component of
baseflow 10 rivers in typical South African sertings. However, the scope of interaction between surface
water bodies and groundwater is being broadened through a process of the ccological Reserve
determination, as it includes analyses of the water exchange between the two, especially the floodplain
and stream channel.

A summary of current understanding of groundwater interaction with surface water is outlined. A
hydrogeomorphologic approach to quantification of groundwater contribution s developed. The
proposed new method has improved the Herold method adopted in the WR90 study. Typical riverine,
wetland and coastal groundwater environments of South Afnca should also be examined. In addition,
issues relating to groundwater-dependence of ccosystems and their ability to adjust to changing
conditions are important, which are discussed in a separate report,

Setting of the Reserve

The “Reserve™ defined in the Natonal Water Act of 1998 can be interpreted as the quantity and
quality of groundwater required:

e o satisfy basic human nceds by securing a basic water supply for people who are now or who
will, in the foreseeable future. be (1) relying on, (2) taking water from, (3) being supplicd by,
the relevant water resource: and

e 10 protect aquatic ecosystems, in order 10 secure ecologically sustainable development and use
of the relevant water resource.

The basic human needs Reserve provides for the mumimum living requirements of individuals served
by the water resource in question, and includes water for cssential uses such as dnnking, food
preparation and personal hygiene (sct, for the time being, at 25 Vdperson). The ecological Reserve s
largely reliant upon expert judgement and set at a value so as 10 ensure that the aguanc ccosystem of
the identified area is maintained or improved. depending on the Management Class set. The Reserve

v



(1. basic human peeds and ecological requirements) is defined as both the quantity and quality of the
whole water resource, and will vary depending on the class of the resource. The Minister is required 10
determmne the Reserve for all or part of any sigmificant water resource.

The key steps required for such determination are outlined as follows:

e Conceptualise the aquifer system us part of the catchment:

e Indicate which sections of stream are receiving groundwater fed baseflow:

e  Conduct flow simulation for groundwater and surface water interaction:

e Undertake water balance studics:

e Carry out on-going model calibration as more monitoring data are available.
Resource Quality Objectives

RQOs provide goals within the management class. They are set by the Minister during the process of
classification of sigmificant water resources. They may be seen as goals to aim for, if the management
class represents an improvement on an impacted resource. or thresholds or safety nets which represent
the limit of acceptable impact. They may be numenc or descriptive.

RQOs are scen as being particularly impoctant for groundwater as they are not restncted 10 aguatic
ccosystems and may therefore represent the important role of aquifors to the wider environment,

It is proposed that a functional approach should be adopted, considering the functions and importance
of groundwater use by humans and the cavironment. The potential functions of aguifers in the
environment could be summarnsed as providing: sources or sinks for water, sources or sinks for
nutrients; habitats. Once the various uses have been identified, objectives should be formulated to
safeguard those functions. The objectives should be practically measurable and preferably
summarised as key indicators. A range of hydraulic (e.g. groundwater gradients, water tabie levels),
bydrochemical (e.g total dissolved solids, mitrate) and biotic indicators (e.g. thriving vegetation
communities, hypogean fauna) could be selected to indicate that aquifers are effectively fulfilling their
imporant uses. It is envisaged that the functions and indicators should be identified by specialists and
the importance of those functions and levels of RQOs (based on the nsk of impacting on that function)
should be set by informed stakeholders, However the reader must note that more information on RQOs
will suil come from a separate RQOs project.

Conclusion and Recommendation

The RDM determination may be a rapid. mtermediate or comprehensive evaluation, The lanter may be
achieved through improvement and upgrading of the former into a more comprehensive and accurate

v



Reserve assessment as more information becomes available. We have been convinced through case
studics that a single approach should be used for the determination of the groundwater component of
the RDM with confidence levels ranging from rapid to comprehensive.

Although the monitoring is out of scope of the research programme. it is realised that the follow-up
monitonng process plays a vital role in venficauon and improvement of RDM determinations,

Case Studies

The proposed approaches were vanably appiied in three case studies: (1) the Pienaars River catchment,
(2) the Kammanassie arca and (3) Mutshindudi River catchment. The case studies showed that the
conceptualisation of the aquifer svstem 5 3 key to successful application of the methodology.

Potential problems tend to stem from the lack of existing long-term obsenvation data sets relating to
groundwaser quality. prezometnc levels, etc. Thes presented a problem throughout and made t particularly
difficult 1o infer reference conditions from present day condstions at the site.



Related Reports

[t is recommended that this report be read together with other related reports, namely “Assessing
Terrestnal Groundwater Dependent Ecosystems™ by Colvin of all “RDM Case Studyv: Applying the
pretiminary method to Classify Groundwater Resources in the Kammanassies-Outdshorn  area”™ by
colvin er af. “Case study i Pienaars River™ by Van Tonder and Zhang, and ~Cuase study in
Mutshindudi River”™ by Van Tonder ef of, The case studics indicate that all methods (the intermediate
and the comprehensive) should be consistent with cach other in 1erms of hvdrogeological approaches.
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1. Introduction

L1 Purpose

The purpose of tus mirodiction s 10 outhne the programme objectives and outputs. To support the
development of wols required to comprehensively quantifv RDM for a groundwater, the Water Research
Commission (WRC) and the Department of Water Affairs and Forestry (DWAF) approved a research
programme entitied “Groundwater Reserve Determunation™ in 1999 The programme comsists of three
ndividuad projects, namely, (1) Classificanon prosect K3/1001, (2) Reserve Quuntficanon project K3/1090)

and (3) Temrestnal Ecosystem project K3/1092

12 Objectives

The methodology for the determunation of the groundwater component of the RDM was targeted 1o be ready
by end of 2001 and, after verification, to be gazened in January 2004, As the groundwaler svstem operates
somewhat differently to surface water, it s clear that an altemative approach 1o the desermination of this

componcnt of the RDM will be required
121 Objectives of the Classification Project

The overull ongmnal aums of the Classification project are to provide guidelines from which the Reserve and

utilitzable water can be determined, focussing on:
o A mxthod 1o delineate geographical boundanes of the groundwater component of Reserve

e Determination of reference conditions for aquifers.

e  Determunation of an appropriate classification based on qualitative nisk assessment and takmg into
accoumt mportance, sensitivity and coonome value

Dunng the evolution of the project and the formation of the WRC Groundwater RDM programme. the aims

of this component have shified shightly 1o nclude a grenter emphasis on the application of the genenc

Classification methodology to groundwater RDM asscssiment st differemt Jevels of confidence.  The

Classification method provides the framework for resource protection and assessment within which the

Reserve and Resource Quality Objectives assessment occurs
1.2.2  Objectives of the Reserve Quaniification Project

The overall onginal aims of the Reserve Quanufication project are to develop a methodology that can be

used 10 determine groundwister component of the Reserve, focussing on

. A protocol 1or the allocation of the eserve

e A coupled GW/'SW model



o Sure of simple conceptual models.

During the coasultation with Steenng Commuttce Members the Groundwater Reserve Programume. the
ongmal objectives of this component have shifted from the coupled GW/SW model 10 3 more practical
approach 10 address interaction between groundwater and surface water bodies. The adapted methodology
provides the framework for determination of groundwater component of the Reserve,

123 Objectives of the Terrestrial Ecosystem Project

e Determine the groundwater ecological Reserve necessary o0 sustain cntical selected
cCosysiems.

e Gather good quality hard field data supporting an imegrated assessment of groundwater
dependency in comprehensive multidisciplinary case studics.

e Assess the applicability of different field techniques.

e Develop further the methodology necessary for a valid determination of the groundwater
component of Reserve that can be practically incorporated into ICM.

The accompanying report “Assessing Vegetation Ecosystem Dependence on Groundwater™ presents
the progress to date on this project. The original aims have been shightly modificd during the course
of the project as a result of the project being part of the overall WRC RDM programme. In addition to
these aims, the tcam has contributed to the development of the overall groundwater RDM
methodology. We now have a better understanding of the RDM as a legal tool and accept that
terrestnal ccological requirements for groundwater will be protected under the Resource Quality
Objectives and not the Reserve.

The accompanying report defines a protocol 1o assess dependency of Terresinial Groundwater
Dependent Ecosystems (TGDEs) and present tools that may be used in South Africa settings. Two
field studies have been conducted, one in a primary coastal aquifer and one in a mountainous
secondary aquifer.

13 Progres
131 Classification Progress

The Classification system presensed provides rubes and recommendations for 100ls 10 be used in onder to:
e Dehineate the arca

e Delincate Groundwuter regions



e  Delineate Groundwater response units

¢ Determine the reference condinons and present status

e Determine the importance and vulnerability of the resource

e Delineate groundwater management units and set the management class
The approach presented can be charactensed as:

e Flexible - i requesting the Geohydrologst 1o select best available tools and defend their application
m different hydrogeological setungs;

o Transparent - with recorded assumptions and confidence

e Semi-quantitative - in that it relies on effectively combining expert knowledge, stakeholder values
and measurced aquifer parameters

e Risk hased - in balancing management actions against vulnerability and importance

e Functional - in placing the groundwater roquarements of users as a priority.

The end result of the application of the methodology presented here will be the delineation of groundwater
management units in which RQOs arc set and impacting activities managed according to the level of
modification acceptable to stakeholders.

An example of Classification is presented i the accompanying volume “Preliminary Classification of
Groundwater Resources under the National Water Actt A Worked Example for the Kammanassic -
Oudtshoom area”

It has been essential to align the effonts of the WRC Groundwater RDM Programme with those of other
components of the RDM process and we have been mvolved with the overall RDM revision process as well
as directly in contact with other groups such as surface water quality, wetlands and cstuances,



132 Reserve Quaniification Progress

During the consultation with Prof. D Hughes on January 21 of 2000, the team was requested not 1o pursue
the development of the coupled SW/GW model. Instead 3 more practical approach using spreadsheets was
adopied.

Having gone through varous consultanons with relevant partics, we have accordingly developed the
following spreadsheet outputs:

o Software: Groundwater Reserve Quantification (GWRESERVE Verl) and its adaptation

o Software: Updated Recharge Programme (Recharge)

*  Hydrograph-separation Programme ( Baseflow)
It has boen essential 10 linison with the DWAF staff and improve the software in order 10 make the software
user-fnendly for them to apply in the RDM process, A successful workshop was beld in Pretona. The
Modificd GWRESERVE_Verl, presented by the team, was well received by the Geohydrology of the
DWAF.



2. Background
L1 Purpose
There 15 a need to provide the reader with current understanding of groundwater resource protection
The purpase of this chapter 15 10 provide background, pranciples, and a conceptual framework within
which groundwater resource protection and the groundwater component of the Resource Directed

Measures in terms of the Nanonal Water Act, 1998 can be developed and implemented as part of

Integrated Water Resource Management

22 Legskative Background

221 Role of Groundwater

Groundwater & a rencewable and fimite natural resource, vital for the life of human, for socral and economic
development and morcover a valuable component of the ccosystem.  [is strategic importance, workdwide,
lies mn s role as reliable source of dnnking water both locally and regionally. Its special charactenstics also
make ot ideally sweted for vanous forms of comunctive use together with other water sources, and thus

achieve o more optimal use of the total resource

Under the previous government’s focus on bulk water supply, groundwater was classified as pavate water
and was only of importance for the famming community and smaller setticments i the dner western pants of
the country, where no sustupable surface water sources occur.  With the recent policy shift towards
development of the whole population, the recogmtion of impending national water scarcity and the
acceptance of the imperative of sustunable development of available water resources, groundwater's roke is

changing dramatcally in South Afnca.

While previously groundwater’s overall contmbution was expressed as 15% of bulk water supply. it s
presemtly recognoed that it is conrbuting between 45-60% 10 domestic water supply, whereas s
contribution o rural water supply. countrywide. could potentially be 90%,. The need for comunctive use and
Integrated Water Resource Management is also resulting in renewed groundwater exploration and sysiems
understanding. It s becoming recognised that our hard-rock groundwater systems are making sigmificant
contnbutions to aquatic and terrestnal ecosystems countrywsde.  Furthermore, new expenence shows that
vickis of these systems could be locally ncreased by orders of magmitude under favoumble fracture

conditions and with the appropnate exploration and development investment
222  Water Resource Protection

The Nanonal Water Act was promulgated in 1998 with the purpose 1o ensure the optimal and sustainable use

of the country s limuted water resources for the benefit of us diverse and growing population. [n line with



nternational trends, the Act has moved bevond the traditional impact management, including the control of
pollution sources (source protection), to 4 comprehensive and Pro-4Ctive wWaler resource protection (resource
protection). Resource protection s a key objective of the Act and s addressed through Resource Directed
Measures. That groundwater is covered by these special measures by means of its definition in the Act &s 2
“significant water resource”, is a major step forward from its previous pnvate waser status.  However,
realisation of these policies towards cffective groundwater resource protection in South Afnca will require
continued attention. because of groundwater's past neglect,

Worldwide, lintle atention had been given to the protection of groundwater resources in the past, mainly
because people were unaware of the threats to this hidden resource, Only in the fifties was there a
recogmition of a major environmental problem due o groundwater’s vulnerable mature and accumulating
impacts of human development. In the sixties the conceptual approach to groundwater resource protection,
based on montonng. mapping, modelling and remediation technology was developed.  Sustainable
groundwater development and use and environmentally sound protection of groundwater became important
elements of national water planning, policy and strategy in the course of the cighties. Integration of fand use
activities in the concept of groundwater protection policy, public involvement in groundwater protection
issucs, social and health aspects all became part of groundwater protection and quality conservation policics
in Jifferent countnes. A holistic concept for water resource policy and management as emphasised at the
International Conference on Water and the Environment in Dublin (1992), significantly influenced the
approach 10 the development, use and protection of water resources in the nineties. The holistic approach to
groundwater protection reflocts the social, economic and ccological value of groundwater, considers the
closer connection between groundwater, surface water and sorfwater and gives the same attention 1o both
quantitative and qualitative aspects. It deals simultancously with sustamable economic development,
maintenance of coosystem integrity and environmentally sound protection of groundwater resources,

The National Water Act places emphasis on protection of water resources for their sustunable utilisation,
For purpose of groundwater protection, first defence would be the General Authonsations. The RDM forms
core of the protective measures, which consists of three important aspects, namely resource classification,
Reserve determmation and resource quality obyectives (MacKay., 1999). This gmdeline will focus on the
Reserve determination.

23 RDM for Groundwater Resources

231 Concept of the RDM
For purpose of groundwater protection, all three mechanisms of the RDM. namely Classification.
Setting of the Reserve and Resource Quality Objectives, should be used. Every RDM measure. i.c. the

Reserve, ecological and basic human needs, Classification and Resource Quality Objectives, has its
place in resource protection and should be used as such for groundwater protechion. A proposed use of



these measures for groundwater protection. individually or in combination, s tlustrated i Figure 2.1,

Wister Resource Protection

Figure 2.1: Resource Directed Measures for Groundwater Protection,

e Ecological Reserve: A groundwater contnbution is determined, where there is a linked aguatic
ecosystem that requires protection.

e Basic Human Needs Reserve: A Reserve is determined where people take water from or are
being supplicd from the groundwater resource. This process is not dependent on whether the
groundwater contributes 1o an Ecological Reserve.

o Classification: Classification should be used in combination with the determination of both
Reserve components. as well as for the protection of groundwater resources where neither of
the Reserve components is relevant,

e Reserve Quality Objectives: These should be set for cach of the three above measures w0
express the management requirements for the groundwater resource in more specific and
exccutable terms.  For a combination of measures (higher level objectives), Resource Quality
Objectives should be prionitised and combined into one RWQ.
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The above has 2 number of important implications:

n

3)

There can be a Reserve for groundwater per se and not only for surface water, 1.¢.
where a groundwater resource requires a Basic Human Needs Reserve,

Because of groundwater’s strategic importance and world-wide first chowe for
domestic water supply, one could sec the Basic Human Needs Reserve component
implemented wherever groundwater is plaving. or could play in future, 3 sole source
role.  According to 3 definstion utilised by the USEPA and taken over in the South
African aquifer classification system (Parsons, 1993), a Sole Source Aquifer System
ts an aguifer which is used 1o supply 50% or more of domestic water for a given arca
and for which there are no reasonably available alternanive sources should the aquifer
be impacted upon or depleted.

Ecological Reserve is intended to address aquane ccosystems. The role of
groundwater in supporting important terrestnal ccosystems and  hypogean  life,
particularly in the large semi-and parts of South Afnca, is not accommodated in the

Reserve concept. The full ccosystem functioning of groundwater can be protected
under the resource quality objectives.

232 Complications of South African aquifers

Before we consider how the identified groundwater in a delinested water management area is to be
apportioned between the Reserve and allocatable component, we must briefly take into account the often
comphicated hydrauhc chamctenstics of aquifers in South Afnca

According to Vegter (1995), there are five major types of aquifer systems that can be recognised i the
country, namely:

Primary aquifers.

Karoo aquifers:

Fractured sandstone aquifers;

Fractured & cavernous dolomutic aguifers;

Other weathered & fractured basement aquiters.

Fractured-rock conditions are believed to apply o over 90% of South Africa. Most aquifers in South
Africa are, 10 a degree, both porous and highly fractured (Figure 2.2). Two types of porosity coexist in
such aquifers, cach with distinct flow charactenstics.



mrmx e FRACTUREZ11,

Figure 2.2: Different media 1, Matrix; 2, Fracture network and 3. Double porusity,

Fractured aquifers are typically characterised by their low storativity, high anisotropy and high
heterogeneity, This makes them less predictable than isotropic, homogencous primary aquifers. Their
nature will make delincating groundwater response units and management units more difficult as
lithological boundares alonc may not always be used. Also, it is more difficult to predict where
groundwater fod baseflow to rivers occurs

233 Definition of the Reserve

According 10 the National Water Act of 1998, “Reserve™, in terms of geohydrology, means the
quantity and quality of groundwater required:

e o satisfy basic human needs by securing a basic water supply for people who are now or who will,
in the foresecable future, be (1) relying on, (2) taking water from, (3) being supplied by, the

relevant water resource; and

e 10 protect aquatic ecosystems, in order 1o secure ecologically sustainable development and use of

the relevant water resource.

The former provides for the minimum lving requirements of individuals served by the water resource
in question and includes warter for essential uses. such as dnnking. food preparation and personal
hygiene (set, for the time being, at 25 Vdperson). The latter is fargely reltant upon expert judgement



and sct at a value s0 2 to ensure that the natural ecology of the identificd area is muntained or
improved, depending on the Management Class set. The Reserve (le. basic humun needs and
ecological) should be defined as both a quantiry and quality of the whole water resource. and will vary
depending on the class of the resource. The Minister is required to determine the Reserve for all or
part of any significant water resource.

The biggest difficulty sull surrounds the conceptual issues of the Reserve and determmation-related
implications of the relatively simple definition put forward in the new Act. The following are some
points for discussion:

e The volume of accessible water that satistics basic human needs as well as ccological
requirements.

e Where and how 1o express the Reserve.

e The Reserve is spatially referenced. It is necessary to define it in terms of buffer zones or arcas,
e What about temporal variability?

e (Can the groundwater resource be considered as being part of the ecological system? Is aquifer
ntegrity also a part of, or related to, the ecological system?

e Mimmisation of any negative impacts.
e How 10 expand and claborate on the current concept of the Reserve.

Basced on the above, challenges of the Reserve concept for groundwater are listed as follows:
1) Aquifer boundanies are different from catchment boundarics:
2) 3D nature of catchment;
3) Arca-based protection requirement;
4) Protection of aquatic ecosystem;
Sy Aguifer itself as aguatic ecosvstem,
6) Sustainable use of groundwater;
7) Local impacts and spstal vanability;

8) Role of storage and slow response of system,
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234 Groundwater-vegetation interaction

An overview of groundwater-vegetation interactions is given in a separate report entitied “Asscssing
Vegetation Ecosystem Dependence on Groundwater™ The new integrated approach 1o waler resource
management brought in by the Water Law Prnnciples and Water Act (Act No 36 of 1998) requires that
vegetation use of groundwater be considered. Groundwater-vegetation interactions occur close to or ot
the surface of the earth and therefore are closely linked to the other surface water based components of
the Reserve. These close links emphasise the need for close integration of the methodologies involved
in Reserve determination to casure a conmsistent approach and to explicitly account for the
interdependencies (MacKay, 1998b).

Some examples in South Africa are discussed in more detal in the report entitied “Assessing
Vegetanon Ecosystems Dependence on Groundwater™ by Colvin o @l Baseflow-dependent
ecosystems, especially in semi-anid 1o arid areas, are important for biodiversity, offening refuge and
ideal habitats for a vanety of organisms (Milton 1990, Naiman e af. 1993; Mormison ef o 1994). A
good South Afnican example is the Sabie-Sand River system in the Kruger National Park where the
npanan coosystems play key roles in the mamtaming the biodiversity and functioning of the adjoning
terrestrial ccosystems (Davies of a/. 1993, Birkhead ef al. 1997, Jewitt et al. 1998), Other examples
are river systems with strongly scasonal flows such as the Letaba River and some tributaries of the
Limpopo River system or the cphemeral river systems in the southern Kalahan (e g the Molopo
River),

There is very linle information on these groundwater-dependent systems and studies are urgently
needed to obtain more detailed information, regarding the nature of the water resources being used by
the vegetation and the nature and extent of groundwater dependence.

23.5  Groundwater resource quality objectives

RQOs provide goals within the management class. They are set by the Mimister dunng the process of
classification of significant water resources. They may be seen as goals 1o aim for, if the management
class represents an improvement on an impacted resource, or thresholds or safety nets which represent
the limit of acceptable impact. They may be numenc or descriptive,

RQOs are seen as being particularly important for groundwater as they are not restricted to aquatic
ccosystems and may therefore represent the mmportant role of aquifers 1o the wider environment.
Guadelines to sct comprehensive RQOs are not specifically included in the Terms of Reference of this

"



programme, but 3 project has now been imitiated to provide these. The results of this project will be
fully integrated with the rest of the Groundwater Reserve programme.,

It is proposed that a functional approach should be adopted. considenng all important direct and
indirect uses of groundwater, The potential functions of aquifers in the eaviroament could be
summarised as providing: sources or sinks for water: sources or sinks for nutrients: habitats. Once the
vanous uses have been idennified, objectives should be formulated 10 safeguard those functions, The
objectives should be practically measurable and preferably summarnised as key indicators. A range of
hydraulic (e.g. groundwater gradients, water table levels), hydrochemical (e.g. total dissolved soluds,
nitrate) and botic indicators (¢.g thnving vegetation communitics, hypogean fauna) could be selected
to indicate that aquifers are effectively fulfilling thewr important functions in the environment. It is
envisaged that the functions and indicators should be iwdentified by specialists and the importance of
those functions and levels of RQOs (based on the nisk of impacting on that function) should be set by
informed stakcholders,

23.6  Implementation of the RDM

Officially, from October 1%, 1999, a preliminary Reserve evaluation of a management area should be
determined if a license apphication, for water allocation, is processed. If water resources in the
delincated arca are not stressed, relatively Jow confidence rapid or intermediate RDM assessments
may be done. Where resources are under competing stress. o higher confidence comprehensive
assessment should be conducted including sigmificant field study and stakeholder consultation, A rapid
estimate may be improved and upgraded into a more comprebensive and accurate Reserve assessment,
as more information becomes available.

