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ABSTRACT

A hydrocensus of all groundwater users in the Swartkops River Basin was conducted in 1992 and 1993 to assess the
occurrence and quality of groundwater in the Basin, as well as the characteristics of the various aquifers in the Basin.
The extent of pollution of the groundwater reserves was noted. This specialist study was carried out to assist the
Department of Water Affairs and Forestry in formulating a water quality management plan for the river basin, and was
prompted by concern regarding the deteriorating water quality of the region. It was determined that the only aquifer in
the river basin which was severely polluted in places was the Swartkops River Alluvial Aquifer. Following
recommendations arising from the initial survey, a groundwater monitoring network of shallow boreholes was installed
in the alluvial aquifer in 1994 and groundwater sampling runs commenced in 1995.

Groundwater occurs in the region in a shallow alluvial aquifer and a deeper fractured secondary aquifer. These aquifers
are separated from one another by an impermeable, confining layer of Cretaceous sediments in the central and eastern
parts of the study area, causing artesian conditions in places. The groundwater of the aquifers in the study area has a
sodium-chloride character of low salinity in the western high-lying portion of the study area, with mineralisation
increasing eastward, as aquifer lithology and distance from recharge sources change. The hydrochemical character of
the groundwater is a function of the proximity of the basin to the sea, as well as connate conditions existing in the
sediments of marine origin. It is shown that pollution of both the surface and shallow sub-surface water bodies is
occurring, mainly in the industrial and residential areas of Uitenhage and Despatch. These polluted zones are not
extensive when compared with the whole catchment area but have a definite effect on local conditions. Estimations of
pollution load volumes are made based on hydraulic parameters derived from aquifer tests.

This study represents an overview of the geohydrology of the Swartkops River Basin, thereby providing a reference tool
for water-resource management purposes in the region. It includes a unique study on the geohydrology of the Swartkops
River Alluvial Aquifer and the extent of pollution of this aquifer, as well as a detailed account and discussion on the
historical and present factors affecting variations in groundwater flow and artesian conditions in the area. A summary of
suggested aquifer management practices is given to ensure the long-term sustainability of the groundwater resources of
the river basin.

SAMEVATTING

’n Hidrosensus van al die grondwater-verbruikers in die Swartkopsrivieropvangsgebied is in 1992 en 1993 uitgevoer om
die bestaande grondwatergehalte en -voorkoms in die gebied, sowel as die eienskappe van die veskillende waterdraers te
bepaal. Die omvang van besoedeling van die grondwaterbronne is aangeteken. Dié spesialiteitstudie, vitgevoer om die
Departement Waterwese en Bosbou met die opstel van ’n watergehalte bestuursplan vir die rivierkom behulpsaam te
wees, is deur kommer rakende afnemende watergehalte in die gebied gemotiveer. Dit is vasgestel dat alleenlik die
alluvialewaterdraer noemenswaardig by plekke besoedel is. ’n Grondwatermoniteringsnetwerk van vlak boorgate is in
1994 geinstalleer, na aanleiding van aanbevelings afkomstig van die oorspronklike hidrosensus, en monitering is in 1995
begin.

Grondwater kom in die gebied voor in ’n vlak riviergruisafsetting en ’n dieper genate sekondére waterdraer. Hierdie
waterdraers word deur *n ondeurlaatbare laag Kryt afsettings van mekaar geskei, met gevolglike artesiese toestande. Die
grondwater van die waterdraers is 'n natriumchloried tipe, van goeie gehalte in die westelike hoérliggende gedeelte van
die studiegebied, terwyl ’n toename in mineralisasie ooswaarts merkbaar is. Die hidrochemiese eienskappe kan
gekoppel word aan veranderings in die waterdraende formasies asook die konnaatwater wat in die afsettings voorkom.
Dit is bewys dat plaaslike besoedeling van oppervlak- en grondwater hoofsaaklik in die industrigle en residensiéle
gebiede van Uitenhage en Despatch voorkom. Hierdie besoedelingsones is in vergelyking met die totale opvangsgebied
nie groot nie, maar het 'n merkbare uitwerking op plaaslike toestande. Beramings van besoedelingsladings, gebaseer op
hidrouliese parameters afkomstig van waterdraertoetse is gemaak.

Hierdie studie verteenwoordig ’n oorsig van die geohidrologie van die Swartkopsrivieropvangsgebied en vorm ’n
waardevolle basis vir waterbronbestuur in die gebied. Dit sluit ’n unieke studie van die geohidrologie van die
Swartkopsrivier alluviale waterdraer en besoedeling hiervan in. 'n Volledige beskrywing van die faktore wat
grondwatervloei en artesiese toestande in die gebied beinvioed is ingesluit. ’n Opsomming van
waterdraerbestuursstrategié om die grondwaterbronne van die rivierkom te beveilig is gegee.
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GLOSSARY

aquifer : (<L aqua = water, ferre = to carry) permeable geological formation that is capable of
storing or yielding economic quantities of groundwater of a quality suitable for a required
use, e.g. unconsolidated coarse sands and gravels. :

aquitard : (<L aqua, tardus = to slow down) geological formation capable of transmitting
significant quantities of water on a regional scale over long time periods, but where the low
permeability is not sufficient to locally justify economical extraction, e.g. clays and shales.

aquiclude : (<L aqua, claudere = to close) impermeable geological formation that does not
transmit water, e.g. dense unfractured igneous rocks.

* Note : the above three terms are relative and depend on the hydraulic
characteristics of the formations overlying and underlying the unit being defined.

artesian : confined groundwater where the pressure is usually higher than that of atmospheric
pressure, and therefore sufficient to cause groundwater, e.g. in a borehole, to rise above the
confined aquifer where it is termed sub-artesian, or ground surface in which case it is
termed free-flowing artesian.

assimilative capacity : capacity of a water body or aquifer to absorb - through processes of
dilution, dispersion and degradation - waste or contaminants disposed to the water body,
without impairing its fitness for use.

attenuation capacity : capacity of a water body or aquifer to reduce the concentrations of
leachate in the water body, by processes such as dilution, oxidation and ion-exchange;
natural systems have a limited attenuation capacity - pollution results when the attenuation
capacity is exceeded.

confined aquifer : aquifer bounded above and below by an aquiclude.

connate water : groundwater of marine origin trapped in sediments with sea-level retreat and
subsequent diagenesis of the sediments.

DRASTIC : aquifer vulnerability classification system where DRASTIC is an acronym for:- D
- depth to water table, R - recharge, A - aquifer material, S - soﬂ material, T - topography, I
- impact of vadose zone and C - conductivity.

DAS Index : simplified version of the DRASTIC system and is an acronym for:- D - depth to
water table, A - aquifer material and S - soil material.
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electrical conductivity : (EC in mS/m at 25°C) indirect measurement of the concentration of

dissolved solids in a water body by measuring the ability of the water to conduct an

electrical current. As the concentration of ions in solution increases, the EC increases.
(ImS/m = 6.5mg/¢ TDS :- see also TDS)

equivalents per million : (epm) unit of ionic concentration - calculated by dividing the ionic
concentration in ppm by the equivalent weight of the ion (also referred to as meq/)

hydraulic conductivity : (K in m/day) measure of the ability of a formation to transmit
groundwater, dependent primarily on the nature of the openings in the formation and
defined by the Darcy equation. Also referred to as permeability.

Juvenile water : mineral water of magmatic origin derived from the earth’s interior and not
from atmospheric or surface water.

leachate : highly contaminated liquid containing chemical, biological and bacteriological
constituents, which is formed when water passes through waste piles or from liquid
effluent retention structures.

leaky aquifer : aquifer bounded above and below by aquitards, or where one boundary is an
aquitard and the other is an aquiclude; if a leaky aquifer is in hydrological equilibrium the
water level in the borehole tapping the aquifer may coincide with the water table. Also
referred to as a semi-confined aquifer.

meteoric : water derived from recent precipitation recharge, as opposed to connate water.

mineral groundwater : groundwater containing >1000mg/¢ TDS.

permeability : see hydraulic conductivity.

phreatic water : subsurface water occurring below the water table in an unconfined aquifer,
i.e. groundwater, as opposed to vadose water.

Diezometric surface : pressure surface to which groundwater rises when a confined aquifer is
penetrated by a borehole; this rise is in the borehole either above the contdct between the
aquifer and the overlying confining layer, or above the surface of the earth, in which case
the borehole is referred to as free-flowing artesian (also referred to as potentiometric
surface).

porosity : (1 in %) index of how much groundwater can be stored in the saturated material of
an aquifer, expressed as a percentage of the bulk volume of the material.

potentiometric surface : see piezometric surface.
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primary aquifer : aquifer in which the groundwater is stored and transmitted in the open pore
spaces between the clasts comprising the formation (hence primary porosity).

recharge : the portion of water (usually rainfall) which reaches an aquifer, irrespective of
which path it follows, resulting in a change in aquifer storage.

secondary aquifer : aquifer in which the groundwater is stored and transmitted in secondary
openings/structures in the formation, e.g. fractures, joints, faults and bedding planes (hence
secondary porosity).

semi-confined aquifer : see leaky aquifer.

specific yield : (Sy - dimensionless) volume of groundwater which will drain under gravity
from a unit volume of an unconfined aquifer.

storage coefficient : (S - dimensionless) volume of water yielded per aquifer area per drop of
water table (unconfined aquifer) or piezometric surface (confined aquifer), equivalent to Sy
in unconfined aquifers. Also referred to as storativity.

thermal groundwater : naturally heated groundwater; in South African conditions this is
groundwater with a temperature >25°C - or in hot tropical areas groundwater that is >5°C
hotter than neighbouring shallow aquifer groundwater.

total dissolved salts : (TDS in mg/¢) indicator of the salinity of a water body; measurement of
the total concentration of dissolved salts in the water. As TDS increases, the salinity
increases. Also referred to as fotal dissolved solids (see also EC).

transmissivity : (T in m*/day) rate at which groundwater can be transmitted through a unit strip
of aquifer under a given gradient; equivalent to X multiplied by the aquifer thickness.

unconfined aquifer : groundwater in an aquifer which is bounded below by an aquiclude but
with no confining layer above it; and where the upper boundary is the water table which is
free to rise and fall as a function of atmospheric pressure. Also referred to as a water-table
or phreatic aquifer.

vadose : the unsaturated zone occurring beneath the land surface and overlying the water-
table.



