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DEFINITIONS

Abstraction: The act of removing water from a groundwater resource.

Allocable Groundwater: The volume of groundwater available to allocate or distribute.

Alluvial Aquifer : An aquifer comprising unconsolidated material deposited by water, typically

occurring adjacent to rivers and in buried paleochannels.
Anisotropy: Having some physical property that varies with direction.

Aquatic Ecosystems Defined as the abiotic (physical and chemical) and biotic components,
habitats and ecological processes contained within rivers and their riparian zones and reservoirs,

lakes,wetlandsand their fringing vegetation.

Aquiclude: A geologic formation, group of formations, or part of formation through which

virtually no water moves.

Aquifer : Aquifer means a geological formation which has structures or textures that hold water or
permit appreciable water movement through them.

Aquifer System: A heterogeneous body of intercalated permeable and less permeable material

that acts as a watgrelding hydraulic unit of regional extent.

Aquifer Testing: Aquifer testing involves the withdrawal of measured quantities of water from or
the addition of water to, a borehole(s); and the measurement of resulting changes in head in the

aquifer both during and after the period of abstraction or addition.

Aquitard : A saturated low permeability unit that can restrict the movement of groundwater. It

may be able to store groundwater.

Artesian Aquifer: Artesian is a term originally applied to boreholes in Artois in France from
which a constant supply of water was obtained because groundwater spontaneously discharged
from them. It is suspected that the term was then applied to confined aquifers ichcexaral

artesian boreholes had been sunk. The term artesian aquifer is probashpomerand the term
confined aquifer should rather be used.

Artesian Borehole Boreholes that penetrate confined aquifers in which the piezometric surface

is above ground level, so that the boreholes spontaneously discharge water without being pumped.



Assurance of Supply The reliability at which a specific quantity of water can be provided.

Attenuation: The breakdown or dilution of cont ami na

material.

Available Drawdown: Available drawdown in a borehole is the difference between the static
water level or piezometric surface and the main water strike (in fractured aquifers) and the pump

depth (in porous aquifers).

Available Yield: The amount of water that can be expected to be ‘available’ for use during any one
year, at a specific assurance of supply, either from dams, rivers, or groundwater during any one

year.

Bank Storage Bank storage is water absorbed and stored by the soil pores of the bed and banks
of a river, lake or reservoir during higher stage periods and returned, fully or partially to the water
body as the water stage falls.

Baseflow Sustained low flow in a river during dry fair-weatherconditions, but not necessarily

all contributed by groundwater; includes contributions from interflow and groundwater discharge.
Baseflow Index (BFI} The ratio of annual baseflow in a river to the total annuabftin

Basic Human Need (BHN) The least amount of water required to satisfy basic water

requirements; this is currently setat2% per son/ d.

Basic Water Supply. The prescribed minimum standard of water supply services necessary for
the reliable supply of a sufficient quantity and quality of water to households, including informal
households, to support life and personal hygiene.

Blow Yield: The volume of water per unit of time blown from the borehole during drilling.

Borehole Includes a well, excavation, or any other artificially constructed or improved
underground cavity which can be used for the purpose of intercegtifesting,or storing water
in or removing water from an aquifer; observing and collecting data and information on water in

an aquifer; or recharging an aquifer.

Borehole Log A record of the geological and hydrogeological conditions encountered in the

drilling of a borehole and the construction thereof.



Borehole Testing The process whereby a borehole is subjected to pumping under controlled test

conditions in order to determine the performance characteristics of a borehole.
Borehole Yield The volume of water that can be abstracted from a borehole.

Catchment Catchment in relation to watercourse or watercourses or part of a watercourse means
the area from which any rainfall will drain into the watercourses, or part of a watercourse, through

surface flow to a common point or points.

Classification: The classification system prescribed under the National Water Act (1998) provides

guidelines on how to set appropriate levels of protection for water resources.

Conceptual Modet A conceptual model includes designing and constructing equivalent but

simplified conditions for theealworld problem.

Cone of DepressionThe depression of hydraulic head around a pumping borehole caused by the

withdrawal of water.

Confined Aquifer: A formation in which the groundwater is isolated from the atmosphere at the
point of discharge by impermeable geologic formations; confined groundwater is generally subject

to pressure greater than atmospheric.

Confining Layer: A layer of low permeability material overlying an aquifer, which restricts the

vertical movement of water.
Conjunctive Use Combined use of surface water and groundwater.

Contamination: The introduction of any substance into groundwater systems by the action of

man.

Desired Ecological StatusThe future desired status of groundwater within the resource unit as

used in setting the groundwater component of the ecological Reserve.
Detached Stream Seedisconnected stream

Discharge Area That portion of catchment in which the net flow of subsurface water is directed

toward thewater table

Discharge Rate The volume of water per unit of time abstracted from an aquifer system.



Disconnected Stream A stream detached from and not in hydrological contact with the

groundwater system below.
Dissolved solidsMinerals and organic matter dissolved in water.
Drawdown: The distance between the static water level and the surface of the cone of depression.

Dug Well: A shallow large diameter manade pit or hole from which groundwater can be

abstracted.

Dyke: A tabular or shedtke body of igneous rock that cuts through and across the layering of

adjacent rocks.

Ecological category The assigned ecological condition by the Minister to a water resource that
reflects the ecological condition of that water resource in terms of the deviation of its biophysical

components from a predevelopment condition.

Ecologically Sustainable Base Configuration ScenarioThe lowest acceptable level of

protection required for the sustainable use of the entire integrated unit of analysis.

Ecological Water Requirements The quantity and quantity of water of that resource that is

required to maintain the said water resource in its assigned ecological category.
Ecology. The study of the interrelationships between organisms and their environment.

Ecoregions Regions within which there is a relative similarity in the mosaic of ecosystems and

ecosystem componentsidtic andabiotic, aquatic,and terrestrial).

Ecosystem An organic community of plants, animals and bacteria and the physical and chemical

environment they inhabit.

Ecosystem Goods, Services and Attribute§ he goodsservicesand attributes that ecological
systems provide that are critical to the functioning of the earth*suiport system, and which

contribute both directly and indirectly to human welfare, and therefore have economic value.

Effluent Stream: A stream fed directly by groundwater; the surrounding water table or

piezometric surface is above the stream surface; oppositiuaint stream.

Electrical Conductivity (EC): Electrical conductivity is a measure of how well a material

accommodates the transport of electric charge. The more salts dissolved in the water, the higher



the EC value. It is used to estimate the amount of total dissolved salts, or the total amount of

dissolved ions in the water.

Ephemeral Rivers These rivers are generally steawent driven and flow occurs less than 20%
of the time; these rivers have a limited (if any) baseflow component with no groundwater

discharge.

Estuary: A partially or fully enclosed body of water, which is open to the sea permanently or
periodically, and within which the sea water can be diluted, to an extent that is measurable, with
fresh water drained from the land.

Evapotranspiration: The loss of water from a land area through transpiration of plants and

evaporation from the soil and surface water bodies.

Exploitation Potential: The volume of harvest potential that can practically be exploited due to
borehole yield constraints.

Fault: A zone of displacement in rock formations resulting from forces of tension or compression

in the earthodés crust.

Feasibility Study: The detailed analysis of a possible solution(s) described in tHegs®bility
study to a water resource related problem to determine if it is feasible.

Fissures An extensive craclyreak,or fracture in rocks.

Fitness for use Refers to water whose quality meets the requirements for a particular use.
Flow Regime A hydrological profile of a water resource.

Fluvial: Of, or pertaining to, rivers; produced by river action.

Formation: A body of rock identified by lithic characteristics and stratigraphic position.
Fracture: Any break in a rock including cracksjnts, and faults.

Fracture Flow: Water movement that occurs predominantly in fractures and fissures.
Fracture Zone: A zone of fissures, fractures, cracksnts, and faults within rocks.

Fractured Aquifer : An aquifer that owes its watdearing properties to fracturing.

Freshwater. Water that contains less tha®Q0 mg/I salts.



Gaining Stream: Synonymous witleffluent stream
Geohydrology. The study of the propertiesiyculation,and distribution of groundwater.
Groundwater: Water found in the subsurface in the saturated zone below the water table.

Groundwater Allocation: That volume of groundwater that can be allocated for use after

consideration of the Reserve and Resource Quality Objectives.

Groundwater Divide: The boundary between two groundwater basins which is represented by a

high point in the water table or piezometric surface.

Groundwater Monitoring : The regular or routine samplingnalysis,and evaluation of one or

more elements of the groundwater resource for a specific objective(s).

Groundwater Resource All groundwater available for beneficial use, including man, aquatic

ecosystemsand greater environment.

Gross Geographic Product (GGP) Amounts to the total income or payment received by the
production factors land, labour, capital, and entrepreneurshifor their participation in the

production within that area.
Habitat: The environment or place where a plant or animal is most likely to occur naturally.

Hard-rock: Igneousmetamorphicand sedimentary rocks that lack adequate primary interstices

to function as a primary aquifer.

Harvest Potentiat The harvest potential is the maximum amount of groundwater that can be

abstracted per square kilometre per annum in South Africa without depleting the aquifers.
Head: Seehydraulic head.

HeterogeneousOf dissimilar nature. Different in structure or composition throughout.
HomogeneousOf the same or similar nature. Uniform in structure or composition throughout.

Hydraulic Conductivity : Measure of the ease with which water will pass through the earth's
material; defined as the rate of flow through a cEsgion of one square metre under a unit

hydraulic gradient at right angles to the direction of flow (m/d).

Hydraulic Gradient: The rate of change in the total hydraulic head per unit distance ofrflow

eachdirection.



Hydraulic Head: Hydraulic head is the height above a datum plane such as sea level of the column

of water that can be supported by the hydraulic pressure at a given point in a groundwater system.

Hydrogeology. In South Africa the termsgeohydrology and hydrogeology are used
interchangeably. In theory hydrogeology is the study of geology from the perspective of its role
and influence in hydrology, while geohydrology is the study of hydrology from the perspective of

the influence on geology.

Hydrograph: A graph which displays specific hydrological measurements over time, including
water levels and discharges.

Hydrological Cycle: The continuous circulation of water between oceans, the atmosphere and
land. The sun is the energy source that raises water by evapotranspiration from the oceans and land
into the atmosphere, while the forces of gravity influence the movement of bddlcesand

subsurface water.
Hydrological Year: A continuous 1Znonth period from 1 October to 30 September.
Hydrology: The study of the propertiesirculation,and distribution of water.

Hydrophytes: Plants that take their nutrients directly from water, typically found in water or wet
habitats.

Hyporheic Zone The saturated and biologically active zone in the permeable substrate beneath

and adjacent to a riverbed.
Infiltration : The downward movement of water from the atmosphere into the ground.

Influent Stream: An influent stream is positioned above the waadte and discharges into the

underlying groundwater system.
Interacting Stream: See Intermittent Stream.

Integrated Unit of Analysis: A water resource catchment that incorporates a-smooomizone
butis defined by a watershed.

Interflow : The rapid flow of water along essentially unsaturated flow paths, water that infiltrates

the subsurface and moves both vertically and laterally before discharging into other water bodies.



Intergranular Aquifer : A term used in the South African map series referring to aquifers in which

groundwater flows in openings and void space between grains or weathered rock.

Intermittent Stream: Rivers and streams whose interaction with groundwater depends on the
fluctuating position of the wateable, ranging from effluent streams in the wet season to influent

streams in the dry season.
Isotropy: The condition of having properties that are uniform in all directions.

Karst Aquifer : Limestone and dolomite areas that possess a topography peculiar to and dependent

upon underground solution and the diversion of surface waters to underground routes.
Latrine : A pit used for the disposal of human excreta, particularly prevalent in rural areas.

Leachate Any liquid, including any suspended components in the liquid that has percolated

through or drained from humamplaced materials.
Lithology: Lithology refers to the physical characteristics of rock.
Losing Streant See Influent Stream.

Major Aquifer System: Highly permeable formations, usually with a known or probable presence
of significant fracturing. They may be highly productive and able to support large abstractions for
public supply and other purposes. Water quality is generally very good (lesSthen5im).

Mine: A mine can be defined as an excavation in the earth, from which substances such as ores

and minerals are extracted.

Minor Aquifer System: These can be fractured or potentially fractured rocks which do not have
a high primary permeability, or other formations of variable permeability. Aquifer extent may be

limited and water quality variable.
Monitoring Borehole: A borehole used to measure groundwater trends.

Multiphase Flow: Two or more distinct phases of a compound or its breakdown products flowing
through the subsurface at the same time.

Nonaqueous Phase Liquids (NAPLs)Organic compounds that do not dissolve readily in water.

Observation Borehole A borehole used to measure the response of the groundwater system to an

aquifer test.



Paleochannel A paleochannel is an old or ancient channel.

Perched Aquifer. Aquifers that contain perched groundwatee,, bodies of groundwater

separated from an underlying body of groundwater by an unsaturated zone.
Perennial Stream Streams where surface flow persists throughout the year.

Permeability: The ease with which a fluid can pass through a porous medium and is defined as
the volume of fluid discharged from a unit area of an aquifer under unit hydraulic gradient in unit
time (expressed as3m?d or m/d); it is an intrinsic property of the porous medium and is

dependent of the properties of the saturating fluid.

Phreatophytes Plants that habitually obtain water from below the wasdrde or from the

capillary fringe directly above the watable.

Piezometer A nonpumping borehole, generally of small diameter, for measuring the elevation

of a watertable or collecting water samples.

Piezometric Surface An imaginary or hypothetical surface of the piezometric pressure or
hydraulic head throughout all or part of a confined or ssnfined aquifer; analogous to the

watertable of an unconfined aquifer.

Pollution: Pollution means the direct or indirect alteration of the physsbamical,or biological
properties of a water resource so as to make it
a) less fit for any beneficial purpose for which it may reasonably be expected to be use;
b) harmful or potentially harmful
to the welfare, health of safety of human beings;
to any aquatic or neaguatic organisms;
to the resource quality; oto property.

Poor Aquifer System These are formations with negligible permeability that are generally
regarded as not containing groundwater in exploitable quantities. Water quality may also be such
that it renders the aquifer as unusable. However, groundwater flow through such Ithoksgiha
imperceptible, does take place, and needs to be considered when assessing the risk associated with

persistent pollutants.



Porosity: Porosity is the ratio of the volume of void space to the total volume of the rock or earth

material.

Porous Media A geological formation with voids or pore spaces within the porous texture that

can hold water or permit water movement.
Potable Water. Water that is safe and palatable for human use.

Pre-Development Condition The condition of that resource prior to significant alteration to its

biophysical components by human impact.

Pre-feasibility Study: A Prefeasibility study focuses on the additional work that has been
identified in the Reconnaissance study to better define the options available for solving a water

resource problem.