24 Framework for the RDM Assessment

It is the fundamental fact that the RDM determination is an integrated process. Groundwater must be viewed
s an important part of the hydrologic cycle. Typical scenanos of groundwater interaction with surface water
bodies should be depicted and investigased. The idea of such typical scenanos was put forwand by Braune
and Dziembowski (1997) and adopted by Parsons ¢ 1999) in terms of the geohydrological regions,

Sustainable development is traditionally defined as “development that meets the needs of the present without
compromusing the ability of future gencrations 10 meet thewr own needs™ (WCED, 1987). Therefore, when
applicd to the context of the Groundwater component of Reserve of South Afnca, management of the total
resource (including the allocatable portion) should be performed in & monner that ensures depletion (of
quality and quantity) does not occur over the long-term.

The recharge of an aquifer, over time, ts reliant upon two magor factors:
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1) Recharge - i.¢. quantity of water filtering through to aquifer. and
2) Outputs - ¢.g. pumping water from borcholes for human use,

As recharge is predominantly reliant upon metcorological and surface conditions, its variaton can be
scen to be part of an inherently ‘natural’ system and normally beyond human control. However,
human impact, on the outputs from a groundwater resource, can be much more significant.

To prevent long-term degradation of the groundwater resource. it seems logical that overall abstraction
within the arca should not excoed the average annual recharge in a business-as-usual scenano and
practices that are likely 1o deplete the ovenall resource should be discouraged. Additionally, the storage
issue, related to the dual-porosity of much of South Africa’s aquifers, should be accounted for, so that
potentsal overallocation can be avoided.

The total sustainably available groundwater in any given arca, once quantified and decided upon, can
be divided into two potential or actual usage groups: the "Reserve’ (already outlined), and the
allocatable component. The division of the resource is decided upon by virue of the identification of
the overall Groundwater component of Reserve which, i itself, 1s a component of the identified and
agreed-upon Reserve for the delineated water management area (i.¢. once the Reserve is identified. the
role of groundwater needs to be ascertained). The remaining groundwater, within the planming unit,
can be considered as available for allocation. Simply put, subtracting the groundwater component of
the Reserve from the total, sustainably abstractable, groundwater for a given arca may leave a
remainder, the allocatable component.

As previously outlined, the Rescrve has two components (ecological and basic human needs),
Therefore, the groundwater resource has been divided into 3 distinet use-groups (Table 2.1): basic
human needs Reserve (B): Ecological Reserve (E); and the remaining Allocatable Component (A).

There is a mnge of possible groundwater availability scenanos for any water management area. Morcover,
the enviroamental and geographic status of any individual area is likely to vary spatally to a conssderable
degree. As the considered importance and significance of the 3 aforementioned groundwater use-groups rely
somewhat upon these factors, it can be seen that the balance and interplay of the classes 1s ikely 10 vary
accordingly, depending on the “local™ situaton.

Using a box to represent the identified total, sustainably obtainable groundwater resource in a delincated anca.
we can envisage ths 10tal being comprised of the above 3 use-groups in varying amounts, depending on the
local satuatson, Figure 2.3 dlustrates 3 matnix of possible extreme groundwater situanons.
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Table 2.1: Brief description of 3 basic use-groups of ground water, according to availability and potential

usage.
Name (tag) Description

Ecological Reserve (E) Agreed amount of water required locally and or downstream
10 maintain/improve local ecology.

Basic Human Needs (B) Agreed minimum amount of water guaranteed as a nght for
every South African citizen, to suit basic human needs, such
as cooking and cleaning,

Allocatable (A) Remaining quantity of water, once Reserve has been

determined and subtracted from the quantified total amount
of water economically available,

As we move from left to right, along the x avis of Figure 2.3, the allocatable component becomes
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Figure 2.3: Matnix for visualising theorencal combinations of groundwater use groups due 1o
decisions made regarding allocation and Reserve determination.

increasingly significant, as a propormon of the overall "usable” groundwater resource (and hence, the
Reserve component becomes increasingly insignificant. volumetncally). If we move upwards along
the v axis, the total Reserve remains constant. but the relative significance of basic human needs over
¢cological requirements increases. Combiming the two vunables provides 3 matnx of theoretical
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scenanos, covering the wide range of possible local groundwater situations in a water management
arca.

Once a figure for the total Reserve of a delineated area is set (composed of basic human and ecological
needs), the remainder (adhenng to the sustanability critena, outlined above) may be allocated for
other uses

Decisions, concerming the division of the resource, are ulumately likely 1o be made by a local
goverming authority, with reference to the expernt judgement of the pancl whose work contributed to
the decsded-upon Reserve and the Minister, whose task it is 10 ser the Reserve. In arcas under water
stress, it can be envisaged that local authoritics may have to carcfully balance the needs of the local
ecology with the future economic and social development of the water management arca. However,
“squeczing out™ the ecological component, by moving either too far towards allocation (left 10 nght
along the x axis). or allowing human populations to put wo much pressure on the finite resource
(moving upwards on the y axis), is an undesirable and unsustainable way forward and. thercfore,
should be avoided. A well-planned resource in an arca of conflicting needs should optimally balance
all interests,

Finally, determination of groundwater component of the RDM may always surfer from a
certain degree of uncertainty due to complicated aquifer svstems mvolved. Therefore any
determined results should be treated under the stochastic framework.
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Mimister in consultation with representative stakcholders such as the CMA. The different classes

assigned to water resources represemt different levels of acceptable risk of modification from natural
conditions,

It is necessary to assess the present status of a resource by considering the degree of modificaton from
natural conditions. and consequently the degree of nsk of irreversible damage to the resource. Future
management classes are then set as targets for the protection and management of a resource. Once this
process has been completed, the Reserve and RQOs can be set according 1o the desired management
class. Cenain uses require a low degree of modification, typically environmental uses and Basic
Human Needs. [If these uses are deemed important by stakcholders, a highly protected class may be
assigned.

32 The establishment of a Classification system

In 1999, DWAF outlined the generic Seven Step Methodology for implementation of the RDM. This
is actually the sciennific and technical component of a Ten Step Method (DWAF, 1999). The
additional three steps are pant of the longer term management of the resource.  This generic
methodology has been revised since 1999 and later publications on determination of the ecological
Reserve for surface water resources (DWAF, 2002a) and the National Water Resources Strategy
(NWRS) (DWAF, 2001) represent the revised approach to RDM implementation, Many of the key
principles presented in the onginal 15 volumes of 1999 are still valid.

The classification system for water resources will be ¢stablished, afier public consultation, by means
of a Regulation in terms of section 12 of the Act. Until this regulation, all classification will be termed
preliminary. DWAF aims to Gazente the methodology for RDM implementation i 2004,

Actual determination of the class of a water resource, and determination of the Reserve, will be the
subject of Government Notices, after public consultation, i terms of Sections |3 and 16 of the NWA
(DWAF, 2001).

33 Aimsof this chapter

This chapter presents recommendations for a groundwater RDM classification system. [t focuses on
the role of the groundwater specialist and their technical and scientific input to the process, That role
will have 10 be performed in parallel to surface water specialists and a stakehoider participation
process.
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Thes chapter mims 1o present rules for groundwater classification in order to help hydrogeologists to
apply sound, defensible protocols and tools to classify groundwater resources. [t aims to align rules
for groundwater classification with those bemng developed genencally and for surface water by DWAF
Appendix A, accompanying this document, illustrates a case study where the proposed approuch is
applied. It shows the key GIS based outputs of the process and discusses data wssues found to be
relevant duning the application,

The methods and guidelines proposed are intended 1o

® Be legally and scientifically defensible:

o Be simple and operable;

e Contain a limited number of classes.

o Use similar concepts and terminology as other the water resource components

(estuaries, nvers and wetlands).

The guidelines presented in this document will need to be widely reviewed and approved prior to the
finalisation of the methodologies for all water resources in 2004, Further work funded by the WRC on
guidelines 1o set RQOs should be incorporated into the final draft Classification approach for
groundwater, This is scheduled for completion in September 2002,

34 Alegally defensible classification system

In order to prescribe a legally defensible classification system for groundwater, we need 10 be clear
about how the NWA describes the classification system, Sections from the National Water Act (1998)
are quoted in malics below, and their implication for the groundwater classification method discussed.

The protection of water resources is fundamentaliv refated to their use, development, conservation,
management and control.

Water resources, and therefore aquifers, need to be protected 1o maintain their useful functioning
within the catchment.  The level of protection and degree of impact acceptable, needs to be viewed in

terms of the required and accepted use and management of the aquifer.

Parts 1, 2 and 3 of Chapter 3 lay down a series of measures [RDM] which are together intended 1o
ensure the comprehensive protection of all water resources.
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The RDM should be smplemented as a whole (classification, RQOs and the Reserve) in order 10
realise the protection of water resources.  Although the current licensing procedure requires that the
Reserve alone should be determined before a license is granted, DWAF and CMAs should attempt to
roll-out the RDM is an integrated set of measures,

These measures [RDM] are to be developed progressively within the contexts of the national water
resource strategy and the catchment management sirategies.

We will not be able 10 set and achseve the class and RQOs for groundwater in short or casy steps. We
will need o move progressively towards the goals agreed upon by stakeholders. The requirements of

the RDM and resource management actions required for their implementation must be included in the
NWRS and CMSs,

Part | [Chapter 3] provides for the first stage in the protection process, which is the development by
the Minister of a system to classify the nation's water resources.

The classification system provides the framework for groundwater protection. Ths framework needs
to be established before reliable RQOs and the Reserve can be set. The class of the resource sets the
context for the levels of protection to be realised through the RQOs and the Rescrve.

The system provides guidelines and procedures for determining different classes of water resources.

The classification system itself provides guidclines on setting the class for groundwater resources
within CMAs. These guidelines should comprise rules for determining the level of protection required,
recommended best practice in applving the guidelines and available tools. These should be applied
country-wide, in a progressive and priortised manner, in order to classify groundwater resources, It is
expected that once the classification system iy agreed upon, it will take up 10 10 years 1o classify the
nation’s groundwaler resources.

The system for classifving water resources may «
(a) establish guidelines and procedures for determining different classes of water resources;
h) in respect of each class of water resource -
(i) establish procedures for determining the Reserve:
(i) establish procedures which are designed 1o satisfy the water quality
requirements of water users as far as is reasonably possible, without
significantly altering the natwral water quality characteristics of the

resonrce:



(i) set out water uses for instream or land-based activities which activities
must be regulated or prohibited in order to protect the water resource; and
fc) provide for such other marters relating to the protection, use, development, conservation,
management and control of water resources, as the Minister considers necessary.

Procedures 1o determine the quantity of the groundwater component of the Reserve are addressed in
chapter 5 of this document, Procedures to sansfy the water quality requirements of water uscrs relate
to the protection of aquifers from pollution. This must be practically possible and therefore take into
account the natural or reference condition for water quality m the arca.  In addition. it needs to be
balanced against the need 10 use and develop our resources. The NWA requires that the water quality
required by users should be mamtained. not the pristine quality of the aquifer. Therefore a level of
acceptable impact on the resource in terms of water quality should be agreed wpon. [More detail on
water quality procedures will be given in the accompanying RQO guidclines).

Certain activities which are most probable to cause pollution to an aquifer will need to be regulated in
vulnerable areas. It will be necessary to understand the vulnerability of significant groundwater
resources to pollution and drought in order to apply focussed, effective protection measures.

The Minister is required to use the classification to determine the reserve and resource quality
objectives of all or part of water resources considered to be significant. The purpose of the resource
quality objectives is to establish clear goals relating to the quality of the relevant water resources, In
determining resource quality objectives a balance must be sought between the need to protect and
sustain water resources on the one hand, and the need to develop and use them on the other.

Again, the legal emphasis 1 on protection for use and not protection ar the cost of use.

Before determining a class or the resource quality objectives in terms of subsection (1), the Minister
must in respect of each water resource «
(a) publish a notice in the Gazette -
(i) setting our -
faa)  the proposed class;
(bb)  the proposed resource quality objectives:
(ce)  the geographical area in respect of which the objectives will apply:
(dd)  the dates from which specific objectives will apply: and
(ee)  the requirements for complying with the objectives; and
(ii)  inviting written comments to be subminted on the proposed class or  proposed
rexource quality objectives (as the case may be). specifying an address to which



and a date before which the comments are to be submitted, which date may not
be carlier than 60 days after publication of the notice;

b consider what further steps, if any, are appropriate to bring the contents of
the notice to the attention of interested persons, and take those sieps which the Minister
considers to be appropriate; and

i) consider all comments received on or before the dare specified,

Seming the Class, the Reserve and RQOs is a participative process that must take into account
comments of stakeholders. Scientists may determine vanous RDM scenanos. but the RDMs are set by
the Minister, in consultation with stakebolders, The final sening of the class should therefore
represent the needs of stakeholders in the catchment. This will require effective communication from
groundwater specialists 1o decision makers and the public about the occurrence, importance and
vuinerability of groundwater. For stakcholders to participate meaningfully in the process. they will
need to understand the implications of setting different classes for groundwater. Hydrogeologists have
4 key role to play in informing stakcholder of the consequences of the decisions in terms of protection
and use of groundwater.

The Minister must, subject to subsection (4), by notice in the Gazette, determine for all or part of
every Significant water resource -

fa) @ class in accordance with the prescribed classification system; and

h) resource quality objectives based on the class.

A novice must state the geographical area in respect of which the resource quality objectives will
apply, the requirements for achieving the objectives, and the dates from which the objectives will
apply.

The class itself represents i level of protection of impact acceptable to stakebolders, The RQOs give
effect w the class by prescnbing certain water resource goals 10 be achieved and actvitics 1o be
controlled. The outcome of classification i therefore a refatvely simple term Protected, Good, Fair or
Severely Modified for a designated arca. However the process for classification is more complex and
needs to relate intncately to the RQOs and Reserve, as the final decision on a class will depend on the
understanding of the consequences of the RQOs and Reserve necessary to achieve it

The Reserve refers to both the quantity and quality of the water in the resowrce, and will vary
depending on the class of the resource.



As is the case for the RQOs, the level of protection sct for the Reserve will depend on the class set
Conversely. the Class set will depend on an understanding of the implications for Reserve protection.
A Reserve determunation cammied out without reference to the Class of the resource will have
questionable legal validity.

35 The generic process - concepts and terminology

Guidance on the broad principles to be adopted by the classification method s found in preliminary
inputs to the draft NWRS (DWAF. 2001) and i the Volume 8 of the RDM policy implementation
senies (DWAF, 1999). Some of the principles outlined in the 1999 document have been superseded by
the draft NWRS.

Input to the draft NWRS states that:

“A water resowrce classificanon svstem is being developed which will provide a
conxixtent national framework within which water resources can be grouped into
broad classes, each class representing a differemt level of protection and,
consequently, a different level of wtilization. The system will provide specifications
against which to make management decisions about the nature and extent of
permissible, sustainable resource use.”

“Although the management class of a resource will focus strongly on the
requirements for ecosystem protection (which may be described as an ecological
claxs), it must also take account of the water quality requirements of water users,
inxafar as it is possible 1o satisfv user requirements “without significantly altering
the natural water quality characteristics of the resource™ (section 1 2(20b)i). The
use of resources 1o supply water for basic human needs or for irrigating sensitive
crops, or for recreation may, for instance, require modifications 1o the ecological
class specifications. ™

351 Definitions of the classes

“Four management classes are proposed:
Protected: A Protected resource may be one in which:
. Human activity has caused no or mimmal changes o
biological communities (animals and  plants), to  the hvdrological
characteristics. or 1o the bed. banks and channel of the rexource,

. Chemical concentrations are not significantly different from
background concentration levels or ramges for maturally occirring
substances. and

. Concemration levels of artificial yubstances do nov exceed

the detection limits of advanced analvtical methodologies.

Al of the above comditions must be satisfied. Crieria for classification as
Protecred will imclwde:  nanional ov imternational heritage site or areus:
biodiversity; the Ramsar Werlands Convention! economic (tourism, medicinal



plants) and social/cultural considerations; amd areas designated as Protected
under any other legisiation. ™

The Protected class is a reference condition.  Resources in other classes will be
defined in terms of the degree of deviation from conditions of no or minimal impact.
Goaod: In which the condition of the resource ix slightly to moderately altered from
the Protected, reference conditions,

Fair: In which the resource has been vignificantly chamged form reference
conditions. ™

“Water resources will, ax far as possibie. he manuged to maimtain them in their
presemt ecological condition (that is. within the boundaries of their ecological
claxs). However. in some caxes there may be pressing social and economic reasons
1w perntit shors-term uses which will cause limited degrodation of resource
comdition. amd these will be considered on their individual merits. ™

“Some rexources are already in a condition which may be described as Poor (that
is. worse than Fair). In these cases the management class will be set ax (at least)

Fair, and management efforts will aim to rebabilitate the resources to an improved
comdition. ™

“In addition. some water resources have been so severely and permanently
physically  modified that rehabilitation o anything approaching a natural
ccosvstem would he impossible or prohibitively expensive.  Such resources, or
parts of resources - rivers whick have been canalised through wrban areas, or for
flood protection, for example ~ mav be classified as Severely Modified.  The
classification system will provide for the development of resource quality objectives
for Severely Modified resources but, as they cannot be regarded ax functiomd
ecosystems, the procedures will not involve the determination of an ecological
Reserve.”

“The classification svstem will apply to all surface water resources in South Africa,

but it will be sufficiently flexible to accommodate the ditferemt characteristics of
rivers, wetlands, impoundinents and estuaries. Groundwater resources, which are

the only avallable sowrces of water in many parts of the country, are vilnerable to

pollution from lamd-based activities and proctically mpossible to rehabilitate once

they are polluted. Whalst it will be generically similar 10 the classification svstem
for surface water. the groundwater system will have ity own unigue features.”

“The characteristics - quantitative or descriptive ~ which will be used 10 clussify
surface water resowrces will include: «

Chemical and physico-chemical:  salt concentration. pH. Huoride: nutrient
concemrations, dissolved oxvgen: temperature; toxic substances; substances
(dentified from an inventory of point and Jiffuse sources of pollition.

Biological: compasition and abundunce of aguatic flora and benthic invertehrate
Jauna; composition, abundance and age structure of fish fauna.
Hydro-marphological: hvdrological regime (quantity and dvnamics of water flow.
and conmection 1o groundwater): vartations in water depths and widths, stricture
and suhstrate of river channel; structure or riparian zone,



“For some resources some characteristics mav need to be specified more sirictly
than the range of values applicable to its management class.  For instance,
particular usex of a resowrce which is classified Fair mav reguire those
characteristics whick relates to cutrophication (excessive growth of aigae) to be
specified in the range appropriate to the Good class.  Similarly, yome resources
mayv require specifications for characteristics additional to the standard set.

3.5.2  The generic classification process
Inputs 1o the draft NWRS outline a proposed process for RDM determinations as follows:-
o Define the geographic extent of the waler resource.
o Select the appropnate level of determunation.
® Determine the eco-regiomal type (or types) in the study arca. and select survey sifes.
o Determine reference conditions, and assess present state. importance and sensitivity.
® Set the management class, determine the Reserve and set RQOs.
* Design and implement a resource-monitoring programme.

This document presents guidelines for the implementation of this genenic process for groundwater.
Sections 3.9 1o 3.15 discuss the key points of the process in terms of the:

o Generic principles currently accepted:

o Special considerations 10 be made when implementing these genenic principles for groundwater;
* A summary of the rules for applying the principles to groundwater classification;

o Recommended tools to be used in applying these principles.

* A summary of the outcomes from that step in the process,

353 Generic levels of dassification

Four levels of determination are proposed:

Desk Top: Very low confidence. Used only for (the majority of) Reserve
determination in national water balance scenarios (WSAM).
Rapid: Low confidence. Essenually a Desk Top determination plus a cursory

field asscssment of presemt ecological state.  Used for individual
licence applications with low impacts, unstressed catchments of low
ecological imporance and sensitivity.



Intermediate Medium confidence. Requires field studies by specialist. Used for
individual licence applications in relatively unstressed catchments,

Comprehensive: Relatively high confidence, Reguires extensive ficld studics and data
collection by specialists. Used for all compulsory licensing exercises,
and also for indsvidual licence application which have large impacts in
any catchment. and which have small or large impacts in ecologically
important or sensitive catchments.

To ensure that groundwater Classification is aligned 10 the other components, the principles of the
current generic methodology have been adhered 10 and adapted where necessary

36 Scientific validiny

The most frequently recommended tool 1o be used in Classifying groundwater resources is Expent
Knowledge. This means that hydrogeologists with the most expertise and recognised understanding of
the local systems should be a key part of the process.  Subjective and qualitative descriptions and
assessments made by those with the best working knowledge of an arca, are thought to be more
valuable to the Classification process than automated judgements based on dubious data.

The Classification process needs to be scientifically defensible, and hence repeatable.  With limited
groundwater expertise and dstabases of variable or unknown quality, it will be important to keep a
record of decision making, which outlines all the assumptions and levels of confidence in decisions
made by experts. The approach presented aims to keep the elements that are required 1o inform the
Classification decision separate for as long as possible. [t avoids lumping intermediate outputs of the
process together and assigning a value. This can be misleading and imply a false confidence in the
quantified understanding of the issues. By keeping charactenistics separate, subjective decisions
remain transparent and open for review.

Each classification process should incorporate peer preview and review of the work, including the
outputs, assumptions and confidence. Impiementation should also be reviewed by the National
DWAF RDM office 10 ensure continuity and 1o ensure that the principles of the methodology are
being adhered 10,

Genene guidance has been given on the processes to determine low, medium and high confidence
Classifications. It 15 recommended that following a Classification process, the confidence be
reassigned 1o take into account the increased understanding. In other words, a Classification team or
specialist may work in an area for one year gathening new field data, but at the end of the process
understand that some critical arcas have not been given due artention. In that case the level may drop
10 an Intermediate.



The classification system for groundwater resources needs 10 stmultancously take nto account
groundwater use, importance and vulncrability. Attributes which characterise groundwater systems
may be biophysical, economic, social and ethical. Reconciling all these aunibutes in one system
requires subjective. expent, adjudicated decision making. To improve the validity of the process. the
following charcteristics of the Classification system should be adbered w

e Flexble - in requesting the hydrogeologist 1o select best avarlable tools and defend their application
in different hydrogeological settings:

o Transparcnt - with recorded assumptions and confidence

e Semui-quantitative - i that it relies on effectively combining expent knowledge, stakcholder values
and measured aquifer parametens

e Risk based - in balancing management actions agamnst vulnerability and importance

¢ Functional - in placing the groundwater requirements of users as a prionity.