LIST OF ABBREVIATIONS -
ARSC:  Algoa Regional Services Council
CGH : Cape of Good Hope
CR: constant rate (aquifer tést)
CRAU: Coega Ridge Aquifer Unit
CRD: cumulative rainfall departure
CSIR : Council for Scientiﬁcnz and Industrial Research
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m AMSL :

metres above mean sea level
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m BMSL : metres below mean sea level

mbc : metres below (borehole) collar

mbs : metres below surface

meq/é: milli-equivalents per litre

mg/¢; milligrams per litre (= ppm)

mS)m ¢ milli-Siemens per meltre (1ImS/m = 10umhos/cm)
M: million (in, e.g. Mm®/yr)

OA: oxygen absorbed

ppm : parts per million (= mg/é)

PWP : Perseve;ance wool pull¢ry

RSA: Republic of South Africa

RWQO : receiving water quality objectives

SABS:  South African Bureau of Standards

SAR: sodium adsorption ratio

SAU : Swartkops Aquifer Unit

SGWCA : subterranean government water control area
SPL : specific pollution load

SRAA:  Swartkops River Alluvial Aquifer
SRWRMP : Swartkops River Water Resources Management Plan.
Sy : speciﬁc. yield (dimensionléss)

T: transmissivity (m?%day)

TAL : total alkalinity
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1. INTRODUCTION

The Swartkops River Basin (Map 1) falls within South Africa’s largest and geohydrologically most
important artesian groundwater basin - the Uitenhage Artesian Basin - and supplies surface-water
and groundwater for farming, domestic, commercial and industrial uses. One of the Eastern
Cape’s largest industrial areas, and one of South Africa’s major car-manufacturing plants, is
enclosed and supported within this basin, viz. the Port Elizabeth-Uitenhage metropolitan region. As
a result of this development within the basin, the natural water resources which the basin supplies
are of strategic importance to the whole of the Eastern Cape. By the same token, as a result of this
development, the water resources within the basin are vulnerable to contamination and over-
exploitation by increasing demand being placed on the water resources, which have only limited
supply potential. ‘

There has been increasing concern regarding the amount and extent of pollution of both surface and
sub-surface water in the Swartkops River Basin, as growing development pressures have been
placed on the basin. The Swartkops River estuary - a sensitive area used for recreation,
conservation and mariculture purposes - is also under threat from the deteriorating quality of the
river water draining into it. The increased pollution loading of the river is due in part to
industrialisation in the Uitenhage - Despatch - Port Elizabeth area, increases in farming activities
west of the Swartkops - Brak River confluence and increased informal settlement in the area.

Recent requests to the Department of Water Affairs and Forestry (DWA&F) from industries in the
Uitenhage area for an increase in the quantity of effluent allowed to be discharged into the
Swartkops River, has highlighted the need for a thorough water quality investigation and the
development of a water quality management plan for the basin. Such a management plan can only
be effectively achieved once the hydrological system is fully understood and the present water
quality status is documented. A number of situation analyses have therefore been initiated and
carried out in recent years to evaluate the status quo of the occurrence, quality and movement of
water - both surface and sub-surface - in the Swartkops River Basin. Once the separate studies are
complete and the results compiled, assessed and interpreted, management objectives can be set and
a monitoring network designed to ensure the long-term viability of the strategic water resources of
the basin.

This study represents a compilation - in a single document - of all available information on the
relevant characteristics of the geohydrology of the Swartkops River Basin. Aspects of aquifer
delineation, groundwater occurrence, hydraulic parameters, quality, present abstraction, exploitation
potential, and pollution are discussed. The results of a recent catchment-scale hydrocensus,
monitoring network design and installation in the primary alluvial aquifer, and a study of the factors
affecting spring-flow variations in the artesian basin - all carried out by the Geohydrology
Directorate of the DWA&F - are also presented. Finally, recommendations on management
strategies for the water resources within the basin are suggested.






1.1. Background

In 1992 the Council for Scientific and Industrial Research (CSIR) was commissioned by the Algoa
Regional Services Council (ARSC) to carry out a study concentrating on the surface water quality
of the Swartkops River Basin. The study was conducted in response to the historical as well as
increasing concern expressed by numerous interested and affected parties regarding the
deteridrating water quality in the basin.

Following on from this study, the DWA&EF initiated a Water Resource Management Plan for the
Swartkops River basin in 1992, based on the Receiving Water Quality Objectives (RWQO)
approach. It became apparent that more information was required on the groundwater regime - an
integral component of the hydrological system of the basin - in order to effectively implement the
water quality management plan. The primary alluvial aquifer was of special interest, since it was
vulnerable to pollution due to its shallow and generally unconfined to semi-confined nature.

The Geohydrology Directorate of the DWA&F was subsequently requested to carry out a
groundwater survey of the area as a specialist study which would provide input for overall water
resources management recommendations for the Swartkops River Basin. In response to this
request, a hydrocensus of all groundwater abstraction points in the Swartkops River Basin was
carried out in the period August 1992 to June 1993. The evaluation of this data provided an
initial overview of the occurrence and quality of groundwater in the river basin, and indicated
that significant pollution of at least the alluvial aquifer had occurred on a localized scale, as a
result of leaching of contaminated water from surface impoundments.

Based on the findings of the hydrocensus report, the installation of a network of monitoring
boreholes was recommended to ascertain the extent and spread of this pollution, in order to
provide a management tool for future pollution control. A monitoring network was then
designed by the author and constructed in late 1994, aquifer tests were conducted in early 1995
and initial hydro-chemical sampling runs were carried out during 1995.

All groundwater abstraction points in the Swartkops River Basin are about to be re-surveyed by
the DWA&F for the purposes of issuing abstraction permits, as well as to enable more effective
control of the use of groundwater within the artesian basin. An essential requirement for this
survey has been identified, viz. the compilation of the fragmented data on the geohydrology of
the river basin into a single document for reference purposes.



1.2. Aims and Objectives

A literature review showed that most of the existing data for the study area is limited, site-specific

and relatively out of date. The primary intention of this study is, therefore, the collation into a

single document of all old and new relevant information, which reports on and assesses the

geohydrological conditions existing in the study area on a catchment-scale. In so doing, it is hoped

that this document will provide a useful reference for groundwater-management strategies and any

future geohydrological research conducted within the basin.

Specific objectives are the following:

1.

To divide the basin into logical geohydrological units for improved understanding of a
complex system; aquifer nomenclature is suggested for purposes of standardisation;
To report on the present status of groundwater occurrence and quality in the catchment, a
product of a three year project, and especially the groundwater quality in the shallow alluvial
aquifer;
To characterise of the geohydrology of the Swartkops River Basin for assistance in
a) the DWA&F’s Swartkops River Water Resources Management Plan and, -
b) the re-survey of the Uitenhage Artesian Basin by the DWA&F for purposes of
controlling abstraction from the Uitenhage Subterranean Government Water Control
Area (SGWCA);
To assess the status quo of the surface water quality relevant to the study, with emphasis on
identifying interflow relationships, if any, between the river water and the alluvial aquifer,
and between the alluvial aquifer and the underlying aquitard;

To identify pollution sources in the river basin - both point and non-point - and identify
whether the pollution occurs "naturally" as a result of the mineralogy of the host rock, the
occurrence of connate water, or due to man’s influences. Results obtained from the recently
installed alluvial aquifer groundwater monitoring network and subsequent sampling runs
will be used extensively to assess the degree of pollution of the alluvial aquifer;

To highlight areas of concern with respect to groundwater pollution in order that remedial
measures can be taken by the local controlling authorities. Estimation of the volume of
contaminated groundwater entering the Swartkops River system will also be made;

To assess the requirements for and make recommendations on additional work to be carried
out in the Swartkops River Basin;

To identify project short-falls and make recommendations for additional studies, to improve
the knowledge-base on the geohydrology of the Swartkops River Basin. Water-resource
management strategies are outlined to ensure the sustainability of the groundwater resources
of the Basin.



1.3. Field Work and Methodology

1.

An intensive literature survey and desk study of all geological, geohydrological and
hydrochemical data from technical reports, scientific papers and literature covering the study
area was conducted and all the relevant data summarised.

A hydrocensus of all groundwater users and groundwater abstraction points (including
boreholes, dug-wells and springs) within the Swartkops River catchment was carried out and
the information analysed and presented. The hydrocensus data collected included relevant
variables such as water point (site) type and location, water-levels and piezometry, quality,
pump type and borehole yields, abstraction volumes and water use, field measurement of
salinity and borehole geology, where available. The information obtained was summarised and
tabulated for purposes of discussion and reference. '
Samples of selected borehole water, river water, drain water and seepages as well as identified
pollution sources were taken and analysed for major dissolved inorganic ions. The sampling of
known and potential pollution sources was carried out, where possible, in the vicinity of
surveyed groundwater sites. This was done for purposes of “finger-printing” the source of the
contaminated groundwater, and to attempt correlations between observed hydro-chemistries.
Recent emphasis was placed on the shallow primary alluvial aquifer due to its unconfined to
semi-confined nature and relatively high permeabilities, which makes it vulnerable to pollution.
The primary purpose of a water analysis is to determine the suitability of the water for a
proposed use. The "end-users" of the Swartkops River water are recreational users in the
estuary as well as shellfish aquaculture. The results of the surface and groundwater quality

'analyses obtained from the hydrocensus were therefore related to SABS (1984) and DWA&F

(1993a) allowable limits for water used for domestic purposes. The processing and presentation
of the analytical data in tabular form and interpretation with respect to hydro-chemical
assemblages and cation-anion ratios, as well as a discussion of possible factors causing any
anomalous values encountered, was then undertaken.