Preferential Flow: The preferential movement of water through more permeable zones in the

subsurface.

Primary Aquifer : An aquifer in which groundwater moves through the original interstices of the

geological formation.

Quaternary Catchment A fourth order catchment in a hierarchal classification system in which

a primary catchment is the major unit.

Recharge The addition of water to the saturated zone, either by the downward percolation of

precipitation or surface water and/or the lateral migration of groundwater from adjacent aquifers.
Recharge Area An area over which recharge occurs.

Reconnaissance StudyA desktop study of options available on a catchment scale to solve a water

resource related problem.

Remediation Reduce the concentrations of contaminants in groundwater to some acceptable

level.
Remote Stream See Disconnected Stream.

Reserve Reserve means the quantity and quality of water required



a) to satisfy basic human needs by securing a basic water supply, as prescribed under the Water
Services Act, 1997 (Act No 108 of 1997), for people who are now or who will, in the
reasonably near future, be

relying upon;

taking water from; or

being supplied from,

the relevant water resource; and

b) to protect aquatic ecosystems in order to secure ecologically sustainable ahevelapd

use the relevant water resource.

Resource A resource is a substance or item available for use. A natural resource is a resource that

man caruse buttannot manufacture or create.

Resource Directed Measures (RDM)A term used but not defined by the National Water Act.
The objective of Resource Directed Measures is to facilitate the proactive protection (for use) of
the countryods water resources, i n |l ine with
(NWA)r ecogni ses the need to develop and use the
the Act also recognises that our water resources should not be used to the detriment of future users.
RDM hence strives to ensure tha¢ tivater resources are afforded a level of protection that will
assure a sustainable level of development for the future. To this end, RDM comprises three main
interrelated components, namely:

1 Classification

1 Reserve

1 Resource Quality Objectives.
Resource Quality The quality of all the aspects of a water resource including

1 the quantity, pattern, timing, water level and assurance of instream flow;

1 the water quality, including the physical, chemical and biological characteristics of the water;

9 the character and condition of the instream and riparian habitat; and

i the characteristics, condition and distribution of the aquatic biota.
Resource Quality Objectives (RQOS)A term used but not defined by the National Water Act.

Resource Quality Objectives are used to put a Classification and Reserve into practice by



specifying conditions that will ensure that the Class iscootpromisedand the Reserve can be
met. Resource quality may relate to critical flows, groundwater levels and quality that must be

maintained.

The objectives are to articulate goals that result from the catchment visowooess bumust be
based on DWAF policy statements and methodologies and aligned with the National Water

Resource Strategy.

Rest Water Level The groundwater level in a borehole not influenced by abstraction or artificial
recharge.

Riparian Habitat: Area of land directly adjacent to a stream or river, influenced by stream

induced or related processes.
River: A physical channel in which runoff will flow from higher to lower ground, and to the sea.

River System A network of rivers ranging from streams to major rivers and, in some cases,
including rivers draining naturally into separate catchments that have been interconnected by man

made transfer schemes.

Rock: Any mass of mineral matter, whether consolidated or not, which forms part of the earth's

crust.

Runoff: All surface and subsurface flow from a catchment, but in practice refers to the flow in a

river, i.e.,excludes groundwater not discharged into a river.

Safe Yield Safe yield is defined as the maximum rate of withdrawal that can be sustained by an
aquifer without causing an unacceptable decline in the hydraulic head or deterioration in water

guality in the aquifer.

Saline Intrusion: The replacement of fresh groundwater by saline water in an aquifer, usually as

a result of groundwater abstraction.

Sanitation: The prescribed minimum standard of services necessary for théggifenic, and
adequate collection, removal, disposal or purification of human excreta, domestisgsvateand

sewage from households, including informal households, to support life and personal hygiene.

Saturated Zone The subsurface zone below theater tablavhere interstices are filled with water
under pressure greater than that of the atmosphere.



Seasonal StreamThese streams are driven by seasonal rainfall patterns and flow occurs between
20% and 80% of the time. These streams have a limited baseflow component with little or no

groundwater discharge.

Secondary Aquifer. An aquifer in which groundwater moves through secondary openings and

interstices, which developed after the rocks were formed.

Semtconfined Aquifer: An aquifer that is partly confined by layers of lower permeability

material through which recharge and discharge may occur.

Significant Water Resource A term used but not defined by the National Water Act. It relates to
the size of the water resource rather than its importance. A resource is deemed to be significant if

it is large enough to warrant its own Reserve determination.
Sill: Sheetlike body of igneous rock which conforms to bedding or other structural planes.

Sinkhole: Sinkholes are subsidence or collapse features that form at points of local instability and

are usually associated with dolomite or karstic landscapes.

Situation AssessmentAn assessment describing the status quo of groundveddded issues

within a study area.

Soiik The wusually thin upper surface | ayer of t
matter, decomposed rock or unconsolidated sedimewdser, and gases with properties

attributable to the interaction of its parent material, time, clinfatea,and flora.

Sole Source Aquifer An aquifer that is needed to supply 50% or more of the domestic water for
a given area, and for which there are no reasonably available alternative water sources should the

aquifer be impacted upon or depleted.

Special Aquifer System An aquifer designated as such by the Minister of Water Affairs, after

due process.

Specific Yield (Sy) The ratio of the volume of water that drains by gravity to that of the total

volume of the saturated porous medium.

Spring: A point where subsurface water emerges at surface, usually as a resulgodpbpzal,

lithological or structural controls.



Storage Coefficient (S) The volume of water an aquifer releases from or takes into storage per

unit surface area of the aquifer per unit change in head.
Stream: A small narrow river; often used interchangeably wikier.

Subsurface Water All water occurring beneath the earth's surface, including soil moisture, that

in the vadose zone and groundwater.

Surface Water. Bodies of watersnow,or ice on or above the surface of the earth (such as lakes,

streams, ponds, wetlands, etc.).

Sustainable DevelopmentUse,developmentand protection of natural resources in a way and at
a rate that allows for sociadconomic,and cultural needs of people and communities to be met

without compromising the ability to meet the needs of future generations.

Transmissivity (T): The rate at which water is transmitted through a unit width of an aquifer under
a unit hydraulic gradient. It is expressed as the product of the average hydraulic conductivity and

thickness of the saturated portion of an aquifer.

Unconfined Aquifer: An aquifer where thevater tableis the upper boundary and with no
confining layer between theater tableand the ground surface. Thater tablas free to fluctuate

up and down.

Unsaturated Zone That part of the geological stratum above Wader tablewhere interstices
and voids contain a combination of air and water, synonymouszaith of aeratioor vadose

zone
Velocity: Two types of groundwater velocities are of interest to geohydrologists:

9 Darcy flux The Darcy flux (or velocity) is the hydraulic conductivity (K) times the gradient
of the water/piezometric leval€., g=Ki).

1 Seepage velocityrhe seepage velocity is defined as the Darcy flux divided by the effective

porosity. This is also referred to as the average linear velocity.

Vulnerability : The vulnerability of groundwater to contaminants generated by human activities

consideringhe inherent geological, hydrological, hydrogeological characteristics of an aquifer.

Water Course A river or spring; a natural channel in which water flows regularly or

intermittently; a wetlandake, or dam into which, or from which, water flows; any collection of



water that the Minister of Water and Environmental Affairs may, by notice itwernment

Gazette declare to be water courséNational Water Act, Act 36 of 1998).

Water Management Area (WMA): An area established as a management unit in the National
Water Resource Strategy within which a Catchment Management Agency will conduct the
protection, use, development, conservatinanagemengnd control of water resources in South

Africa.
Water Resource Includes a water course, surface wagstuaryor aquifer.
Watershed Means a line of separation between water resources.

Water table: The upper surface of the saturated zone of an unconfined aquifer at which pore

pressure is equal to that of the atmosphere.

Wellfield: A group or cluster of boreholes in an area used collectively to supply sufficient

groundwater to a user or users.

Wetland: Land, which is transitionary between terrestrial and aquatic systems, whenatibe
tableis 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.

Xerophytes Plants that have adapted to dry or arid conditions.

Yield: The quantity of water removed from a water resowrag,yield of a borehole.



EXECUTIVE SUMMARY

In 2007, a research study to develop the methods to assess the groundwater component of the
Resource Directed Measures [RDM] was initiated. This study was funded by the DWS,
implemented by the Water Research Commission (WRC) and undertaken by a Prdfessiona
Service Provider (PSP). As methods of this study were applied and tested, gaps were identified,
for example, the issue of scale i.e. regional scale versus local scale. Subsequently in 2011, a new
project was conducted to build on the existing informatextdress the gaps identified in the
methods and include new methods which could be applied to assess groundwater resource directed
measures [GRDM]. The outcomes of the project were a revised methodology as well as updated
GRDM software. This study was cpieted in 2013.

There has been a gradual improvement in methodologies for groundwater modelling and
groundwater protection thereof. With the continuous use of the 2013 GRDM methodology and
software version, some serious issues with the methodology have come up anctigi#pedid
Furthermore, the software presented serious slwonings in application by the users. These
issues include, but not limited to; addressing the issue of quaternary catchments delineation whilst
groundwater is not bounded by them; groundwaterritiion to baseflow (or ecological water
requirementd§ EWR); capability to update data used as new data becomes available; formatting
of the quality component of groundwater Reserve; accommodating groundwetare water
interaction in the assessmerittioe resource; and linking of GRDM to the existing databases of
the DWS where possible. In addition to that, various review exercises by experts in the
groundwater field, in studies commissioned by the WRC, have highlighted issues with the current
GRDM mehodology which need to be addressed in order to protect the groundwater resource
effectively.

All these have necessitated the updating of the current GRDM methodology, which entails the
enhancement of the software for its functionality and that it becomes user friendly. The DWS
officials are the target users for the system when determining groterdwaource classes and

the Reserve, and setting the resource quality objectives [RQOs]. With challenges relating to staff
turnover in the DWS and required training to DWS officials on the use of the GRDM methodology
and software, it was deemed necess$hay a formal training programme be developed as part of
this project and awareness created among the water resource managers among others.

The main aim of the GRDM Project to be concluded in the year 2024 was to improve GRDM
methodology and its associated software to standardize the approach used in all GRDM studies
and to improve knowledge and practical skills necessary for protectionwidyvater resources

in the country. For the main objective of the project to be achieved, the following specific
objectives were established for the project; 1) To update the GRDM methodology for
classification, Reserve determination, and setting of RQOgraundwater resources, 2) To
improve the GRDM software with usérendly features and its functionality, 3) To provide
theoretical training on the GRDM methodology, practical training on field data collection, and
practical demonstration on the applioatof the GRDM software.



The initial phases of the project included identifying knowledge gaps from literature, and having
workshops with users of the methodology and software to gather information about their
experiences with the methodology and software. Workshop attendeeteth@wvide variety of
participants. Students, lecturers, DWS officials from around the country, consultants and other
organizations that depend on the information and data produced by the GRDM method and
software. Seven issues were identified as knowlgdgs during the analyses including aspects of

the methodology and software. The need to incorporate the updated GRDM methodology, the need
to capture recharge values per aquifer delineation, the need to make the software more user
friendly (easy to enterser data as it comes), the need for specifics about the river where the
baseflow comes from, the need to provide a comprehensive analysis of water quality, the need to
show icons for groundwater contribution to baseflow, the need to simplify the 15mtdpsktop
delineation work. Two additional workshops were held for the duration of the project, one to share
progress with attendees and to get input regarding the method development, and the other to
provide training on the methodology, data collectind aoftware.

The updated methodology outlines a few key parameters and the approach used to determine key
values that contribute to the reserve and RQOs, these include recharge, groundwater dependent
population, the contribution of groundwater to baseflow. These p&snare integral to the

figures that are calculated for the reserve of a particular area. Considering the determination of
RQOs for a particular area for water quality parameters, a new method called the CDC method or
concentration duration curve methodswsed. Recharge methods used or prescribed to users of
the methodology include only those methods for the saturated zone, as potential recharge can lead
to overestimation of recharge and hence over estimation of the reserve. These include the Chloride
Mass Balance (CMB), the Rainfall Infiltration Breakthrough (RIB) method, the EARTH model,
The watestable fluctuation (WTF) method and the cumulative rainfall departure method (CRD).
The groundwater use term in the reserve determination previously reldtedttdal population

of an area, this has been narrowed down to reflect only actual groundwater dependent population.
Which is a more accurate value to use to reflect groundwater use in a particular area. Baseflow is
made up of water from various sour¢esce it is not a good measure of the role of groundwater

in reserve determination. Baseflow was previously overestimated in some areas, the use of
baseflow separation to determine the GW contribution to baseflow as a percentage of the total
baseflow washe approach used in the updated methodology. Other significant changes to the
methodology include the first step of the classification process, delineating the unit of analysis.
Previously this was viewed as a quaternary catchment. This is however ngt eddexant when

dealing with groundwater systems. The UAs are decided based on geohydrological, hydrological
and ecological criteria, considering the significance of groundwater. The major adaptation for
RQO determination is that a list of parametersudirig major ions and some compounds with
health related impacts be included. Parameters related to specific land use practices in areas should
also be used. Additionally, the use of water quality guidelines is discouraged especially for the
natural enviroment, as highly mineralized areas are not likely to adhere to water quality
guidelines, but are in a natural state. Hence the concentration duration curves are recommended
where data is available.

The GRDM software was adapted to deal with most of the parameters highlighted by the gap
analysis. A long list of software specific adaptations were recorded from interactions with
workshop attendees and literature. The software was updated bearing therusdr inputs. Beta
testing took place with a postgraduate group of students at NWU. This highlighted a few aspects



of the software that needed some work. This
friendliness. Training of DWS national office officials and some regional officials took place at a
workshop at the University of the Western Cape to addrgsadditional issues with the software.
The training provided included methodological changes, field data collection and software
training. A website housing the software is available, along with training videos and help files to
guide users during thesa of the software.

The methodology and software have been tested and compared for different catchments as part of
testing of reliability of the method and software.

Applying the methodology and software to two catchments showed that the use of groundwater
dependent population, groundwater contribution to baseflow and appropriate recharge methods
greatly improved the reserve values determined. The updated versior gbftvare and
methodology makes use of a double layer model. This enables the consideration of confined and
unconfined portions of aquifers. This allows for two values of reserve to be determined for the
same surface area. This addresses the issue dépeying water available while the unconfined
aquifer has been fully or over allocated.

Shortcomings of the software and method identified related to data accessibility and availability.
Default values are used where up to date data is not available, these normally relate to historical
data such as that used for GRAII.

Recommendations of the work are as follows:

1 To facilitate more accurate aquifer delineation countrywide, updated geological
information is required. E.g. aquifer thickness, structural features, aquifer types.