37 Asimple and operable approach

Scientists, decision makers and stakcholders are often at odds in their requirements for systematic
evaluation of natural resources. Decision makers need broad lumped values, such as annual volumes
per aquifer, in order 1o plan water allocations. Stakcholders need high confidence in the protection of
thetr smaller scale interests. Scientists often find it difficult to make predictions and assess impacts as
they begin to unravel the complexity, heterogencity and unpredictability of natural systems, However,
these needs and contlicting viewpoints must find common ground in the Classification system,

In the words of Hippocrates, ‘Life is shorr, science is lengthy, opportunity is elusive, experience is
dangerony, and judgement is difficwlt.” We need to make sound decisions based on the best possible
scientific information and taking into sccount the views of stakeholders. These guadelines do not
present compicx detail on the selection of wols and datasets in different arcas of the country at
different levels of confidence. This guidance would be rapudly outdated.  Instead, the specialist is
mformed of possible options and asked to record and defend thewr decisions.  The groundwater
specialist should provide justification of tools and datascts used with respect to:

o availability

o affordability



o appropriate spatial and emporal scales

o approprite confidence and assumptions in the particular hvdrogeological setting.

38 Guidelines and procedures to classify groundwater resources

The following sections outline guidelines and procedures for groundwater specialists contnbuting 1o
the Classification of groundwater resources. These follow the gencric Classification outline descnibed
in the NWRS.

For cach stage of the generic procedure, the following is descnbed:
e The overall aim of that stage of the procedure.
e The role of the groundwater specialist within that stage.
o Generic principles guiding the implementation of that stage.
o Considerations for groundwater which adapt and apply those principles meaningfully
to the Classification of groundwater resources.
e Procedural rules to be followed in the Classification of groundwater.
e Recommended tools to be used in the implementation.

o A summary of the outputs from the procedure.

Where relevant, parallel processes which underpin the validity of the procedure will be highlighted.

These may mclude. for example, stakeholder participation or the characterisstion of surface water
FESOUTCES,

A summary of the tasks to be performed by the groundwater specialist is shown in Figure 3.1 and
outhined below as follows:

Delineate area.
Delineate groundwater regions.
Delineate groundwater response zones,

Describe the reference conditions of the response zones,



Delineate areas of common groundwater use.

Delineate areas of multiple groundwater use.

Describe the present status of preliminary groundwater management units,
Indicate the level of importance of various uses ascribed by the stakeholders.

Indicare the vulnerability of the groundwater response units with respect to:

e  Ecologxcal dependency

e Inherent contamination vulnerablity
o Inherent drought vulnerability

e Over-cxploation nsk

e  Current degree of impact

Delincate management units based on:

e Current and future requirements for groundwater use

e  Vulnerability

e  Common actions necessary to manage groundwater for desired levels of use.

Describe scenarios of management goals and actions for cach management unit and the
consequences of assigning likely management Classes for

e All current groundwater uses
e  Powential and natural groundwater uses
e  Land-care management

e  Economi development
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Frgure 3.1 shows nputs required 10 define cach output from hydrogeologists and other IWRM
contributers.

39 Define the geographic extent of the water resource
AIMS

e Identify significant water resources, or
o Identify the response unit and arcas that will be impacted by a particular license application.
¢ Delincate geographical boundaries for the study.

Role of the groundwater specialist

To indicate the probable area of impact of the groundwater resource in question and highlight up-
and down-gradient dependencies, This should influence the extent of the area chosen by the water
manager for Classification,

39.1  Generic principles

Significance



The NWA suites that the Minister must desermine RDM ~for all or pant of every significant water
resource”.  This should be done in 2 way which 5 practical for waler use planning, alloction and
licensing purposes. but which s at a scale whach allows effective everyday management of the water
resource itself (DWAF, 1999), The significance of the water resource s linked not oaly to its importance,
but 10 its size (DWAF, 1999),

Once CMAs are csiablished they will sct up caschment management strategies whach will include o
strategy fo implement profection measures for water resources, including the RDM.  The progressive
implementation of the RDM will evennually realise the classification of all signaficant water resources.
However, the immedsie rollout of the RDM will be linked 10 license opplscations and priontised w
allow hcences for water wse 10 be processed i the context of resource peotection.  Classificaton may

then oceur at an aquifer or caschment spatial scale or be restricted % the probable zone of impact of a
licence.

Boundaries

1f the RDM determination i matiated by the Deparment as pan of compulsory licensing process. then
1he boundanes are delincated by the relevant water management agency (DWAF 1999). Where an RDM
determination is undertaken as part of the evaluation of an individual heence application, the study
boundarics will depend on the nature, scale and extent of the impact of the proposed waser use (DWAF,
2001).

Upstream-downstream dependencics may reguire that the study boundanes take account of addstional
water resources upstrcam of downstream of the study arca (DWAF, 1999).  Smaller units wall be
defincated further i the provess of classafication,

3.9.2  Considerations for groundwater

Significance

Groundwater resources which are sigmificant i terms of their geogruphical extent, storage or local
discharge need to be entified.  Thas should be taken 10 be all groundwater resources in aquifers (strata
with sufficient permeability 1 permit inflow to a borchole) which are perennial.  Some perched, or
cphemernal, aquifer systems are fikely to be imponant for local ecological uses. Their perched nature will
mean that they are unlikely to be connected 1o groundwater which will require a license for abstraction.
But they may sull be vulnerable to pollution and should be given protection where the ccological
dependence & iImportant,

Boundaries

Groundwater boundanes af 3 hydrological watershed or limat of a sigmficamt resource. may be
complcated, with changng head/fixed head’ constnt flux boundanes for several differens layers.  Also,
secondary aquifer response units may not correspond with lithological boundanes.  For some aquifers the
recharge arca may be outside the Timit of the surface water catchment. but it may need 1o be considered



in the management of the resource. The hydrogeologist needs 10 be able 1o sketch a probable conceptual
model of these boundanes, noting estimated distal secharge and discharge zones.

293 Rules, tools and outcomes

RULE
Delineate significant (exploitable or ecologically important) aquifers in the area,
Or - Delineate significant (exploitable or ecologically important) aquifers within the
probable zone of influence of a license application.,

Tools
o Harves: Potential Map of South Afnca
¢ Hydrogeological map scries
o Natwaal Groundwater Database
e Local groundwater knowledge
e Local ecological knowledge

— Qutcome
Initial delincation of relevant significant groundwater resources. This showld be in GIS format
Record variable confidence i extent.

RULE
Describe in 3 dimensions the current broad understanding of the nature and extent of
the relevant aquifers and their boundary conditions within the area.

Tools
Geologscal maps.

-
¢ Hydrogeological nmap senies.
e Luocal groundwater knowledge,

~» Qutcome
Initial delineation of bounday conditions of relevant significant gromwwdwater resources in a
prefininary 3D conceptinal model, Record variable confidence in extont.

RULE

Identify probable arcas of recharge and discharge for these aquifers (within the area and
bevond its boundaries).

Tools

Geologseal maps.
Hydrogeological map senes.
Local groundwater knowledge.
Local preciprtation data

Local ecological knowladge

n



¢ Local hydrologscal knowledge.

— OQutcome

A prefiminary 3D conceprual model showing the full delineatton of sigmificant groundwater
resources i the area and thoir refevant extent with respect to up-yradient amd down-gradient
dependenciex. GIS exient of arew. Record prohability of connection.

Parallel processes

These outputs will enable the Mimister and Catchment Managers 0 cffectively delineate the relevant
(hydrogeologically connected) area for classificanon, Varying confidence i the probable continuiy
and dependence of distal arcas will have 10 be assessed in the context of Integreated Water Resource
Management (IWRM) pnontics of the region.

310 Select the appropriate level of determination.
AIMS
e Sclect appropriate level of RDM determination,
* Sclect an appropriate study team.
Role of the groundwater specialist

To provide recommendations on the level of confidence required for groundwater classification
based on a preliminary assessment of the importance and stress of the resource.

3101 Generic principles

This relates principally 1o the level of confidence required in the results of the assessment, but
also to the availability of relevant information. The confidence required depends on the
nature, extent and probable impacts of the water uses for which the assessment and
determination are undertaken. considered in the context of the ecological importance and
sensitivity of the water resource 1n question (DWAF, 2001). Increasing levels of confidence
imply increasing commitments of time and specialist puts for, and therefore the costs of.
cach assessment.

Level of determination
Rules for selecting the appropoate level of RDM detenmination and the time taken are:

Desktop - National Water Assessment Model.

Rapid - Individual licensing for small impact in unsiressed carchments of low
importance and sensitivity



Inrermediare - Indivedual licensing requirements in relarively unstressed carchmenty.

Comprehensive ~ Compulsory licensing: large impacts in any catchments; small and
large impaces in verv imporvtant or sensitive catchments.

Levels of confidence n the results of desermination are Jowest with a desktop estimate and increase 1o
the highest confidence in a comprehensive determmation. However, i shoald be noted that cven with a
reasonable budget and an annual cycle of field data, the confidence in a comprehensive assessanent may
still only be moderate. This could be the case in arcas where few histoncal data are available and
the monitormg peniod oceurred during a penod of atypical conditions,

Comprehensive levels of determination will be camed out in more detail with significant
budgets for ficld work and interpretation.

Study team

The composition of the study wam depends on the level of the RDM study which s required,
and the types of water resources which are mcluded within the study boundaries. For a
comprehensive determination, it may be necessary for each of the specialist sub-disciplines to
be included. For rapid determinations, there may not be a need for separate representanion of
all the sub-disciplines (DWAF, 1999),

310.2 Considerations for groundwater

Study team

Too often the groundwater component of an RDM study is undervalued. The deciston about
which components need to be addressed and to what level, should be taken only after a
multidisciplinary team, including o hydrogeologist, have compiled a draft 3D conceptual
model of the catchment. This 3 dimensional approach is imperative to ensure adequate
understanding of the role of groundwater, Typically, over 90% of water stored in a catchment
is stored in aquifers. A preliminary assessment of the importance and degree of stress on
groundwater quality and quantity will need to be made by a hydrogeologist. [In addition, an
impact assessment of proposed abstractions on any receiving environment and users should be
made,

Figure 3.2: 3D Conceptual model of the catchment.(Source, USGS).



Level of determination

The level of RDM determination for groundwater should be carried out as indicated in the
table below

Levels of confidence in the results of determination are Jowest with a desktop estimate and
mncrease 10 the hghest confidence in a comprehensive determination. However, it should be
noted that even with a reasonable budget and an annual cyclke of field data, the confidence may
still only be moderate as discussed above. This is parncularly true for groundwater in areas
with high heterogeneity and few monitoring points. 1t is also true for groundwater resources
found in the western arcas of the country with high ramfall vanability and susceptibility
drought. In these arcas, monitoring and assessment over a drought cycle of several years may
be necessary W assess the behaviour, vulnerability and sustamable yield of the resource with
confidence

The hydrogeologist should carcfully rack confidence in all assessments and assumptions and
if necessary revise the RDM level at the end of the determination to suit the confidence in the
results. This should be done with a clear indication of how the confidence in the asscssment
could be reliably improved.

As the methodology relies on expert judgement in many areas, the role of peer preview and
review is very important. The reviewers should be considered an integral part of the team.

Table 3.1: Level of determination for groundwater classification.

Indicator mi‘;&"; Moderate yiclding | High yielding
Sole Source dependency Intermediate Comprehensive Comprehensive
Highly impacted Intermediate Comprehensive Comprehensive
High risk of contamination or Rapid Intermediate Comprehensive
over abstraction
Moderate nsk of Rapid Intermediate Intermediate
contamination or over
abstraction
Moderately impacted Rapid Intermediate Intermediate
No Sole Source depency Rapid Rapid Intermedinte
Low risk of contamination or Rapid Rapid Intermediate
over abstraction
Low impact Rapid Rapd Intermediate
Kev
Low vielding - Harvest potential of < 10 000 wm' K amerum or average barehole vields of < |l
Medium vrelding - Harvest potential af 10 000-30 000w km' ammum or borehole vields af 1-2 Us




High vielding - Harvest potential of »30 000 m’ ke ‘anmum or borehole yields of > 2 U

3103 Rules, tools and outcomes

RULE

Estimate the approximate degree of importance, impact and risk posed to groundwater
resources in the area,

Tools
e Expernt knowledge

~= Outcome
An understanding of the level of confidence required 1o protect the resource

RULE
Estimate the degree of confidence in understanding the importance and vulnerability of
the resource that will be achieved by Classifying groundwater over different time
periods with different budgets, taking into account:

e Availability of exssting data

o Availability of existing knowledge

e Degree of aquifer and landscape heterogeneity

e Number of sampling sites nocessary 1o charociense the resource
o Expert knowledye

Tools
o Expernt knowledge

s Outcome

An understunding of the feasibility of imdersaking ditferent levels of Classification with rexpect o
the confidence reguired o protect the resource

These outputs provide information for Table 3.1 and can lead 1o 3 recommendation from the
groundwater specialist for the level of assessment necessary.  Available resources may limit
the ussessment level undertaken



311 Determine the eco-regional type (or types) and response units in the study area, and sefect survey
sites

AIMS
e Determine groundwater regions and groundwater response units.-
e Select sites for intermediate/ comprehensive RDM study
Rale of the groundwater specialist
Describe the hydrogeological setting in the area. delineate areas with common hydrogeological

characteristics and recommend sites for effective monitoring of reference conditions as well as
commpliance to Class.

3IL1 Generic principles

Determine eco-regions

Eco-regions are arcas in which there is relative homogeneity in geological and hydrological
characteristics, and types of plants and aquatic animals. They enable some predictions 1o be
made about the kinds of ccosystems which could be expected under natural or umimpacted
conditions.

Eco-regional maps are being prepared for the whole South Afnica (IWQS, 2001), The current
scale of cco-regions is therefore national (Level 1), giving a broad characterisation of a
carchment in terms of:

e Major physiographic fisctors, such as altitude, latitude, aspect, slope, climate zone;

e  Geological factors, which determine geochemical signature as well as aspects of
geomorphology and habutar;

e Regional natural hydrological characteristics, such as annual precipitation, seasonality
and vanability of flow:;

e Major natural vegetation types (such as bushveld. lowveld etc);

e Biotic factors, including the natural occurrence of certam kinds of organisms such as fish,
invertebrates, plants and algae.

Eighteen classes of eco-region are defined as shown in Figure 33



PRELINBNANY LEVEL | ECOREGIONS OF JOUTH AFFICA
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Figure 3.3: Preliminary level | eco-regions of South Africa
For colour map see hutp:/fred.csir.coza/extraproject groundwater RDMindev.htm

Determine resource units within the study area

The breakdown of the ccoregion could be on the basis of the major land uses (IDWAF, 1999)

An example might be where markedly different land uses (such as agnicultural and urban)
occur along a reach of river which itself is all contained within one ecoregion.  Each resource
unit is sufficiently different from the other 1w warrant their own specification of the Reserve
and RQOs, and to clearly defincute the geographic boundarics of cach. This s because, for
example, it would not be appropriate fo set the same numerical Reserve for the headwaters of
a niver as for the lowland reaches: these sections of a river frequently have different natural
flow patterns and chemical signatures. and require individual specifications of the Reserve
sppropriate for that reach (IDWAF, 1999),

It is envisaged that the scale for resource umits will be of the order of several Kilometres of
niver reach (DWAF. 2002). The breakdown into resource units via ecoregions is then further

7



resolved into smaller resource umits which are suited 1o management requirements. A water
quality resource umit is a length of river for which a single descnption of water quality can be
given (DWAF, 2002),

Delineation of resources in the Reserve determination notice

The Government Gazette notice of the Reserve determination for a particular resource would
refer to a map with the relevant water resource unit boundaries marked, and may be supported
by map references (for example “the reach of the Crocodile River from the point AB on the
farm <name> 1o the point XY on the farm <name>"),

If & notice was published containing the Reserve determination for an entire catchment, the
notice would contain 3 list of delincated resource units within the catchment, together with the
class. Reserve and RQOs applicable to cach resource unit (DWAF, 1999).

Select survey sites within the study area

The selection of sites for specialist surveys s closely related to the various ccoregional types
which may be represented in the study area, but also depends on other factors such as
representivity, suitability for hydraulic calibratwon and sccessibality,

The confidence in the determination of the RDM, 15 very much dependent on the selection of
suitable study sites, and this step is one of the most important in the whole RDM
determination, For water quantity and water quality Reserve determination, it may be
adequate to select sites which cover more than one ccoregion.  For determination of resource
quality objectives for habitat and biota, the RQOs may need 10 be determined separately for
cach ecoregion.

2112 Considerations for groundwater

Determine groundwater regions

Ecoregions are determined to infer some of the broad characteristics based on some

of the more casily available biophysical data on the arca. [t 18 also useful to descnbe
groundwater regions 10 indicate the broad hydrogeological caregory of aguifers in the arca,
This enables nationally consistent benchmarks w0 be progressively developed and an
understanding of reference conditions for different climatic areas 10 emerge.

Groundwater regions could be given at the same scale based on similar biophysical attnibutes
in order to charactenise the aquifers in the area,  Either existing geohydrological regions such
as those classified by Vegter (1995) (Figure 3.4) or in the 1:500 000 hydrogeological map
senes (DWAF) could be used or a consideration of geology (lithology and structure. forming a
hydrogeological terrain) (Figure 335 and climate (Figure 3.6) could be given for the area
delineated.
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Mean Annual Precipitation (mm),
(Dent, Lynch & Schulze, 1589)

Mean Annual Precipitation (mm)

Figure 3.6: Mean annual precipitation in South Africa (Atlas of Agrohydrology, Schultze et al 1997),

Determine groundwater response units

Limundwaler response units prov wie a ‘,‘Cln! more dctatled charactenisation of .j‘-'hl‘uf‘.\ Mer
amits, based on a more detailed understanding of inberent physical hvdrogeological attnbutes

hese should include

. Average recharge and sustamnable vield

. \quifer ithology, permeabelity and approximate aquiler thicknes

e Hvdrogcochemstry

. Aquiier Storag
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These should be defined based on all available mformation. NGDEB and other dntlhing &

nformation will be particularly useful. DWAF hvdrogeological maps may de used for Rapwd
evel classihication he level of confidence cact i the mea £ itCcd parametct



Groundwater response units are likely to occur at depth beneath surficaal units.  These should
be inferred on the arca map and 1D conceptual model.

Select study sites

As for surface water resources, the sites selected for study should be representative of the
significant groundwater response umits i the arca. Field work wall not be camied out for rapid
level determinations and only a limited manner at existing sampling points for intermediate
determinations.  Sampling site selection 8 mainly relevant at comprehensive level
determunanions when data over one annual cycie may be gathered,

A differentiated approach to Classification monitoring is recommended with focus on:

e the most important and vulnerable groundwater management units;

e representative  groundwater response  units  close to  reference  conditions  (control
moaitonng)

o boundary conditions between different aquifer units and between groundwater and surface
water resources (loosing /gaming /intermittent detached nivers; see chapter 4),

The montonng should be focussed on paricular parameters or attributes of the resource that
are critical to its use. It is therefore recommended that the selection of monitonng sites and
parameters should be finalised after an assessment of the importance and vulnerability of the
groundwater resources bas been completed in the following stage of the Classification process.

Newly constructed monitoring borcholes should be carcfully constructed to sample correctly
the groundwater response unit(s) required and the necessary parameters, Guidelines are given
in the hterature, e.g. - Guidelines and Standard Procedures for Studies of Groundwater
Quality (USGS. 1997); Minimum Requirements for Water Monitoring at Water Management
Facilities (DWAF, 1998); Contaminant Hydrogeology (Fetter. 1993), Draft Integrated Water
Resource Management: Guidelines for groundwater management in water management arcas
of South Afnca (DWAF. 2002),

Where existing borcholes are used, the hydrogeologist should carefully document their
understanding of the borchole construction and confidence in the results acquired for different
parameters.

Parallel RDM processes

Delincation of resource units for other components of the water system are likely 1o be
happening in parallel 1o the delincation of groundwater regrons and response units.  Where
relevant, groundwater monitonng should link 10 hydrological monstoring 10 enable a3 better
quantification of groundwater ~ surface water interactions.

a



F11.3  Ruley, tools and outcomes

RULE

Based on the geology and climate of the arca, delineate macro-scale (landscape)
groundwater regions.

Tools
e Expert knowledge
o GIS overlay of climatic zones, gevlogy, ecoregions level | (IWQS, 2001)
o Vegur's geohydrological regions (DWAF, 2001)
e | 500 000 hydrogeological maps

—= Qutcome
Catchment scule groundwarer regional classtfication mapped in GIS

RULE

Based on inherent aquifer characteristics, delineate groundwater response units in the
area.

Tools
o Expent knowladge
e Dnlling and pump testing data (reports, NGWDRB),
e Borchole prospects nmap,
e Hydrogeochemwcal data (TDS EC),

e Hydrogeological maps {1:300 000)
e Natwonal or regional DRASTIC maps

e Detarled geological maps.
e Land type maps

= Qutcome
Local scale growndwuter response units based on similar kvdrogeologival characteristics mapped
in GIS. Record npical values for kev characteristics. inclinding ronge and heterogeneiny

RULE

Make an initial estimation of monitoring locations which will provide reference poinis
and be representative of groundwater management units,

Tools
e Expert knowledge

= Qutcome
Prelimunaery location of groundwarer monitoring poiney



The approach followed in this step i1s essentially the same for all levels of RDM. More time
would be available for mtermediate and comprehensive assessments and therefore more
detailed on-site assessments should be made of groundwater use and impacts.

312 Determine reference conditions and assess present state
AIMIS

® Determine resource quality reference conditions.
o Define the present state with respect to the degree of modification from the reference conditions.

Role of the groundwater specialist

The is one of the most involved steps for the groundwater specialist. S/he should predict the natural
state of groundwater response units and estimate the degree of impact on groundwater resources in
their present state.

L1211 Generic principles

Reference conditions ~ the natural baseline

Reference conditons describe the natural, un-impacted charactenistics of a water resource.
The assessment of present status and the selection of the future management class are camed
out relative 10 the reference conditions for that resource.  The reference conditions thus
represent a baseline which is relevant 10 a particular resource. It the baseline 1s not stable,
then the grounds on which management decisions are made will always be shifting (DWAF,
1999). This opens the door for de facto authonzation of cumulative impacts in the water use
licensing process, which is not consistent with the protection policy.

The reference conditions are set on the basis of un-impacted conditions, as that is the most
siable bascline available. However, the parameters used 10 descnibe these conditions may
have inherent vanability. Natural fluctuations in water levels, concentrations of particular
solutes and ecological structure need to be recognised.

It is frequently not possible to find an smimpacted site which can be surveved. in onder 10
accurately quantufy reference conditions. Expert judgement, local knowledge, historical
data and analysis of measured historical rrends will ofien be necessary 10 build wp 2
“prcture” of the probable reference conditions. within broad confidence limits,

Reference conditions quantitatively describe the natural, un-impacted churacteristics of the
resource in ferms of water quantity, water quality, geomorphology, vegetation and aquatic
animals (DWAF. 2001). For groundwater resource reference conditions include mformation
on water levels, and sguifer structure and composition (DWAF, 2001 ),

Reset basclines



There may be situations where the water resource has been modified to such an extent. and in
such a manner, that ecosystem structure, functions and processes have been irreversibly
changed.