Hydraulic parameters such as aquifer conductivities were derived from the drilling project
carried out to install a monitoring network of boreholes in the alluvial aquifer. These
characteristics were then interpreted with respect to interflow relationships between surface and
groundwater bodies.

Spatial information in the form of data coverages of the study area were produced on a GIS by
digitising maps and combining relevant data obtained from the hydrocensus. This information
was input into the GIS for data query purposes, map editing and geohydrological map
production. Geological data presented on the Geological Survey maps for the study area were
assumed to be correct. If, however, anomalies were recognised during the hydrocensus in,
e.g. an unexpected groundwater quality from a specific host-rock, then field checks were
done to confirm the expected geology.



1.4. Previous Geohydrological Investigations

Previous investigations in the area have been site specific or concentrated on the artesian aquifer
conditions in the Uitenhage SGWCA only. With the exception of this study, no catchment-scale
studies have been carried out to date. The previous studies are, however, considered of relevance to
the present investigation since they describe the geohydrological conditions occurring in specific
areas within the catchment. They are summarised below, in chronological order.

Bosazza (1947) reported on the locality of springs in the Bethelsdorp area and targeted drilling sites

to intersect artesian aquifer conditions. Observations were made on the successful utilisation of
dug-wells in the region to abstract shallow groundwater from the rudaceous alluvial and
conglomerate beds in the local valley floors.

Van Feden (1952) reported on the quantity and quality of artesian water in the Uitenhage and Port
Elizabeth Regions. Geophysical work determined that the Cretaceous layers underlying the
"Zwartkops" River thicken and widen in an easterly direction towards the sea and thicken in a
northerly direction normal to the strike of the infilled basin. Sites for drilling artesian boreholes

were targeted in areas where minimal Cretaceous sediment penetration was required before
intersecting Table Mountain Sandstone (TMS).

Enslin (1962) described events leading up to the proclamation of the Uitenhage SGWCA and
outlined procedures to be followed with the issuing of drilling and groundwater abstraction permits.
The geological and geophysical surveys, carried out as a result of various requests from affected
parties that the artesian groundwater resources in the region be better understood and developed in
the national interest, were discussed. The requests stemmed from increasing concern regarding
noticeable decreases in flow at existing springs, as a result of the drilling of strong artesian
boreholes. The dewatering of the area with time was described and reasons for the lowering of the
groundwater levels and decreasing artesian pressures discussed. A short summary is given of the
occurrence, as well as the possibilities of intersecting artesian groundwater in places. The loss of
the artesian groundwater to especially the calcareous Alexandria Formation due to leaky aquifer
conditions, caused by the corrosion of borehole casing by the acidic groundwater, was noted with
concern. Recommendations were made to seal the leaking boreholes as well as install pressure
meters in order to determine the total groundwater loss.

Marais (1964 & 1965) carried out detailed geohydrological mapping and an investigation of the
Uitenhage Artesian Basin to determine the configuration of the basin. He reported on groundwater

occurrence in the geological formations present in the area, including data on abstraction volumes.
The pre-1965 changes from artesian to sub-artesian conditions, as a result of the rapid and
uncontrolled drilling of boreholes for irrigation purposes in sections of the area, were noted.



Marais strongly recommended stricter control within of the Uitenhage SGWCA in order to protect
and preserve the groundwater asset from over-exploitation due to uncontrolled abstraction. Urgent
recommendations were also made to either seal or re-case those artesian boreholes in the area that
had corroded casing.

Marais and Saayman (1965) gave a detailed report on the geological and geophysical investigation
of the Uitenhage Artesian Basin. Geological mapping was complemented with geophysics in
"blank" areas of no data using seismic, magnetic and gravimetric methods. The study was
- principally initiated by the growing concern of groundwater users in the area of reductions in

borehole and spring yields as a result of increasing rates of groundwater abstraction since the
1950's.

McCallum (1974) conducted a general environmental study of the Swartkops River basin (for Hill
Kaplan and Scott Inc., consulting engineers) as a pre-requisite to preparation of a development plan
east of Despatch. The technical report includes information on generalised geology, soil profiles
and groundwater level monitoring from shallow augered holes in the Lower Swartkops River basin.

Talma et al. (1982) carried out a detailed geochemical investigation of groundwater in the recharge
area of the Uitenhage artesian aquifer and found this water to have a very low pH and alkalinity as a
result of groundwater movement through the silicic TMS host-rock to the aquifer. Inorganic carbon
concentrations in the groundwater were proposed to derive from solution of gaseous carbon dioxide

in the soil.

Johnstone (1982) studied the geochemical origins of the groundwater in the Kruisrivier area and the
possible causes of mineralization. It was proved experimentally that groundwater abstracted from
the Kirkwood Formation will have a higher percentage TDS than the Enon Formation or the TMS,
assuming equal contact time of the groundwater with the aquifer host rock. It was also shown that
with increasing distance from the recharge area, and thus greater contact time between the rock and
the groundwater, the TDS content of the groundwater increased.

Parsons (1983) recognised three major types of water in a study of the Coega Kop area, viz. water
derived solely from the TMS, water derived solely from the Cretaceous formations and water of
mixed origin caused by artificial leaky aquifer conditions as a result of borehole casing corrosion.
It was proposed that this mixing was important only in weakly artesian boreholes, since the pressure
of the strongly artesian TMS water would not allow entry of the Cretaceous water into the corroded
casing.

Bush (1985) reported on geological mapping, drilling, resistivity surveys and hydrochemical
analyses to delineate the hydrogeological parameters of the aquifers and aquicludes in the
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Kruisrivier / Bethelsdorp areas. He found that the major aquifer in the Kruisrivier area is formed
by the Kirkwood sandstone and Enon conglomerate acting as a single unit, while in the
Bethelsdorp area the major aquifer comprises the highly fractured Table Mountain quartzites,
artesian in places, yielding good quality water. The Kirkwood Formation mudstones were
considered to form an aquiclude and contribute only small quantities of highly saline
groundwater. The Kruisrivier area showed a decline in piezometric levels as abstraction in the
region exceeded recharge, whereas a general recovery of groundwater levels in the Bethelsdorp
area was occurring, '

Venables (1985) studied the northern portion of the Uitenhage SGWCA, i.e. the Coega Ridge
area, to quantitatively evaluate the TMS aquifer which formed the principal aquifer of the
artesian system. The study involved a hydrocensus, geological and geophysical work and
included borehole drilling, aquifer testing and hydrochemical sampling. The study results
formed the basis for decisions on the easing of drilling and abstraction restrictions in the other
geohydrologically less important parts of the Uitenhage SGWCA. Recommendations were made
to re-define the boundaries and decrease the size of the control area.

Reynders (1987) provided a hydrogeological and water utilisation background in the area for the
purpose of redefining the boundaries of the Uitenhage SGWCA, as proposed by Venables in
1985. Appropriate policy regarding the management of the control area to ensure its optimal use

was suggested. A further recommendation was made to seal all boreholes with corroded casings
in the Coega Kop area.

SRK (1991) sub-contracted to the CSIR on contract to the ARSC to carry out a geohydrological
investigation of the groundwater quality in the Swartkops River catchment. This study was
essentially a précis of existing, relatively outdated, data provided mainly by the DWA&F, and no
new conclusions were reached. Two aquifer types were listed as occurring in the region, i.e. a
shallow primary aquifer and a deeper secondary aquifer. Pollution to the primary aquifer as well
as surface water in the area of Uitenhage was found to be occurring but secondary aquifer
pollution was considered to be minimal. The origin, extent and nature of pollution to the primary
alluvial aquifer was uncertain. A close relationship was proposed to exist between the river and
shallow sub-surface flow conditions. It was postulated that sub-surface preferential flow paths
existed in the form of "palaeo-channels" within the alluvium.

Pitts and Raath (1993) were contracted by the DWA&F to conduct a geophysical investigation
for this study in order to determine the geometry of the primary alluvial aquifer present in the
Swartkops River valley, as well as to attempt to delineate zones of pollution. The frequency
domain electromagnetic (EM) profiling and sounding technique was used as well as the relatively
new technique of ground penetrating radar (GPR). Initial investigations with the EM technique
yielded little correlation between interpreted results and known geology. The GPR technique
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was ineffective over much of the study area due to high electrical conductivities of the shallow
groundwater. Where the technique could be applied, e.g. in the lower reaches of the Kwa-Zunga
River, no accurate depth interpretations could be made. It was suggested that the more expensive
seismic refraction and direct current sounding and profiling techniques should be investigated for
defining the aquifer size.

Maclear (1993) reported on a hydrocensus of over 120 groundwater users in the Swartkops River
basin to assess the occurrence and quality of the groundwater; carried out as a specialist
investigation for the SRWRMP. Hydrochemical facies were outlined and discussed for various
regions of the aquifer of similar water quality. The survey showed that pollution of the
groundwater was occurring in the alluvial aquifer, mainly in the industrialised areas around
Uitenhage and Despatch. The various sources of pollution were identified and discussed with
respect to observed borehole water quality down-drainage of the pollution sources. Numerous
dug-wells were identified, mostly in the Despatch area, where groundwater contained in fluvial
terrace gravels was abstracted for small-scale garden and orchard irrigation. It was concluded

and strongly recommended that the installation of a groundwater monitoring network was
necessary to determine the origin and extent of pollution of the alluvial aquifer, and to provide
geohydrological data for the little understood alluvial aquifer.