1 To improve the accuracy of determining the quantity and quality reserve of a particular
area, National databases (e.g. GRAIl used data from 2012) need to be updated as part of a
separate/new project

1 To accurately assign a class, set RQOs and to determine the reserve, monitoring data and
data from other sources need to be made available. GRDM software makes use of national
databases as much as possible.

1 To ensure that proper training of users and potential users of the software takes place
countrywide. This was highlighted during workshops as a need.

f
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1. | NTRODUCTI ON

1.1 Background

Sustainability,equity, and efficiency are identified as central guiding principles in the
protection, use, development, senvation, management, and control of water resources.
Chapter 3 of the National Water Act (Act 36 of 1998) (NWA) focuses on the protection
of Sout h Afr i c a&éssurceyRiteced Measue (RDM) dne three
(classificationof water resourcesjuantification of the Reservegetermination of the
Resource Quality Objectivegneasures usefor the purpose ofwater resources
protection in the countryWhen these measures are diredpecifically to groundwater
resource protection, they are referred tdGasundwater Resource Directed Measures
(GRDM).

To be able to implemerthe NWA for water resources protectiaeguired tools ash
expertisemust be available to facilitate the practise.response to this needhe
Department of Water and Sanitation (DWS}ablishedhe Frameworkrogrammeor
Education and Training in Water (FBWVater). Through the FEIWater, the DWAF
documented methods to undertake the groundwater component of RDM determinations
in Volume 6 of the September 1999 version of RDM for water resource prote3itics.
then,severakesearch projects and Reserve determinatiodieshave beemindertaken.
In the year 2007, a research study to develop methndsa softwardo assess the
groundwater component of the RDM was initiatdédhan Wentzel, Roger Parsomrs\d
Ingrid Dennisformed part of the team that compiled the 2ZBRDM manual with the
GRDM software which had been initially developedrygf Gerrit van Tonder.

The application of the GRDM 200methodology in practise provided insight on the
shortcomings of themethodologywhich required redress and improvem@ihis resulted

in theundertaking o newproject in 201 Wwhichwas conducted to build on the existing
information, address the gaps identified in the methods and include new methods which
could be applied to assess GRDM. The outcomes of the pvdjedt was completed in
2013were a revised methodology as well as updated GRDM software.

Due to the developing nature die field of groundwater resources protection and
management some serioigsues and gaps were noted in the application of the 2013
GRDM methodology and software versidfurthermore, over the last decadetwo,



new knowledge has become available regarding groundwater systemsyhabt have
been accounted for in the 2013 GRDMthodology

The identified challenges related to the application of the 2013 GRDM methodology
necessitatedpdating of the GRDM methodologyd its associated softwares aresult,
financial support was made by tB&VS, andthe Water Research Commission (WRC)
was madeavailable for the improvement of the 2013 GRDM methodology. The
University of the Western cap&\\VC) wasappointed to undertake the project titled

A Gr o un dReaoureer Directed Measures Methodology Updatopftware

Enhancements, and Trainingo

1. T2Zh€ur reRDM Prjo2@z4

The main objective of the GRDM Project to be concluded in the year 202¢ripriove
GRDM methodology and itassociated softwarte standardise the approach used in all
GRDM studiesand to improve knowledge and practical skilecessary foprotection

of groundwater resources in the countfpr the main objective of the project to be
achievedthe following specific objectives were established for the pra]¢dio update
the GRDM methodology foelassification, Reserve determinati@mdsetting of RQOs
for groundwater resources, 2o improve the GRDM softwarevith userfriendly
features and its functionality, 3Jo provide theoretical training on the GRDM
methodology practical training on field data collectioand practical demonstration on
the application of the GRDM softwar€he trainings that are providéy the Research
Team would improve computatidanalysis of data foiprotection of groundwater

resources and for the uptatiethe improved knowledge and practical skills.

1. K3y Focuwst hAer e@RDM Pr oj ect

The current GRDM projediuild on the existing GRDM methodology and the software.
The project focuses only on the aspects that have been identified as needing
improvements.Therefore areas tht needed improvement on the GRDM methodology
had to be identified, and this was ensured by souraifogmation from theTerms of
Reference (ToRfor the projectfrom the DWS, review of relevant literatyrand
conducting wide/ public stakeholder workshop$e identified key focus areas that

required improvementvere grouped intasix (6) key focus areas which aig key



parameters, ijvater resource classification, iii) Reserve determinatiomdtgrmination
of RQOs, v) the GRDM softwargj) GRDM implementation.

1.4 Pur pGbkeQ@wKe ptohret
The closeout report on the updated methodology and software for GRDM serves to

highlight several aspects of the project as outline below but not limited to these aspects

only:

First, the closeout report provided short summary witlan executive summary of the
researchproject from inceptionto completion. Secondly, the report showchsee

creation of new knowledge alongside the competency development via capacity building
of universitystudents. These students were involved in various practical technical tasks
including their Ph.D. and MSc theses tasks. Thirdly, the dissemination and application
of the generated knowledge were carried out via various training sessions and workshops
online and irperson meetings. Fourthly, innovations and new research areas that came
out from the research project were demonstrated and recommendations \dereoma
carry those aspects further the current project. Finally, the progress made and reports and

deliverables were provided detailand as snapsteas well.



2 . | NFORMATI ON GANEEDKWKDABGEIYES

2.1 Literature Review

The gap analyses took on a phased approach, with initial gap analyses being based on
publishedreports and literature and the second phase involving stakeholders, which
included participantdrom academia, consulting, and government. Many of these
stakeholders were either users ofsbh&ware or receivers of the results of the outputs of

the software. When consulting the literatarel stakeholder gap analyses, it was evident
that there was some overlap, and there were defiajpe highlighted thdinked to the

methodology, software, implementatjam both.

Methodological updating was a recommendation from both stakeholder and literature
gap analyses. It is a requirement of the software update. The main aspects that were
highlighted regarding the methodology were aspects that directly impacted the reserve
deermination Parameters that are discussed in the literatahederecharge, baseflow

and groundwater quality. Methods for estimating groundweateharge and their
accuracy and appropriateness for different environmeets highlighted as one of the
critical aspects that requingpdating The issues related to rechargek to how the
recharge is estimated (based on average annual raitfi@l)evel of uncertainty of
determined values, and how one would determine or accourgctuarge in an area that

has experienced prolonged drougintwhere there is more than one aquifer system.
Issues of scale in the methodology were highlighted by both literature references and
stakeholdersThe unit of study used by DWS is quaternary catchments, while aquifer
boundaries do not coincidevith thesesurface water river basins/catchmenthe
methodology and hence the software have difficulty in addressing the issue @stale
groundwater properties or parameters that might differ when considering a shallow,
versus aleeper aquifer system. The difference between local versus regional recharge or
potential versusactual recharge is lost due to the issues of s€abasideration of
groundwateispecificguidelineswas suggested, as developed guidelines mapdsed

on surface water and drinking water/health, while certain groundwater eméanis may

in their natural state not be suitable for drinking, but may not be contaminated per se.

Data availability, data types, measurement frequeaeg distribution were also raised

by stakeholders participating in the workshop and was a point that was considered during



theliterature GAP analysis. There is no certainty that this can be addressed as data sets
used during thenethodology and softwaependon the level of national datasets that

are available, imayrequire a shift in the extent to which data is collected and redefining
what data is collected.

Recharge methods, this wasontentiougssue during the workshophe accepted way

of calculating recharge using annual andrage values and water balance methbais

is challenged by climatic changes and the fact thiafall primarily occurs in a short
period while the calculationssethe entire year. Also depending the environment and

the amount of rainfall, rainfall does not always equal the occurrermeeludrge, hence

the use of threshold values for different types of environments in the software. This
contributes to the value eventually determined as the resgoyesfining the recharge
methodwould refine the determination of the researalthe baseflow contribution to

rivers.

With regards to the software updateyaral issues were raised by stakeholders regarding
the software. Literature gap analysis uneartlieslies with userfriendliness and
functionality relating to baseflow and water quality. Stakeholderg concerned about
different versions of the software being available and the ease of use overisiens
seemed to be preferred, while this was resulting in erroneous figures for the reserve. It
wasconcluded that the latest version of the software compared to eangons was
deemed moreuitable, however, the updates from the methodological updates would
need to be includef@echarge, baseflovand water quality related). The latest version of

the software had limitetlaining, and it can be said that it has not been properly evaluated
by users. Users of the oldeersions of the software were doing so as they wealé

trainedand comfortable with the oldeersions.

Both literature gap analysis and workshop gap analyses revealed that a large and focused
trainingcomponent is required once the software update is completed. Reasons from the
literature and stakeholdersinclude, ensuring capacity within the governmental
departmentsEnsuringproperrollout and acceptance of the softwal® ensuringthat

all users have a goathderstandingand that help is availabl&lsers and potential users

of the software gave a detailed account of what would constituédfestive training

program and continued learniafpoutthe software. It was in line witwhat came from



the literature. Requirement of a user guide sipby-stepoperational manualUsers
specified that quarterly training or refreshers be offered. Another aspect of training
includedthe availability of short video clips of about 2 minutes demonstrating every step
of working with thesoftware. The setting up of a community of practice where users can
share concerns with treoftware was also suggested, as well as regular discussions as

required.

2.2 Stakehol der Engagement

Through sharing knowledge, skills, and experiences as they interact throughout the
activities of the GRDM project, stakeholders [developers, users, and reseahelvers]
been working on addressing prevailing challenges, practicing pretoénmg
techniques, and internalizing protocol set for future references regarding the
technicalities about the GRDM methodology and software. We agreed to design a
training manuato coverthe following themes/topics: 1: Stdyy-step user guide; 2:
Troubleshooting guide with tutoring service; 3: Computational guide with tutoring
service; 4: Quarterly meetings with actual users, potential users, and developers; 5: A
team of Communityof Expert Practitioners with support service to be addressing the
QuestiorandAnswer aspects. The suggested course topics and descriptors are covered
in the training manual in chapter 8 of this report. Details of training materials on GRDM

are available o request.

2.3 Department of Water and Sanitation
The research team has been engaging the DWS staff members from the Department of
Water and Sanitation both at the regional office in Bellville and at the head office in
Pretoria. These engagements were on data collection inclidirgpntext, objectives,

and expected outcomes for the update of the existing GRDM methodology and software
among others. Beinthe final users of the updated methodology and softwsareh
engagements provided a relevant reflective analysis and ensured that the final product
shauld be relevant to dato-day use withirthe Department of Water and Sanitation and

institutions of higher learning.

2. SAoftware Gaps
A gap analysis, whether it pertains to software applications or departmental objectives is
about taking a realistic snapshot of where something is at the current moment and



comparing it against where it should be. The difference, or gap, that resides in the middle
helps you to understand what needs to happen in order to move from one point to the
next. Various workshops where existing users of the GRDM system were engaged wer
held for the purpose of the gap analysis. The feedback from users were used to compile
a list of issues they experience with the existing software generation and this was used to
create an action list for targeting specific functionality that needs addressed. These

are discussebelow.

After consultation with the existing and future users through workshop platforms, the
identified issues and requests were categorised into four classes as sHemor!lin
Reference source not found.

Tableli Classification of identified issues

Category Description

1. Software Enhancement | Enhancement of existing functionality or bug fix requirec
G2.

2. New Functionality New functionality required i.e. new methods or chang
existing methodology required.

3. Out of Scope These requests are considered out of scope of this pr|
but will added to recommendations.

4. Existing Functionality This is functionality that already exists in G2 and us
might not have been aware ofiitrelates to training o
software. Alternatively the issue is already addressed ir]
of the other categories.

Error! Reference source not found.to Error! Reference source not found.provides
a summary of the identified list together with the comments from the software
development team. All category 4 items were illustrated to the project team that they do

in fact exist in the G2.



Table2i Software functionality to enhance

No Software Issue Identified Comments
1 In the current software version, the database requires Microsoft Access Drivers that| Migrating to SqlLite.
coexist with newer Office versions such as 365. Thus, the need to migrate to a new dg
2 In the updated version, the 1interf ace | Greenpersonalitywill be assigned to G3.
Aquiworx blue personality. This is ensuring that users see the change get used to
change.
3 Sometimes the software does not display all the boreholes on the map when imported| Would be helpful to get dataset that does this. A borehole name are not allo
spreadsheet e.g., if you import 8 boreholes only 6 are displayed. have a space in it, maybe it might be such an issue?
Testing will be done with provided data.
4 The software should allow for export of the final map. Image format already supported, will look into PDF format.
5 The software must be stable before release; the PSP shall therefore provide 12 monthy Beta testing will be conducted making use of provided case study. The sam
software maintenance and technical support services, after the completion of the | study will form the basis for training workshops and help material.
software enhancements aspects of the project.

6 Update GRDM GUI making use of FNC Components. Proposed by the developer as G2 made use of DevExmp@asgonents and n
existing license exists. The developer has a FNC license and these compon
web ready as well.

7 The WR2005 data should be replaced by the WR2012 data as this is the most recent| This requires 450 rainfall text files to be processed and 1946 flow files. Mig
worth while writing a program or script to do the processing as it will take qu
bit of time doing it by hand.

8 Update census data. Research team to provide dataset per quaternary for database update.

9 Update of existing use data (WARMS). Research team to provide dataset per quaternary for database update.

10 The total Reserve calculation must besigited. The calculation should be BHN + GWbf| The GWbf <can be obtained from Her

BHN + EWRgw. Currently the equation appears to add BHN + Baseflow. available for each guat, but it can be included so that the user specify this.




Table3i New functionality required

No Software Issue Identified Comments

11 Quaternary catchment delineation which is more related to surface water than grour| Since the G2 already account for custom delineation of groundwater units,
which behaves differently. It is recommended to consider aquifer delineation or | the underlying water balance model requires a new approach. Research {
groundwater resource units. document new methodology for implementation.

12 The need new methods for groundwater contribution to baseflow. Currently software S upp o r-batanceHappranth

Research team to document new methodology for implementation.

13 The inclusion of help files or frequently asked questions or prompts during the procel Video help tutorials will be created and a FAQ Blog/User Group will be establi
give users tips and pointers or advice regarding tabs they have selected.

14 The need to provide a comprehensive analysis of water quality. Research team to document new methodology for implementation.

15 Revisit the formats of various outputs of the software in order to align them with the fg Research team to document new methodology for implementation.
used by the DWS team to report on groundwater Reserve, e.g., Reserve template Tabl
and their Legends to follow the DWS specifications.

16 Default Chem values using Vegter Maps Research team to provide dataset per quaternary for implementation.




Tabledi Out of scope requests

No

Software Issue Identified

Comments

17

The need to add an overlaying quaternary map on the map of aquifer types.