Usually this is the result of permanent man-made changes to the physical structure and
morphology of the resource, although sometimes it can be as a result of a catastrophic natural
“reset” such as a very large flood.

The ecosystem can still be healthy and require protection in its present, highly modified state,
although it may bear litthe resemblance to the ecosystem which was present under natural, un-
impacted conditions. These arcas may be classified as Severcly Modified or “artificial”

An assessment of the present status of water resource quality (water quantity, water quality,
habitat and biota) is needed in terms of the degree of modification from reference conditions.

Assessment of resource status and resource use

The revision of the genene methods from a surface water quality perspective has resulted in a
slight change to the proposed number of classes to § (DWAF, 2002a).

Natural - relatively unimpacted.

Good -~ low impact from human disturbance

Far - muluple disturbance and resource degradation

Poor — highly impacted and disturbed ecological functioning.
Aruficial -~ modified beyond rehabilitation,

e

"o

The full present status assessment 1s likely to match the full management classafication system,
in that 1t will address

e ccological status of the resource,

e status of the resource for basic human needs and

e status of the resource for waler users,

312.2 Principles for groundwater
Natural baseline

Groundwater systems have been described as archives of the catchment. as the relatively slow
transmussion of responses through the system may preserve relic inputs from paleaoclimatic
regimes, Thus for extensive, deep regional systems such as the TMG and Karoo, determining
reference conditions may have to take very long term conditions into account.

I historical, pre- impact data are available, these will give the best indication of the reference
condinons required under the NWA. Often anccdotal evidence is the only indication of pre-
impact conditions. These should be used with an estimate of confidence.

Groundwater reference parameters



The kev hydrogeological paramcters that should be considered when giving groundwater
reference conditions are:
e water levels in each groundwater response unit. and the scasonal and inter-annual
vanability of water level;
o water quality - the concentrations of key water quality constituents (related to the use of
groundwater in the arca) including:
o TDS,
o Fecal coliforms,
o nutrients,
and their scasonal and mter-annual vanasbility;
e aquifer structure and composition, including:
aquifer integnity,
the pollution attenuation potential of the natural land types.
natural recharge rates and extent of recharge arcas, and
natural discharge rates and the extent of discharge arcas.

0 0 0O 0

Groundwater reference conditions ¢an be best summarnised as a 3 dimensional conceptual
model of the area with ascnibed boundary conditions between groundwater response usits,
each other and the surface environment. This would include recharge and discharge arcas
and typical environmental uses of groundwater.

It should also include typical hydrogeochemical signatures for cach unit and, at a
comprehensive level. pristine aquifer integnity and aticnuation potential.

Sample average annual hydrographs should be given for key response units.  These may
be derived by:

e deconstructing the current conditions (excluding abstractions, reconstructing recharge
arcas, ¢t

e using historical data from pre-impact conditions:

e usmg information from similar groundwater response units in an un-impacted arca

Where the deconstruction method is used, this step of the RDM methodology becomes
iterative with determining the present status cotegory. It is often difficult to deduce the
reference conditions, especially in potentially highly impacted arcas.  This process s
istmately connected with the assessment of the present state,

The potential uses of natural quality groundwater should be listed with reference 10 the most
sensitive parameters. 1t will also be useful 10 note uses which may not be met by groundwater
under natural conditions due 10 the inherent characteristics of the resource.

Degree of modification of groundwater

Groundwater present status should be detined with respect to the degree of modification of the
Xey attnbutes of resource units ( Table 3.2). It s recommended that the overall assessment of



Table 3.2: Quantifying the present statas of groundwater resources with respect to
degree

of modification,
Degree of
oenimongs medification Extent Duration SRS
Category Nibars (wrtUse)
Natwral Posmtive negative Localised Limsted None
none
Good Nezalne Localised Limited Low
Faer Negative Locahsed Medam term Muoderase
Widespread Limited
Pour Negative Localised Long wrm High
Widespread Medium term
Severe Negative Localised/ Irreversible High
widespread

modification indicate any change in the functionality of groundwater, in other words changes
10 the goods and services, that groundwater fulfils.

The most obvious benchmark parmameters are water levels, TDS, microbial quality,
contaminant concentrations, and aquifer integrity. Determiming the degree of modification of
these parameters from reference conditions needs to be linked current and potential
groundwater uses. A paramcter such as water level may be described in terms of the
percentage modification from reference conditions (in metres below ground level). TDS on
the other hand will have certamn threshold limats that control its use and the category of
modification needs to be linked 10 these thresholds,

It nceds 1o be noted that pristine groundwater quality and quantity may be of limited use in
arcas where the sustainable yicld is fow and the natural quality poor. In some arcas, pristine
resources may not be fit for many uses. such as drinking water and irmgation,

At this stage the groundwater specialist should make an inventory of all groundwater uses,
The uses should include:

all activities which are likely to impact groundwater;
all extractive uses of groundwater:
all environmental uscs of groundwater in terms of baseflow and manspiration.

The assessment of environmental uses will require the input of local ecologists,

In terms of assessing impact. an approach aligned to accepted Environmental [mpact

Asscssment methods are recommended.  The degree of modification, that i the Present Status, should
be determuned with respect to the estimated nature, extent, duration und significance of the change.
The Present Status category should be assessed as indicated in the table below (Table 3.3).

L0}

Limued duration ~ natural attenvarionywater level recovery < 2 veurs




Table 3.3: Relating groundwater Key attributes to reference conditions and present status,
per groundwater response unit (Fg from Nardouw response unit in Kammanassie example)

Predicted Nature and tod
Attribute reference Impacting uses extent of m)
condition impact
Mean water levels and Anesign. | Domesie wellk | s ccumulated 70-130mbgl
range (mbgl) 1 20mbygl . SomOskr drawdowns
stockwatering Paor
Hydrogeochemmcal facies NaC'l Not | N Natural
Mean TDS and range >100 No Relutively large 100-899"
{meh) scake Goosd- poor
Distnctive
. hydrogeochemical Fe-beanng No cbud_uole N |
| signature (eg - naturally hithologses clogging)
hugh NO3)
Baseflow to nvers and
| csluanes At Nehovstructural m: tanilieil
(location and seasonal contacts m‘" ""m“wss Fair
volumes if known)
Baseflow o sprngs and
Abstraction for
wetlands At lithovstructural S Localised '
(location and scasonal comacts &omi" uKlKRi“WSS Fair
volumes if known)
. Abstraction for
Cryptic dischacye 1 Nearsprings |  irrigation and Localised Fair
PO from KKRWSS
(Climate
Mean annual recharge ) change?) o
flocation and seasonal 'o,an I’."? Abstraction may '“lw i l" Natural/ Good
volumes ) : increase
: recharge
Mecan annual descharge
tlocation and seasomal 2Mm'a Abstraction Moderate Fair
VOIS )
Posential for drmking water | Fair | TDS values Al Local decrease
e _high) s n quantity S
Competing
5 i fori o Good a::n:uu “:w Faie
change™)

Medium rerm - notural attenuation/ water level recovery > 2 vears < [0 veary

Lovrg term ~ manweal attemearion/ water level recovery > 10 vears
Low signifivance — Localised seasomal impact on use, non-critical.

Medium significance - Localised mediom term ar widespread seasonad mpact on iese. non-

critical,

High significance — Critical impact on ute, Le. no alternate rexources avatioble wid fincsioning

of ecological ar socto-eccomomic activiey is threatemed.




See Appendix A for more discussion of this example.

. Descnbe the natural attenuation capacity of recharge arcas in terms of the charactenistics of
the unsaturated zone and DRASTIC (Aller et al. 1988).

. What is the level of confidence in the designated reference condinons?
. What are the direct and indirect uses of groundwater in the area”
The following activities are described under the NWA as uses -

fa)
by
il
()
(e)

o

g
th

(i
/L

Y

taking water from a water resource;

storing water:

impeding or diverting the flow of water in a watercourse;

engaging in a stream flow reduction activity contemplated in section 36;

engaging in a controlled activity dentificd 25 such in section 37(1) or declared under
section 381 )

discharging waste or water containing wasie into a water resource through a pipe,

canal, sewer, sca outfall or other conduit;

disposing of waste in 2 manner which may detrimentally mmpact on a water resource:

disposing n any manncr of water which contmins waste from, or which has been

heated in, any industrial or power generation process:

altering the bed, banks, course or characteristics of 8 watercourse:

removing, discharging or disposing of water found underground if it is nocessary for

the efficient continuation of an activity or for the safety of peoplc; and

using water for recreational purposes,

What is the sigmificant of impacts on groundwater from indirect and direct uscs”?

Do present uses pose an increased nsk to aguifer integnity, drought or comtaminant
vulnerability

3123 Rules, tools and outcomes

RULES

Estimate the level of use of groundwarer in the relevant area with respect to:;
o Basic human needs

e Aquatic and terrestrial ecosystems;

e Schedule 1 activities (NW A 1998);

o General authorisations (Government Gazette 20526, 1999);

Tools

Other extractive uses;
Contamination of groundwater;
Mean annual recharge,

e Population satistscs ISSA)



Local ecological. hydrogeological and hydrological knowledge

Natnonal Groundwater Datubase

Water Use Authonsation Management System (W ARMS)

Groundwater classification map ( Parsons and Conrad, 1995)

Water Situation Assessment Model (WSAM)

Recharge estimates from local knowledge or National groundwater maps (Vegter, 1995)
Basic water balance estimation for the relevant resource.

Harvest potential map (DWAF, 1996)

e Qutcome
®  An imventory and map of groundwater use in the area
*  Ininad understanding of the importunce of the groundwater in the area.

RULES
Determine groundwater reference conditions.

Tools
o  Expent knowledge to un-mmpact (forensic hydrogeology) the current conditions  (excluding
absiractions, reconstructing rechange areas, oic) using basic water balance approuch for rapid/
ntcrmediate levels and numencal modelling if appeoprate for comprehensive level
Amalyse histonical data from pre-impact conditions {NGDB, NWQB)
Ancedotal information,
Extrapolate mformaton from similar groundwater response units in an un-impacted arca.
Assess probable impacts from Land Cover Maps (1250 000) (CSIR, 1999) and uses (above).

— Qutcomex
*  Naturaiised' 3D model of groimdwater response umits ™ reference comditiony amd their
benmnckaries.
o This mav be o mnmericel model for selected areas in a comprehensive desermination,
o Unvimpacted tvpical response unit hvdrographs,
*  Narwral range of Indrochemisiry for groundwater response units.

RULES

Determine the present status of groundwater management units by assessing the
significance of impacts (Tables 3.2 & 3.3).

Toals

s Expent hvdrogeological knowledge.
o Expert ecological and cconomic knowledge of the impacted area.
o NGDH. NWQB, local groundwater databases, monstonng outputs of the determnation.

— Qutcomes
*  Map and 3D conceprinal model of the area with assigned prexent siaties.



313 Describe the importance of the resource

AIMS
Determine importance of resource units, with respect to:
* Ecological importance
* Social importance
¢ Econonsic importance.

Role of the groundwater specialist

The groundwater specialist has a relatively minor role to play in this stage. Thev should draw in the
relevant ecologists, stakeholder representatives and resource economists to assess the importance of

the various uses they have defined in determining the present status.

3131 Generic principles

Ecological importance

The ccological importance of a river means its importance to maintain its ecological diversity
and functioning on local and wider scales. In determination of RDM, the following ecologscal
aspects are considered as the basis for the estimation of ecological importance and sensitivity:

The presence of rare and endangered specics, unique species (Le. endemic or isolated
populations) and communitics, intolerant specics and species diversity,

Habitat diversity, including specific habitat types such us reaches with 3 high diversity of
habitat types, 1.¢. pools, riffles, runs, rapids, waterfalls, riparian forests, ¢ic

The importance of the particular resource unit (e.g. river or reach of nver) in providing
connectivity between different sections of the whole water resource, e, whether it
provides a migration route or comdor for species.

The presence of conservation arcas of relauvely natural areas along the river section,

Procedures for rating ccological importance and sensitivity are given in detail in cach
specialist manual,

Social importance

Aspects 1o be included in the assessment of economic and socio/cultural importance are’

the extent 1o which people are dependent on the natural ecological functions of the water
resource for water for bassc human needs (sole source of supply )

dependence on the mutural ocological functions of water resource for subsistence
agnculture or aquaculture:

use of the water resource for recreation;



the historical and archacological value of the water resource:

its importance in rituals and rites of passage;

sacred or special places in the river (¢.g. where spints live);

the use of npanan plants (for building or traditional medicine), and

e the intrinsic and sesthetic value of the water resource for those who live in the catchment,
or who visit it

Social imporance can be assessed within a similar framework as that for ecological
importance, but in 3 much more qualitative manner. The methodology is desenbed in Rivers
Appendix RS IDWAF, 1999), Although some clement of subjectivity is mevitable in value
assessments such as these, the results are intended to be as objective a retlection of relative
importance as possible. They are not inteaded o be subject 1o complex statistical analysis, nor
10 measure social values with precision. but to capture a general fecling of the importance of
different aspects of a nver.

Economic importance

Water resources are usually important from an economic pont of view. The economic value
of a water resource s traditionally assessed in terms of the amount of water which can be
abstracted for offstream use.  Typical indicators include the number and value of jobs
gencrated by the use of the water, or the amount of revenue gencrated.

Water resources also provide other services which are often not included in economic
valuation, and in particular this applics to the services and benefits provided by aguatic
ccosystems.

These can include, amongst others:

transport and/or purification of biodegradable wastes:
recreation and aesthetic opportunitics;

food production;

flood attenuation and regulation:

water-based transport.

While the development of tools for quantitative valuation of ecosystem services and benefits
is stll in an carly stage, it s nccessary that all the potential economic values of a water
resource at feast be identificd when asscssing economic importance.

Additional detanl on possible methodologies for assessing economic importance can be found
m Rivers Appendix RY (DWAF, 1999,

313.2 Principles for groundwater

Ecological importance



The sensitivity of ecosystems which use groundwater is often linked 10 their dependency on
groundwater above other sources of water.  Some ccosystems may use groundwater
opportunistically, 1t may even supply the bulk of thesr water use. but we aced 10 pose the
question: How would the ¢cosystem react if groundwater were not available or were severely
modified? Sometimes soil moisture or surface water will be used by the ecosystem with
negligible long term impact on the environment. This issue is discussed in more detail in the
compamon draft repont dssessing Tervestrial Growndwater Dependemt Ecosvstems in South
Africa. Colvin er af, 2002,

Groundwater mav play an important role in terrestnal and aquatic ¢cosystems in terms of
providing:

e water, particularly during dry penods:

* nutnents:

e trace clements,

Social importance

Importance of the resource should be determined by the stakeholders in comprehensive
determinanions. In the case of groundwater, this may require some effort for public educanon
in order to improve stakcholders’ understanding of the full role groundwater plays in their
environment and ¢conomy,

Economic importance

The principles of resource economics outlined above should be apphed to groundwater as well
as surface water. A quantification of the social, environmental and cconomic importance of
squifers should be made. In addition, the strategic value of groundwater as a relatively
drought resilient resource with greater buffered storage needs to be taken into account
Replacement costs should be determined for groundwater: What would it cost to replace the
goods and services offered by groundwater if it were not available (especially 1in times of
drought)? Economic imponance may be valued in rand terms and considered more
qualitatively m terms of local, regional, national, seasonal and strategic value.

Importance:

e  Qualitative - Local, regronal, national, scasonal, strategic,
*  Quantitanive - Rands or product per litre, downstream valuation of environmental services.

The groundwater specialist should pose the question: What would happen if groundwater were not
available? What is the dependency of uses on groundwater:
e High - cease use in absence of groundwater,
e  Moderate - costs increase. reliability decreases.
e None - alternate sources of water would be used with no impact on availability and
cost of services.

Parallel RDM processes



The outputs above will eritscally inform the overall sutput of this stage which includes other
specialists and stakcholders.

3133 Rules, wols and outcomes

RULE
Characterise the current and potential (future or natural) uses of groundwater in the
area for consideration by the stakeholders.

Tools
o NGDB, Hydrocensus, WARMS
¢ Groundwater Dependent Ecosystern (GDE) assessment.

~= Qutcome
* A map showing the disribution of different uves, including areas of overlopping use
(potential competing demand).
*  An brvemory of the uses including estmated volumes required. water quality thresholds
and water level thresholds.
RULE

Estimate the importance of groundwater resources in the catchment with respect to
current and probable future uses.

Tools

Imegrated Development Plan for the arca.

Avmiable Strategic Environmental Assessments {SEAs)
Water Resources Situational Assessment

Specialist mputs for dit¥erent water components.

— Qutcomes
* A map showing the distriburion of different uses of all warer resources. nclniing areas of
overlapping use (potentiol competing demand)
* A ranking of all uses in termy of their social, economic and emirommental mpartance in
the area

314 Determine the sensitivity or vulnerability of the resource
AIMS
e Determine the vulnerability of resource units to contamination, over-exploitation and subsidence.
Role of the groundwarer specialist

The groundwater specialist has an important role to play in defining aquifer vuinerability and
quantifving this as fur as possible. This assessment needs 1o be communicated to stakeholders and



decision makers to inform their decizxion on the ultimaze level of protection required 1o maintain
desired uses of groundwater. Aguifer vulnerability to contamination, subsidence and over-
explonation needs to be understood in the context of risks pased by activitiex in the catchment.

3141 Generic principies

Ecological sensitivity

Ecological sensitivity (or fragility) refers to the system’s ability to tolerate disturbance and its
capacity 10 recover.  Additional detl on possible methodologies for assessing economic
importance can be found in Rivers Appendix R (DWAF, 1999).

J14.2  Principles for groundwater

Groandwater vulnerability

A full assessment of groundwater vulnerability should include:
o Vaulnerability to contamination from surface;
e Subsidence nsk and vulnerability of aquifer integnty;
e Vulncrability to groundwater drought, and
¢  Vulnerability 1o over-explostation.

The risk posed to groundwater determines

Contamination vulnerability

Groundwater vulncrability s typically considered in terms of the DRASTIC method of
assessment of intrinsic vulnerability of an aquifer 10 contamination from the surface (Aller ¢t
al, 1987). Thus considers the features of a groundwater sysiem that control the vulnerability of
an aquifer 1o contamination from surface:

e Depth to water table

Recharge

Aguifer material

Slope

Topography and slope

Hydraulic Conductivity

The DRASTIC method is widely accepted but has inherent subjectivity due 10 the selection of
classes and weights for characteristics. The use of this method has not been validated in South
Afnca (Sililo and Ssayman, 2001). However, it 1s generally found 10 be useful, especially in
determining relative vulnerability



A modified version of this assessment has been applied at a national level by Reynders and
Lynch, 1993, and this is appropriate for rapid level determinations. More detatled, moditied
DRASTIC determunanons may be needed for comprehensive RDM at the scale of
groundwater response zones where it is indicated that vuinerable groundwater is at risk from
contaminating activitics.

Detailed sorl and aquafer matrix anenuation potential informaton is rarcly available w
groundwater specialists. Sililo ef @/ outline a method to use existing land type data in order to
infer cation and anjon attenuation potential (Sililo er al, 2000). The project tcam have not
found this 10 be an casy process 1o repeat, mainly due to data attnbute problems,

In South Africa’s predominantly secondary aquifer setting, it is vital 1o include controls of
fracture vulncrability in an assessment.  This can be done at a local and catchment scale by
assessing lincament density.  In addition, lmeament connectivity at surface and depth and the
expected nature of lincaments with depth may be tuken into account where this is understood
sufficiently to add value to the vulnerability assessment.

In all cases of vulncrability assessment. it is recommended that the basic DRASTIC approach
15 modified 10 the local hydrogeological setting and data availability, Fracture features should
be included where appropriate.  The modifications as well as weighting given to each factor
should be justificd. The expected heterogencity of cach factor within the setting and the
resolution of measured or inferred valucs should contribute 10 a review of confidence in the
assessment.

Appendix A discusses the application of a modified DRASTIC approach 1o an arca with
secondary and primary aquifers. The GIS outputs of the process are shown in the figures in
the appendix.

In order to understand the nsk posed to groundwater it is pecessary o determune not only the
inrinsic  vulnerability of the mesource 10 contamination based on  hydrogeological
charactenistics, but also anthropogenic controls on nisk such as

o the presence of potentially contaminating activities in vulnerable arcas, and

o the level of groundwater and land-use management practiced in the arca

For intermediate and comprehensive levels of determination we need to assess potential
hazards and impacting sctivities. These may be rated according to the likely degree of impact
on groundwater quality. It is only once we have a balanced assessment of vulnerability and
hazards that we will have an idea of the rsk posed 10 the resource, This will give an
indication of the achicvability of certaun levels of protection. This is demonsirated
Appendix A, where land-fill waste sites are ranked highest and protected natural fand ranked
lowest, with vanous types of agriculture and urban land-use in between.

The etfecniveness of catchment management structures 10 mitigate nisks posed 1o groundwater
resources are more difficult to assess, but this wssue should be addressed in terms of
Classification.



Over-exploitation

In addition to the vuincrabidity of water quality, the vulnerabidity 1o water quantity impacts
and impacts on aquifer mtegnty need 1o be considered. Over-explottation is taken 10 mean use.
typically abstraction, of the aquifer bevond its sustainable limits, Thas may result i declining
water levels, saline intrusion and loss of functioning of the aquifer.

Indicators for vulnerability to over-exploitation can be summansed in terms of |

. Competing uses of groundwater
. Over abstraction (abstraction > mean annual recharge or having undesired
impacts)
. Drought susceptibility
. Limited understanding of the resource charactenstics
. Lack of groundwater management.
Drought

Often important groundwater uses, such as for Basic Human Needs or environmental uses, are
linked 10 the ability of aquifers to provide water dunng drv seasons or periods of drought. In
these cases, aquifers have an importance and provide strategic benefits which are much greater
than their proportional contribution to the average water budget of the catchment.

The drought vulnerability of aquifers in terms of their storage and location in areas of less
reliable rainfall and recharge should be considered.  Arcas with a low rainfall and a high
coefficient of vanation for annual precipitation are more likely t suffer groundwater droughts.
Vulnerability to drought should be assessed in terms of,

Hyvdrogeological indicators:
. Aquifers with low storage and thickness.
Physical Indicators:

Sustained inadequate (below average) rainfall.

High vanability in low ramiall arcas,

Reduction i the frequency of rainfall events thought to cause groundwater recharge.
Failure of surface water sources during periods of drought.

Social Indicators:

Increased demand for groundwater to meet irmigation and other needs
Over-utlisation of groundwater ar a time of diminished recharge.
High degree of dependency on groundwater.

Lack of drought planming in water management systems,



Table 3.4: Cancepts of over-exploitation of groundwater (Custodio, 2000).