Parsons (1994) carried out a site-specific geohydrological study for Waste-Tech (Pty.) Ltd. at the
Aloes waste disposal site near Motherwell, north of the Swartkops River. It was determined that
the Uitenhage Group mudstones and shales were highly impermeable and acted as a very
effective natural barrier to leachate migration. The seepage groundwater contained in the rock
formations below the site was further found to be highly saline and unfit for any use. It was
concluded that the waste disposal site did not pose a pollution threat to any groundwater

resources in the area.

Maclear (1995) reported on the installation of a network of shallow boreholes designed to
monitor the groundwater quality and fluctuations in water levels with time in the Swartkops
River Alluvial Aquifer. The report summarised all the relevant project details, including
borehole logs, difficulties experienced during drilling in the unconsolidated alluvium, aquifer
testing results for derivation of hydraulic parameters, and project cost.

A conceptual aquifer model for the Swartkops River Alluvial Aquifer was proposed, viz. a
relatively thin, conductive, coarse saturated alluvial package, overlain by a semi-confining layer
of sandy soil and clayey silt, and underlain by impermeable Kirkwood Formation mudstones.
Derived transmissivities and estimated hydraulic conductivities for the alluvial aquifer were
presented. Because of the variable nature of the geohydrology of the alluvial aquifer over the
study area, it was suggested that the aquifer parameters obtained should not be extrapolated to
apply to the aquifer on a regional scale. These data, however, provide a useful first assessment
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and are the only practically derived estimates of aquifer hydraulics available for the study area to
date.

Maclear and Woodford (1995) presented the findings on a study of the factors affecting spring-
flow variations at the Uitenhage Springs. A substantial database of spring-flow records spanning
almost a century was analysed and associated with rainfall, drilling and abstraction history, and
seismic events within a set radius of the Springs. It was determined that exploitation of the
aquifer had the greatest effect on spring-flow, while only a few seismic events were considered to
have had a definite - albeit temporary - influence on flow. No significant correlation was found
between spring-flow and rainfall over the whole study period, as a result of the over-riding
influence of drilling and pumping activities. During periods of lowered abstraction from the
Coega Ridge Aquifer, however, the cumulative rainfall departure method illustrated the natural
relationship between spring-flow and recharge. ‘
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2. STUDY AREA

The study area (Map 1) comprises the catchment of the Swartkops River and is approximately
1 400km? in extent (Maclear, 1993). It is located in the Southeast Cape Province immediately
north of Port Elizabeth and is oriented approximately northwest-southeast. A large proportion of
the river catchment lies within the Uitenhage SGWCA boundaries, as outlined in Bekker (1989)
and detailed further in Section 4.

2.1. Relief and Terrain

The western part of the region consists of high west-northwest striking mountain ranges namely
the Groot Winterhoek, the Elands and the Zunga Berge comprising the main catchment area -
with the lower-lying Van Stadens Berg to the south (Map 2). Towards the coast in the east, the
mountain ranges are fringed by low-lying terraced coastal plains (detailed in Section 3.2). The
coastal plains slope gently seawards at approximately 1° and surround an extensive alluvial
floodplain and estuary. Isolated koppies formed by inliers of resistant Table Mountain Sandstone
(TMS) project through the soft Cretaceous strata in the coastal area and along Coega Ridge. To
the south, undulating hills occur.

Areas underlain by TMS, or a thin veneer of Tertiary formations, are mostly covered by grass;
whereas impenetrable thorny False Macchia bush covers the high lying areas underlain by
Cretaceous strata, and Karoo and Karroid valley bushveld occurs in the low-lying areas. The
Bokkeveld Group rocks weather to form fertile soil mostly vegetated by thick bush (Acocks,
1951).

2.2. Climate

The study area falls into climatic region A of Schulze (1986), i.e. Southern Cape coastal belt with
rain during all seasons. The highest rainfall occurs as heavy downpours - due mainly to
orographic as well as cyclonic influences - during the last four and first three months of the year.
The influence of topography on rainfall occurrence is clearly illustrated on Map 2. No proof of
long-term climatic changes have been found in recent geological history (Marais, 1965).

Precipitation over the study area varies from 760mm/yr in the Groot Winterhoekberge to
610mm/yr at Groendal Dam, 435mm/yr at Uitenhage and 660mm/yr at the Port Elizabeth airport
(WB 40, 1986). Reddering andAEsterhuysen (1981) estimate the catchment's mean annual
precipitation (MAP) at 636mm.
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Figure 1: Annual rainfall - Uitenhage (private records, Mr. Inggs, Kruisrivier).

Figure 1 shows the annual rainfall measured at Inggsville farm near Bullmer Drift, Kruisrivier
(Uitenhage) over a 108 year period. The average annual rainfall for this region - roughly central
to the study area - is 470mm. Average monthly rainfall, evaporation and temperature data for
Port Elizabeth are shown in Figure 2. Annual A-pan evaporation figures vary from 1 790mm/yr
at HF. Verwoerd airport to 1 500mm/yr in the Groendal Dam area at the base of the Groot
Winterhoekberge (Directorate Hydrology, DWA&F, Pretoria).

The region enjoys a temperate climate with warm humid summers and mild to cool winters. The
prevailing wind varies from southeast in summer to southwest in winter, frequently reaching
strong gale force along the coast.

MONTHLY RAINFALL, EVAPORATION + TEMPERATURE
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Figure 2: Average monthly weather characteristics - Port Elizabeth
(Weather Bureau Station 34/7677).



14
2.3. Geomorphology and Drainage
The easterly flowing Swartkops River is the major drainage feature of the catchment (Map 3),
which has a mean annual runoff (MAR) of 84.2Mm?* (Reddering and Esterhuysen, 1981). The
Swartkops River’s two main tributaries are the northern Kwa-Zunga and the southern Elands
Rivers which confluence at the Kruisrivier cadastral_ farm region. Other minor ephemeral
drainage features, viz.. the Sand, Bulk, Brak and Chatty Rivers, drain the southern catchment
area.

The western mountainous areas of the drainage basin are the source of the Swartkops River. The
drainage follows structural weaknesses and a shale filled syncline in the Kwa-Zunga and Elands
River valleys respectively. The main drainage follows a youthful trellis pattern in the
mountainous regions composed of highly jointed TMS, and a dendritic pattern in the tracts
occupied by Enon conglomerate. Eastward, where the river drains the broad, mature, open-valley
floodplain and estuary, the flow pattern assumes a multi-channel braided system eroding into the
semi-consolidated sediments of the Uitenhage Group. From Kruisrivier to the sea the Swartkops
River occupies a 2km wide flood-plain on which the river intermittently changes course.
Extensive meandering of the lower Swartkops River on the floodplain area occurred over time -
major direction changes being noted in living memory as far upriver as Uitenhage. Lateral
migration 1 to 2.5km north and south of the river's present channel position is documented in
McCallum (1974). Periodic flooding of the Swartkops and Elands Rivers and major tributaries
occurs during the wet winter months.

In the upper regions of the Swartkops River, the river channel is filled with a dominantly coarse-
grained sedimentary assemblage with boulder beds, becoming increasingly finer grained with
fewer boulders as distance down-stream increases. The sediment in the Kruisrivier area is
arenaceous and proximal becoming argillaceous and distal from the Bethelsdorp area eastward,
and older and flatter in the central and eastern portions of the study area.

‘The estuary - comprising supratidal mudflats and intertidal and subtidal sediment bodies in the
lower reaches - is underlain by older Holocene estuarine deposits (Reddering and Esterhuysen,
1981). The estuary was formed during marine transgression in the late Pleistocene when the
Swartkops River valley was inundated and filled with sediment.






16
3. GEOLOGY

The geology of the study area is illustrated on Map 4 and summarised in Table 1.

3.1. Stratigraphy

The west and southern portion of the study area comprising the Groot Winterhoekberge, the
Kwa-Zunga River valley and the Elands- and Van Stadensberge are formed by quartzitic
sandstones of the Ordovician to Silurian Table Mountain Group (TMG). The Table Mountain
sandstone (TMS) is the main provenance rock for the quartzite clasts that dominate the river
bedload in the upper reaches of the Swartkops River and its tributaries. Pockets of raised terrace
gravel and silcrete of Tertiary age occur as outliers forming ridge deposits.

A large part of the Elands River catchment is underlain by Bokkeveld Group (Ceres Subgroup)
black shales, metamorphosed to slate in places, and subordinate siltstone (Toerien and Hill,
1989). The river alluvium in this region consists of oligomictic, clast-supported deposits of
gravel and boulders (Plate 1), comprising 98% quartzite, 2% sandstone and <1% fault breccia
and phyllite (Hattingh and Rust, 1991).

The central study area consists mainly of Cretaceous to Jurassic Uitenhage Group deposits with
river alluvium in the valley and floodplain areas. Kent (1980) considered the three major units of
the Uitenhage Group to be lateral facies of a single sedimentary succession with the
conglomerates of the Enon Formation grading laterally and vertically into the over-lying
variegated reddish-brown Kirkwood Formation sandstones and mudstones (Plate 2) which in turn
may penetrate the Sundays River Formation.

Despatch and Uitenhage lie on alluvium and Kirkwood and Sundays River Formations of the
Uitenhage Group. Inliers of Peninsula Formation sandstones (such as Searle Hill outcropping
~ southeast of Kruisrivier) occur in the central, as well as north-central portion of the study area
where they outcrop and sub-outcrop along the Coega Ridge. The south-central region is
composed of Nanaga Formation aeolianites of the Algoa Group.