The system GIS already makes provision for this and the user can impg
groundwater occurrence map. No aquifer map exists for South Africa and i
not fall within the scope of this project to create such a map.

18

Explore the possibility of linking GRDM to the existing and relevant DWS databases &
will ensure use of wo-date data as it is updated in a given database.

Various databases exist that provide valuable information to the GRDM,
include, WR2012, GRAII, NGA, GRIP, WARMS, DWS Hydrological Services
DWS Resource Quality Services. None of them provide a public interface th
which programmatic queriesould be directed to obtain the data. An inte
solution to have programmatic queries be executed on some of these datal
web scraping, but it should be noted that if any format change takes place
targeted platform, the web scarping will faihd will have to be adapted. TH
optimal solution is that each database provide an API to access the required
the internet.

19

The software should be continuously updateable as new data and information K
available. For instance, as new Recharge values become available with various 1
studies, so these must be editable to replace the old ones from e.g., GRA L.

This only requires the database to be updated. As the current database is log
will only see the updated values if they download an update of the softwar
online database is a possibility, but falls outside the scope of this project.

20

Quality characterization plots must be expanded and not only limited to Piper and
charts.

This is not considered as part of the scope of the project unless it is exf
required by the updated methodology.




Table5i Functionality already existing

recommended that it uses WR2012, possibly where resource data and information h
enhanced.

No | Software Issue Identified Comments
21 The Quaternary shape file containing the base data needs to be updated as it mainly| The GRAII data has not been updated since the release of the project, so the
the Groundwater Resource Assessment Il (GRAII) data. new data in GRAII. If a newer dataset can be provided, the shapefile can be u
22 Quaternary catchment delineation which is more related to surface water than grour] Already supported in G2.
which behaves differently. It is recommended to consider aquifer delineation or
groundwater resource units.

23 The need to capture recharge values per aquifer delineation. Already supported in G2.

24 The need for specifics about the river where the baseflow comes from. Current values are representative of quat and obtained from WR2012.

25 Automation of the addition of shapefiles. Import function does exist and can be automated. The GRDM cannot dist
DWS product without permission. Users must contact data owners an
permission for use.

26 The need to simplify the current 15 steps process for desktop study for delineation. Current delineation process is not 15 steps. All GRDM steps work in the cont
the object tree and therefore steps cannot be reduced.

27 Estimation of groundwater contribution to baseflow. Currently, it seems only the basei See point 12.

considered.

28 The software does not indicate the river from which the baseflow was estimated { See point 7.

geographical location. It further does not show the name and location of the flow statiq

29 The software needs to enable the user to add a hydrological station and upload its d| Already supported in G2.

that this can be included in baseflow separation.

30 Recharge values need to be presented as volumes instead of percentages. Already supported in G2.

31 It is not readily clear how the issue of groundwaterface water interaction is handled in { See point 12.

software. This needs to be elucidated.
32 Groundwater quality component methodology needs to {zenmeeptualised. This involvg Please provide methodology to implement.
coming up with the appropriate way of assessing and presenting quality consider{ See Point 14.
difficulty of presenting it at a catchment scale. For instance, if there areotwhdies in ong
catchment, and one has good quality water whilst the other has bad quality water, the
class for the catchment would follow that of bad quality, which might not be applicable
user who is located in the vicinity of a good gtyalvater borehole.
33 There is a scaling up of the groundwater quality Reserve by 10% provided it is not mo| See point 14.
the basic human needs quality Reserve but there is no scientific basis or a definition f
allowance. Additionally, there is setting of the 5th and 95th péites that are used for th
groundwater quality, however, it is not defined as to when these percentiles are applig
34 Layers are not readily available or are hidden, and shapefiles have to be uploaded mg See point 25.
35 The software uses WR90 for estimation of baseflow using the Herold method. See point 7.




36

A toolbox approach should be followed where a software user is able to interrogate the
parameters for a given area, and not use a rigid algorithm.

The toolbox approach is already supported in G2, not sure what is meant w
comment on fila rigid algorithmo as
algorithms.

37 If the output result does not make sense, the user should be able to work through it af Is this a software or user issue?
up with a scientifically acceptable result. This comment is disregarded.
38 The software must be usirendly, and it must be able to give a model report in a

determined template format.

Please specify which parts are not efsiendly and how this can be improved.
See Point 15.




3. GRDM METHODOLOGY UPDATES

3. Key Parameters for GRDM Studies

In Chapter 2, a gap analysis has been provided highlighting parameters that required updating in
terms of practical measurements for Reserve and RQOs determination. In this section, a
demonstration is provided on how to execute such parameters in ditigrefer settings.

3. Rektharge parameter
Groundwater recharge can be determined by an array of methods, depending on the

hydrogeological settings. Local or regional or actual or potential recharge mechanisms need to be
considered when estimating groundwater recharge. Such mechanisms guidectiensef the
methods to be used and guide interpretations of results obtained from estimatedris. 6
provides the available methods for estimating groundwater recharge. Estimated values from
groundwater rechargassessmentseed to berelevant to informaction about groundwater

resources.e.,groundwater planning, allocation, monitoring, and protection among others.

Table6. Methods for estimating local, regional, potential, and actual groundwater recharge

Zone Approach Method Limitation
Baseflow Emphermal rivers
Surface water | Physical CWB Inaccurate flow measurements
WB Emphermal rivers
Lysimeter Surface runoff
UFM Poor known relationshipbetween hydraulic conductivit
Unsaturated | Physical moisture
ZFP Subsurface heterogeneity; periods of high infiltration
CMB Long term atmospherideposition unknown
Historical Poorly known porosity; presefii levels almos
Tracer undetectable
CRD Deep (multilayer) aquifer; sensitive to specific yield (Sy
Saturated - EARTH Poorly known Sy
Unsaturated | Physical WTF inflow/outflow and Sy usually unknown
Tracer CMB Long-term atmospheric deposition unknown
GM Time-consuming; poorly  known transmissivi
sensitive to boundary conditions
Saturated SVF Flow-through region; multlayered aquifers
Physical EV-SF Confined aquifer




GD 14C, ®HPHe, CFC: poorly known porosity / correction f

Tracer dead carbon contribution

HS: Hydrograph SeparatidgnBaseflow CWB: Channel Water Budget

EARTH: Extended model for Aquifer Recharge and MoistW&F: Water Table Fluctuation Transport throu
Unsaturated Hardrock

WM: Watershed Modelling CMB: Chloride Mass Balance
UFM: Unsaturated Flow Modelling ZFP: Zero Flux Plane

SVF: Saturated Volume Fluctuation GM: Groundwater modelling
EV-SF: Equal Volume Spring Flow GD: Groundwater Dating

CRD: Cumulative Rainfall Departure

Equationsfor calculating various parameters

1. The watertable fluctuation (WTF) method provides an estimate of groundwater recharge by
analysis of wateltevel fluctuations in observation wells. The watiale fluctuation (WTF)
method provides an estimate of groundwater recharge by analysis ofievateituctuations in
observation wells. ie method assumes that a rise in wedbte elevation measured in shallow

wells is caused by the addition of recharge across the water table.
Recharge by the WTF method is estimated as:
Yo Y®O000 Q)

Where,R () (cm) is recharge occurring between timesand {, Syis specific yield
(dimensionless), andH (1) is the peak water level rise attributed to the recharge period (cm).

2. Chloride Mass Balance method (CMB):Chloride is regarded as a suitable environmental
tracer since it is highly soluble, conservative, and not substantially absorbed by vegetation. The
chloride mass$alance method is convenient and inexpensive because of its simple data
requirements. The CMiEhethod hinges on the principle that a portion of the chloride in rainfall
and from dryatmospheric depositianfiltrates the zone of saturation. The assumptions necessary

for successful application of the chloride massance method are:


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/atmospheric-deposition

i.  The absence of additional chloride sources such as dissolution of minerals, use of road
salts and any potential source of pollution like wastewater.

ii.  Chloride is of a conservative nature in the system meaning that the ion neither leaches
from, nor is absorbed by, aquifer sediments and does not participate in any particular
chemical reaction.

iii.  The depth of the groundwater table should be deep enough to prevent groundwater
evaporation.

iv. Surface runoff should be minimal.

Chloride Mass Balance metho@alculation

Y 02

(2)

Cl:

Where,Ris recharge (mml/yearfpis rainfall (mm/year),~Fis weighted average chloride

o . Cit,.. . _ o
concentration in rainfall (mg/L); ar._. #¥is average chloride concentration in groundwater
(mgl/L).

3. The RIB model simulates groundwater level|sand it accounts for the manner in which
recharge occurs. The RIB model uses the relationship between water level fluctuation and the
departure of rainfall fronthe mean rainfall of a preceding time. The water level fluctuations from

the monitoring borehole should be representative of the study area; the term groundwater
abstraction (Qp), flow (Qout) and volume changes (Qoth) could be ignored if the impact of
pumpingand/or outflow on WTF is not evident; the sffie yield should be representative of the
aquifer system; it is usually applicable where transmissivity is relatively small, and where the water
level responds clearly to rainfall and where suitable time series of rainfall and groundwater level

are avaihble.

Rainfall infiltration breakthrough (RIB)

YCd, iB 0m™¢ —B 0B 0O 3)

(i=2, 2, 3¢él) (n=i, 111, 112 e€N) (m=i, i1l
Where: RIB() is the cumulative recharge from rainfall event of m to n; | is the total length of

rainfall series, while parameters m and n, introduced as memory markers, represent the start and



end of a time series length, during which period rainfall events contribute to the breakthrough
RIB(i); r is a fraction of cumulative rainfall departure; Pi is the rainfall amount at ith time scale
(daily, monthly or annually); Pav is the mean precipitatad the whole time series; Pt is a
threshold value representing the boundary conditions (Pt ranges from O to Pav).

4. Cumulative rainfall departure (CRD) method: CRD is a method that uses the relationship
between groundwater levels and the rainfall pattern to estimate recharge. The cumulative rainfall
departure (CRD) method depends on the water balance principle. It is assumed that CRD is the
driving force behind anonthly water level change if the other stresses are relatively constant. The
groundwater level will rise if the cumulative departure is positive, and it will decline if the

cumulative departure is negative.
Cumulative Rainfall Departure (CRD) method
6c B Y ¢ —B Y B Y (4)
T plgiot8 O
Where, R a threshold value representing aquifer boundary conditions, is determined during the

simulation process. It may range from 0 to Rav with 0 indicating an aquifer being closed and Rav
implying that the aquifer system is open, perhaps being regulatedithy Spw.

5. EARTH (Extended model for Aquifer Recharge and soil moisture Transport through the
unsaturated Hardrock) is a lumped parametric model that simulates water levels by coupling
climatic data, soil moisture and groundwater levels to estimate groundwdiargec

The general equation for estimating recharge with the EARTH model can be written as follows:
— Y — (5)

Where R is recharge fmonth), S is specific yield and dh/dt is change in water level head during
the month, DR is the drainage resistance (site specific parameter), h is the groundwater level.

6. Saturated Volume Fluctuation (SVF) method is a lumped parametric method that considers the
change in storage against recharge and abstraction. Water levels from observation boreholes are

combined to establish the saturated volume status for the emiifera



Saturated Volume Fluctuation (SVF) method
Y 0 0 Yoo (6)

Where R is Recharge @month), | = inflow intothe aquifer (n¥month), O = outflow from
aquifer (m3/month), Q denotes withdrawal frane aquifer (n¥/month), S is Specific yield

and @V change i n¥medh).ur ated volume (m

3. Grdunddweapenrdent papiud ahuman foeeds
The Water Services Act (Act No. 108 of 1997) currently sets the basic human needs (BHN)

threshold at 25 I/p/d. By multiplying the population of a resource unit by 25 I/d, it is simple to get
the BHN component of the Reserve. This volume needs to be iedrigaghe proportion of people
who rely on groundwater for their water supply in order to be accurate. This correction is rarely

required, though, as the BHN component is typically quite minor (in comparison to recharge).
There must be a clear citation for the population numbers utilized in this calculation.

Those who currently depend on a water resource or who will in the reasonably near future are
referred to as being in the Reserve. Although there is no explanation of what is meant by "the
reasonably near future,” it is presumed that this refers to arime fof about five years. The most
recent census data will do for estimating this component of the Reserve because they are rarely
updated more regularly than this and because the basic human needs component is typically

extremely minimal.
Methods for calculating groundwater-dependent population

Basic Human Needs (BHN) (25 I/p/d is accounted for in determining the Reserve; this volume is
the minimum and may be gradually increased as necessary, this methayéssamplification

The assumption that everyone uses groundwater leads tovérallocation of the resource.
Alternatively, a more accurate method is usinggr@indwaterdependenpopulation. The data

for this method is acquired from the NGA, WARMSd Stats SA. For thithe abstraction data

from the WARMS database can used to deteentihe allocation of water per GRU. The Stats SA
data can be used to retrieve the number of individuals depending on groundwater per quaternary
catchmentTo get this information, one needs to be part of the water user association or forum

where groundwater user meeting quarterly on groundwater use related discussions.



3. 1Gr3oundwater contribution to basefl ow
Baseflow is made up of water from various sources hence it is not a good measure of the role of

groundwater in reserve determination. There is a need to calculate the amount of groundwater
only in the calculation of groundwater reservieasures focused on groundwater must consider

the quantification of groundwater outflow mechanisms. Measuring the contribution of
groundwater to surface water requires accurate methodology. There are various methods for

calculating the contribution of gradwater to surfaceater. These consist of:
1 Direct seepage measurements using seepage meters
1 Hydraulic tests using mini piezometers
1 Chemical analysis
1 Trace tests
1 Hydrograph separation
Equations and parameters
Digital filters
The Nathan and McMahon (1991) filter is given by;
O O TO O p —8ULO LO p (7)
bee e b ®

whereQs(t) = surface runoff at timg Qu(t) = baseflowQ(t)= total flow, b = parametert = time

interval which is daily interval.

The Eckhardt (2005) digital filter is given by;

~ ~

0 o 0o (9)

whereBFImax= maximum value of the base flow index, dhig the recession constant.

The Lynne & Hollick (1979) algorithm is given by;

gf (i)-D)=(@0Diqfi-101) ) (1+ 0U)/2 (10)



Chapman (1991) algorithm is given by;
qf () =——af (i-1) +—(q () TU g1 i (11)

In both equations q (i) refers to the original streamflow for the ith sampling instant, gf (i) is the
filtered quick flow for the ith sampling instant, g1 is the original stream flow for the previous

sampling instant to i, gf) is the fileredqu k f | ow f or the previous sa
is the filter parameter. According to Welderufael & Woyessa, (2009), the most appropriate alpha

and beta parameters to be used in the filtering algorithm were 0.925 and 0.5.