Safe Yield

Strict: abstraction < recharge

Expanded: abstraction that does not produce undesirable effects
Sustainable Use

Development that satisfies present needs without compromising the ability of future generations
being able to satisfy their own needs.

Overexploitation
Strict: abstraction 2 recharge
Expanded:: development that produces undesirable effects on
Drawdown of Water table
Piezometric levels
Water quantity Decrease of (freshwater) in storage
Reduction of _C Spring flow
Base flow
Increasing salinity
Water quality -{ Appearance of hazardous components
Enhanced pollution and contamination
Reduction Wetland surface area
Environment { } of { Groundwater-dependent
vegetation
Dispaition Springs and scepages

WUIET COSl  e— (0 (1CTC0508
Groundwater avatabilily  ee— 1 Jecrenses

Subsidence
Land stability { Cracking

Collapses
SOCl POriEpiOn  ee— Omcting wrong happens
Temporalily e— 0 0ler s unosvaiable when needed

Tb?y may appear even if abstraction < recharge

Mining
Strict: Abstraction >> recharge
' Expanded: freshwater reserves reduces at a fast pace




Coetficient of Variation (%) of
Annual Precipitation (Schulze, 1397)

CoeMicrent of Vasiaton 1)

'*’ l
|

| —
b )
Figure 3.7: Coefficient of variation of mean annual precipitation in South Africa. (Atlas of
Agrohydroelogy, Schultze et al 1997).
\quifer infegriny
Aquifer matrix stability with respect to dechmng water Jevels and subsadence shoul
nsidered, Thas is only known to be a problem m the dolomitic arcas of South Afnca (Bnnd
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o Declining water lovels in these arcas.
e Potenual for lcaking water prpes (increasing dissolution rates),

e  Gravimational lows associated with low density matenal.

3143 Rules, wols and owtcomes

RULE
Assess the valnerability of groundwater response zones to contamination.

Tools
o DRASTIC map. 1993
Hydrogeological map senes.
Water levels
Land type maps of soil cover.
Expert knowledge of aquifer and sl properties with respect 1o attenuation.
Estumation of land-use and potential hazards.
Monstonng data.

s Outcome
GIS map of DRASTIC or modified DRASTIC axsessment of contamination vulnerability overlaving
groundwater response zones. Record data sets, resolution and reasons for modifications.

RULE
Assess the valnerability of groundwater response zones to drought

Tools

e Weather Burcau of SA precipstation data.

o Waler levels

e Previous outpats of use.

e Assessment of drought-preparedness for water management institutions,

s Qutcome
GIS map of drowght vulnerabiliny overlaving groundwarer response zonex. Record of confidence

RULE
Assess the valnerability of groundwater response zones to subsidence.

Tools

Location of kartie! dolomitic aguifers
Degree of modification of water levels
CGS subssdence nsk maps

Gravity surveys

— Qutcome



GIS map subsidence vulnerability (where applicable) overiaving groundwater response Zones.

RULE
Assess the vulnerability of groundwater response zones to over-exploitation.

Tools

Dnlling logs and purmp test data
Previous output of mventory and map of groundwater use
Water resowrce use siuational analysis.

Previous output of drought vulnerability

Assessment of water management systems wrt sustainability

s Outcome
GIS mup vulngrabifiny to over-exploitation in preliminary grovdwater manugement areas.

15 Set the management class
AIMS

Set the management classes for groundwater management units taking into account the needs for
- Ecosystem protection
- BHN protection
- Water users” protection
And based on:
- Importance
- Sensitivity/Valnerability
Achievability (Present Status)

Role of the groundwater specialist

At this stage the groundwater specialist should present the outputs of previous stages 1o inform the
stakeholder deciston to set the management Class. It is the responsibility of the groundwater

specialist to ensure that the decision makers take due account of the importance and vwinerability of
groundwater in the area and understand the consequences of setting a particular level of protection.

3151 Generic principles

Setting a management goal

This stage entails the selection of an appropnate management class as the target for long term
protection and management of the resource unit, This could be the same as the present status

category. or it could be set higher if improvement of resource quality is required,

Resource quality specificatons become RQOs with the addition of time frames,
responsibilities and strategies for achievement, and compliance critena,  Because resource
quality specifications may be different pans of the resource. RQOs must also clearly state the



geographical arcs in which they will apply. RQOs may also deal with the regulation or
prohibition of instrcam or land-based activities which may atffect the quality of the resource
(DWAF, 2002a).

Testing the implications of selecting a particular management class

Each management class has assoctated with it rules concerming the derivation of numencal
objectives for the Reserve and resource quality.  Hence the implications of selecting a
partscular management class can be established and vanous scenanos tested betore the final
class s set.

It is likely that there will be some iteration around selection of a possible management class
and the evaluation of the implications for the Reserve and for source control measures, until a

management class 15 selected which represents the optimal balance between protection and
utilization.

Classification rules for ccosystems, basic human needs and water users

The water resource classification system, when fully developed. will have three aspects: it
will set out chear rubes for

e peotection of basic human necds, according to the five water quality classes for basic
human necds set out in the Assessment Guide (DWAF, DOH & WRC, 1998

e protection of aquatic ecosystems, according to the four ecological management classes,
and

e water user requirements, according to the water quality ranges given in the South African
Water Quality Guadelines (DWAF, 1996),

Criteria for selecting a future management class

Criteria for selecting a class for a water resource include:

e the sensitivity of the resource 10 impacts of water use (whether due to ecologscal
sensitivity, of the sensitivity of downstream water users).

e the importance of the resource, n ecological, social/cultural or economic wrms;

e what can be achicved towards improvement of resource quality, given that some prior
impacts or modifications may not be practically reversible due to technical, social or
SCONOMIC CONStraints,

Water resources will. as far as possible, be managed <0 as 10 maintain them in their present
ccological condition (thar is, within the boundaries of their ecological class). However,
some cases there may be pressing social and economic reasons 10 permit short-term uses
which will cause limited degradation of resource condition. and these will be considered on
their individual ments.

Protected class

Protected: A Protected resource will be one in which:



e Human activity has caused no or minimal changes to bological communitics (animals
and plants), to the hydrological chamctenstics. or to the bed, banks and channel of the
resource.

e Chemical concentrations are not significantly different from background concentration
levels or ranges for naturally occwrming substances; and

e Concentration levels of artificial substances do not exceed the detection limits of
advanced analytical methodologices.

All of the above conditions must be satisfied. Crtenia for classification as Protected will
include: national or international heritage site or arcas: biodiversity. the Ramsar Wetlands
Convention: economic (tourism. medicinal plants) and socialicultural considerations, and
areas designated as Protected under any other legislation.™

The Protected class is a reference condition. Resources in other classes will be defined in
terms of the degree of deviation from conditions of no or minimal impact,

Good class

In which the condition of the resource 15 shightly 10 moderately aliered from the Prowected,
reference conditions.

Fair class
In which the resource has been significantly changed form reference conditions.

Water resources will, as far as possible, be managed to maintain them in their present
ecological condition (that is. within the boundaries of their ecological class). However, in
some cascs there may be pressing socal and cconomic reasons 1o permat short-term uses
which will cause limited degradation of resource condition, and these will be considered on
their individual merits.

Some resources are already in o condition which may be described as Poor (that 1s, worse than
Fair), In these cases the management class will be set as (at least) Fair, and management
efforts will aim to rehabilitate the resources o an improved condition,

Severely modified class

In addition, some water resources have been so severely and permanently physically modified
that rehabilitation 10 anything approaching a natural ecosystem would be impossible or
prohibitively expensive. Such resources, or parts of resources ~ nvers which have been
canalised through urban areas, or for flood protection. for example - may be classified as
Severely Modified. The classification system will provide for the development of resource
quality objectives for Severely Modified resources but, as they cannot be regarded as
functional ecosystems, the procedures will not involve the determmanon of an ecological
Reserve,



3.15.2  Principles for groundwater

Sctting the management class is 3 management and stakeholder decision that should be
informed by the outputs of the previous stages.

Cormresponding t0 surface water resource umits, groundwater management units will represent
areas of similar hyvdrogeological charactenstics (groundwater response units) and simalar usc.
They will delincate an area where consisient management actions are required 10 maintain
level of use and protection for the aquifer.

In order to define the area. it will be necessary 10 understand |
the hydrogeological characienstics (groundwater response unit)
current and probable future uses of groundwater,
potential hazards to groundwater use,
the imponance of the use to stakebolders,
the Jevel of protection for that function desired by stakeholders (RDM Class),
measurable sttibutes of the resource that mantam its desired functioning
(Resource Quality Obgectives)
) and the arca where these annbutes need 10 be managed 10 safe guard that
function (management units).

I e

In representing arcas of consistent aquifer protection management, groundwater management
units will have variable extent. Some arcas of intensive multiple use or highly varable
vulnerability, may require localised management over a few square kilometres. Other arcas of
single, low impact, low sensitivity use (such as dispersed agricultural use) may be extensive
over scveral similar groundwater response units.

The hydrogeologist’s role will be to aid the decision makers® interpeetation of the importance,
vulnerability and present status of groundwater resources, The key decision will be whether to
maintain the current status and protect resources from further impacts, or to try and improve
the quality of the groundwater resource. At a comprehensive bevel, it s expected that
scenarios will need to be developed and numerically modelled in order 1o assess the
implications of sctting a higher class. At all levels the consequences of Classification need to
be communicated.

DWAF has a strong history of managing direct impacts on surfoce water resources such as
discharge of effluent o nvers and stream reduction activities.  The impacts of many land-
based activities on groundwater resource quality are ofien less well understood and controlled,
For instance construction in recharge areas (recharge reduction activities), petrochemical
pipelines. industrial manufacture. The exceptions are the impacts of waste sites and miming,
Any attempt to improve the quality of groundwater resources will reguire strong preventative
and remedial action on the part of DWAF i partnership with local government and land-use
planners.  The costs and effectiveness of these munagement actions will take many vears to
become apparent, understanding the achievability of improved classes will be speculanive for
some nme 1o come,



Dunng this phase a nsk assessment may be necessary to correlate the understanding of the
intrinsic vulnerability of the resource to contamination and over-explostation, and the potential
or current hazards to resource quality in the area. Groundwater risk assessment can be defined
as the probability of an adverse effect or effects on the quantity and/or quality of groundwater
associated with measured or predicted hazards (Denms ¢ af, 2001).

Checklist

. Which are the most important groundwater management units”?

. Where are important arcas most vulnerable?

. What are the current hazards to groundwater resources in the area?

. What arc the implications of preventing degradation groundwiler resources in
terms of groundwater use and land-based activities”

. What are the implications (and costs) of improving and remediating the quality of
groundwater resources”?

. Are the stakeholders prepared to accept the costs and benefits of protecting

improving groundwater resources in certain groundwater management units”

3133 Rules, tools and outcomes

RULE
Delineate the final management units based on:
e  Current and future requirements for groundwater use.
e Vulaerability
*  Common actions necessary to manage groundwater for desired levels of use,

= Qutcome
Areas for which a single management class and a single set of RQOs are necessary,

RULE
Describe scenarios of management goals and actions for each management unit and the
consequences of assigning likely management Classes for
e Al current groundwater uses,
*  Potential and natural groundwater uses,
e Land-care management
* Economic development

— Outcome



Information for the decixion process on the consequences of Classification wiich are
serderstandable to stakeholders in the area.

The overall outcome for this step for all levels of determination should be 3 GIS based
database with the layers of information described above. Higher levels of determination will
give higher levels of confidence and greater degrees of resolution in the data lavers. In
comprehensive determinations, numencal model outcomes may be linked 10 some GIS layers.

316 Limits to the Classification of groundwater

Implementation of the Classification system should enable protection of groundwater resources
appropriate 1o their importance (use) and vulnerability. It is important to note that the system is
Iimited to this s not intended 10 cnable all aspects of integrated groundwater management.
Implementation of the Class, Reserve and RQOs, for instance, will not necessanly tell water managers
how much groundwater is availablie to be allocated. The impacts of individual license applications
should be assessed in the context of the Class of effected resources before approval is given,

The Classification system and the RDM are one of several sets of measures outlined in the NWA,

which when implemented together will ensure sustainable, equitable. efficient, optimal use of South
Africa’s water resources.

Protection Use
Source Directed Control Resource Assessment
Remediation Conjunctive Use
Catchment conscrvation Allocation
Management

Capacity  Participation Information Awareness  [ntegration

Figure 3.9, Coacepts of IWRM for South Africa (DWAF, 2002b)

317 Recommendations

The guidelines presented in this document wil need 10 be widely reviewed and approved prior to the
finalisation of the methodologies for all water resources m 2004, The WRC and DWAF should work
together to ensurc that this happens timcously.



Each classification process should incorporate peer preview and review of the work, including the
outputs. assumptions and confidence. Implementation should also be reviewed by the Nanonal
DWAF RDM office 10 ensure continuity and 10 ensure that the principles of the methodology are
being adhered to. DWAF needs 1o establish clearly how peer review will be incorporated into the
implementation of RDM and start practicing ths,

One of the most important twols needed to support the Classification process s the establishment of a
standard approach to determine groundwater vulnerability 1o contamination i fractured rock terrains,
It is recommended that this arca should receive attention (from the WRC). Vulnerability to over-
exploitation also needs 2 more quantitative standard assessment procedure for South African
conditions.

The data needs of catchment management agencies, water management area agencies and the
department as a whole need 10 be taken forward at the highest level to other data providing agencies,
such as Council for Geoscience, ARC, and the Surveyor General,

It is suggested that the department negotiate with the custodians of current essential datasets for them
to add relevant value. This could be as extensive as the inclusion of additional hydrogeologically
related data i attribute tables to full spatial analyses.

The custodians/ agencies in question could charge for these services and the department could ensure
that all of the parties using the data, including themselves, were using standardised data.  One key
example of this is the South African Weather Burcau (SAWE). If specific climatic parameters and
data are required, SAWB could offer a value added service that would cater dircctly for the
geohydrologist’s needs,

It i common thinking in the spatial technologies communitics that doman specific agencies should be
‘custodians” of their data only.  As newer technologies become available and bandwidth improves it
will be possible for data users 10 use data directly from an agency's server without maintaining local
*copies” of data except their own domain specific data holdings.

A more forwarding thinking approach to the National Groundwater Database (NGDB) or ReGIS needs
10 be implemented. Metadata needs to be available on the Internet and a browsing and self help data
selection and download system would be a logical step forward for this valuable resource



It is widely recognised that GIS is firmly entwined in the future of groundwater classification.
management and exploration. [f this is 10 be the case. data must be managed with this m mind. The
Geomatics department and spatial data provision departments of other government agencics must put
in place polices to ensurc that thewr investments in data not wasted or lost.  Metadata collection and
dissermnation systems /programmes must be implemented.

The Water Research Commussion should re-examine the standard format for progect outputs and
develop methods for ensunng dota associated with WRC projects s provided as part of the
deliverables and in standard formats. Once these policics are in place the data needs 1o be managed
and made available 1o the scientific community through both [nternet map services and for download.



Interaction with Surface Water Bodies

As hydrogeologists, we tend 10 be familiar with the amalysis of surface water flow in order o
understand the mechanisms of recharge. However the scope of interaction between surface water
bodies and groundwater 18 broadened by introduction of the Ecological Reserve determinanon to
include analvsis of éxchange of water between the two (especially floodplain and stream channel)
Consequently hydrogeologists in South Africa have become increasingly involved with stream
ccologrsts and ripanan habitat groups who attempt 1o determine aquatic ecological Reserve (Xu et al

2000)

One of the cntical concepts that s key 10 understnding the interaction between groundwater and
surface water s the definmion of groundwater recharge. In this document. recharge is defined as the
amount of water, including runfall, which s added to groundwater table m the saturated zone
Infiltrating rainfall water that could not reach saturated zone before discharging into surface water may
be called interflow, This implics that a niver hydrograph may have three components: direct runoff,
interflow through the unsatursted zone and groundwater discharge from the saturated zone. Although a
baseflow s often defined as the groundwater discharge from the saturated zone n classic
hydrogeological text books (Freeze and Cherry, 1979; Domenico and Schwartz, 1990), the word
"baseflow” is gencrally known to many hydrologists as delaved flow components (manly
groundwater), as opposed 10 a quick, direct runofl (Singh, 1988), Thus basetlow stself 15 not indicative
of ongins of water sources, The basctlow 15 normally separated by removing the direct runofi from a
hydrograph (Domenico and Schwartz, 1990). As 4 result. such a baseflow component may still contain
some mterflow component. Therefore identification of the interflow component and subtraction of it

from separated baseflow is prerequisite for quantification of groundwater contnibution to streams

This chapier is focused on orniging of bascflow gencration processes from a view point of
hydrogeomorphology. Typical scenarios of groundwater contnibutions 1o streams are discussed under
genctalised hydrogeological settings. Together with good knowledge of site - specific problems,
traditional hvdrograph-separation technigues to be apphied under the proposed hydrogeomorphologic

framework would belp to achieve quantification of groundwater contribution to the stream

41 Previous work
411 Stream Classification
The possible relationships between niver and groundsvater are outhned below (Table 4.1)

Table 4.1: Relationship between surface water (SW) and groundwater (GW)
(adapted from Vegter, 1997),



Parameters EMuent | Intermittent | Famished Influent Detached Alternately

In/EMuaent
Temporal All year Penod  atler | All year All year Al year Alternaely
recharye
Spatalor flow | GW w0 | GW 1o SW No SWwGW |[SW w GW, | GWie
dircction SwW Exchanged scparated SWiSWio
0y

Charsctenstics | Perenmial | Intcrmitient Perennalb Perenmal Perennal/ Perennial
Ephemeral Ephemeral

It must be pointed out, however, that Vegler's approach failed to take mto account the geomorphologic
frumework under which hydrogeological semings may be concepnaiised,

4.1.2  Hydrograph-separation Techniques

It is always useful 10 apply hydrograph-separtion techniques for companson with results obtained using a
hydrogeological approach, even though baseflow may not be entirely from groundwater, The hydrograph-
separation methods considered are introduced as follows.

4.121  Chemical method

This method is widely applicd by hydrogeologasts. It would apply 0 any conservative constituents like
Chloride. The formula is presented as follows (Freeze and Cherry, 1979):

2,=9,(c -c,)c, -c,) i

Where 0, & groundwater contribution, Oy is the total streamtlow, €, C and €, are chemical concentrations
for direct runoff. nver and groundwater, respectively. Eq. (4.1) makes use of groundwater concentration C,,
direct runoff (or rain water) concentration C, and stream concentration C.

4122 Herold method
This method developed by Herold (1980) 1s based on the following equation:

Qr - Q,c-# X May * Q-l R PG “:

where O, is groundwater contributon, 0, is the 1ol streamflow with the subscnipts / and &~/ refer to the
current and preceding month. Decay 5 groundwater factor (0< Decav< /), while G = groundwater growth




factor (*4). Eq. (4.2) shows that the current groundwater component (), represents the combined effect of
previous groundwater afier decay (0., *Decav) and rainfall induced recharge (O, *PG)

Having been tested by Pitman and Vegter using flows measured ot the Deparment of Water Affairs and
Forestry's gauge No X3H00I on the Sabwe River. the method was consequently adopred n the Water
Resources 1990 project. in which a2 tme series of monthly flows were scparated into surface and
groundwater components for each of the approximately 2000 Quaternary catchments of the study area
(South Africa, Lesotho and Swazsland),

4123  Smakhtin method

Based on Nathan and McMahon (1990), Smakhtin (2001) proposed a formula calculating surface runoff.
Groundwater contribution is the total flow minus quick surtace runoff.

Q. =0, filter +05-(1 = filter) (Qr, = Q) 43

where the filter is about a value varving from 0.95 10 0,99, However it is noticed that selection of the initial
value of baseflow would influence scparated values.

By comparison. the Herold method is theoretically most mearingful. It is capable of dealing with a vancty of
interactions if 3 good combination of parameters (Decay and PG) is used.

42 Geomorphologic Classification of Streams

A stream may be classified based on vanous criteria for varous purposes. For a hydrogeologscal
mvestigation, it is important 10 characterize a stream in terms of its geomorphologic features, According to
Partridge (Per. Comm, 2001; Xu ef af. 2001), the followmg generalisation may be recognized.

e Upper carchment arcas
o Steep profiles
o Deep incision
o Inflow from valley sides i humid arcas
o Large bedloads
e Middle courses
o Bedload deposition
o Brawded channels near mountains
o Neotectonic uplift creates incision convex profile lower down with riffle and pool
configuration
o A few meandering types in stable sreas (¢ g, Klip)

o Lower courses



o Neotectone uplift causes incision, esp. of old meanders
o In the and west. rivers are exotic, with deeper bed deposits and thicker termaces
o In estuarics, sca level drmwdown results in decp infills with some saline intrusion
o Meanders on wide coastal plains (¢.g. Pongola)

o Special cases of endoreic drainage into large pans, the Kalahari et (¢ g. Okavango nivers)

The above geomorphologic descriptions provides hydrogeologists with mformation that 15 related to
not only the type of groundwater and surface water refationships being dealt with but also the Kind of
aquifer boundary conditions that should be taken into account when conceprualising groundwater flow
systems. In general, the wmplcations of groundwater interaction with streams (rivers) may be
summarzed as follows.

o  Upper catchment areas

Type a: Streams without bank storage (like a brasded nver), This type s most likely to occur m
mountainous arcas. Stream flow posscsses the encrgy to incise stream channels, resulting in deep chiffs
on cither side. At a local scale, subsurface stormflow (or interflow) could seep out into the stream.
However, at a regional scale this is the recharge area for regional groundwater system.

o Middle courses

Whatever occurs in upper catchment arcas may still exist here. At a regional scale this is the
groundwater runoff arca, and at a local scale the direction of interaction between groundwater and the
nver may be changeable,

Type b: Streams controlled by bed morphology (¢.g. the pool, riffle). This type s often associated with,
but not restricted to Type a. Although interaction with groundwater due to bed morphology alone is
very localized. interaction with groundwater at a regional scale can be very significant. For the aquifer
svstem, It could be of a recharge or discharge area.

e Lower courses

Type ¢ Streams with bank storage (e.2 & meandenng nver). This type often appears in
topographically flat areas, near a regional base level, Stream flow may result in development of
horizontal terrain, which may become the bank storage buffer for groundwater, Generally. this is the
discharge arca for the regional groundwater sysiem. However. it should be noted that because of
plateau upliftiment in South Africa. few meandering rivers are evident.

kAl



Type d: Streams influenced by channel morphology. This type s often associsted with, but not
restricted t0 Type ¢ Interaction with groundwater due to channel morphology occurs on an
intermediate scale. It is often of a discharge nature, for the regional groundwater system,

o Special cases

Type ¢ Streams dictated by geological structures, especially neotectonic movements where apphicable.
Here the occurrence and interaction with groundwater is site specific.

Type f: Streams with headwater originating from an allogenic source (¢.2. Molopo River), Since this
tvpe does not possess much energy to alter the stream channel itself. it would occur more frequently in
ephemeral streams in the drier, western pans of the country. The aquifers could be recharged with the
occurrence of a g flood,

Note: The role of bank storage is significant only if it is composed of unconsolidated sediments with a
good storage coefficient. The advantage of this kind of classification seems that cach type could be
associated with a particular geomorphologic and bydrogeological setting, including flow boundary
conditions, and its ecological inference.