Quaternary floodplain and Cretaceous terrace deposits of the Algoa and Uitenhage Groups
comprise the eastern part of the study area, with the mudstones and sandstones of the Kirkwood
Formation forming the rolling hills along the R75 southeast of Uitenhage. The low-lying, west-
northwest striking terrace scarp immediately north of the Swartkops River is formed by resistant,
well-indurated Alexandria Formation deposits (Le Roux, 1989) of the Algoa Group (Plate 3).
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3.2. Landscape Evolution

The geologically dominant feature in the study area is the WNW-ESE striking and plunging
depositional trough as delineated by Van Eeden (1952). The nomenclature of the Uitenhage
Artesian Basin (UAB) is derived from this trough. This depositional basin was infilled during
the Jurassic to Cretaceous perlods by an assemblage of shallow marine to fluvial sediments (refer
to Section 4 for detail).

Evidence exists for at least three major marine transgressions and regressions during the Tertiary |
and Quaternary periods with an overall regression of the shoreline to its present form (Ruddock,
1968). In the early to middle Pliocene crustal subsidence followed by tectonic uplift of the Algoa
Basin occurred. This caused bevelling of the Cretaceous Uitenhage Group sediments during the
marine transgression, and deposition of dune cordons and lagoonal sediments associated with the
marine regression, to form the Grassridge Platform (north of the present-day Perseverance
siding).

Late Pliocene marine transgression shifted the shoreline up to the present Swartkops Salt Pan
escarpment causing denudation of the Alexandria Formation to form the Coega Platform (west of
Coega Kop). Late Pleistocene marine transgression moved the shoreline inland, depositing the
Alexandria Formation sediments and forming the Ingleside Terrace (comprising Sutton Vallance
and Mormons Vlakte).

A major late Pleistocene regression took the shoreline well below the modern coastline, resulting
in extensive river rejuvenation and downcutting of the Swartkops, Coega and Sundays Rivers to
form the noticeable elevated river terraces of today (Plate 4). The Holocene epoch was
characterised by minimal tectonic activity with minor sea-level fluctuations only, forming
localised raised palaeo-beaches (Stear, 1987).
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3.3. Structure ,

Post-Cape lateral compression during the Cape Fold Belt orogeny produced zones of intense
folding with southward dipping axial planes and fold intensity decreasing northwards. This
compression produced the dominant, regional east-southeast trending folds in the Cape
Supergroup rocks, forming the mountain chains in the study area (Section 2.1). Two large ESE-
striking regional folds form the Elands River syncline in the south and the Swartkops River
anticline in the north (Toerien and Hill, 1989). The Van Stadens and Elands Berge form the
southern and northern limbs respectively of the Elands River syncline which plunges eastward

below the Cretaceous sediments, from approximately the Brak River to the coast (Marais, 1965).
Further to the north, the Kwa-Zunga River flows through the Swartkops River anticline, where

valley erosion occurred as a result of structural weaknesses and faulting in the tensional regime
along the anticlinal fold axis. The northern limb of the Swartkops River anticline forms the
Groot Winterhoekberge. Figure- 3 and Figure 4 show simplified geological profiles through the
study area and illustrate the geometry of the aquifer units.

The southern Cape Province sediments are confined to a series of fault-controlled basins
extending along the Cape Fold Belt (Kent, 1980). The Algoa Basin (related to the break-up of
Gondwanaland) consists of an assemblage of sub-basins infilled primarily with clastic sediments.
Two major sub-basins are recognised onshore, viz. the Sundays River and the Uitenhage Basins
(Toerien and Hill, 1989).

3.3.1. Coega Fault

The Coega Fault is the major structural feature in the region and is the eastern extension of the
regional scale Coega-Baviaanskloof Fault Zone, which was reactivated in the Quaternary near
present-day Uniondale and Port Elizabeth (Hill, 1988). The Coega Fault is a normal tensional
fault with an average vertical southward displacement of the Cretaceous sediments of 550m
(calculated from geophysical data in Marais and Saayman, 1965). The downthrow on the fault is
geohydrologically significant since, a) it makes aquifer penetration logistically and economically
unfeasible for small-scale drill rigs on the southern side of the fault, in the central regions of the
study area; and b) the aquiclude of the Swartkops Aquifer Unit (Section 11) is juxtaposed against
the artesian aquifer of the Coega Ridge Aquifer Unit (Section 10).

The Coega Fault is traceable from west of the Groendal Dam eastward to the coast, either by
field observation or inferred from stratigraphic borehole information and geophysical surveys.
The exact position of the Coega Fault in the eastern part of the study area is controversial with
geophysical profiling identifying step-faulting, which results in a southward displacement of the
fault as shown on Map 4.
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Field observation of the side-wall of the Coega Kop quarry shows large blocks of highly
brecciated and faulted quartzite of the Peninsula Formation (Plate 5). According to the
geological map (Port Elizabeth sheet 3324), the quarry lies more than 300m north of the
indicated fault trace, which implies that faulting has occurred over a zone more than 300m wide.
Field mapping (carried out for this study) along the northern banks of the Groendal Dam - the
only area in which the fault plane is exposed - identified the fault zone in two tributary valleys of
the dam (Plate 6). In these valleys it was observed that the faulting occurs over a zone of at least
50m. Due to the intensely sheared nature of the TMS no dominant fault plane dip or strike could
be mapped. Core logging of a borehole drilled in the vicinity of the Coega Fault, as reported in
Venables (1985), confirmed that there are a number of smaller faults within a zone associated
with the major fault, rather than a simple planar feature. These observations are of
geohydrological significance as detailed in Sections 6 and 10.

3.4. Table Mountain Group

The catchment area to the UAB consists of mountains of highly folded, faulted and jointed
quartzitic sandstone (TMGQG) in the west, comprising the Elandsrivier and Groot Winterhoekberg
ranges. The TMG sandstone is characteristically fractured to such an extent that the original
bedding is obscured. In fault zones the quartzite has a sugary texture. The TMG has a minimum
thickness of 500m.

3.5. Bokkeveld Group

The Bokkeveld Group shales, deposited during the Devonian period, form the unconformity
surface on which sediments of the Uitenhage Group were deposited. These shales are exposed in
the Elands River valley. Eastward toward Algoa Bay they occur as a sub-outcrop below the
Uitenhage Group.

Sediments of the Bokkeveld Group occur in the southwest and south of the study area from the
Elands River valley to the Chatty River near Bethelsdorp, and immediately north of the study
area where they form a steeply north-dipping contact with the TMG. The Bokkeveld Group
deposits have a folded thickness of 500-1000m.

3.6. Uitenhage Group

The Uitenhage Group deposits accumulated in the graben—liké Uitenhage Trough of the Algoa
Basin, with the Coega Fault plane forming the northern scarp to the depositional basin. The
Middle to Upper Cretaceous clayey mudstones and siltstones of the Uitenhage Group overly the
TMG in the east of the study area, and produce more subdued topography compared with the
mountainous TMG landscape. The Cretaceous sediments dip northward at 5-10°, with a
steepening in dip towards the Coega Fault.
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The Uitenhage Group is represented in the study area by the Enon, Kirkwood and Sundays River
Formations from west to east res’peétively. The Enon Formation deposits usually occur in the
pre-Cretaceous landscape, often as infill to the palaeo-valleys. The formation consists of
generally structureless conglomerate units interbedded with semi-consolidated sandstone beds.
The conglomerate is comprised of a polymictic aésemblage_ of cobbles and boulders of TMG
provenance cemented by a sandy matrix. The Enon Formation typical.ly forms steep red cliffs in
the central and northwest portions. of the study area, with the thickest depoéits (200m) on the
immediate downthrown side of the Coega Fault.

The occurrence of the Kirkwood Formation is restricted to the lower-lying valleys of the
Swartkops River in the study area and consists of interbedded siltstones and mudstones with
minor thin (1.5-3m) sandstone layers. The Kirkwood Formation (Plate 2) typically weathers to
form reddish-purple outcrops of Blocky desiccated clay, and reaches thicknesses of 600-1000m in
the central and eastern portions of the UAB.

The Sundays River Formation occurs in the north-central part of the study area between the
Coega Fault and the Swartkops River valley and consists primarily of khaki-grey mudstone with
thin interbedded sandstone units, reaching thicknesses of 400m.

3.7. Algoa Group and Recent

The Tertiary and Recent deposits are confined to the eastern portion of the study area and consist
predominantly of calcareous sandstones and coquinites laid down in aeolian to near-shore
environments (Plates 7 and 3).

Alluvial and colluvial clastic deposits oceur as a thin veneer within the central and eastern
reaches of the Swartkops River flood-plain and as raised terrace gravel deposits around Despatch
(Plate 4 and Section 13).



25

4. UITENHAGE ARTESIAN BASIN

The study area of the Swartkops River Basin falls mainly within the Uitenhage Artesian Basin
(UAB) and a discussion on the geohydrology of the UAB is therefore relevant.

The UAB is a complex, fractured rock aquifer covering an area of about 3 700km?, and is
recharged by rainfall on the Groot Winterhoek and Zunga mountain ranges to the west. It occurs
mostly within the Port Elizabeth and Uitenhage Districts and is the only extensive aquifer with
free-flowing artesian conditions of its type in RSA, representing the country’s largest and only
economically important artesian basin. Over the last century, groundwater resources have been
extensively exploited in the UAB, mostly for agricultural use along the Coega Ridge.