Given that separation algorithms only provided the component of river flow derived directly from
direct runoff (rainfall), calculating the difference between the filtered river flow and the total
recorded river flow using the proposed filter parameter2).9vas required to calculate the
baseflow contribution. The fraction of total flow obtained from the baseflow (BFI) was calculated
after determining the baseflow component. The baseflow and baseflow index were calculated

using the following equations ugrthe filtered quick flow value gf ¢l)

Baseflow: gb (i) = g (i) gf (i) (12)
Baseflow index (BFI %) = gb (i)/ gf (i) (13)
Mass balance equation using EC

The baseflow separation method assumes that baseflow equates to groundwater contribution,
which is not always the case. In conjunction with this method, a mass balance method using EC
concentrations by Yang et al. (2014) was used to estimate groundwatdsutmn to baseflow.

The used EC concentrations in groundwater and surface water were measured in the field using

the multiparameter probe (YSI). The mass balance equation is as follows.
Ql=QinP @8 MWMO1 B QinN=Q1L61 D WO & N (14)
Qg1 =Q1I Qin (15)

Where the Qg1 and Q1 are the groundwater discharge in the first segment and the discharge at the
end of the first segment in*rs; Qin is the inflow from the upstream irf/s) Cg and C1 are the
tracer values of the groundwater discharge and total discharge at the end of the first segment in

€S/ cm



3. Probability Concentration for RQOs
Methods

The quality component of the reserve can be determined using two methods i.e., concentration
duration curves and baseline analysis or background condition. The CDC method is used to
establish the percentage of time a concentration level of a particuéarguality parameter is met

and sustained in a particular area. The curves are generated using the recorded historic groundwater
quality data, which is ranked in an ascending order for the totalvafues in Microsoft Excel.
However, ranking recorded hisic data generated CDCs for pH in a descending order for the total

of n values for lower limits, and in an ascending order for the totalwalues for upper limits.

The concentration value for each of the water quality parameters was given a rank (M) starting
with 1 for the lowest value of concentration. Exception for pH, where value was given a rank (M)
starting with 1 for the lowest valuerfapper limits and starting with 1 for the highest value for
lower limits. The CDC is plotted with calculat®dvalues on the-axis (% equaled or exceeded)

and corresponding concentrativalues on th&-axis (mg '), and mSmt' in case of electrical
conductivity.

Equations

The equal or exceedance probability for each concentration of water quality parameter considered

was determined using the formula:

0 — PpPTT (16)

whereP = the probability that a concentration will legualledor exceeded (% of time); M =
assigned a rank numbers the total number of data set recorded on each water quality parameter
for a period of record.

Parameters

The water quality parameter for the CDC method is dependent an ghe abjécsive but these
are some of the common parameters used (Ca, Mg, Na, NO3, Cl, SO4, F, EC)



3.2 Groundwater Resource Classification

Step 1: Delineate the units of assessment (UA) and describe the status quo of the water

resource(s)
The key outcome of this step is a map demarcating UAs, each of which is to be classified, a Reserve

assessment undertaken and Resource Quality Objectives (RQOB) s®ist instances, it is
assumed that the UA is the quaternary catchinboivever, this might not always be the case.

The UAs are decided based on geohydrological, hydrological and ecological criteria, considering
the significance of groundwater. Other aspects such as physical and management criteria must
also be considereétigure 1 demonstrates the delineation of units of assessment.

Delineate the Units of Analysis and describe the
status quo of the water resources

Significant Water

Resources
| Infrastructure

Units of Analysis

Land-use (combined component)

Population characteristics
GGP

Water Use

Figure 1: Delineation of UAs

The catchment should be described in as much detail as possible with appropriate maps included to assist the
specialists in collecting data (relevant to the catchment anetlieir specialist fields and to identify the main areas of
impact in the catchment. This would then also assist the GIS specialist in determining the UAs.

Units of assessment can be delineated using aquifer extent maps which are overlayed with quaternary or quinary
catchment boundary maps. This enables more accurate estimation of recharge figures per unit of assessment. Unit of
assessment should be based tba delineated aquifer or aquifer scale. Recharge, Abstraction, groundwater

dependence, RQOs should be monitored on aquifer scale rather than quaternary scale.




Step 2: Link socieeconomic and ecological value and condition of the water resource(s)

The project team can then select areas for more detailed studies. Groundwater nodes need to be
established with the objective of predicting probable surface Wwagmoundwater areas of
interaction, specifically, of groundwater supplying water to rivgeengs, wetlands and other
terrestrial ecosystems. To this end, a migtied approach to establishing the location and number

of nodes in a target catchment is recommended. The nodes may capture the following:

w Lithological boundaries at aquifers and aquitards.
w Groundwater contribution to base flow.

w Groundwater contribution to wetlands.

w Geological faults.

w Groundwater levels.

w Springs.

Stakeholders should be the primary drivers of the GRDM process, and they should be included in
the assessments to ensure all their concerns and issues are addressedcoSaTi® issues
must be considered. These include factors such asukdpopulation statistics and gross

geographical product (GGP).




Step 3: Quantify the ecological water requirements and changes iwaten quality
ecosystems goods, services and attributes

This step is where the ecological requirements, basic human needs etc. are caloypatat.
calculations include:

1 Recharge estimation

1 Groundwater surface water interaction
1 Groundwater use

1 Groundwater quality estimations

1 Aquifer vulnerability

1 Groundwater dependent ecosystems

1 Ecological Water requirements for maintenance Low Flows (EWRMLF)

Step 4:Assess system and set baseline class (or configuration)
The concept of a baseline configuration in groundwater is not easy to quantify. However, the
objective of Step 3 of the classification procedure is to set the water quantity (use) and quality base

configuration in terms of lonterm sustainability.

Indexes or indicators are selected to describe the baseline class and are used in scenarios to describe
change. They should cover the main physical and chemical aspects of the system, including issues

raised by stakeholders. Potential indicators areestgd in this section.

Defining the point at which a resource is no longer being used in a sustainable manner is generally
very difficult. The level of sustainability probably fluctuates through time and impacts from over
use could manifest themselves sometime after the im@ectawsed. The change from sustainable

use to ovewuse is gradational, and not necessarily marked by some distinct change. Indicators of

guantitative unsustainable groundwater use include:
w Land subsidence or sinkhole formation.

w Longterm declining water levels on a regional level.



w Longterm declining water quality levels.

Step 5: Scenario development within the IWRM process

The objective of Step 5 of the classification procedure is to evaluate scenarios within the IWRM
process so that a subset of catchment configuration scenarios can be put forward for stakeholder
evaluation in Step 5. The current Classification (status qdonaanagement) of the Resource
should be presented to stakeholders and they must be informed of the implications thereof.
Different management scenarios can include changes in land use and climate change impacts. It is

for them to decide, taking the soaald economic considerations into account, whether they would

like to change the Management Class.

Important note With regard to groundwater quality management, the NWA states that
classification system for water resoureeayestablish procedures which are designed to satisfy
water quality requirementsof water users as far as is reasonably possisithout significantly
altering thenatural water quality characteristics of the resourc&he NWA classification syste
does not explicitly refer tgroundwater.The water quality includes, in this regard, all aspects «
water resource, i.e. beyd quantitative and ecological aspects, also Wetter quality, including
the physical, chemical and biological characteristmfsthe water.

Step 6: Assess scenarios with stakeholders
This phase will normally be part of the bigger assessment where groundwater has been integrated

into the other components of the Reserve. The procedure as spelt out beCal@006) should

be followed.

Step 7: Gazette class configuration
This phase will normally be part of the bigger assessment where groundwater has been integrated

into the other components. The procedure as spelt out by Dollar et al. (2006) should be followed.



3. RBeserve Determinati on

3. Pubntity Component
The reserve, according to the National Water Act (NWA 36 of 1998), is an unallocated part of

water that is not in competition with other users. It refers to the quantity and quality of water
necessary to meet basic human needs by securing a basic wptgrasurgquired by the Water
Services Act (Act 108 of 1997), for people who currently rely on, take from, or are supplied by
the relevant water resources or who will do so in the near future. It also refers to the need to protect
aguatic ecosystems in orde ensure the development and use of the relevant water resources in

an ecologically sustainable manner (known as the ecological reserve).

The ecological reserve must be determined using approved procedures. In order for all of the
ecosystems in the water resource to maintain or reach the chosen level of health and, as a result,
be classified as an ecosystem, the methodologies call for fyiramthe flow, habitat, and water

quality requirements of each ecosystem. According to Palmer et al. (2000), the NWA is one of the
most comprehensive and progressive water laws in the world and is supported on two pillars. In
accordance with Local Agendal and the Republic of South Africa's constitution, one of
sustainability and one of equity. The main goal of the NWA is to ensure that the nation's water
resource is protected, used, developed, conserved, managed, and controlled in ways that consider
meeing the basic human needs of the present and future generation, promoting social and
economic development, managing floods and droughts, and complying with international
obligations, among other things. The twin pillars that support the right in law ts¢hef water

for human and environmental needs are the twin pillars (DWAF, 2003a). The reserve must be

measured using recognized techniques.

The minister must establish the reserve in accordance with Section 16 of the NWA following the
classification of the water resources. A sufficient allowance must be provided for each reserve

component when determining the reserve in line with section tt2dWA.

The process of determining groundwater reserve is broken down into eight related parts.
Step 1: Start evaluating the natural water requirements and fundamental human demands.
Step 2: Pick study locations, define resource units, and identifyegoans.

Step 3: Determine each study site's reference condition.



Step 4: Analyse the ecological condition and fundamental human requirements of each chosen

study site.

Step 5: Determine operational possibilities and their effects on theesmmmmmic and ecological
systems.

Step 6: Review the scenarios with the relevant parties.

Step 7: Create a suitable monitoring program.

Step 8: Gazette and put the reserve into effect.

Approach

Reserve quantification is the measurement of the amount of groundwater that can be removed from
a groundwater unit without negatively influencing the groundwater system. The fraction of the
groundwater resource known as the groundwater reserve contributeslogical water needs

while still providing for fundamental human needs. To calculate the groundwater component of

the reserve, the amount of groundwater needed to meet ecological water needs and basic human

needs must be calculated. The following egaial needs for water:

1 groundwater's contribution to river baseflow [groundwater discharges into rivers or flux
measurement in rivers]
1 groundwater's contribution to wetlands [groundwater discharges into wetlands or flow
measurement into wetlands]
T Groundwater 6s contribution t o Ssprings ( gt
groundwateidependent ecosystems (GDES).
Quantifying the contribution of groundwater to surface water is necessary. Due to a number of
considerations, including geographical and seasonal volatility in groundwater allocation to users
without significantly harming the reserve, it is currently difft to determine or quantify the
contribution of groundwater to baseflow. Information about groundwater's contribution to
baseflow is included in Section 1 of this study. Groundwater quantification statistics are available,
according to maps of South Add's aquifer categorization areas produced by the CSIR in 2013.
There are sizable aquifer regions with very productive aquifer systems anduiailifly water.
There are weak aquifer regions with low to negligible yielding aquifers of moderate to poor water
quality, and minor aquifer regions with modergielding aquifers of variable water quality. In



order to access the database and do additional groundwater resource quantifications as well as

evaluate the quality of the groundwater reserve, this categorization is required.

In determining the reserve, recharge methods should consider the type of aquifer system/s in the
delineated unit of assessment, basic human needs (BHN) quantity needs to reflect only the
groundwater dependent population and baseflow should be expressegroasdwater
contribution to baseflow, see calculations in chapter 8.

3. Puality Component
I LILINR2 | OK S &
Groundwater quality can be evaluated spatially and temporally in South Africa, and this evaluation

can be used to gain access to the database that created the maps using the Cape Mapper database
from the department of Agriculture. The CSIR created mage12 and 2013 that displayed the
propensity or possibility for pollution to arrive at locations in the groundwater system following
introduction at a place above the highest aquifer system. The least vulnerable areas, including
moderately vulnerable aredlsat are exposed to some pollutants but only when continually
discharged or leached, were identified, and mapped. These areas are ctayrtonginerable to
conservative contaminants. There is information and a database on the most vulnerable aquifer
regons, which are susceptible to all contaminants apart from those that are strongly absorbed or

easily changed in scenarios with multiple pollutants.

Murry et al. (2012) and DWA (2013) used the database to create a spatial assessment in the form
of a susceptibility matrix map that included both the aquifer's vulnerability and its relative
importance in terms of its classification. The map showed thidatjivee measures of the relative

ease with which a groundwater system can be potentially contaminated by anthropogenic
activities. Dennis et al (2012) from WRC project N0.1763/1/11 evaluated the quality of South
Africa’'s groundwater for a variety of apgations in addition to the susceptibility matrix map. For
instance, sections of groundwater that tasted slightly salty, noticeably salty, markedly salty,
excessively salty, or bitter were evaluated and plotted. In other words, a database on the quality of
groundwater reserves exists and must be accessed for fresh research or new interpretations of the
guality of groundwater reserves. It is crucial to note that the CSIR (2013) generated maps of South
Africa's aquifer systems, classifying them as having geatkr quality, variable water quality,

and moderate to low water quality. For additional evaluations on the quality of groundwater



reserves and related assessments, this categorization serves as the gateway to the database that

generated the initial assessment.

The quality component of the reserve considers guideline values for parameters as a default where
no longterm data is available for a unit of assessment, while summary statistics and concentration
duration curves are used to assess the quality compohém oeserve where long term data is

available.

34Reserve Determination for Groundwater Re:

3. DQubntity Component
The reserve, according to the National Water Act (NWA 36 of 1998), is an unallocated part of

water that is not in competition with other users. It refers to the quantity and quality of water
necessary to meet basic human needs by securing a basic wptgrasurgquired by the Water
Services Act (Act 108 of 1997), for people who currently rely on, take from, or are supplied by
the relevant water resources or who will dosson It also refers to the need to protect aquatic
ecosystemso ensure the developent and use of the relevant water resources in an ecologically

sustainable manner (known as the ecological reserve).

The ecological reserve must be determined using approved procdehrak the ecosystems in

the water resource to maintain or reach the chosen level of health and, as a result, be classified as
an ecosystem, the methodologies call for quantifying the flow, habitat, and water quality
requirements of each ecosystem. Accordingdbmer et al. (2000), the NWA is one of the most
comprehensive and progressive water laws in the world and is supported on two pillars. In
accordance with Local Agenda 21 and thep&blic of South Africa's constitution, one of
sustainability and one of equity. The main goal of the NWA is to ensure that the nation's water
resource is protected, used, developed, conserved, managed, and controlled in ways that consider
meeting the basi human needs of the present and future generation, promoting social and
economic development, managing floods and droughts, and complying with international
obligations, among other things. The twin pillars that support the right in law to the use rof wate

for human and environmental needs are the twin pillars (DWAF, 2003a). The reserve must be

measured using recognized techniques.