43 Typesof mieractions and their chamctenstics

From hydrogeomorphologic point of view, four types of interactions between streams and groundwater can
be recognised. Let us begin with a general case for purpose of understanding of terminology used.

3.1 Single peak flow

A single peak flow is illustrared in Fig 4.1. Hydrograph-separation method mvolves the following

terms:

I.  Hydrograph: flow changes over time.

2. Hydrograph-scparation: used to divide hydrograph into two pans: quick runoff and slow flow
(mainly groundwater component), the latter is controlled by hydrogeological conditions upstream.
Hydrogeologic Technique: hydrogeomorphologic typing

4, Parameter T (d) can be determined based on existing methods | Domenico and Schwartz, [990;

Rorabaugh .1964; and Linsley er af., 1938)

Point A: starting of baseflow recession, point B: recession point at peak flow and point C: quick

runoff terminated after T time.

Nl
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Figure 4.1: A single peak Now.
432 A rule of thumb

There are still many difficultics regarding how to accurately separate groundwater discharge from
hydrographs. For nstance, monthly time scale is normally used rather than a daily scale for the
scparation. However, a rule of thumb may be proposed to assist with the separation process. Following
four types of interactions between streams and groundwater can be recognised.

4321 Type I: Losing or gaining streams

This type may oceur in the upper catchment where regional groundwater level is constantly below the
stream stage as shown in Fig 4.2 (1a). It may also be found in places where permeabilitics of stream
bed materials are such that amount of losing water from streams is somewhat limited. Constant

gaining streams may also exist when streams are fed by groundwater from confined aquifers (case 1b
of Fig 4.2).
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Figure 4.2: Type 1.

4322  Type: Imermitent streams

This type may be found i the middlc course where groundwater recharges river duning dry period
while river recharges groundwater during floods. The baseflow component would have a cutoff under
the peak flow tme as in Fig 4.3,

74
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Figure 4.3: Type 2,

4323 Type 3: Gaining streams with or without storage

This type is often observed in the lower course where groundwater level may be constantly higher than
river stage. Baseflow component would increase in cither S curve or a straight line, depending on
presence of bank storage. As shown in Fig 4.4, three cases are: 3a for porous media without bank
storage. 3b for fractured media without bank storage and 3¢ for with storage.
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Figure 4.4: Type 3.

4324  Type4: Interflow dominant streams

This type may occur in the upper catchment where interflow may be dominant component of stream
hydrographs. If regional groundwater level is below the stream stage, traditional separation technigues
would give indication of magnitude of interflow contnibution. It may also be complicated by
geological structures, as cases may be. As shown in Fig 4.3, the baseflow displays similarities 10 the
quick runoff i terms of their phase and amplitude.
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Figure 4.5: Type 4.

433  Summary

In terms of hydrwlic connection, the above types of interactions between streams and groundwater can be
sumimanzced as follows (Fig 4.6, Tablke 4.2),



Hydrogeomorphologic Approach

» Geomorpho Tope | upper Tope 2 mudile Tope 3 lower Type 4. Special cases
m ..v'“.: cachmen couns catg hment
« Interaction
Imertlow Jormesant Imtermasient Gaoundw ater Under some
scenarios N spper Cashment mnkile course bscharge aome URumslances

i N S Nt O

*  Baseflow
separation 0 0 9 g‘
W VY T LD

Figure 4.6: An illustration of the different relationship between rivers and groundwater,

Table 4.2 Types of Interaction between Groundwater and Rivers

Type ire of Interaction Gconorpholb_& Significance | Example (Vegter and
' Type of E Reserve Pitman, 1996)
1 |  Influent streams a No Section of Kuruman
(losing stream) and Molopo Rivers
2 termittent streams b Yes Upper reaches of the
Salt River
| 3 Effluent streams L ede " Yes H.\(olopo and Kuruman
| (gaining stream) | Eyes
4 onnected streams f No In the and north western
parts of country




44 Groundwater Flow Process

For the purpose of quantification of the groundwater component of the ccological Rescrve, we have
focused on a gaining stream, Suppose that the groundwater outflow 10 the stream ts driven by rainfall
recharge. and that the aquifer is bound by no flow conditions along the surface water catchment limit.
This is a one-dimensional unconfined flow bounded by no-flow on one side, and a sircam on another
side. Fig 4.7 sketches out the flow model where Nir) is rainfall recharge: 4 is water clevation and r is

distance;

P, s an maged water particle with its representative flow component as g O s

groundwater discharge,

> T
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PX,.H)  t+an

L -dh

Figure 4.7: Flow model of 3 one-dimentional aquifer with recharge from rainfall and
odischarge towards a river.

Figure 4.7 depicts a genenc situation simplifying natural conditions. Ignoring the transient nature of
water level fluctuation, Darcy’s law may be applied 10 averaged flow condition. As a result, the
aquifer outflow may be characterized by aveage groundwater gradient towards the stream as in Eq.

(4.4).



(H=h)=NL2T (44

Eq. (4.4) shows that the groundwater mounting above a river or stream s largely coatrolled by the
distance from a stream 1o catchment border, and is partially reciprocal of aquifer transmussivity T=KH.

Relationship of recharge events, water levels and discharges s hydraulically comrelated. But due 10
possible geometnic locanons of a borchole or wellfield within an aquifer, the relanionship among
recharge events, water level fluctuations and discharges may have two different cases ay illustroted as
Figurc 4 8.
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Figure 4.8: Relationship amonyg recharge, discharge and water levels.

45 Generation of Discharge Time Series

For generation of groundwater discharge time senes. one may make use of basetlow senes proposed
by Vegter and Puman (1996), A baseflow serics may also be estimated from SARES program
(Hughes. 2000). In addition. the following approaches should be adopled.

451 Using hydrographs

Bascflow Program s avalable at the site: hitp: www sciencs, uws ac.za canthscience index i, An
example s shown in Figure 4.9, Out of three methods discussed in Section 4.1.2. the chermical separation
method (s perhaps the most practical techmigue that allows for the use of chermical data readily available for
some period of time. At least the results of thes method can be used as calibration ponts for other methods,



The Chemix method i Baseflow progam  also  avalable ot the  sie:

hip: ‘www science uwe ac zvcanthscience ndex htm s such a hybnd of hydrogeochemical method and
other techmiques

Baseflow Separation Using Baseflow Program
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Figure 4.9: An example of hydrograph-separation using Baseflow Program.

452 Hydrogeomorphologic approach

Hydrogeomorphologic approach to quantification of groundwater contribution allows qualitative
knowledge of field problems to be incorporated into hydrograph analyses. Before proposing some
rules to follow, we can suggest that the groundwater contribution to baseflow be summation of decay
of previous groundwater contnbution (O, *) and rainfall induced flow increment (O, */). Eq. 42

may be modified and rewnitien as

0,=0,., D+0, !
=(Q,.-D+Q_.-1)D+Q ! 43
=Q‘,, D'«Q,,-I-D"‘o...Q DT 0, T D+Q ]

Eq. 4.5 indicates that baseflow O, is a function of O, and (). (an mitial groundwater contnibution that

can be estimated using a method proposed in Secnon $.3.2.2) with parameters [ (-/ ~ /L. D (0~ [) and

LY



where / < ; < £ Different range of these values can be specified under different types of groundwater
and surface water interactions as discussed in Section 4.3, Following rules are proposed in Table 4.3
when a use of Eq. 4.5 s made.

Table 4.3: Types of Interactions and Range of Parameters.

Type ure of Interaction Geomorphologic Q. D !
Type
- -
i3 Influent streams a - I 0
(constant losing
streams)

2 | Intermittent streams b + .

3 Constant gaining c.d e ++(t) L +(<) 0,050 -

streams, WL > stage 1(0.01 ~

(with storage) 0.30)

| 4 ow streams af 0 0~035 +

Further more. use of algorithm for the estimation of groundwater discharge is proposed for Types ¢, d
and ¢. It is assumed that the flow model is a onc-dimensional aquifer with recharge from rainfall and
outflow towards the stream,

A generic procedure, proposed as shown i Fig. 4.10, is explained as follows:

1) Conduct a ficld visit and collect information on borchole water level, ete.

2) Establish the mteraction relation between groundwater and surface water bodies. This entails
Wentification of the interactive Types.

3} Estimate recharge by using available methods, ¢.g. CRD method (Bredenkamp er wf., 1995, Xu
and Van Tonder, 2001),

4) Compile a water table contour map or generate a contour map for a steady stale using numernc
model. Using numenc model generates value of O,

5) Apply Excel program to achieve reasonable quantification of groundwater discharge to streams.
The calibration can be done through comparison with known recharge figure.

Assess whether or not mstream flow requirement (s met by taking mto account possible abstraction, Al
present a spreadsheet program s beng developed under this progect. The groundwater discharge time senies,



cakculuted using a numenc model, 8 generated by using the spreadsheet program. It must be pointed out
that the proposed method is still 10 be tested using case studics.

4.53  Numerical Approach

In many cases, numenical modelling has 1o be adopred 10 account for complicated hydrogeological settings.
More discussion will be given when dealing with quantification of the Rescrve,

454 Discussion

Intertlow s observed as an important mechanism that may account for part of baseflow. Such flow may
e Soil horizons may act as flow barriers, which hinder a direct downward percolation of
precipitation.
® A partially saturated flow may be formed via a perched water table.
e n peaty soils a special type of interflow (called piping) occurs along preferential flowpaths.
e Favourable geometric configuration of fractured networks may lead to the formulation of

On the other hand. isotope analyses indicate that contnbution of groundwater to peak flow may be up o
70% in some cases according to Verhagen (Per. Comm., 2001). Mechanisms of gencration of thss raped
saturated flow are complicated. The following cases may be appealing to hydrogeologists:

*  Due 10 very low storativity, a rapid increase in the regional hydraulic head caused by rainfall
reaches the surface. At same time, rain flows as surface runoff towards the nver and
contributes to the runoff peak.

e The water table in the recharge arca quickly rises up due to the percolation of rainwater.
Hydraulically confined or semi-confined water in fractured systems s pushed out of the
aquiter beneath the riverbed through a piston flow mechanism.

11 this method is 10 be applied, antention should be paid to the following points.

e The rclationship between groundwater and stream stage must be established. They should be
representanve for area of interest.

e It is assumed that the recharge is spatially uniform, with the lumped parameter approach being
tuken.

e Sigmficance of isotope methods should be checked out if possible.



Accurate calculation of groundwater contnibution to stream at a meaningful resolution s very difficult,
Many aspects should be taken mto account. These include factors like agriculural development
timigation), wrban and industrial development. and modifications 1o niver valleys. The proposcd
hyvdrogeomorphologic approach still needs venfication in real case studics. However its use in
combination with established hydrograph-separation techniques appears 1o provide a good conceptual
framework where tume-series of groundwater discharge 1o streams may be estimated with reasonable
accuracy in order of magnitudes. A number of mvestigations need to be undertaken to refine the
methodology.

46 Conclusion

The mstream flow requirements (IFRs), only expressed as ime senies, present dynamic conditions that
are derived to protect aquatic ccosystems. an approach to quantification of groundwater contribation 10
[FRs should be companble with that of IFR time series. It is recommended that Baseflow Program be
used to estimate monthly groundwater discharge time series initially (Table 4.4). A suit of techniques
ranging from simplc Darcy's law to complicated numernical modelling could be funther employed,
depending upon availability of data and the level of RDM determunation.

Table 4.4: Summary of Hydrograph-separation Techniques of Baseflow Program.

Techniques Data required Parameters Comment Confidence for
Ecol. Reserve
Herold method Ranfall. Stream Decay. Subjective & multe Low 10 high
flow; Abstraction PG chorces
Smakhtn method Ramnfall; Seream A filter Subjective bul casy Low to medium
flow; Abstraction constant
Chemix Ramfall; Stream Separated Separated baseflow Medium 10 hagh
fow; Abstraction; | baseflow to be | may be calibrated by
Chenuical calibrased by chemistey data
concentration for | chemestry data
groundwater,
runotf & stream
flow
Hydrogeomorphologie | Ramfall; stream Aquitfer Under development: Low 10 hugh
approach flow; water level: parameters physically meaningfal
recharge: T& So
other geometry
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Table £.1: Summary of the data sources.

Data Type Sources
Geology National Groundwater Data Base

] (NGDB).
* Borehole logs Council for Geoscience

- Geohvdrological information

groundwater level

e Agquifer property
e Existing abstraction

e Borehole location and observed

_e Groundwater Recharge (Table 5.3) |

NGDS, Fickd Data, Natweal Groundwater Maps (Vegser, 1998), |

Ecological information
o Ecological constraints

Ecologists /Surface water hydrologists (DWAF)

Other data
e Population depending on

Survevor General, Field data
groundwater !
Table 5.2 Additional data sources,
Data Type Sources
Geology

e Lithological characteristics
e Structures

National Groundwater Data Base (NGDB),
Field data, Council for Geoscience, National groundwater
maps (Vegter, 1995)

Geohydrological information

e Existing groundwater
models

e Groundwater quality

o Geohydrological maps

NGDB, WMS, Field data,
National groundwater maps (Vegter, 1995)

Hydrological information

e Surface water bodies

e Surface water levels

e Gauging station records
e Rainfall & evaporation

Surface water hydrologists (DWAF),

Field data,

WR90 - rainfall (Midgley er al, 1993),

National groundwater maps - baseflow (Vegter, 1995)

Other data
e Land cover’'Land use
e Topography

' Field data, CSIR - ARC. Surveyor General

5.2.2  Understanding of the Ecological Reserve

Ecosystems are dependent on narnural flow vanability, If the flow is constant, problems can be expected (e.g.
sensitive species are dominated by new pest specics, like the “black fly™ problem in the Eastern Cape).
Dunng the wet scason fish have different requirements as opposed 10 that dunng the dry scason (g




breeding penod). For this reason, the Reserve, IFRs in the case of nvers, does not refer 1o only volume but
also 10 duration, frequency and timing. One of the critical issucs for the assignment of an anmual [FRs value
into monthly [FRs values, is bow 10 evaluate groundwater contribution to bascflow. A hydrogeologist
mvolved in the Reserve study must investigate and establish the relationship between groundwater and
surface water bodies in order 10 fully understand hydrogeological implications of the [FRs,

33 Quantification of the groundwater component of the Reserve

The obgective of this stcp 1 10 determune the quantity and quality of water required 1o satsty the Basic
Human Needs and Ecological Resenve at the selected management class for that groundwater resource.

531 Water balance

The water balance model, also referred 10 as the water budget. mass balance or black box model. was
developed in the 1940°s by Thomthwaite (1948) and revised by Thornthwaite and Mather (1955). A
water balance model is a quantitative evaluation of water gained or lost from the groundwater system
under investigation during a specific penod of time. It is assumed that the change in groundwater
stored in the system relates directly 10 the change in the groundwater level within the system, and it
can be expressed as:

Change in Storage = [nflow - Outflow (5.1)

For the groundwater system shown in Figure 3.1, oquation 5.1 may be written in the form of water
balance terms:

—L=3Q,2Q,2Q,:Q, 2Q, (52)

AY)
where
AQs (L] = change in storage volume within the time increment A¢
ey [L'T) - natural groundwater recharge or discharge rate
ey [L'T) = leakage rate fromvto surface water bodies
eeQy [L'T] = subsurface flow rate from/to honzontal adjacent aquifers

QL") = leakage rate fromto vertical adjacent aguifers
eoQy[L'T] = local infiltration or abstraction rate, ¢.g. wells

M (T) = fme increment



Under the steady-state groundwater flow condinon, the change in storage is zero, and the equation can

be rewnitten as:

+Q,+Q, 2Q,=Q, =Q, =0 (53)

Estimation of the groundwater component of Rescrve discussed in the following section is based on
the assumption that the groundwater flow system ts under the steadv-state condibon,
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Figure 5.1: Water balance model for a groundwater flow system (after Spitz and Moreno, 1996).

532 Caleulation of the water balance terms
5321 Estimanon of Natural Groundwater Recharge and Discharge

Groundwater recharge due to precipitation, or discharge due to evaporabon and transpiration is
gencrally the most prominent element in the water balance calculation, They are influenced by many
factors, such as precipitation ntensity, the depth of the groundwater level, soil rype, climate condition,
vegetation, slope of the ground surface. ete. Because of the unidennfied nature of these factors, an
accurate estimation of natural groundwater recharge and discharge 1s very difficult.



The EXCEL.Spreadshect RECHARGE (Van Tonder and Xu, 1999) s used 10 determine the
groundwater recharge. RECHARGE features a user-friendly interface. [t i capable of using different
methods including the Chloride method, Saturated Volume Fluctuation method (Van Toader, 1989),
Cumulative Rainfall Departure method (CRD) (Wenzel, 1936; Tempericy, 1980; Bredenkamp er al.,
1995), sotopes method. and a senes of qualified guess methods. A new CRD metbod. which 15 able
to accommodate short rainfall data. can also be used (Xu and Van Tonder, 2001). The data required by
cach method are listed in Table 5.3,

Table £.3: Data required by the RECHARCGE program.

Methods Data Requirement
e Average chloride concentration in groundwater and
Chloride method ranfall

e Average annual rainfall

| Sniad Vokime e Monthly abstraction from aquifer
Fluctuation (SVF) e Lateral inflow and outflow
methad o Monthly water level

o Lateral inflow and outflow
Cumulative Rainfall |, Monthly abstraction from aquifer

D“;‘pah;t;m = e Monthly water level
e Monthly precipitation
Soil and e Percontage coverage of anca with soil matenal (% clay content)
vegetation e Percentage coverage of area with woods/trees,
information grasslands and bare soil
g Geology Type of soil covering the ground surface

' % Vegter Vegter's map (WRC and DWAF, 1995)

; ;_3 ACRU ACRLU map (Roland Schulze) (WRC and DWAF, 1995)

& Harvest Harvest Potential Map (DWAF. 1996; Baron er al.
potential 1998)
Baso Rosr mugd:':lg \5::% of River Base Flow Map

- lsotopes (Residence o “5 values in (un) saturated zone

| tme) o O values




3322 Esumation of the Water Exchange with Surface Water Bodies

Based on previous discussion in Chapter 4, surface water bodies (rivers, lakes, channels, streams, c1c.)
may gain water from aquifers or Jose water into groundwater systems, and the exchange rate of water
15 usually controlled by the difference m the hydraulic heads (water levels) and the resistance of the
media berween the groundwater and surface water bodies. Four types of the interactions are discussed
in Table 4.2 and Table 4.3. But only three types are differentiated based on hydraulic connections.

* Influent: The groundwater Jevel is lower than the surface water level.

*  Effiuent: The groundwater level is higher than surface water level, groundwater always
recharges surface water.

* Intermittent: The groundwater level is higher than the bed of the surfuce water body, but
depending on the clevation of the water level, the groundwater may recharge the surface
water body or the surface water recharge the groundwater.

This leakage principle is usually used to calculate the Jeskage rate from or to surface water bodies,
This approach is, however, not always practical for the rapid and intermediate level estimation of the
groundwater component of Reserve, because all factors in the equations of section 2.2.2.2 (Zhang,
2000) vary with time and position, and their use often requires considerable cfforts with regard to
parameter estimation. Another approach, which uses the numerical model PMWIN (Chiang and
Kinzelbach, 1998) as a computational tool, s suggested below:

1), Discretize the study area:

The study arca is subdivided nto finnte-difference blocks, the size of the blocks depend on the
size of the study area and the desired resolution.

2).  Assign the measured groundwater Jevel into each block:

Generally, the observed water levels are only available at some discrete points. and an
interpolation method must be used 10 obtain the water levels for all finnte-difference blocks
within the study area. If the groundwater levels are well correlated with the topography. the
nterpolation program TRIPOL (Van Tonder o ol 1996) is a better choice. Otherwise,
mterpolation methods such as Inverse Distance (Shepard, 1968) or Kniging can be used.

3. Assign transmissivity values or hvdraulic conductivity values and aguifer thickness w0 each
block.

4).  Assign a high storage value to cach block:



When a high storage value, say 1.0, is used, the water level of cach block will only change very
slightly during a flow “simulation™ This ensures that the measured water level will be used for
the flux calculation (sce point 6 below),

5).  Perform the transiemt flow simulation for one second:
PMWIN calculates and saves the subsurface fluxes between cach finite-difference block.

6), Calculate the flux imcraction between groundwater and surface water,

The groundwater in- and outflows from or 10 surface water bodies are calculated by using the
water budget calculator of PMWIN. This calculator requires that different subregions be
assigned to the surface water body and the rest of the groundwater model domam.

Strctly speaking, this approach is unusual in building and running a groundwater flow model,
Here, the computer program 15 used as a tool to calculate groundwater flow for cach block under
the given transmissivity and groundwater level values. The governing cquation betund this
approach is Darcy’s law. The shon “simulation’ duration of one second, and a high storage value
1s used 50 that the given groundwater level remains practically unchanged when the groundwater
flow 15 calculated,

£33  Estimation of the Leakage Rate from / to Vernically Adjacent Aquifers

If an aquifer system includes several aquifers in the vertical direction, the water level difference
between neighbouning aquifers will force the exchange of water, which can be estimated by:

g, =Cih~h) (3.4)

where

q [LT] = lcakage flux between two aquifers per unit square metre
#e [L] = head in aquifer |

h: (L] = head w aquifer 2

[0 2 o) = resistance factor between aquifer | and aquifer 2

The resistance factor C between two aquifers is normally calculated by

K
H.'K: "H:'Kl

(24 (3.5)

where



K, [LT] =VERTICAL HYDRAULIC CONDUCTIVITY OF AQUIFER |
K. [LT] =VERTICAL HYDRAULIC CONDUCTIVITY OF AQUIFER 2
H, L) = THICKNESS OF AQUIFER |
#H: (L] = THICKNESS OF AQUIFER 2

Similar to section $.3.2.2. the computer program PMWINS can be used to calculate the leakage rate
between two aquifers:

Discrenze the study area

Assign 1op and bottom elevations of aquifers 1o each block

Assign the measured groundwater level to cach block

Assign transmissivity or honzontal hydraulic conductivity values to cach block
Assign vertical hydraubic conductivity values to coch block

Assign a high storage value to cach block

Perform a transient flow simulation for one second

Calculate the flux between the two aquifers

O OO0 UuUuopeEC

5324 Estimation of the Leakage Rate from'to Horizontally Adjacent Aquifers

The calculation of over-boundary flow rates can be omitted if natural no-flow boundaries arc used as
the boundaries of the study arca (c.g. groundwater divides, impermeable fault or rock). If it is not
possible, the over-boundary flow can be estimated by using the computer program PMWIN S, The
stcps 1) to 5) are same as those of section 5.3.2.2. The last step is:

6). Calculation of over-boundarnics flow:

A sirip along the boundary of the study area is assigned 10 a subregion, and the water budget calculator
is used to compute the in- and outflows to the subregion. The value of the nflow is equivalent to the
groundwater outflow over the boundary (water leaving the system). The value of outflow is equivalent
to the groundwater inflow over the boundary (water entering the system),

In addition, chemical and isotopic analvses of groundwater can also be used to evaluate the inflow rate
(Desaullmiers ¢f @l 1981), and the water balance calculation of neighbouring areas can also provide
useful information.