The present-day UAB was an open basin in the Jurassic period (120M years ago), ringed by
mountains to the north, south and west. Pebble and boulder alluvial deposits were washed from
these mountains under a high energy environment of deposition and accumulated mainly along
the western margin of the basin to form the Enon Formation conglomerate and sandstone. Clays
were then deposited unconformably on the Enon Formation - under a basin-entry depositional
environment to form the mudstones and siltstones of the Kirkwood Formation. Fossil plant
remains in these sediments indicate a fresh to brackish environment of deposition (Mountain,
1955). Subsequent invasion of the basin by the sea deposited marine to estuarine clays to form
the Sundays River Formation, with a rich variety of marine fossils. During the Tertiary,
numerous periods of marine transgression and regression (Section 3.2) formed terraces in the
Cretaceous sediments of the Uitenhage Artesian Basin and deposited a veneer of calcareous
sandstones (Algoa Group) with sea-level retreat.

4.1. Uitenhage Artesian Basin - Aquifer Delineation

The artesian basin configuration is controlled by post-depositional faulting in the north (Coega
Fault, Section 3.3.1) and folding in the south (Section 3.3). The UAB’s natural boundaries are
the Indian Ocean to the east, the TMG-Bokkeveld Group contact in the vicinity of the Coega
River to the north, the Groot Winterhoekberge to the west and the St. Albans Flats (west of Port
Elizabeth) to the south. The total yield of the UAB aquifer is estimated at 80¢/s (Venables, 1985;

Maclear and Woodford, 1995).

The Swartkops River Basin - which forms the major part of the UAB - is sub-divided
geologically and hydrologically by the Coega Fault into two major aquifer units, viz. the
relatively shallow Coega Ridge Aquifer Unit (CRAU) north of the Coega Fault and the deeper
Swartkops Aquifer Unit (SAU) to the south of the Fault (Figure 5 and Figure 6). The two units
function independently from one another, i.e. abstraction from a borehole in one unit only affects
the yield of boreholes or springs in the unit from which abstraction is occurring, and not in the
neighbouring unit. '
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Figure 5: Sub-division of the Uitenhage Artesian Basin.

The Swartkops Aquifer Unit is further sub-divided into the Kruisrivier Compartment and
Bethelsdorp Compartment by the low-permeable to impermeable Bokkeveld Group infill of the
Elands River Syncline; and the Swartkops River Alluvial Aquifer (SRAA) which occurs as a thin
narrow unit over most of the Swartkops Aquifer Unit.

4.2. Declaration of a Control Area

Geohydrological conditions in the study area changed after 1908 from free-flowing artesian to
sub-artesian along the CRAU and Kruisrivier Compartment. This was a result of the arrival of
drilling machines in the area and the resultant rapid increase in the number of boreholes drilled to
augment the yield from the artesian basin for irrigation.

In 1950 the Hall Commission heard evidence regarding the weakening flow conditions in the
UAB and as a result of substantial pressure from the farmers in the region, the basin was declared
a Subterranean Government Water Control Area (SGWCA) in 1957, by means of Government
Proclamations No. 260 of 1957 and No. 958 of 1958. These proclamations announced and stated
regulations with regard to the control area, respectively. The Uitenhage SGWCA is shown in
Figure 6 and covers an area of 1 125km?,
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5. GENERAL GEOHYDROLOGY

Two main aquifer typés occur in the Swartkops River Bésin, viz. a minor, shallow semi-confined
to unconfined, unconsolidated primary alluvial aquifer; and a deeper major artesian to sub-
artesian, fractured secondary aquifer, in quartzites of the TMG, and basal sandstone and
conglomerate layers of the Enon Formation. Most of the artesian groundwater within the
secondary aquifer is restricted to relatively narrow, well-defined zones of intense fracturing.

The two main aquifer types are separated vertically from one another in the central to eastern
parts by confining layers of Uitenhage Group sediments, which form an aquiclude. To the south
and west, the secondary TMS aquifer is separated horizontally by low-permeable sediments of
the Bokkeveld Group (Figure 7). The Coega Fault marks the boundary in the UAB between
artesian conditions in the SAU in the southern downthrown side, and the CRAU in the northern
upthrown side.

No distinction is made in this study between the various formations of the TMG quartzites and
sandstones, and the shales of the Bokkeveld Group. These formation divisions are only
significant from a stratigraphic viewpoint rather than geohydrological.

The overriding geohydrological effect of the folding history of the area (Section 3.3) is the
creation of cleavages and joints - aligned along the trend of the Cape folding, i.e. WNW-ESE.
These structural failures result in secondary permeability being introduced, thereby permitting
the passage of water in the massive quartz arenites of (mainly) the TMG Peninsula Formation.
Without these structures, the TMG rocks in the study area would not be termed aquifers since
these formations - in their undisturbed form - have an inherently very low primary porosity and
permeability due to silica cementation during diagenesis.

The Elands River Syncline (Figure 4), striking east towards Port Elizabeth, exposes the
Bokkeveld shales (classified as an aquitard for this study) below the Cretaceous rocks. The
syncline is geohydrologically significant in the study area where the shales form an impermeable
retaining wall, dividing the SAU into the southern Bethelsdorp and the northern Kruisrivier
Compartments (Marais, 1965). The majority of abstraction in the SAU occurs in the Kruisrivier
Compartment, where groundwater is pumped out of the aquifer for irrigation purposes.

Mudstones of the Kirkwood and Sundays River Formations are characterised by very low
permeabilities and are considered to form an aquiclude for the purposes of the present study
(although they do yield small amounts of poor quality groundwater). . These mudstones confine
the groundwater in the underlying secondary aquifer, resulting in artesian conditions. The
impermeable mudstones also result in perched water tables occurring in the groundwater units
‘above the Kirkwood Formation.
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Late Tertiary to Recent alluvial deposits are restricted to the river valleys and floodplain areas
and unconformably overlie parts of the Cretaceous strata. These deposits consist of sand, gravel,
silt and clay beds generally less than 15m thick. Bush (1985) considered them to be of little
geohydrological importance, with groundwater abstraction mainly taking place by means of
shallow wells and seepage pits adjacent to the Swartkops River and upper tributaries.

The alluvium area comprising the primary aquifer - of Signiﬁcance to this stu.dy from the aspect
of aquifer vulnerability - covers an area of 88.5km?, of which 40km? occurs in the river reach
from above the confluence of the Elands and Kwa-Zunga Rivers down-river to Perseverance.
The aquifer is recharged by precipitation, direct infiltration from surface impoundments and
induced river seepage during pumping (Section 13).

5.1. General Hydrochem-istry

5.1.1. Hvydrochemical Evolution

As groundwater moves along flow lines from recharge to discharge areas, its chemistry is altered
by the effects of a variety of geochemical processes, dependent on the basin flow regime and/or
aquifer hydraulic characteristics. Water chemistry changes thus occur with lateral and vertical
movement of the groundwater along its flow path (Freeze and Cherry, 1979).

Major factors controlling the natural hydrochemical evolution of groundwater are geology,
topography, climate and time. As groundwater moves along flow paths in the saturated zone the
mineralisation increases, with an accompanying chemical evolution of groundwater towards the
composition of sea-water (Chebotarev, 1955). This involves a change from a calcium
bicarbonate/carbonate water -to a sodium chloride water as it moves from a recharge to a
discharge area.

The nature and degree of mineralisation of groundwater depend on:

¢ the composition of the recharge water,

¢ the composition of the rocks through which the water flows,

e the changes in the composition of the groundwater with travel through the soil or regolith,
and

¢ climatic factors which affect weathering (and, therefore, the mineralogical composition of the
regolith); and evapotranspiration rates (important with respect to salt concentration especially
in shallow, unconfined aquifers). |

Concentration of dissolved mineral matter is directly proportional to the length of the flow path
and to the residence time of the groundwater. Very slow moving water, such as occurs in the
relatively impermeable argillaceous siltstones and mudstones of the Kirkwood and Sundays
River Formations, becomes highly mineralised with time (Ward, '1.975). The "order of
“encounter” - the order in which minerals are encountered by water moving through the flow
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system - is one of the most important factors in the chemical evolution of groundwater (Freeze
and Cherry, 1979). )

Groundwater mineralisation will generally increase from recharge to discharge areas and with
movement from shallow to deeper lying lithologies. Recharge areas can be expected to have
groundwater low in TDS, whereas deep circulating groundwater in discharge areas will have the
highest TDS concentrations in any one system.

In the Swartkops River catchment movement of the more recently recharged groundwater from
the upper catchment areas (TMS) to the lower lying discharge areas (alluvium, Tertiary and
Cretaceous sediments) involves the removal or exchange of Ca and Mg bicarbonates and the
introduction of Na and Cl dominated salts to the groundwater, as different formations are
encountered along the flow path. This is clearly illustrated in Figure 8 for the various
groundwater regions in the study area, by the progressive rapid increase in TDS with increasing
distance from the recharge area.