The minister must establish the reserve in accordance with Section 16 of the NWA following the
classification of the water resources. A sufficient allowance must be provided for each reserve

component when determining the reserve in line with section &t dWA.

The process of determining groundwater reserve is broken down into eight related parts.
Step 1: Start evaluating the natural water requirements and fundamental human demands.
Step 2: Pick study locations, define resource units, and identifyegoans.

Step 3: Determine each study site's reference condition.

Step 4:Analysethe ecological condition and fundamental human requirements of each chosen
study site.

Step 5: Determine operational possibilities and their effects on theesmmmmic and ecological

systems.
Step 6: Review the scenarios with the relevant parties.
Step 7: Create a suitable monitoring program.
Step 8: Gazette and put the reserve into effect.
Approach
Reserve quantification is the measurement of the amount of groundwater that can be removed from
a groundwater unit without negatively influencing the groundwater system. The fraction of the
groundwater resource known as the groundwater reserve contribugeslogical water needs
while still providing for fundamental human needs. To calculate the groundwater component of
the reserve, the amount of groundwater needed to meet ecological water needs and basic human
needs must be calculated. The following egatal needs for water:
1 groundwater's contribution to river baseflow [groundwater discharges into rivers or flux
measurement in rivers]
1 groundwater's contribution to wetlands [groundwater discharges into wetlands or flow
measurement into wetlands]

T Groundwater 6s contribution t o springs ( g

groundwaterdependent ecosystems (GDES).



Quantifying the contribution of groundwater to surface water is necessary. Due to a number of
considerations, including geographical and seasonal volatility in groundwater allocation to users
without significantly harming the reserve, it is currently difft to determine or quantify the
contribution of groundwater to baseflow. Information about groundwater's contribution to
baseflow is included in Section 1 of this study. Groundwater quantification statistics are available,
according to maps of South Ada's aquifer categorization areas produced by the CSIR in 2013.
There are sizable aquifer regions with very productive aquifer systems anduiailgly water.

There are weak aquifer regions with low to negligible yielding aquifers of moderate to poor water
guality, and minor aquifer regions with modergitelding aquifers of variable water quality. In

order to access the database and do additional groundwater resource quantifications as well as

evaluate the quality of the groundwater reserve, this categjonzs required.

In determining the reserve, recharge methods should consider the type of aquifer system/s in the
delineated unit of assessment, basic human needs (BHN) quantity needs to reflect only the
groundwaterdependent population and baseflow should be expressed as groundwater
contribution to baseflow, see calculations in cha@er

3. Duality Component

Groundwater quality can be evaluated spatially and temporally in South Africa, and this evaluation
can be used to gain access to the database that created the maps using the Cape Mapper database
from the department of Agriculture. The CSIR created mage12 and 2013 that displayed the
propensity or possibility for pollution to arrive lacationsin the groundwater system following
introduction at a place above the highest aquifer system. The least vulnerable areas, including
moderately vulnerable aredlat are exposed to some pollutants but only when continually
discharged or leached, were identified, and mapped. These areas are ctayrtonglinerable to
conservative contaminants. There is information and a database on the most vulnerable aquifer
regons, which are susceptible to all contaminapart fromthose that are strongly absorbed or

easily changed in scenarios with multiple pollutants.

Murry et al. (2012) and DWA (2013) used the database to create a spatial assessment in the form
of a susceptibility matrix map that included both the aquifer's vulnerability and its relative
importance in terms of its classification. The map showed thédajivee measures of the relative

ease with which a groundwater system can be potentially contaminated by anthropogenic



activities. Dennis et al (2012) from WRC project N0.1763/1/11 evaluated the quality of South
Africa's groundwater for a variety of applications in addition to the susceptibility matrix map. For
instance, sections of groundwater that tasted slightly sadiyiceably salty, markedly salty,
excessively salty, or bitter were evaluated and plotted. In other words, a database on the quality of
groundwater reserves exists and must be accessed for fresh research or new interpretations of the
guality of groundwatereserves. It is crucial to note that the CSIR (2013) generated maps of South
Africa's aquifer systems, classifying them as having good water quality, variable water quality,

and moderate to low water quality. For additional evaluations on the qualityoohdyvater

reserves and related assessments, this categorization serves as the gateway to the database that

generated the initial assessment.

The quality component of the reserve considers guideline values for parameters as a default where
no longterm data is available for a unit of assessment, while summary statistics and concentration
duration curves are used to assess the quality compohéme ceserve whereng-termdata is

available.

35Determinati orotin®e®setioces
The interplay of groundwater with different water bodies and systems creates the requirement for

groundwater resource quality targets linked to water quantity. According to Dennis (2007) and
Wentzel, RQOs have established criteria for groundwater intenactvith rivers, wetlands,
estuaries, springs, protected areas, strategic use areas, and international duties. Rivers may be
riparian vegetated or nourished by groundwater. Rivers, whether they are perennial or not and have
pools, are frequently nourisheldy groundwater, thus they must be safeguarded. This is
accomplished by computing the volume of groundwater entering the river (i.e., groundwater
contribution to baseflow). The needed flow regime can be maintained by maintaining the RQO as
a groundwater lesl or gradient for a predetermined distance from the river. The method used to
determinewhetherthese rivers or pools are fuelled by groundwater is not further described.
However, a flow diagram was created to consider the setting of RQOs for rivers thari2013
upgrade to the technique and software. There are three important things to think about. They
consist of the following: Is riparian vegetation present? The river is seasonal or not. Are there

pools, too? RQOs can be set in accordance with DandisVentzel's specifications based on the



answers to these questions. According to Vivier et al. (2009), the GRDM method is used with a
precautionary approach; if a specific water body is not explicitly known to be fed by groundwater,

it is believed to be such and is included in the reserve. &itailthis, it is necessary to calculate

the amount of groundwater entering the water body in order to determine RQOs for wetlands and
estuaries. The RQO can then be established as a groundwater level or gradient that must be
maintained for a predetermindistance from the wetland or estuary. Here, the wetland or estuary's
dependence on groundwater is the only option for the approach that is considered. This suggests
that prior understanding of the system dynamics is required of the individual using the
methodology. For users of the approach to assess this as a prerequisite to setting RQOs, the current
methodology expands on the requirements to ascertain whether interaction is taking place with

respect to water level data or flow gradients. The quantibicatiowever, is still lacking.

RQOs pertaining to the use of groundwater for essential human needs, strategic purposes, and in
accordance with international responsibilities must also be safeguarded. The software program and
approach only use yes/no decision trees. No RQO settinguise@dn this regard if a place lacks

these necessities for fundamental human needs and others. It is necessary to compute the
recommended abstraction rates in the boreholes or flow over international boundaries and to define
protection zones. The RQO ctiren be specified as a groundwater level or gradient that must be
maintained for a specific distance or as a guarantee of supply (sustainability) of the groundwater

resource.

It is necessary to calculate the quantity of groundwater entering these regions when assigning
RQOs to protected areas like national parks and world heritage sites. The RQO can then be
established as a groundwater level or gradient that must be mairitaingutedetermined distance

away from the protected area. This suggests that for a user of the methodology to make an informed
decision, all relevant data regarding the quantities and aquifer parameters should be available. Over
the past ten years, thember of sinkholes and subsidence zones in South Africa has increased
because oivater abstraction from Karst aquifers. As a result, it was decided to establish RQOs for
these aquifer systems. According to Dennis and Wentzel (2007), the RQO in karst aquifers is
defined as a groundwater level variation within a certain range, namsglgyinot fluctuate by

more than 2 m over time. RQO setting is a very sitgegion or areaspecific component of the



GRDM. It emphasizes how crucial it is to have solid data that can be trusted, as well as a reasonable
grasp of the hydrogeological and hydrological system that is being assessed. Thus, the data sources
for the new technique are crucial. While WR2005 offtatasets up to 2004, WR90 covers time
periods from 1920 to 1989. For the sake of making management and monitoring choices,
especially when RQOs are considered, more recent data or established databases must be
employed. Baseflow and the contribution obgndwater to baseflow need to be explained to

practitioners, and they need to be measured and interpreted using practical skills.
Mass balance equation using EC

The baseflow separation method assumes that baseflow equates to groundwater contribution,
which is not always the case. In conjunction with this method, a mass balance method using EC
concentrations by Yang et al. (2014) was used to estimate groundwatdudamn to baseflow.

The used EC concentrations in groundwater and surface water were measured in the field using

the multiparameter probe (YSI). The mass balance equation is as follows.
Ql=QinP @8 WMO1 DB Qin=Q161 D WO d N an
Qgl=QL Qin (18)

Where the Qg1 and Q1 are the groundwater discharge in the first segment and the discharge at the
end of the first segment in m3 /s; Qin is the inflow from the upstream in m3/s; Cg and C1 are the
tracer values of the groundwater discharge and total diselsdripe end of the first segment in

e .

Quality Aspect

The South African National Standard for drinking water (SANS 241:2015) and other South
African Water Quality Guidelines (SAWQG) for various water users are available and extensively
used in the county to ensure that their requirements in terms of waligy greamet. Importantly,

when setting RQOs, a balance must be sought between the need to protect and sustain water on
theonehand, and the need to develop and use them on the other. But due to lack of a prescribed
procedure for setting numerical limifisr quality component of groundwater RQOs practitioners

often rely on the water quality guidelines, subsequently using their limits as numerical limits for

groundwater RQOs. Numerical limits prescribed in the water quality guidelines are the same



nationally, and do not reflect on the spatial variability of catchments, they are a requirement for a
specific water use such as domestic, industrial, aquatic ecosystem, and they are not a requirement

for the environment which is the focus for resourcegqmtion.

Although groundwater contamination may result from anthropogenic sources, homagueal
geogenic sources through hydro geochemical
groundwater quality in various aquifers (Lalumbe et al., 2022). Therefore, it is critical that when
RQOs for groundwater quality are set, reference or backdfprevailing conditions within a
particular area under investigation are taken into consideration. RQOs cannot be set at a level more
stringent than background conditiorfsagparticular groundwater resource, otherwise, such RQO
would be impractical to implement. To redress the challenge, a methodology that applies a
technique of Concentration Duration Curves (CDCs) construction for groundwater quality

parameters is presedte

CDC a is a graphical illustration of the percentage of time (duration) a concentration level of a
particular groundwater quality parameter is met and sustained in the study area, and such
illustration uses timeseries data from a catchment, which is aredyisased on temporal variation
(Nzama et al., 2021). CDC for each water quality parameter is generated using the recorded historic
groundwater quality data, and the equal or below or no exceedance probability for each
concentration of water quality parareetonsidered is determined using the formula in E9). (

P=(nl\f1)x100

(19

where P = the probability that a concentration will be equalled or exceeded (% of time); M =
assigned a rank number; n = the total number of data set recorded on each water quality parameter

for a record period of interest.

The CDC is constructed by plotting the calculated P values on-ghx@sX% equalled or exceeded)
and corresponding concentration values on thaxi¢ (mg/L), and mS/m in case of electrical

conductivity.
Two disadvantages associated with the use of this methodology are evident:

1 The method requires extensive data to establish trends which is not always available in

some catchments.

P



1 The method is labour intensive as the CDCs must be determined for each water quality

parameter, but this can be minimized through prioritization of water quality parameters.
Some of the advantages associated with the use of this methodology are as follows:

1 The method relies on the use of data collected from the catchment instead of relying on
limits from the water quality guidelines. This implies that the method considers prevailing
environmental conditions which differ from one catchment to another (spatiability

consideration).

1 It gives stakeholders powers to decide on the level of protection (numerical limits) which
conforms with requirements for RDM processes. Numerical limits are derived from the

data and not extracted from the water quality guidelines.

1 It further enables stakeholders such as local communities, NGOs, private sector to play a
significant role in groundwater resources protection in terms of data provision, thus
improving groundwater governance and decentralized decision making (polycentric

governance).

The outcomes of the graphical illustration of the percentage of time (duration) a concentration
level of a particular groundwater quality parameter, allows for the establishment of numerical
limits which is linked to step 5 of the RQOs determination prodwWhen setting numerical
limits from the constructed CDC, it is critical to note that the lower the concentration level set, the
lower the percentage of time (duration) a concentration level of a particular groundwater quality
parameter is met, and viosersa. The established numerical limits from the CDCs are then
presented to the stakeholders with full explanation of their implications for stakeholders to agree
on the final outcomes (limits), and this activity is linked to step 6 of RQOs determipaticess.

Table 7 presents the water quality parameters considered using the CDC method.



Table7: Water quality parameters and their associated human health impacts as per WRC (1998)

Parameters Consideration as per Implications

pH The parameter is considered as a general indicator of \
quality in domestic water use.

Electrical Conductivity as< The parameter is considered as a general indicator of \
EC quality in domestic water use.

Calcium as Ca The parameter may commonly be present at concentratic
aesthetic or economic concern in domestic water use.

Magnesium as Mg The parameter may commonly be present at concentratic
aesthetic or economic concern in domestic water use.

Sodium as Na The parameter may commonly be present at concentratic
aesthetic or economic concern in domestic water use.

Chloride as ClI The parameter is commonly present at a concentration v
may lead to health problems in domestic water use.

Sulphate as SO4 The parameter is commonly present at a concentration v
may lead to health problems in domestic water use

Nitrate as NOxN The parameter is commonly present at a concentration v
may lead to health problems in domestic water use.

Fluoride as F The parameter is commonly present at a concentration v
may lead to health problems in domestic water use

When groundwater is mainly used for drinking purposes in the study area, it is important to take
note of the individual water quality parameter impacts on human health @)adeprovided in

the South African water quality guideline (WRC,1998). The guideline considers electrical
conductivity and pH as general indicators of water quality for domestic water use. Therefore, these
parameters are deemed to require less stringemditamns for compliance, and thus can be
assignedess stringent target levef management corresponding to a 95% compliance over a
period of interest. Calcium, magnesium, and sodium may commonly be present at concentrations
of aesthetic or economic comoan domestic water use. Thus, these parameters can be assigned
stringent target levelsf management corresponding to at least 85% compliance over a period of
interest. Furthermore, the guidelines consider chloride, sulphate, nitrate, and fluoride as parameters

that are commonly present at concentrations that may lead to health probbtonsestic water



use. Therefore, these water quality parameters can be ashighed stringent target levelsf
management requiring at least 75% compliance over a period of interest. In cases where dominant
groundwater use is for industrial or agriculture, stakeholders can decide and agree on the numerical
limit taking into consideration the need to supporiadtural and industrial activities for soeio

economic sustainability.