53235  Estmation of the Existing Groundwater Abstraction

Existing groundwater abstractions can only be obtained through mvestigation of the abstraction
borcholes within the study arca. Existing databases. ¢.g. the National Groundwater Data Base (NGDB).
should be used. It should be noted that not all of the borcholes are registered n the database. If a



useful datsbase does not exist, nformation such as land-use maps (for estimating wmngation) and
population water usage (for cstimating drinking and industrial uses) can be used to estmate the
existing abstraction rate, At a comprehensive level, 4 hydrocensus should be carried out,

5326 The Basic Human Needs Reserve and the Ecological Reserve

The basic human needs Reserve is obtained by the product of the groundwater-dependent population
and 25 Vday per person (Water Service Act: Act No. 108 of 1997). A change in the groundwater-
dependent population i future must be considered.

The Ecological Reserve s defined in onder 10 protect aguatic ecosystems. One of the casiest ways (but
not always the best) 1o protect aquatic ccosystems is to prevent these systems from changing
unnaturally. This means that the estimated groundwater discharge to aquatic ccosystems or surface
water bodies (1.¢. nivers, wetland, springs) should not be greatly affected by allocaton for further uses.

It s thercfore suggested that thes groundwater discharge be treated as a required Ecological Reserve.
In doing so, we obtain a consenvative, but safe, solution,

S43  Numerical (conceptual) model of the groundwater regime

For numerical (conceptual) modelling, the following software 15 casy-to-use and available cither free
of charge or at a nominal cost:

l Agquifer Simulation Model for Windows (W-H Chiang er a/.. 1998) is a public domain two-
dimensional finite-difference  groundwater flow and transport model (includes particle
tracking, finue-difference transpon and the random walk method). This code s used
worldwide by thousands of professionals.

1

Processing Modflow for Windows (W.-H. Chiang, W. Kinzelbach, 199%) is an integrated
gruphical simulation system for the three-dimensional models MODFLOW, MT3D.
MT3IDMS. MOC3D, PMPATH 99 and inverse models PEST and UCODE. Many universitics,
rescarch institutions, and government agencies around the world are using the PMWIN
software as a standard groundwater modelling tool,

3. AQUAMOD for Windows (Van Tonder and Buys. 1996) is a public domain two-dimensional
finite clement groundwater model (includes o mesh gencrator, flow simulation, transport
simulation. nsk analysis and mverse modelling). The code is a result of a WRC project and
has been applied by many professionals in South Afnca.

534 Determine the groundwater component of Rexerve and the allocatable groundwater
All the terms used in the water balance model. and the calculation scheme are summanised below:



e Inflow to the aquifer (groundwater):
Groundwater recharge (Mm'a)
Leakage rate from surface water (Mm'/a)
Leakage rate from horizontally adjacent aquifers (Mm'a)
Leakage rate from vertically adjacent aquifers (Mm'/a)
Total inflow (Mm'/a)
o Outflow from the aquifer (groundwater):
Existing abstraction (Mm'/3)
e Leakage rate to surface water (Mm ' a)
Leakage rate to horizontally adjacent aquifers (Mm'/a)
e Leakage rate into vertically adjacent aquifers (Mm'/a)
Total outflow (Mm”/a)
o Groundwater component of Reserve:
Basic human needs in area of use (BHN) (Mm'/a)
Ecological Reserve in discharge position (Mm'/a)
e Allocatable Groundwater (potentially):

Allocatable groundwater = Total Inflow - Existing Abstraction (excluding BHN) - BHN -
Ecologecal Reserve

Allocatable groundwater should be developed outside buffer zoaes in order to protecting the Reserve
and RQOs.

5335 Reconciling the results with IFRs

The present approach is 10 assume that the mantenance low flow requirement of the [FR can be met
from Groundwater. In comparison to surface run-off. groundwater flow to surface water bodies is
relatively invariable. Groundwater discharge time series should be generated based on approaches



discussed 10 previous chapier. 1t 1s important 10 further consider the determinanon of the groundwalter
compenent of the Reserve, and allocation of the groundwater resource in torms of monthly values.

This is sull an issuc that needs 1o be further investigated i consultation with hvdrologssts

54 Presentation of Summary Water Batance Information

The above informanon on water balance may be summansed annually as shown in Figure £2. The
purpose of this approach is 10 cstablish 3 user-friendly interface so that scientific mformation can be
implemented by water managers at CMAs,

Qcadmet <Mi0d Tt aealKnT): D
Rdeat FRsite 6 StelName swartkops esty
EcoResenaMm/ar 130114 BaseflonMm/a) within unit 000
Gaology: Quartemary deposit
RechargefveaonT ) 15 RechameViethos: notsure
MEmTE &S0 R MVAP) 14 WIETMTa) 10

Existing BHs: 0 Water type (Durow: 1
Purrpege(T 0 Seringlow(M/a) 0
AquiferHydradics: urcorf GV Depths: 5
nteract with cther units: rasue

MoMrar 000 QuionMnr 2 Q00
nteract with SW. rosure

rfow\ht & o Qutfonhh'al Q.00
Popuation 0
BHNsMT a) 0

~ Figure £.2: Summarised information on the characteristics of aquifer wnits: example.

Simalar to surface water approach. sssurance analysis of gencrated groundwater contnbution is

requured by presenting duration curves at either annual or monthly busis,

55 Quuality aspect of the Reserve



Limits on abstraction may be placed where negative quality impacts could occur. For instance, coastal
saline mtrusion or upconing could result in higher salinity baseflow to a river,

One of other issucs, which is not addressed in our report. s how to deal with the Reserve in munes.
Should a preliminary Resenve for a mine be determined for purpose of an licence application, the
quality aspects of Reserve should be very prionity (and also quantity if they are sull dewatering), For
mstance, at the coal munes the probiem s usually decanting of groundwater to surface (with a very
high sulphate load). The quality Reserve s thus very imponant for mines. Sccpage of polluted
groundwater to nvers (or springs) must be investigated,

56 On-going Modd Calibration

The objective of this section is W mitiate a follow-up process. The Reserve determined based on the
above methods is subject 10 review from time 1o time. and is 10 be adjusted if necessary. Here an
cmphasis is placed on on-going model calibration, using data from a monitonng programme (sce
Chapter7),



6. Resource Quality Objectives
6.1  What are Resource Quality Objectives?

The NWA states that Resource Quahty Obyective (RQOs) may relate to

1- The Reserve:

2- instream flow;

3. water levels;

4. the presence and concentrations of particular substances in the water;

5- the chamactenstics and quality of the water resource and the instream habitat and npanan habitat;
6- the charactenistics and distnbution of aquatic biota;

T~ the regulation or prohibstion of instream or land-based activities which may affect the quantity of water in

or the quality of the resource:
8- any other characienstic of the water resource in question

RQOs provide goals within the management class. They are set by the Minister dunng the process of
classification of significant water resources. They may be scen as goals to aim for, if the mamagement cluss
Iepresents an improvement on an impacted resource, or thresholds or safety nets which represent the limat of

accoptable impact. Thev may be numenc or descnptive

In determinung RQOs, a balance must be sought between the need to protect and sustian water resources on
the one hand, and the need to develop and use them on the other. Once the class of a water resource and the
resource quality objectives have been determined they are binding on 3il suthontics and mstitutions when

exercising any power of performung any duty under the NWA

62  ROQOs and groundwater

Following on from the generic description of RQOs given above, RQOs for groundwater could

include

I Water levels, groundwater gradients, storage volumes and quality parameters required to
sustain groundwater component of Reserves for basic human needs and baseflow to spnngs,

wetlands, nvers and ¢stuances



1

Groundwater gradients and levels required to mamtain the integrity of the aquifer and the
aquifer’s broader functions.

: The water table or prezometnic levels.

4 The presence (or not) of dissolved and suspended substances (naturally occumng
hydrogeochemicals and contaminants).

[N

Aguifer parameters such as permeability, storativity and recharge: landscape features such as
springs, sinkholes and caverns chamacteristic of the aquifer type. subsurface and surface
ccosystems in which groundwater fulfils any vital function.

6, Aquantic biota in features dependent on groundwater bascflow, such as rivers, wetlands, and
caves, or biota living in the aquifer itself.

7. Surface land uses which impact recharge quantity or quality and subterrancan activitics, such
as mining or waste disposal, which impact the aquifer directly. [This would exclude activitics
which impact or occur solely in aquitards.] The control of land-based activitics would lead 1o
protection zoning of land-use.

8.  Take your pick!

It is clear from the descniption above that RQOs can include any requirements or conditions that may
need to be met to ensure that that the water resource is maintained i a desired and sustainable state or
condition (MacKay 19983). RQOs arc seen to be particularly important for groundwater resources as
there is no restriction 1o aquatic systems, therefore the full ecosystem functioning of groundwater may
be recognised and protecied where necessary.

63 Towards Setting Comprehensive RQOs

Guidelines for setting comprehensive groundwater RQOs will be needed to ensure continuity in
establishing legally and scicntifically defensible obgectives. A WRC project 10 establish these
gutdehines 1s underway and the outputs from that project will be used 10 complete the guidelines fro
the overall RDM.

It is envisaged that the comprehensive RQO procedure should be developed in consulation with a
significant cross section of hydrogeologists, water resource managers, other teams within the RDM
programme and the teams establishing the National Groundwater Information System and the Water
Resources Management Assessment and Informanon System.  RQOs are an integral part of
classification and should be developed closcly with the classification system.



The Act makes it quite plan that the relevant management authonity (e g a Catchment Management
Authonity (CMA)) is responsible, together with the group preparing the Comprehensive Reserve
Assessment and DWAF for establishing these objectives. These objectives must then be published for
public comment and review. It does not explicitly state so, but it is clear from the compostion of, for
example, a CMA, that user groups will also participate in the formulation of these objectives.

The accompanying volume on ‘Assessing Vegetation Ecosystem Dependence on Groundwater” gives
a procedural outline of who, how and what should be considered in formulating RQOs 10 protect these
ccosystems.

Building on the experience ganed dunng this project, it is proposed that a functional approach should
be adopted to formulate RQOs. This functional approach should consider all direct and indirect uses
of groundwater by humans and the cnvironment. [t should include the ccological role of groundwater
and therefore give consideration to ecosystem boundarics, functions, objectives and cummulative
effects (Neufeld, 2000), An ccosystem approach is governed by a shared vision of the ecosystem that
includes specific goals and measurable ecosystem objectives (Neufeld, 2000). The role of aguifers m
the broader environment typically includes providing drinking water for humans. bascflow to nivers,
water to plant communities, contributing nutnents to coastal environments, ctc.

The potential functions of aquifers in the enviroament could be summarnised as providing:
*  Sources or sinks for water
* Sources or sinks for nutricnts
* Habitat

Once the vanous functions have been identified, objectives should be formulated 1o safeguard those
functions, The objectives should be practically measurable and preferably summansed as key
indicators. For example, a groundwater dependent plant commumity would be impacted by a change
in the quality and availability of groundwater. The RQOs for this function could be expressed in terms
of a maximum water table (spatially and wemporally referenced) and a TDS limit.  These indicators
require the maintenance of a host of other hydrogeological parameters such as groundwater gradicnts,
macrohydrochemistry, etc.

64 Levds of Determination

Hydrogeologists and ecologists should provide a comprebensive assessment of the role of aquifers in
the catchment and the objectives which would measurably safeguard those functions. A hewrarchical



approach is probably appropriate for comprehensive level determination.  This may be down-scaled to
a simpler checklist for the rapid and intermediate levels,

The level at which the RQOs are set should be decided by the CMA (including stakcholders) once
they are mnformed about the relanve nsks, costs and benefits, At a comprehensive level these will be
best communicated by the specialists in torms of future scenanios and a broad group of stakeholders
should be mvolved in the decision process. At an intermediate and rapid Jevel of RDM, where
resources arc not under stress, the CMA will take the decision on the level of RQOs. An RQO which
safeguards a vital function, such as the provision of dnnking water from a sole source aquifer, would
be set conservatively with a low risk of affecting this function of the resource. Once the RQOs have
been set, it is envisaged that the onus will be on licence applicants to demonstrate that their use of
water cannot be reasonably foreseen 1o impact the RQO.

It should be remembered that the effects of changes in groundwater ecosystem functions are in many
cascs, unknown. They may be directly proportional (whether lincar or non-lincar) or they may take
the form of abrupt changes as critical thresholds are exceeded.  The expected nature of the change
(gradual or abrupt) should also influence the nisk level which s accepted and the type of monitoring
programme undertaken,

In summary, a range of hydraulic, hydrochemical and biotic indicators could be selected to indicate
that aquifers are ¢ffectively fulfilling their important functions in the environment,

RQOs and the RDM Process

Figure 6.1 provides and overview of the RQO process and indicates wher is 's part of, or
influenced by outputs from, the cverall RDM process. Most RQOs will be set in relation o
the reference conditions. Exceptions will include controlled activities which are not part of
the reference conditions of the catchment.
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65 Legal mechanism to profect groundwater in other countries

This section gives a summary of legal mechanisms to protect groundwater resources in other selected
countnies.  This shows the legally defensible methods employed clsewhere and underlines the

importance of land-use planning controls on in protecting groundwater recharge areas and abstraction
20008



6351  Umited States

The phulosophy of groundwater resources protection in the US 15 underpinned by the following

principles:

e Differentiated approach: nsk based:

e Precautionary approach: prevention is better than curc:

o Threshold method to limited impacts

The activines of groundwater protection involve a large group of participating entitics. They include the all
levels of government, Watershed management and interest groups,

Clean Water Act

Many water Programs have been set up by the federal govermnment
and adopted by state governments. The Clean Water Act was firstly
reieased in 1972, and its release etfectively controlled and
improved the point-source pollutions from industries and
municipalities, In 1987, the Clean Water Act was amended. and
non-point source pollution controls were added. The USEPA s
authorized 1o carry out the non-point source management program.
State governments must make their own plans, and seek financial
support from the federal government.

A huge amount of money has been injected into this program to
support legislation, technical research, education. and monitoring.

National Water
Quality Program

Sole Source Aquifer
Program

Comprehensive State

Groundwater
Protection Program

National Water
Source Water
Assessment and
Protection Program

In 1991, the USEPA set up a new sub-Program: the National Water
Quality Program, Its aims are to assess the efficacy of non-point
source pollution control in Watersheds, and to further understand
the non-point source pollution. Selected watersheds, or catchments,
have been chosen to conduct the 6 - 10 years monitoring program
on non-point source pollution and to assess efficacy of improving
land use.

In 1987 the USEPA initiated the Sole Source Aquifer Program, its
aims are 1o assess the impacts on sole source aquifer of building
new highways, to protect the public water supply boreholes and
pipelines, and to manage the disposal of waste water. However, the
Sole Source Aquifer Program has not been successful, because
some important and sensitive aquifers were not included and no
participating and financial support from federal government, state
government and local government has been given.

In 1996, the Comprehensive State Groundwater Protection Program
was started. [t is based on the Safe Drinking Water Act
Amendments, This Program emphasizes the integrated management
of groundwater and surface water. Its aim is to protect groundwater
from pollution. and consider vulnerability and sensutiviry of
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Wellhead Protection
Program (WHPP)

groundwater when defining protection and remediation options.
This Program considers groundwater resources, surface water
resources and related ecosystems.,

The Sources Water Assessment and Protection Program was
initiated by USEPA in 1996. It emphasises the water resources
protection, pollution prevention of water resources, and guaraniee
of water supply. It includes delineation of water resource protection
zones, inventory of contaminants, ctc. The goal of this Program is
that the water supply for 60% of Amencans will come from source
water protection systems in 2005, Water quality - the
concentrations of key water quality constituents, including their
scasonal and inter-annual varability, and going as far as diumal
patterns of vanability for constituents such as temperature,
dissolved oxygen and pH where relevant;

The Wellhead Protection Program (WHPP) is a community-based
approach to protect groundwater that supplies public water wells
and wellfields. Section 1428 of the Safe Drinking Water Act
Amendments of 1986 requires each state to develop and implement
a Wellhead Protection Program that sets programmatic guidelines
and regulations. This program includes: the roles and duties of the
participating entities at all levels of government; how 1o delineate
the wellhead protection area; how to identify and inventory all
potential sources of contamination: how 1o manage potential
sources of contamination; contingency plans 1o protect local water
supplies in the eveat of an emergency: how new wells will be
brought into the program, and how the public will participate in
program development. This WHPP recognizes that residents of the
community are best equipped to address local groundwater
protection, thus the WHPPs developed at the local level are the key
to the success of the overall program. This program has not finished
vet, and the states are considering joining the WHPP with other
programs, ¢.g. Sources Water Assessment and Protection Program,
Comprehensive State Groundwater Protection Program.,

There are many references related to these programs, which includes bow these program were carmed

The USEPA's website is the best: www.cpa.gov as well as USGS website: www usgs gov.  In addition to
the relevant documents, many software or tools used 10 assess groundwater resource also are accessible o

the public here,




6352 China

In China, about 16% water supply @ from groundwater. In some arcas, especially m northern Chana,
groundwater exploitation accounts for over half of water supplicd.  Excess abstraction in some arcas has
already caused degradanon of groundwater resources and detenoration of the ecological environment. To
protect important resources, the Chinese govemnment has constituted many related regulations and aces to
protect and optimally use the groundwater resources.

6521 Pollution Prevention zone for Dnnking Water Sources

The Regulation of Managing the Pollution Prevention zoac for Drinking Water Sources was constituted in
1989, its purposes is 10 prevent dnnking water source from pollution by delincating protection zones. The
protection zone is grouped into three levels according to the threat.

Pollution Prevention
zone for Drinking
Water Sources

Level 1

Level 3

The Regulation of Managing the Pollution Prevention zone for
Drinking Water Sources was constituted in 1989, its purposes 1s 10
prevent drinking water source from pollution by delineating
protection zones. The protection zone is grouped into three levels
according to the threat,

The first level protection zone is in the vicinity of the abstraction
boreholes. Its aim is to guarantee sufficient travel time of water to
the borehole 10 allow for degradation of bactenal pathogens. If
necessary, the recharge areas that directly affect the water quality of
abstraction also should be included. There are very strict
limitations of land use for this zone. No building is allowed for
purposes other than water abstraction; no waste disposal is allowed
in this zone; no pipes or canals transferring potential pollutants,
such as waste water or oil, pass this zone; no oil storage and
graveyards are allowed in this zone, etc.

The second level protection zone is located outside of the first level
zone, it aims 10 guarantee enough delay time of water accumulation
to borehole for preventing other pollutions except the general
pathogen pollution. In this zone, no industrial factory or company,
which produce or use any potential pollution substances such as for
chemustry, oil, radicactive substance, etc, can be built in this zone,
if already there are any of these, must be moved out or must ensure
that no pollution will be released; no landfill or dump-site are
allowed in this zone. If there are, they must be moved out. No
polluted water can be used for urigation.

Quasi-protection zone is located outside of the second level
protection zone, and include the recharge area that is not included
in the other zones, This protection zone is aimed at protection of
water quantity and guality in recharge zones. No dumpsite, waste




disposal site are allowed in this zone, if it is really necessary to
have this site in the zone, the permission must be obtained from the
relevant environmental department, and special measures must be
used to prevent the infiltration of pollution to groundwater.

Different limitations of land use have been set for different protection zones. For instance, m the first
level protection zone, no waste disposal. These protection zones will be located in the map for casy
management. Local environmental agencics are responsible for the management of protection zone.

In addivon. some regulanons also are constituted to regulate the groundwater assessment, which
includes how 10 evaluste the quantity and Quality of groundwater resources, what precision the
evaluation should be according 1o the different survey stage. It requires the assessment must inventory
the possible polluton sources for the groundwater, and assess the risk of pollution. The monitor
network must be design for monitoring the groundwater level and quality, and the result can be used
for funther groundwater study and management,

Although these regulations are successful in protecting groundwater from pollution, but because of the
cconomical reason, not all the people and industrial company realize the importance of groundwater
protection, Excessive extraction of  groundwater and random disposal of waste already cause the
degradation of aquifer. For mstance, in sorthern China plain, a regional groundwater depression has
been formed due 10 the excessive groundwater abstraction. In addition, the groundwater management
also need be improved. Groundwater data are hold in different sectors and in different forma. It is
necessary 20 build up a data shared system to reduce duplicate work. The new legslation also 1s
constituted for building a better management system of groundwater exploitation. Public education is
necessary 1o make the people to realize the importance of the environment and groundwater, and stan
10 act for saving water and against any potential threat 10 groundwater system.

653 Australia

In Western Australia, the Water and Rivers Commission s responsible for the protection of water
sources used for public drinking supply, The Public Drinking Water Source Arcas (PDWSAs) are
defined as lands proclaimed under the Metropolitan Water Supply Sewerage and Drainage (MWSSD)
Act, 1909 and the Country Arcas Water Supply (CAWS) Act, 1947 to allow the protection of water
sources for public dnnking purposes. This includes Underground Water Pollunon Control Arcas
(UWPCAs). Catchments Arcas (CAs) and Water Reserves (WRs). The Water and Rivers Commission
defines three Jevels of pnority classification for protection of water resources in PDWSAs




Priority |

Priority 3

Construction and
Silica Sand Mining in
Public Drinking
Water Source Area
(1999)

State Water Quality
Management Strategy
(2000)

Pesticide use in Public
Drinking Water

Prionty 1 (P]) source protection areas are defined 10 ensure that
there is no degradation of the water source. Pl areas are declared
over land where the provision of the highest quality public dnnking
water is the prime beneficial land use.

Prionty 2 (P2) source protection areas are defined to ensure that
there is no increased nisk of pollution 10 the water source. P2 areas
are declared over land where low intensity development (such as
rural) already exists. Provision of public drinking water supply is a
hugh prionity in these areas,

Priority 3 (P3) source protection areas are defined 1o minimise the
risk of pollution to the water source. P3 areas are declared over land
where drinking water supply needs co-exist with other land uses
such as residential, commercial and light industrial developments.
Protection of P3 areas is achieved through management guidelines
rather than conditions on land use.

Many policies have been set up to protect the water resources and
its related environmental values
(http://'www.wre wa,gov.au/protect/index. himl).

The objective of this policy is to protect water quality and quantity
within Public Drinking Water Source Areas from the adverse
impacts of sand mining operations, and ensure that all sites are
rehabilitated o an acceptable standard.

The guidelines provide a range of standards and criteria for the
management of potentially polluting components of sand mining
operations. These standards will constitute the following conditions
for approval:

minimum final clearance to the groundwater table;

control of methods of fuel storage, and management of fuel:
management of plant and equipment servicing;

management of waste disposal;

the specification of intended end land use activities

the implementation of guidelines for end land use activities and
rehabilitation programs that have been approved by the
Commuission.