The striking characteristic of many groundwaters in stratified sedimentary sequences is the
occurrence of sodium (and bicarbonate) as the dominant ions due in part to cation exchange
(Freeze and Cherry, 1979). This feature is very apparent for groundwater sampled from the
Uitenhage Group rocks in the discharge portion of the study area, e.g. the dug-well water
analyses from the Despatch area presented in Appendix A and B. |

5.1.2. Hydrochemical Facies

Evolutionary processes effective on a particular groundwater body, such as host rock mineralogy
and groundwater flow pattern, will result in a distinctive chemical assemblage for that water.
This is referred to as a hydrochemical facies. It is a useful tool for the classification of
groundwaters from different sources, as well as observing the hydrochemical evolutionary stage
of groundwater samples from the same source with movement from recharge to discharge zones.
The hydrochemical facies concept assumes that the chemical composition of groundwater at any
point along its flow path reflects a tendency towards equilibrium with the host rocks (Ward,
1975).
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5.1.3. Graphical Methods for Representation of Chemical Analyses

Numerous methods of graphing hydrochemical analyses have been developed (Hem, 1970),
typically taking the form of ion concentration diagrams. These diagrams are useful for purposes
of correlating and studying the analyses of a water sample or group of samples, and subsequent
interpretation of hydrochemical facies. The three most commonly used and accepted methods
are outlined below. '

Piper Method : trilinear diagram developed by Piper (1944) providing a useful tool for the
interpretation of hydrochemical analyses, as well as indicating the extent to which mixing of
waters has occurred. In this method, groundwater is treated as containing 3 major cations (Na,
Ca, Mg) and three major anions (HCO3, SOy, Cl), with the minor ions being summed together
with the related major ions for plotting purposes. The relative concentrations (in meq/é) of the
anions and cations are plotted as a percentage on the diagram, with the central diamond field
showing the overall chemical character of the groundwater (Figure 9). Different water types
can be recognised and compared, as well as their position in the flow system, from their
plotting position on the Piper Diagram. It is important to note that a Piper diagram displays
ionic ratios only, and not total salt concentrations, thus water samples of widely different
ionic concentrations should be compared with caution (Hem, 1970).

Stiff Method : developed by Stiff (1951) for graphically displaying the concentration of the
four major cations and anions for the interpretation of water chemistry, and specifically for
showing compositional differences or similarities. The Stiff method produces a distinctive
polygonal shape, which can be used for visual comparison purposes, where the ionic
concentrations (in meq/é) are shown on the x-axis (see Figure 10). A shortfall of this method

is that it is only able to indicate the hydrochemistry of a single sample.

Schoeller Method : nomograph form developed by Schoeller (1935), as a useful means of
depicting a group of hydrochemical analyses. This method has the advantage (over, for
example the Piper Method) of showing the relationship between the mg/¢ and meg/¢ (epm) for
the different ions. A number of water samples can be simultaneously illustrated on the
Schoeller Diagram for interpretation purposes. Waters of similar composition plot as near
parallel lines on a Schoeller Diagram and the dominant ions can be easily seen (Figure 10).
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Figure 9: Piper trilinear diagram showing hydrochemical facies (from Ward, 1975).

5.1.4. Study Area Hydrochemistry

In his 1957 study, McNae reported the groundwater in the upper reaches of the Swartkops River

catchment (sandstone and quartzite dominated) to be soft with low mineral content, but that by

the time the groundwater reaches the estuary it is brack - having flowed through “marine” beds,

i.e. the Uitenhage Group deposits. This general observation was confirmed in the catchment-

scale hydrocensus by Maclear (1993) when, for example, the Elands River groundwater

hydrochemistry (500mg/¢ TDS) is compared with that from boreholes in the Perseverance area

(>10 000mg/¢ TDS). From Figure 8, where the plotting position of the groundwater sample point

as well as its TDS range is shown on Piper diagrams for geographical clusters of groundwater

samples, it can be seen that there is a general increase in salinity from the western recharge areas
to the eastern discharge areas in the Swartkops River Basin.

The Cretaceous and Bokkeveld Formations have a high percentage of clay minerals that
contribute to the argillaceous lithologies. Since clays are efficient ion exchangers (giving up
sodium to base exchange) and the clay minerals have small pore spaces, resulting, e.g. in slow
flow rates and therefore higher residence time in the aquiclude, a longer time is available for
dissolution reaction of ions by percolating groundwaters. As a result, the groundwater in these
formations has a high salinity.
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The TMS, conversely, is composed almost exclusively of quartz grains in a silica cement matrix
- resistant to erosion - thus prodUcihg a groundwater. with a low total mineralisation. Widely
varying water quality within a geologically complex basin - such as in this study - can thus be
expected.

Sea-water was trapped in the shallow marine, lagoonal and estuarine sediments and associated
evaporite deposits in the study area, as a result of periodic marine transgreséion and regression
events during the Pliocene and Pleistocene epochs. This resulted in mineralised, brack connate
groundwater in the Kirkwood and Sundays River Formations of the Uitenhage Group The sea
“water origin of the groundwater in these Formations is confirmed for the following reasons: the
water has a typical NaCl character (Uitenhage Group in Figure 10) and concentrations of Sr and
B similar to that of sea water (Appendix C). The Sr concentrations on their own are not
indicative of a connate origin of the groundwater, since Sr is a common element in sedimentary
deposits (Hem, 1970); however, together with the NaCl character, Ca/Mg ratios of 7 : 11, B
concentrations and known depositional history (Section 3.2) of these formations, the sea water
origin is confirmed.

The highest TDS values for sampled groundwater, from both boreholes and dug-wells, occur at
Maclear’s (1993) hydrocensus points DH3 and TM1 (Appendix A and Map 5). These points
penetrate intermediate and low-level fluvial terrace gravels (Plate 4), lying as remnant deposits
on the estuarine and marine Kirkwood and Sundays River Formations, and thus connate
groundwater can be expected from these sediments.

Average pH and EC values of the groundwater for the regions indicated in Figure 8 are shown in
Table 2. The regions are listed in this table in order of position within the proposed flow regime
from west (recharge) to east (discharge) in the study area. It is clear that the mineralisation
generally increases with increasing distance from the recharge area for the secondary, confined to
semi-confined aquifers of Elands River, Brakkefontein, Kruisrivier, Perseverance and Coega,
with the exception of the artesian Uitenhage Springs, where the deep circulating groundwater is
of exceptional quality when it daylights. The unconfined to semi-confined primary aquifer
groundwater at Alexander Park and Despatch is highly mineralised as a result of lithology and
connate conditions, discussed further in Section 16.11.



Figure 10: Groundwater types - Swartkops River Basin.

Note scale changes on Stiff diagrams for different locations.
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-

Table 2: Average "groj.undwater quality for the study area,

locations in sequence'ﬁom west (recharge area) to east (discharge area).

The groundwater in the upper western parts of the study area is neutral to weakly acidic, the
Uitenhage Springs water being the most acrdlc with.a pH of 6. Rainwater and distilled water have

a pH in the vicinity of 5.6 (Freeze and Cherry, 1979) and this, together with the very low
mineralisation of the groundwater drschargmg from the Uitenhage Springs indicates this water to -
be fresh, relatively recently recharged and litle changed from its original natural state (see also
Section 12.2). This is a result- of the reasonably high transmissivities, and therefore short .
residence times, for the TMS aquifer below Coega Ridge (Section 10). The fact that the
groundwater in this aqurfer is ﬂowmg through crystalline sandstone rocks, which are relatively
devoid of calcareous deposits ‘(e.g. hmestone that would raise the pH, thereby mcreasmg the

»

alkalinity), also explains the slightly ¢ a01d1c nature of this groundwater. ~ 5.

Mildly alkaline groundwater (pH 7.5-‘8.5) exists in the central to eastern regions o_'_f the study area, ;
to be expected as a result of the water residing in and passing through the calcareous silty and. . i
muddy sediments of the Algoa and. Uitenhage Groups This is explained with reference to the -
following chemical reactlons

H,0 + 0o, > H,COs Reaction 1
- (water) (carbon dioxide) (carbonic acid)
H,COs  + CaCO; =  Ca(HCOs)  Reaction 2

Lo

(carbonic acid)  (calcium cérbenate) !'_- (calcium bicarbonate)

As rain falls, CO; ih the atmosphere is absorbed to form diluted, weak .carbonic aeid'(Reaction 1§
that leaches through the soil and rock dissolving various rninerals . On contact with clayey
formations, feldspars are broken down and, in calcareous deposits, the acrd dlssolves the alkali
limestone to form calcium bicarbonate (Reactlon 2), thus: ralslng the pH.
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The hydrochemistry of the major geological units in the Swartkops River basin is shown for
comparison purposes in Figure 10. The groundwater type of.the various units is very similar, i.e.
a predominantly NaCl character, indicated by the distinctive polygon shape on the Stiff Diagrams.

- The NaCl type of the study area water is explained by the proximity of the Swartkops River Basin

to the sea - the source of recharge water to the aquifers via precipitation. This is confirmed by the
chemical mixmg exercise carned out for this study and detailed in Section 16. 10 '

" The ‘connate nature of the water trapped in the Uitenhage Group sediments further explains the
NaCl signature of the study area groundwater' contained in these sediments (Section 11.2.4). The
‘secondary aquifer in the fractured TMG quartzites, however, also has a NaCl signature therefore -
the effect of rain water on the observed hydrochemistry in the catchment is the over:riding
influence. - - ' - s ‘ : ,

From the Schoeller Diagram (Figure 10) it can further be seen that the concentration of. the major
ions in the groundwater i.e. salinity, varles by four orders of magnitude in the study area. The
groundwater from a borehole at the Aloes waste disposal site (Map 5) - situated on the Sundays ‘
River Formation of the Uitenhage Group, ' for example, has an extremeiy high salinity of -

. 52 SOOmg/é TDS, i.e. 1.5 times that of sea water; compared with the salinity of the groundwater
issuing from the U1tenhage Sprmgs of only 65mg/e TDS equlvalent to that of rain water sampled
m the study area (Appendix D) ‘ ’ -

’ The general characteristics of the groundwater contained in the various geological formations of
the Swartkops River Basin are detailed further in Table 3 and Table 4. -

~ Table 3: General hydrochemical characteristics of the UAB

very low salinity, fresh groundwater, NaCl/
slightly acidic due to the oxidation of FeS,, therefore corrosive Ca(HCO3) + Ca / MgSO4
to steel borehole casing and concrete with time, ' :
ferruginous material deposited on exposure to air,
_relatively high SO, content - function of oxidation of pyrlte o )
highly variable quality, NaCl/MgCl
generally very saline, especially’ the Sundays River. and | + Ca(HCO;) / CaSO,
.Kirkwood Formations, .
mildly corrosive. o ] N : : o
brack groundwater. . ’ T NaCl / Ca(HCO)
moderately saline and corrosive. : ) -+ _|\NaCl .

water quality highly Vv‘ariable. depending ~on overburden [ NacCI1 -
- thickness, lithology and proximity to river (Section 13.1.3). -
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Table 4: Fitness for use of groundwater in the UAB.

excellent
o  F below health requirements
6-6.5 |soft 0.6 |¢ good
e excellent for irrigation
e slight Fe taste, removed with standing time
e F below health requirements

e Marked presence of Mn + Fe due to presence of
small manganiferous ore bodies.