4 . PILOTI NG OF THE UPDATED GRDM ME

4 . Slel ection of Case Study Catchments

The purpose of this project is in threefold; first to update the current GRDM methodology to enable
operation of groundwater resource classification in line with the overall water resource
classification processes; groundwater reserve determination; tind ¢ groundwater resource
guality objectives (RQOs); secondly, to update the current GRDM software with the aim of making
the software more usérendly, in terms of improve functionality and simplicity and thirdly, to
provide training to institutionsf higher learning and community of practitioners [users] such as
officers from the department of water and sanitation among othewaslinderstood that this
project demonstrate the collecting, analysis and computation of relevant parameters for
determining resource quality objectives or reserve for the water resources. Existingedata
sourced for various analyses and primary daeeused for validatiomf the results.

This section of theeport outlingl a case study area selection criterseveloped for selecting of

sites for testing of the methodology and software. The main aspects of the study area selection that
were highlighted included site representability, data availability, issues of scale, aquifer
delineation, human impacts, andtoirical and current data collection. In summary, the key aspects

that were deemed important for the site selection critecladed.

i The presence of surface water bodies in the form of a river, lake, vlei, or wetland to
evaluate surface water groundwater interactions

1 The scale of the area to include recharge and discharge areas to evaluate recharge
processes, discharge processes, and volumes

1 The presence of monitoring infrastructure, e.g. boreholes, flow gauges, rain gauges, plant
water use equipment and so forth
The availability of historical data as a baseline in terms of setting RQOs
Pristine areas, as well as areas which are either impacted or havséaactivities which
pose a potential threat in terms of impacting water quality

i Rainfall data (long term if available) may link to aspects of changing climatic conditions
in an area, and impact groundwater recharge and surface water flows and, in turn, the

interaction between these resources



1 An existing relationship with stakeholders in the study area includes farmers,
municipalities, and local authorities.

Two case studiewereidentified based on the outlined criteria. These sitaaplied withthe

outlined criteria in most respects. The study sitese described with respect to their locality,

geology, hydrogeology, drainage patterns, groundwater flow and recharge as far as possible.

addition, thestudy siteswere describedn terms of application of the methodology and the

parameters required for the respective steps of classification, reserve and setting .of RQOs

4. 2 Data Qohlel eGltOiAo N Upnpper Berg Catchment)

To delineate groundwater resource units, the geology and borehole layers of the Upper Berg
catchment and the quaternary catchments data were required. These were acquired from the DWS
and Cape Farm Mapper (CFM).review of groundwater recharge values in the upper Berg was
performed, and two results studies in the G10A quaternary catchment were considered, as
indicated in table.

Table8: Recharge values in the upper Berg River catchment

Recharge (% of MAP) Source

22.4% DWA (2007)
24.66% Mutoti, (2015)
28.8% Albhaisi et al. (2013)

To quantify groundwater contribution to baseflow from 2016 to current, streamflow data have
been collected from Berg gauging stations G1H077 and G1HO76. Lynne and Hollick and Chapman
filtering baseflow separation methods were used to quantify groundwateibation to baseflow.

For the mass balance equation, the EC values were measured using a Y:faranigter probe

in the river and groundwater within the catchment. The EMIFF Values and the groundwater

dependent population and general populatiohéstudy area were requested from WARMS.

Data Quality Assurance/Control for Upper Berg River Catchment



After data was generated for the various, it had to be sorted (cleaned). This process included
checking for blanks, removing duplicates, and backing up ddta. multiparameter probe was

calibrated while measuring water quality field parameters.

Prior to data analysis, the accuracy of the hydrochemical analysis of major ions was tested using
the catioranion balance (CAB). Given that all portable waters, in theory, are electrically neutral,
the sum of cations and anions in a sample is expectsdance or equalize. The reliability of the
water quality results was first checked by testing the error margin of major ion analysis. This was

done by conducting a Charge Balance Error (CBE) using the formula:

00 WP T T 1)

An ionic balance error of less than 5% is usually acceptable to be used for scientific investigations
whereas errors from510 % should be used with caution. In this analysis, the error was relaxed
to a maximum of 10% to reduce the risk of discardingnt@my data if a <5% error rule was
applied. Out of the 43 samples collected in the G10A, 12 samples had a CBE greater than 10%

and were eventually not considered in the analysis, thus, 31 samples were adopted.
Data Analysis for Upper Berg Catchment area

The Berg River catchment is the largest in the Western Cape province of South Africa. The Berg
catchment covers a surface area of 9 000 &md is divided into 12 quaternary catchments each

of which has a different size, starting with G10A near the Berg River's source and terminating with
G10M at the Atlantic Ocean as shown in fig@eThe largest of them are the Quaternary
catchments G10L and G10M, situated in the western drier portions of the Berg catchment covering
a surface area of 1750 kiand 2000 krirespectively. G10A and G10B are the smallest quaternary
catchment in this area and occupy 172lamd 125 krirespectively (Ratcliffe, 2007). There are

two aquifer systems in the Upper Berg catchment but even though the area covered by the

catchment is known, the area each system covers is not known.
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Delineating the aquifer specific GRUs necessary for this study begins with the delineation of
aquifer extents, which is based on geological and hydrogeological maps (1:50 000 to 1:250 000),
soil, strategic groundwater resources, aquifer types and yiels Egjured4 to 1Q. The
Malmesbury and Klipheuwel Groups, which are mostly composed of usually argillaceous
greywackes and shales, underlie most of the Berg basin. In the Upper Berg (G10A), the Franshoek
Formation of (Malmesbury Group) overlies the SwadlaSubgroup, and this formation is
composed of feldspathic conglomerate and quartzite, grit, slate, and phyllite. Berg River
Formation, Kliplaat and Mooressburg Formations are structurally and tectonically complex in

relation to other terranes of Malmesp@roup.

The Cape Granite Suite, which is primarily occur as plutons and batholith such as Darling pluton
and Stellenbosch batholith, intruded these basement rocks in the catchment (seel)Figure
Sandstones that make up the TMG were deposited after the Cape Granite Suite intrusion as a result
of extensive uplift and erosion. In particular, the Peninsula and Skurweberg formations, which are
composed of quartzites that are resistant to erosion,tfte area's escarpments (Table Mountain,

the Hottentot Mountains, ejc Deep fractured rock aquifers are formed by these formations
(specifically the Peninsula and Nardouw Subgroub (Goudini,

SkurwebergandRietvlei formations) which have yields ranging from 0.1 to > 5L/s.

Sediment deposition was caused by further erosion of these formations, especially the softer

Malmesbury Group, which creates eroded valleys, in the western and coastal half of the catchment.
These major primary sedimentary / intergranular aquifers, imgjutie Cape Flats Aquifer (CFA),

the Atlantis/ Silwerstroom aquifers, and the West Coast aquifers, are made up of sand deposits,
which are part of the Bredasdorp Group, Sandveld Group, and Quaternary period deposits such as

Elandsfontein and Langebaan Raaplifers.
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Geology of the Berg Catchments
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4.2 Upper Berg Catchment (G10A)

The main aim of the delineation of aquifer sys
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Schematic diagram of aquifer systems Iin Unconfined aquifer
Berg Management Area
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Figurel0. Showing the aquifer system of the Upper

Groundwater Use

For the Upper Berg catchment, groundwater use per delineated aquifer system data was not
available hence groundwater use in the catchment was used (current approach used). We are
however moving away from the usage of this current method of using the eatclsm where
data is available, it is recommended to use groundwater from the delineated aquifer systems
specifically and not the catchment in general. Groundwater use in the catchment is presented in
the table below. The average groundwater use in tpetierg catchment of 3908318/mwhich

is a total of all activities utilizing groundwater in the catchment, see %able



Table9:Groundwater use in the Upper Berg catchment

Sector Water use (n¥/a)
Agriculture (irrigation) 3135 346
Agriculture (Aquaculture) 220 000
Industry (Urban) 208 989
Industry (norurban) 323811

Water supply service 4 050

Schedule 1 16 122

Groundwater Recharge

Groundwater recharge per delineated aquifer in the Upper Berg catchment data was not available
hence the current method of using catchment groundwater recharge was applied. Where
groundwater recharge per aquifer systems in the study area data is awvaitabiebe estimated,

the usage of this is recommended as the new approach. The mean groundwater recharge values
calculated in the Upper Berg catchment using the chloride mass balance, rainwater infiltration
breakthrough, and water table fluctuation methwdee 27.6 %, 23.67 %, and 22.7 % of the total
precipitation received in the catchment, respectively (Mutoti, 2015). Using the average of these
groundwater recharge percentages of 24.66 % and mean annual precipitation (MAP) in the
catchment of 1603mm/a,aBerg catchment experiences groundwater recharge of 395.3 mm/a.
Based on the area of the G10A catchment, groundwater recharge as a volume is estimated to be 68
335 000 nYa.

Aquifer Stress Index for groundwater use

The Aquifer Stress Index (SI) for an assessment area is defined as follows:
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Based on a guide for determining stress levels in a groundwater unit §J,abke Berg catchment
with a stress index (SI) of 5,72 % falls under class | where groundwater is minimally used and
therefore not stressed. This implies that there is enough groundwater to be allocated to users as the

used volumes are less than the watening into the catchment.
Environmental Stress Index

The Upper Berg catchment is divided into two sections which are the section before the dam
(natural flows) and the section after the dam (modified flow). Two aquifer systems were observed
in the Upper Berg catchment (Unconfined and Confined aquifers).n@nater contribution to
baseflow data from the unconfined aquifer system was unavailable, therefore the environmental
stress index was estimated only for confined aquifer systems in the area. Groundwater contribution
to baseflow was estimated from the doafl aquifer system from both sections. The estimated
groundwater contribution to baseflow from the confined aquifer system before and after the dam
was 0.051942 Afs and 0.399244 #fs respectively. The addition of these two groundwater
contributions to baseflow estimates produced the total groundwater contribution to baseflow from
the confined aquifer system of the Upper Berg catchment which was 0.453E36The total
groundwater contribution to baseflow for the year 2022 was converted fétsrtami/a which

was 14228601.7 ffa (14.229 Mn¥a). The Ecological Water Requirements for Maintenance Low
Flows for 2022 was 2.556 Mita (WARMS).
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This index indicates that groundwater from the confined aquifer system of the Upper Berg
catchment sustains the ecosystem in the area. The index however shows that the ecosystem does
not only depend on groundwater contributions from the confined aqugtrnsyeven in the dry

season meaning that except from groundwater contribution, but the ecosystem could also be
receiving water from unconfined aquifer systems, river flow, among othgpstes 11 and 12

shows the distribution of boreholes in the Bergrisachment.
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Figure 11:Boreholes in the Upper Berg Catchment



The Map above shows boreholes in the Upper Berg Catchment that are drilled in unconsolidated
geological materials [unconfined aquifer system) and those boreholes that drilled in consolidated
geological materials [Confined Aquifer System]. Such informabonthe map provided key

insight on the existence of unconfined and confined aquifer systems in the catchment. This report

recommends delineating aquifers in all quaternary catchments for aipuifissed analyses.
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Figure 12: Boreholes in the Upper Berg Catchment



The Map above shows selected boreholes in the Upper Berg Catchment that are drilled in
unconfined aquifer system and Confined Aquifer System. These boreholes were selected for
demonstration purposes. Such information on the map provided key insight exisiesce of

unconfined and confined aquifer systems in the catchment for calculating Groundwater Stress
Index and Environmental Stress Index in addition to setting Reserve and RQOs. This report

recommends such approach in all quaternary catchments.

Figure 13:Borehole logs for boreholes in the Upper Berg Catchment

Figure 13 above shows lithological crosection of the selected boreholes in the Upper Berg
Catchment that are drilled in unconfined aquifer system and Confined Aquifer System. These
boreholes were selected for demonstration purposes. Such information on theowdgdpkey

insight on the existence of unconfined and confined aquifer systems in the catchment for
calculating Groundwater Stress Index and Environmental Stress Index in addition to setting
Reserve and RQOs. Although detailed boreholes information esqupdate [screen in each
borehole, borehole depth among others, this report recommends such approach for all boreholes
in all quaternary catchments. Accuraadequateand comprehensive data or information remain

vital for making relevant and practical decisions in water management.



In the 2011 GRDM training manual, groundwater quality classification was mainly based on EC
parameter. This has a limitation as not only EC is responsible for the apparent water quality of a
particular system, but also other parameters influence the gratercquality. A holistic approach

is proposed to use a Groundwater Quality Index (GQI). This approach combines multiple
parameters to get the overall water quality. The results are then interpreted using.tdbie 1
approach allows the user to selea trarameters for their specific site and give weight to the
different parameters. In the current manual this approach was tested in two separate catchments
i.e., G10A and G50. In previous stud{&aleem et al., 201Bam et al., 2021lzama et al., 202])

the limit when using this approach is set using the water quality standards, however, since the
water is coming from the aquifer then environment should set the limit. In this manual the
maximum from long term monitoring data is used to the limit. lnréd.4 below, the quality of

water is between 0 and 25 for much of the catchment. The upper Berg is a pristine environment. It
was expected that a large portion of the catchment would fall in this category. The other part is
between 26 50, this suggesthat the section is minimally impacted. This was expected as that
section falls with the Franschhoek area, in the area farming takes place and there are settlements
in that part. The section below the confluence also shows signs of being impactedhaarsg t

from the confluence a wastewater treatment plant can be found.
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Figure 14:Groundwater quality index for the Upper Berg catchment using background condition
data

It is understood that not all catchments have historical data, in case like that it is suggested that the
water quality standards be used with caution until background data is available. Based on the
analysis of groundwater quality using the drinking watgedelines, figurel5 below shows that

the catchment has shifted from the range of 0 to 25 and now includes values greater than 100. This
means that the water is not good for drinking but good for environment, this is why guidelines in
such cases shoulcekapplied with caution. One needs to understand the use of the water when

monitoring, the guidelines tend to more stringent on the environment.
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43Gr oundwater r esfequeal idtey econmp@anemin for upper berg catchi
The water quality component of this Reserve is based on data obtained from the Water Management System (WMS), and the Nationa

Groundwater Archives (NGA) of the Department of Water and Sanitation (DWS). The ambient groundwater quality values used are
median values from the statistical analysis of between 9 data sets from the catchment as showrilih Thblambient groundwater

quality in the quaternary catchment G10A falls in Class 0 of the DWS water quality guidelines, due to the pristine emthianmen
produces fresh water as shown in the Table below. Water in Class O is classified as fresh water which is suitabledarsgoameist

has not health implications.