The policy and guidelines also provide information on water
resources management by agencies regulating sand mining. This
policy will be implemented through the Department of Minerals
and

Energy’s and local government agencies” approval procedures, and
through Acts and by-laws administered by the Commission. The
Commussion has the starutory responsibility 10 license water
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Source area (2000)

Draft Policy for
Access to Land
within Public

Drinking Water
Source Area (2001)

Ribbons of Blue

abstraction and to apply by-laws 10 control activities that have the
potential 10 pollute. through permits.

This policy is based on the National Water Quality Management
Strategy (NWQMS), which has been jomtly developed by the
Agriculture and Resource Management Council of Australia and
New Zealand and the Australian and New Zealand Environment
and Conservation Council with input from the National Health and
Medical Research Council. Western Australia has been an active
participant in NWQMS. The State Water Quality Management
Strategy (SWQMS) has been developed to implement the NWQMS
in Western Australia. It provides policies, a process and a series of
guidelines for water quality management. It balances the social and
economic factors and conservation of the national environment,

The objective of this policy is to protect drinking water from
contamination by the use of pesticides in the interest of public
health. Pesncide, as defined under this policy, refers to a substance
or compound used or intended for use for agricultural, pastoral,
horticultural, domestic, or industrial purposes for controlling,
destroying or preventing the growth and development of, any
fungus, virus, insect, mite, mollusc, nematode, plant or animal and
includes all preparations and admixtures containing any proportion
of any one or more of them.

This policy gives the detail regulations in respect of Pesticide use in
Public Drinking Water Source Areas, Transportation of pesticides,
Disposal of pesticides, equipment and containers, Maintenance and
cleaning of pesticide equipment, Mixing and storage of pesticides,
Monitoring and auditing, Clean up of contamination, etc.

The Draft Policy for Access to Land within Public Drinking Water
Source Areas (2001) is to protect:

Drinking water sources from contamination by inappropriate
recreational activities in the interest of public health, and

The environmental and ecological values of water supply sources
used for purposes other than drinking supply. These environmental
and ecological values may include:

Protection of aquatic system, recreational water quality and
aesthetics, agricultural water use, and industrial water quality,

This policy is consistent with the principles of water source
protection: differential protection of public drinking water sources
areas, protection of vulnerable areas, justification for policy.
catchment management. This policy also gives the guidelines for
recreation, such as land-based recreation, water-based recreation,
catchments of future water sources, caichment management within
PDWSAs, future investigation, etc.
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Ribbons of Blue (httip. www wre wa. gov.aw nibbons index.html),
an environmental education network, has been set up, which is

mimed at increasing community awareness and understanding about
local water quality, and taking action for a better environment. [t
involves school students and community groups in monitoring
water quality. Data collected from the sampling provides valuable
information for identifying environmental problems and preparing
management plans. Based on the outcomes of their monitoning,
parncipating groups may develop action strategies to help manage
any problems identified.

|
|
|

Legislation and policy have played imporant roles in environmental protection, but this approach
rarcly provides the whole solution in environmental protection. Good land use planning is essential
and this can only be aclueved if planners. developers and the community are aware of the issues of
natural resource management. It 18 realized that community involvement is very important, therefore
parmerships with the community are built on common understanding, trust. mutual respect and an
ongoing commitment 10 achieving results,




7. Conclusion and Recommendation

The following outputs are completed:
e Determination of the Resource Directed Measures: Groundwater Component (version |.1)
e  Temestnal Groundwater Dependence Ecosystems (version 1.1)
e Reports of four case studics
o  Software: Groundwater Reserve Quantification (GWRESERVE Verl) and its adaptation
e Software: Updated Recharge Programme (Recharge)

e Hydrograph-scparation Programme (Baseflow)

It is clear that the overall objectives, as set in the rescarch projects and amended dunng intcgration

into the RDM programme, are met,

For purpose of groundwater protection, all three mechanisms of the RDM, namely Classification,
Setting of the Reserve and Resource Quality Objectives, should be used. It is recommended that the
proposed methodology for determination of groundwater component of RDM be applied and venfied
0 that it can be further improved through application

As pomnted out previously, the RDM determunation may be called a mpid. intermediate or
comprehensive evaluation, The latter may be achieved through improvement and upgrading of the
former into a more comprehensive and accurate Reserve assessment as more information becomes
available. However we have been convinced through case studics that a single approach should be
used for the determination of the groundwater component of the RDM with confidence levels ranging
from rapid to comprehensive. A follow-up monioring programune must be mutiated in order 10 assist

with review process from time to time (every 5 vears)
Arcas identified for further attention include

Classification -

. It is suggested that the Department of Water Affairs play a key role in negotiating access with
the custodians of key datasets and invest in defining relevant attnibutes from existing datasets,
such as Land Type, for use in the Classification. A standardisanon of pancipal datascts for
RDM would enable greater defensibility and companison of outputs at a rapid and
intermediate level. The Department also needs to examuine how groundwater data from the
NGDB and hvdrogeological map series can be made more readily avamlable for use

Classificanon
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. A greater undenstanding of the in-situ environmental use of groundwater in South Afnica
needed in order 10 cffectively set RQOs. It is hoped that this will be addressed through a
WRC project on Groundwater Dependent Ecosystems in South Africa.

. Vulncrability assessments are one of the most important contnbutions from groundwater
specialists 1o the Classification process, We need 10 examine in more detail 1o determine with
reasonable confidence the vulnerability of secondary aquifers at a cawchment scale. It is
recommended that the WRC should consider further investment in refining this component of
the methodology.

Reserve Quannfication -
e It is problematic, if not impossible, to regulate groundwater contributions to meet IRFs on a
monthly basis,
e Chemical reactions associated with interaction between groundwater and surface water,
o Cost implications of Reserve determination at different levels.

Resource Quality Objectives ~
o Limle work is available in South Africa regarding biotic indicators (¢.g. hypogean life or
groundwater ecosystem). More research in this arca should be undertaken 10 shed light on
state of aquifers that may interact with surface water bodies.

Crisis management -

e Although one of the primary purposes of doing monitoring is 10 provide mformation for better
understanding of groundwater flow systems (hence leading 1o improvement of the Reserve
seming) a cnsis could anse should borchole yiclds drop considerably or water quality
deteriorate. Swift management responses are required to avert serious problems.

e For management of borchole abstraction, a tolerable drawdown should be set for cach
borchole. depending on the hydrogeological circumstances. Monitoring will provide carly
warming of possible exceedence of wierable limits and the nitial management response can be
assessed by means of a single decision tool adopted by the catchment authority,

e For management of water supply quality, a wlerable limit should be sct for vanious problem
constituents based on the water quality guidelines adopted by DWAF. Quality monitoring will
provide carly waming of possible exceedence of tolerable limus.

If a water source is believed 10 be contaminated, it should be reported to the catchment
authority, who upon receiving such an inquiry will arrange for a hydrogeologst or technician



to study the available information on the source, visit the site, and sample the source if
necessary, If the nature and extent of pollution can be established or confirmed, it must be
brought to the attention of the relevant management for a decision regarding provisional
arrangement for community water supply.
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8  Glossary

Actual evaporation - the amount of water evaporated under a given set of circumstances where water
supply himits evaporation (as opposed 10 potential evaporatioa, which is evaporation under unlimited

circumstances, as from an evaporation pan, Symbol AET or Act or E,

Alluvial aquifer - an aquifer formed of unconsolidated scdiments deposited by a river or stream
typically occurnng beneath or alongside a current channel, or in an buried 0ld or palco-channel of the

nver

Aquatic ecosystem - Not defined in the Water Act. They are defined m the water quality gusdelines
(DWAF 1996) as: the abiotic (physical and chemical) and biotic components, habitats and ccological
processes contained within nvers and their npanan zones, reservoirs lakes and wetlands and their
finging vegetation, Terrestnal brota, other than humans dependent on agquatic systems for thewr

survival are included in this definition

Aquifer (Driscoll, [986): A formation, group of formations, or part of a formation that contains
sufficient saturated permcable material to yield economical quantitics of water to wells'borcholes and
springs. (Water Act, 1998) A geological formation which has structures or textures that hold water or

permit appreciable water movement through them

Aquifer test (Descoll, 1986): A test involving the withdrawal of measured quantities of water from or
addition of water 10 a well and the measurement of resulting changes in head in the aquifer duning and

after the period of discharge or addition.

Baseflow (Base flow): is reforred 1o as delayed flow components with groundwater as dominant

component (Singh, 1988)

Biome: A broad ccological unit representing major life zones of large arcas. In South Afnca these are

defined mainly by vegetation structure and climate (Low and Rebelo, 1996)

Borchole: Includes a well, excavation or any antificially constructed or improved underground cavity
which can be used for the purpose of (@) intercepting, collecnung or stonng water in OfF removing water
from an aguifer: (A observing and collecting data and mformation on water in an aquifer; or fc)

recharging an aquifer;

Capillary fringe: The lower division of the zone of acration (vadose zone) that overlics the zone of
saturation and in which the pressure of water in the interstices is less than atmosphenc (McGraw-Hill,

1978)
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Catchment: In relation to 3 walercourse or watercourses or part of a watercourse, means the arca from
which any rainfall will drain into the watercourse or watercourses or pant of a watercourse, through
surface flow 10 3 common Point of COmMMOon points;

Confined Aquifer: An aquifer that s confined between two less-permesble confining beds. The
confining bed has a significantly lower hydraulic conductivity than the aquifer.

Discharge (Water words dictionary, 1999): In its simplest concept. discharge means outilow and is
used as a measure of the rate at which 3 volume of water passes a given point, Therefore, the use of
this term is not restricted a8 to course o location, and it can be used to describe the flow of water from
a pipe or a dramnage basin. With reference 10 groundwater, the process by which groundwater lcaves
the Zone of Saturation via Evaporation, Evapotranspiration, or by flow o the surface through springs
and sceps.

Dykes: A wbular body of intruseve igneous rock that cuts across the layering or structural fabnc of the
host rock. It may be a composite or multiple intrusion. Dykes may be fine, medium or coarse grained.
depending on their composition and the combination of their size and length of their cooling period.
They vary in width from a few centimetres to many metres, but they may be traced for several
kilometres. A group of dykes is called a dyke swarm.

Ecoregion IDWAF, 1998): The breakdown of a catchment into water resource units for the purpose of
determining the Reserve for nivers. [t s done primanly on a biophysical basis, according to the
occurrence of different ccological regions within the catchment.

Ecosystem: An interconnected and interacting system comprising living organisms - including
antmals, plants. fungi, and microorganisms - and their non-living environment.

Ephemeral - rivers, streams or pans which are ephemeral are fed by inflows of surface water after
rains and are scasonal. There 1s no groundwater contnbution (baseflow) therefore these are nfluent
features which, in permeable arcas, rechurge groundwater.

Estuary: A pamially or fully enclosed body of water which is open to the sea permanently or
penodically; and within which the sea water can be diluted, 1o an extent that ts measurable, with fresh
water driined from land,

Evaporatien: The total loss of water in vapour form from all sources - open water, from the plant
surface (interception), through plants (transpiration) and from the soul surface: it mvolves the transstion

of water from the liquid phase to the vapour phase, and during this process encrgy (termed Latent heat)
1s absorbed.
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Evapotranspiration: The refers to that component of the cvaporated water that comes from
transpiration by, of interception losses, from plants. In modern usage it is ofien replaced by the term
evaporation, as defined above,

Fault (Driscoll, 1986): A fracture or zone of fractures along which there has been displacement of the
sides relative 10 one another. paratiel to the fracture,

Finite-difference model: A particular kind of diginal computer model based upon 3 rectangular gnd
that sets the boundancs of the model and nodes, where the model will be solved.

Finite-clement model: A digital groundwater flow computer in which the agquifer is divided into a
mesh formed of a number of polygonal cells.

Geohydrology (Vegter. 19951 The branch of hydrology dealing with subsurface water ie water in
both the samrated and unsaturated zones, Also used interchangeably with hydrogeology.

Geological formation: - the fundamental lithostratigraphic unit and may consist of consolidated or
unconsolidated material (Bates and Jackson 1980). This definition could arguably include formations
such as the Kalahan sands and the Quaternary sands of the dunc ficlds in the Western Cape.

Geological formation: The fundamental lithostratigraphic unit and may consist of consolidated or
unconsolidated material (Bates and Jackson, 1980). This definition could arguably include formations
such as the Kalahan sands and the Quaternary sands of the dune fields in the Western Cape.

Geology (Water words dictionary, 1999): The science that studics the physical nature and history of
the carth,

Geomorphology - The study of the configuration of the carth’s surface, including classification,
description, nature, origin and development and their relationships 1o the underlying geological
structures and the history of geological changes seen m these structures.  Includes and has largely
replaced the concept and study of physiography (Bates and Jackson 1980).

Groundwater body - in this document the term is used to include both the aguifer in its conventional
sense (see definition) and sigmificant volumes of water stored in (deep) colluvial or alluvial deposits or
deeply weathered rock (regolith).

Groundwater level (Vegter, 19951 The water level in a borehole well penetrating the zone of
saturation and from which no water is being withdrawn.

Groundwater management unit: An arca of the caichment which requires consistent management
actions 1w maintain the desired level of use and protection of groundwater.
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Groundwater Modeller: The person to carry out the simulation of groundwater flow and transport,
with numerical methods.

Groundwater region : A broad geohydrological grouping based on domunant aguifer type
(sccondary’ primary), lithostratigraphy. physiography and climate. 64 have been delincated for South
Afnca (Veger 2001)

Groundwater response unit:  An aguifer unit or multiple aquifer units with relatively sumilar
hydrogeological characteristics. including permeability, thickness, storage, aticnuation potential and
hydrochemistry.

Groundwater quality (Water words dictionary, 1999): A term used 10 describe the chemical, physical,
and biological characteristics of groundwater, usually in respect 10 its suitability for a particular
purpose.

Hydraulic conductivity: A coefficient of proportionality describing the rate at which water can move
through a permeable medium. The density and kinematic viscosity of the water must be coasidered in
determining hydraulic conductivity.

Hydrology (Vegter, 1995) The science that deals with continental water on and under the Earth's
surface.

Hypogean life - lifc occurmng or originating beneath the surface of the carth.

Hyporhoeic zone - the saturated and biologically active zone in and alongside an alluvial river bed.
The hyporbocic zone is important in fiver system nutnient budgets as it acts as a nutrient storage
system (Valett ¢r /. 1994). It also provides a habitat and refuge for aquatic organisms, thus also
serving a buffering function which promotes rapid recovery of aquatic ecosystems afier floods or
droughts,

Instream habitar: Includes the physical structure of a watercourse and the associated vegetation n
relation to the bed of the watercourse,

Inverse modelling: A modelling techmique, which uses measurement data as mput. for esumating
unknown aquifer parameter values within 3 modelling arca..

Landform: Anv physical, recogmisablc form or feature of the canh’s surface having a charactenstc
shape and produced by natural Causes (Bates and Jackson, 1980),

Landscape: An area of the canth's surface including its three-dimensional form as well as the
underlying geology that determines the patterns of recharge. storage and discharge of groundwater. In
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its conventonal sense a landscape s an arca that be viewed from a single point but as used here it
could be larger where this is pecessary to include the boundancs and dynmamics of particular
groundwater bodics.

Landuse (Water words dictionary, 1999): The pnmary or primary and secondary uses of land. such as
cropland. woodland, pasturcland. ctc. The description of a particular land use should convey the
dominant character of a geographic arca. and thereby establish the types of activities which are most
appropriate and compatible with primary uses.

Lithostratigraphy - the science of classifying or organising rock strata according to the propertics of
the constituent material (Bates and Jackson 1980).

Management class: The present and historical condition of a water resource, its sensitivity and
importance, nsk of degradation and its potential for restoration are all factors which determine the
management class and the RQOs.

Management unit (DWAF, 1998) A management unit is the breakdown of ccoregions or
hydrological regions according 10 management requirements for surface water resources.

MOC3D: A three-dimensional. fimite difference transport model for use with MODFLOW, developed
by US. Geological Survey.

MODFLOW: A modular, three-dimensional, finite difference groundwater flow model, developed by
U.S. Geological Survey.

MT3ID: A three-dimensional, finte difference transport model, (usually used with MODFLOW),
developed by the hydrological group at the University of Alabama,

MTIDMS: A modular three-dimensional multispecies transport model (mamly for use with
MODFLOW), developed by the hvdrological group at the University of Alabama,

Numerical model: A model of groundwater flow andior solute transport in which the aquifer is
described by numencal cquations. with specified values for boundary conditions, that are solved on a
digital computer.

Palustrine wetlands: These are typical wetlands with emergent vegetation which can range from
grasses 1o forest. Lacustrine wetlands are the natural, permanent or seasonal, freshwater lakes.
Rivenne floodplain wetlands occur on the floodplains of nivers but do oot include the npanan systems
slong the Nowing water channels. Endorbewe wetlands form in closed dramage arcas and include
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brackish, saline or alkaline lakes, flats, pans and marshes: they can be scasonal or perenmial (Cowan &
Van Riet, 1998).

PEST: A modcl-independent parameter estimation program, developed by Watermark Computing. It
serves the same purpose as UCODE does

Phreatic surface - the apper limit of the saturated zone i.¢c. the water table.

PMPATH 99: A interactive particle tracking mode! for calculating groundwater flow lines, developed
by W.H.Chiang (IGS, Bloemfontem) and W. KinzelBach (THW, Zunch).

PMWIN: Processing Modflow for Windows, a integrated graphical simulation system for the three-
dimensional models MODFLOW, MT3D, MTIDMS, MOC3D, PMPATH 99 and inverse models

PEST and UCODE, developed by W.H. Chiang (1GS, Bloemfontein) and W. Kinzelbach (IHW,
Zunch)

Pollution: Dircct or indirect alteration of the physical. chemical or biological properties of a water
resource so as to make it less fit for any beneficial purpose for which it may reasonably be expected to
be used: or harmful or potentially harmful 10 the welfare, bealth or safety of human beings: any
Aquanic or non-aquatic organisms; the resource quality: or property.

Protection: in relation 10 a waler resource, means maintenance of the quality of the water resource 10
the extent that the water resource may be used in an ccologically sustainable way: prevention of the
degradation of the water resource: and the rehabilitation of the water resource;

Rainfall (Water words dictionary, 1999); (1) A shower or fall of rain. (2) The quantity of water that
falls as rain in a specified area and time interval. Not sinctly synonymous with Precipitation.

Recharge (Vegrer, 1995): The processes mvolved in the absorption and addition of water to the zone
of saturation. Synonym: Replenishment.

Reference conditions: Describe the natural un-impacted chamcteristics of a3 waker resource.
Reference conditions include: Water levels, the seasonal and annwal vanations thereof  Drought
scenanos are also included: Water quality - the concentration of the key water quality constituents,
including their scasonal and inter-annual varability: Groundwater surface water interaction (incloding
recharge/discharge). Rainfall: Aquifer structure and integrity

Regolith - technically a layer of fragmented or unconsolidated rock matenal. whether residual or
transponed, of variable character and overlying bedrock (Bates and Jackson 1980) [n this document
we use regolith in the sense of non-transported matenial e from in situ weathering.
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Remote sensing (Water words dictionary, 1999) The measurement or acquisition of information of
some property of an object or phenomenon by a recording Jevice that s aot in physical or intimate
contact with the object or phepomenon under study. Also, the unlisation at a distance (as from aircrafi,
spacecrafl, satellites, or ships) of any device and its anendant display for gathering information
pertinent to the environment, such as measurements of force fields, electromagnenc radiation, infrared
sensing, land use, water bodies, ete. Such systems typically employ devices such as cameras, lasers,
radio frequency receivers, radar systems, infrared detectors, somar scismographs, gravimeters,
magnetometers, and scintillation counters,

Reserve (National Water Act, 1998): The quantity and quality of water roquired: to satisfy basic
human needs by sccuring a basic water supply, as prescribed under the Water Services Act, 1997 (Act
no, 108, 1997), for people who are now or who will, in the reasonably near future, be relying on,
taking water from, or being supplied from the relevant water resource, and 1o profect aquatic
ccosystems in order to secure ecologically sustainable development and use of the relevant water
resource,

Riparian: Growing by nvers or streams.  The Water Act contains the following definition: npanan
habitat® includes the physical structure and associated vegetation of the arcas associated with a
watercourse which are commonly characterised by alluvial soils, and which are inundated or flooded
1o an extent and with a frequency sufficient to support vegetation of specics with a composition and
physical structure distinet from those of adjacent land arcas,

Risk: A combination of the probability, or frequency. of occurrence of a defined hazard and the
magnitude of the consequences of the occurrence.

Satellite imagery: A digital image captured by 2 sensor mounted on an carth orbiting satellite.

Specific storage: The amount of water refeased from or taken into storage per unit volume of 3 porous
medium, per unit change in hydraalic head.

Specified yield: The ratio of the volume of water a rock or soil will yicld by gravity drasage, w the
volume of the rock or sotl. Gravity drainage may take many months 10 occur.

Stochastic Modelling: A modelling technique, which addresses the uncertaintios n numencal
groundwater models by considening the vanation of aquifer parameters and other moded parameters.

Storage coefficient: The volume of water an aquifer relcases from or takes into storage per unit
surface arca of the aquifer per unit change in bydraulic head. It s equal to the product of specific
storage and aquifer thickness. In an unconfined aquifer, the storage coefficient is equivalent to the
specific vield,
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Topography (Water words dictionary, 1999): The gencral configuration of the land surface including
relicf and position of natural and man-made features.

Transmissivity: The rate at which water of a prevailing density and viscosity s transmutted through 2
unit width of an aquifer or confimng bed under a umit hydraulic gradient. It is 2 function of propertics
of the liquid. the porous media. and the thickness of the porous media.

Transpiration - the loss of water vapour from the living cells in the plant through pores (stomata) in
the leaves in vapour form,

UCODE: A computer code for universal inverse modelling, developed by U S, Geological Survey. It
serves the same purpose as PEST does.

Unconfined aquifer: An aquifer in which there are no less-permeable confining beds between the
saturated zone and the groundwater surface,

Water balance (Water words dictionary, 1999): (1) A measure of the amount of water entering and
the amount of water leaving a system. Also referred to as Hydrologic Budget. (2) The ratio between the
water assimilated into the body and that lost from the body: also. the condition of the body when this
ratio approximates unity. (3) An cvaluation of all the sources of supply and the corresponding
discharges with respect 1o an aquifer or a drainage basin.

Water management area: An arca cstablished as a management umit in the national water resource
strategy within which a catchment management agency will conduct the protection, use, development,
conservation, management and control of water resources,

Water resource: Includes a watercourse, surface water, estuary, or aquifer:

Wetlands: Land which is transitional between terresinal and aquatic systems where the water
table is usually at or near the surface, or the land is periodically covered with shallow water,
and which land in normal circumstances supports or would support vegetation typically
adapted to life in saturated soil.
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