Table10: Groundwater reserve determinatidn quality component for upper berg catchment

Ambient  Groundwater _
_ Basic Human Needs _
Parameter Quality Groundwater Quality Reserve
: : Reserve) _ _
Unconfined Confined Unconfined | Confined
Calcium (mg/L) 7,857 7,86 <150 8,64 8,6427
Magnesium (mg/L) 1,7717 1,77 <100 1,95 1,94887
Sodium (mg/L) 12,9 12,90 <200 14,19 14,19
Chloride (mg/L) 18,3 18,30 <200 20,13 20,13
Sulphate (mg/L) 1,9 1,90 <400 2,09 2,09
Nitrate (mg/L) 0,3645 0,36 <10 0,40 0,40095
Fluoride (mg/L) 0,2645 0,26 <1,0 0,29 0,29095
pH 7,386 7,39 5.01 9.5 6.658.12 6.658.12
Electrical
o 14,20 <150 15,62
Conductivity 14,2 15,62
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It should be noted that the generic groundwater quality Reserve determined will have natural spatial water qualitydiatégdrisy
the geology in the catchment. Under these circumstancespsitdic data should be obtained and used to deternurenmepresentative
local ambient groundwater quality conditions at the site. This Chief Directorate should be notified of such incidenise toerev
Reserve accordingly.

Table11l: Groundwater reserve determinatiénquantity component for upper berg catchment

Delineated Recharge : GWC-baseflow BHN Reserve
_ Area (km?) . Population . .
SRR Aquifer (Mm*/a) (Mm>/a) (Mm*“/a)
Unconfined | Confined | Unconfined | Confined | Unconfined | Confined | GW_Pop | Gn_Pop | Unconfined | Confined | Unconfined | Confined
L 1500 1500 68.335 68.335 110 166825 14.229 18.13732
G10A

Table11 above shows the updated summary of the Reserve in the updated GRDM Methodology Training Manual 2024
Take note of the suggested columns and the columns that need to be removed when stakeholders agree.
NB* Recharge and GWC to Baseflow values are estimated from research work and where not available, the DWS databasg is consult

NB**Population data were obtained from the Population Census database and WARMS. Such data were not verified. Data on the
groundwater Dependant population were taken from the WARMS database for the delineated aquifer system. Such databets assume t
the population that is registered for water use is the population that depends on groundwater. Given the issues of schestulg and ex

lawful water use along the validation and verification process, such datasets require precautionary principles duategiorterp

NB**** BHN based on a consumption of 25 litres per person per day
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Aquifer delineation refers to the process of identifying the boundaries, extent, and characteristics
of an aquifer. This information is essential for managing and protecting groundwater resources.
The following are the steps involved in aquifer delineatiime first step is to identify the study

area and define its boundaries. This could be a specific location or a larger region. Data collection
is a crucial step in aquifer delineation. The data collected included geological maps,
hydrogeological reportsyell logs, and water quality data. A geophysical survey was used to
identify the thickness and depth of the aquifer. This involves using equipment that can detect
changes in the subsurface geology, such as electrical resistivity, magnetic susceptiility, a
seismic waves. A pumping test involves pumping water out of a well and monitoring the rate of
water level decline over time. This test provided information about the hydraulic properties of the

aquifer, such as transmissivity and storativity.

Once the data had been collected, it needed to be analyzed to determine the boundaries of the
aquifer. This involved creating a conceptual model of the aquifer based on the available data. A
groundwater model is a computer simulation of the aquifer thmbeaused to predict how the
aquifer will respond to changes in pumping rates or other stresses. This model can help refine the
conceptual model and identify areas where further data collection may be needed. Once the
boundaries and characteristics of #uglifer have been determined, they can be mapped to create

a visual representation of the aquifer. The final step is to report the results of the aquifer delineation
study and communicate them to stakeholders, such as government agencies, water resource

managers, and the public.

Groundwater resource unitso delineatio
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The catchment has both primary and secondary

alluvium in floodplains of magpongrisear | gyetl em
form primary aquifers. Sand channels are | ink
saltier water. The aquifer thins out at t he

84



bedrock are thkhkownmghtnetdeo ai semropi c, and seco
yielding aquifers of more than 5 | /s in the H
aquifers o6é6cdW®nwhitchle St rui sbaai and Bredasdoc
al ong Spanjaardskl oof, Napier, S&mdfuomt di9n,s hD
the aquifer yield and type map.

Aquifer types and yield
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Figure19Aqui fer yield and type map in the Heuning

The geol ogi cal | ogs obtained from records wer
the catchment. The unconfined aquifers in the
clay, sand clay with sheldmsg tcHayr isvaerdy,. Vldlelsa
areas such as EI i m. The unconfined aquifers
surface to the depth of 10 m except in the ar

these aquifenb thnckeasé® o60O more than 60 m.
Bokkoveld Group which was generally deposited
which act as aquitafbdaad &hown in the Figure
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Schematic diagram of aquifer systems in Unconfined aguifer
Heuninginess Catchment

Confined aquifers
Aquitard

Basement
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The confinedespsngmebmenhei s distorted by the
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Status of the system (quantity)

Groundwater Use

According to the number of registered users and the overall volume per LR¥sents the
registered groundwater consumption from the WARMS dat&seatr! Reference source not
found. and 13provides the proportion of total registered volume per GRU for registered
groundwater use by water use sedtgure 22shows the registration distributions and the related

water use sectors.

19°40'0"E 19°50'0"E 20°0'0"E 20°10'0"E

34°30'0"'S 34°30'0"S
P
34°40'0"'S 34040078
'»L.L\
{_,\)
Legend
WU_Sector i, "YIELD_LS
- # AGRICULTURE: IRRIGATION e = Fractured 0.0- > 5.0 I/s .

349501078 ® AGRICULTURE: WATERING LIVESTOCK = Intergranular 0.1 - 2.0 lis 340501078

® INDUSTRY (NON-URBAN) CIWesternCape

® RECREATION
# SCHEDULE 1

Coordinate System: GCS WGS 1984 ® URBAN (EXCLUDING INDUSTRIAL 8/OR DOMESTIC)

Datum: WGS 1984 ® WATER SUPPLY SERVICE
Units: Degree I Overberg East Renosterveld (F10)
0 5 10 [1Overberg East Fynbos (H17)
Kil ters I Hecuni toh s
19°40'0"E 19°50'0"E 20°0°0"E 20°10'0"E

Figure22 Total groundwater use reported in WARMS, per GRU, indicating boreholes and related
water use sectors
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Table12 Number of registered groundwater use sectors within delineated resource units

No. of RTot al
GRU user s ( Mid a)

Primary/intergranular aquifers
Overberg Ea#4 0. 2

TMG/ fractured aqui fers
Overberg Ea4l 2.7

Overberg
Renostervel 9 0. 3

Tablel13: Volume (%) of water use per delineated groundwater resource unit

o _ [ - Do o —
- © — Q(U c — LUCU Q_(‘G
= S5 Xx = o o —_— —
— — O - — o~ — - —
GRU > S5 - O 4+ C o S5 o N -
O w o n £ 7, - o £ T £ cC ow N
.- O —_ 0 S S5 O - 35 L S ©C T O o O
< - > _ yol o _ o _ o c £ -
CDo\O o) .— O Co\o [0 O 0O “ — O ccses\o
<o < a> O x> w> D N0 S
Primary/intergranul ar aquifers
Overberg East F 0.0 0.0 0.0 0.0 0.0 65.3 34.7
TMG/ fractured aqui fers
Overberg East F'69.8 0.8 0.0 0.5 0. 7 0.0 28.1

Overberg East R62.5 5.6 8.7 0.0 0.0 0.0O 100. C

Groundwater recharge

Forgroundwater use to be sustainable, there must be enough recharge. Recharge varies depending
on the geology and aquifer type (intergranalafractured rock). The direct infiltration of water
through the ground surface, influent seepage from rivers agahst, as well as interflow from

the bedrock, all contribute to the recharge of an intergraaglafer. Recharge to fractured rock
aquifers occurs by interflow from overlying alluvial aquifer, rainwater infiltration into the bedrock

in the higher mountabus locations (especially the fragmented arenaceous TMG sandstone), and
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subsurface groundwater flow caused by pressure gradients and dgtavity Reference source

not found. depicts the recharge estimations for groundwater resource units.

Table14: Estimated recharge values for the delineated groundwater resource units

GRU Source Area MAR (nMAP (rRecharge

Primary/ intergranular aquifers

G50C 4156134.9 488. 7¢€¢20. 27

G50E Cape far 3041830. 4 448.4119. 46

G50F 2888027. 2 453.1¢223. 71

Average recharge 21.15

TMG/ Fractured aquifers

G508B 34714 45. 1 531.0717. 38
Cape far

G50C 3041830. 4 448.4120. 27

G50D 57276 27.1 431.4:11.07
Cape far

G50E 3041830. 4 448.4119. 46

Aver age | 17.05

Aquifer Stress Index (groundwater use)

Primary/ I ntergranular aquifers stress index

o

0 Groundwater use = 0.2 M¥a shown in tabl@

0 Groundwater recharge = 21.15 mm/a = 0.02115 m/a shown indtable

To convert groundwater recharge from m/a tdagngroundwater recharge in the primary aquifer
system was multiplied by the area covered by the Heuningnes catchment (1400000000 m2) as the
area covered by the primary aquifer system was unknown. Where the area covered by the aquifer

system is known theihis recommended to be used rather than the usage of the catchment area.

v

0 Heuningnes catchment area: 1400000080 m
0 Groundwater recharge: 0.02115 m/a x 1400000008 29610000 rfla = 29.61 Mr¥a
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Therefore,

Primary / intergranular aquifer stress index of Heuningnes Catchment (%)

= Wp T TT

—8—7(b T TT
8 7 ©P

=0.68 %

This index shows that the unconfined aquifer (inter granular) receives more groundwater recharge
than it is being used within the system. This implies that the unconfined system is not stressed with
more groundwater availability for abstractidtinereforea license can be issued from this aquifer.

TMG/ fractured aquifers stress index

0 Groundwater use = 3 Mita as shown in tab
0 Groundwater recharge = 17.05 mm/a = 0.01705 m/a as shown idtable

To convert groundwater recharge from sm3a, groundwater recharge in the fractured aquifer
system was multiplied by the area covered by the Heuningnes catchment (140008)089€hm

area covered by the TMG / fractured aquifer system was unknown. Where the area covered by the
aquifer system is known then it is recommended to be used rather than the usage of the catchment

area.

o

O Heuningnes catchment area: 1400000080 m
O Groundwater recharge: 0.01705 m/a x 1400000000 m2 = 23870080=123.87 Mri¥a

TMG / fractured aquifer stress index of Heuningnes Catchment (%)

= Wp T TT

_ T
=— —— Wp T TT

=12.57 %

This index less than 20 % shows that the TMG/ Fractured aquifer (confined) system of the

Heuningnes catchment is not stressed which implies that the water abstracted from this system is
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less than the water coming into the system. This provides the insurance of groundwater availability

in the system to sustain teeosystem

Environment al Stress | ndex

The environmental stress index was computed for the confined aquifer system (TMG/ fractured)
of the Heuningnes quaternary catchment of G50B for the year 2020.

0 EWR_MLF = 1.383 Mn¥a (Spatsinprogramn)

0 Annual flows received by the aquifer system in 2020 = 9.060 Mm3/a ( Mazvimavi et
al.,2021)
0 Baseflow index estimated using the mass balance equation using natural EC = 28%

(Mazvimavi et al., 2021)

To get the flows contributed to annual river flow by the aquifer system, the annual flows received
were multiplied by the baseflow index.

0 Groundwater contribution to baseflow by the confined aquifer system of the G50B
quaternary catchment of the Heuningnes catchment in 2020 = 2.538& Mm

OwyY D0 w
De LN ¢ VRt VOO V—F"F——" QP .JUTT
Ol € 0 & Qb & Dii anm@@a&fs 0

_ 8 7
= 53 pTmm
v cb

This index indicates that groundwater from the confined aquifer system of the GB50 sustains the
ecosystem in the area. This represents thepeoennial river system whereby the river dries up
in dry seasons, resulting in the ecosystem total dependemgrewrdwater.

Status of the system (quality)

The procedure for determining GQI has been stated in the above sections and the importance of
using such an approach over the use of EC alone has been stated in the case of upper Berg. The
one element that was not demonstrated in the above case studyaptication of the GQI on
different aquifer system. The reason for this was the lack of lithological logs for the unconfined
aquifer system in the upper Berg. In the delineation step, aquifer systems need to be delineated

and as such groundwater qualitgex needs to be determined for the delineated aquifer systems.
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In figure 23 below, the quality of water is between 0 and 25 for much of the catchment. The
Heuningnes catchment is a rural environment and there are not many activities taking place in that
area. It was expected that a large portion of the catchment would fal$ icatieigory. The other

part is 261 50; this suggests that the section is minimally impacted. The section that is minimally
impacted forms part of the area that has the highest salinity levels in the unconfined aquifer system.

Unconfined aquifer system

19°40'0"F, 19°50'0"F 20°0'0"F. 20°10°0"E 20°20'0"F.

34°20M0"S
m

34°200"S

34°30"1"'S
34°300"'S

34°40°0"'S
34°40°0"S

Tegend
(3 Heuningnes_Catchment
@  Borcholes (unconfined aquifer)

Unconfined aquifer system

Environmental water quality index
-
B 26-50

51-76

34°50°0"'S
34°50'0"S

0 25 5 10 Coordinate System: GCS WGS 1984 P 76- 100
- " Datum: WGS 1984
- . 1 Kilometers Uit Desioe - >100
19°40°0"F, 19°50'0"F 20°00"F 20°100°E 20°200"F.

Figure 23: Groundwater quality index based on the background condition of the unconfined
aquifer system
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Legend
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TUnconfined aquifer system

Groundwater Quality Index
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Figure 24: Groundwater quality index based on the water quality standards for drinking water

Figure24 shows that the catchment has shifted from the range of 0 to 25 and now includes values

greater than 100. The high range is a result of the high salinity levels.

Confined aquifer system
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Figure 25. Groundwater quality index based on the background condition of the confined aquifer
system
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Figure 26. Groundwater quality index based on the water quality standards for drinking water

Monitoring groundwater quality needs to be done at the delineated aquifer systems. This has been
demonstrated in this case study as in the unconfined aquifer system the range of 26 to 50 was
closer to the coast. Whereas the confined aquifer system this upper section of the catchment
(Figures 25 and 2650, if monitoring is not done based on the delineated aquifer systems the in

accurate conclusions could be drawn from such studies.
Groundwater reserve determinationd quantity component for Heuningnes catchment
Recharge estimation (Aquifer recharge)

Here are the general steps for estimating groundwater recharge: Identify the area where you want
to estimate groundwater recharge and collect necessary data, such as climate data, land use

information, topography, soil type, and vegetation cover. Calctiiaterater balance of the study
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