5.5-6 |soft 0.3 |¢ good
e Na:Ca+Mg ratio (SAR) good for irrigation esp.
, vegetables

o  F below health requirements
450-9350 | 6.5-7.5 [moderately | 1.1 {e unfit for use

(highly hard to very e  highly mineralised
variable) hard e stock watering only
1 450-33500 | 7-8.5 |veryhard 1.5 | unfit for use
k o alkaline

¢ stock watering only

3300 7.5 |hard to very] 0.3 |e unfit for use
] hard e  stock watering only
1 100-22000 7-8 |moderately | 0.6 |e generally unfit for use
E:;g to very, e  suitable for small-scale garden/orchard irrigation

- Averages of water quality variables are given unless a range is specified.

- Fitness for use related to domestic consumption.

- Data from Marais (1965), Bush (1985), Maclear (1993) and Maclear (1993).
* Hardness range (CaCO;) based on USGS classification in Heath (1983).

5.1.5. Groundwater Irrigation Potential

Due to its low salinity in places, groundwater is extensively used for irrigation purposes in the
Swartkops River Basin, especially in the Kruisrivier area and along the Coega Ridge. The
suitability for irrigation of groundwater from various aquifers is shown on a Wilcox Diagram in
Figure 11. This chemical analytical technique was developed specifically for the agricultural
sector and indicates the salinity and SAR hazard of displayed waters.

The SAR (sodium adsorption ratio) predicts the degree to which irrigation water will enter into
cation-exchange reactions with the soil (Hem, 1970), where Ca®" and Mg ** are displaced by Na".
This displacement produces sodic (Na-rich) conditions in the soil, which is damaging to soil
structure - specifically as a result of reduced soil permeability. As the SAR of irrigation water
increases, the ability of a soil to absorb sufficient quantities of water for crop requirements is
reduced.
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Irrigation with saline water is also hazardous, since soil salinity is induced when salts are
concentrated in the soil with time by evapotranspiration, and as the water is preferentially
absorbed by the crop. Once the threshold soil salinity - specific for each crop - is exceeded, soil
salinisation occurs and a reduction in crop yields results.

The guideline ranges suggested in DWA&F (1993b) for SAR and salinity of irrigation waters are

as follows:- '

o 0-1.5 SAR = rarget range to ensure adequate infiltration rates for sensitive soil; 10 SAR =
maximum range above which soil infiltration rates cannot be maintained.

e <40mS/m EC (= 400umhos/cm) = farget range to ensure that salt-sensitive crops can be
grown without suffering a yield decrease; 550mS/m EC = maximum limit above which a 25%
crop failure of moderately salt tolerant crops will occur.

The groundwaters from the quartzitic aquifer beneath the Coega Ridge (Amanzi borehole), and
the sandstone and shallow alluvial aquifers (boreholes KM1 and G40035, Appendix A and C) in
the Kruisrivier area are highly suitable for irrigation - and are classified as S1C2 irrigation
waters, i.e. having a low sodium hazard and medium salinity hazard (Figure 11). The Amanzi
borehole is used for large-scale irrigation of citrus orchards along the Coega Ridge, and KM1 for
irrigation of extensive vegetables lands (Appendix A).

In contrast, the aquifers in especially the Brakkefontein area (Bokkeveld Group, borehole BF8,
Appendix A), as well as below Despatch (perched clayey gravel aquifer, dug-well DH147,
Appendix A) are unsuitable for irrigation; with a very high salinity, and medium to very high
sodium hazard. Borehole BF8 is used only for stock-watering purposes and the dug-well DH147
for small-scale fruit and garden irrigation.
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6. GEOHYDROLOGY OF THE TABLE MOUNTAIN GROUP

The orthoquartzites of the TMG have been highly' fractured, jointed and brecciated by
deformation resulting in structures of secondary permeability.

Petrographic analyses of the quartzitic TMG sandstone matrix shows that it is impermeable. The
competent nature of the rock, however, resulted in the development of sécondary zones of
permeability during the CapeAOrogeny. These jointed and brecciated zones are usually parallel to
bedding and range from a few centimetres to about 100m in the Coega Fault Zone (Plate 6). The
highly fractured nature of the TMG rocks in the west of the study area thus results in an excellent
secondary aquifer, with strong borehole yields generally greater than 5¢s.

Drilling in the mountainous area to the NW and W of Uitenhage is generally unsuccessful due to
the rugged nature of the terrain resulting in rapid run-off (therefore reduced effective recharge)
and groundwater drainage. This necessitates the drilling of deep boreholes to elevations below
the valley floors, in order to intersect the water table. Marais (1965) reported that with increased
drilling depth, the occurrence and density of structures decreased and structures became more
closed.

6.1. Groundwater Quality

The groundwater in the TMG fractured aquifer is of an excellent quality and is generally fit for
drinking in its raw state, although F addition or blending of groundwater with surface water is
required, if it is to be a sole long-term supply (Table 3 and Table 4).

6.2. Groundwater Temperature

The available groundwater temperature data from boreholes drilled into the TMG in the study
area, as presented in Marais (1965), shows no correlation between groundwater temperature and
depth. The differing thicknesses of the overlying Cretaceous sediments makes interpretation
difficult with respect to applying a simple geothermal gradient to the TMG, in order to determine
the origin of the groundwater. The 160m deep borehole drilled into Eye 2 (Plate 8) at the
Uitenhage Springs, for example, was drilled directly into the TMG, and has a groundwater
temperature of 23°C; whereas the Amanzi borehole is only 55m deep, has a Cretaceous
overburden of 38m and a temperature of 33°C. These anomalies in groundwater temperature and
depth are a function of the depth of circulation of the groundwater system. From this, it should
be noted that the depth of the water-strike in a borehole 1s not necessarily the actual depth of
origin of the groundwater. '
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7.  GEOHYDROLOGY OF THE BOKKEVELD GROUP

The Bokkeveld Group is not defined as a productive aquifer in the study area, but rather
considered to be an aquitard (Section 5), since it has poorly developed structures which are often
infilled due to the easily weathered nature of the shales.

Past drilling into the Bokkeveld Group in the Swartkops River Basin, has produced a poor
success rate, with unreliable and low-yielding boreholes (0.5¢s) being the typical result.

7.1. Hydrochemistry

The feldspathic sandstone and clayey shale composition of the Bokkeveld Group results in
leaching of salts into the percolating groundwater, making the water brack (connate origin) and
generally unusable (Table 3 and Table 4).

8. GEOHYDROLOGY OF THE UITENHAGE GROUP

The impermeable nature of the Uitenhage Group results in very low rates of groundwater
transmissivities in these sediments, classifying it as an aquiclude for this study (Section 5). The
major geohydrological significance of the Uitenhage Group in the study area is its role as a
confining layer to the fractured secondary aquifer in the central and eastern portions of the study
area, where this aquifer is overlain by the Uitenhage Group.

8.1. Enon Formation

The conglomerate layers of the Enon Formation have a very low porosity and permeability,
whereas the interbedded semi-consolidated sandstone units are soft, semi-consolidated and
granular in nature. This results in low to medium primary porosities in the sandstone units,
producing localised high-yielding boreholes such as in the Kruisrivier and Chatty regions.
Generally, however, boreholes drilled into the Enon Formation in the study area have proved
unsuccessful. In addition, the Enon Formation is not a preferred target for groundwater
development, due to the difficulty of drilling in this formation - a function of the instability of the
semi-consolidated material.

The occurrence of ephemeral springs issuing from exposures of Enon Formation sandstone (in
the Kruisrivier area) after good rains, however, indicates a moderate exploitation potential for
these sandstone units. It is suggested that boreholes could be drilled in this formation, equipped
with slotted screen, and developed as a primary aquifer.
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8.2. Kirkwood Formation.

The clayey argillaceous mudstones and siltstones of the Kirkwood Formation are considered to be
an aquiclude for the purposes of this study (Section 5), due to their inherently very low
permeability and porosity. The low permeability was. confirmed by Maclear (1995) during the
drilling project to install a groundwater monitoring network in the SRAA (Section 13). The
interbedded sandstone units form the only aquifer in the Kirkwood Formation, but the water is
typically brack in nature, making the groundwater generally unusable, except for stock-watering -

purposes.

The boreholes are mostly low-yielding (0.2¢/s) with groundwater being encountered exclusively in
the sandstone layers and yields being proportional to increasing thickness and depth of the
intersected sandstone layers.

8.3. Sundays River Formation

Due to its similar lithology to that of the Kirkwood Formation, the Sundays River Formation is
also defined as an aquiclude. This definition was validated in a study by Parsons (1994) where a
horizontal conductivity (K#) of 1x10°m/day was determined for the Sundays River Formation
underlying the Aloes waste disposal site near Motherwell.

In rare occasions low yields, generally <1¢/s, may be obtained in the Sundays River Formation,

where groundwater is struck exclusively in the interbedded sandstone layers.

8.4. Groundwater Temperature

The geothermal gradient in the Cretaceous sediments of the Uitenhage Group is generally low. In
rare instances where economically exploitable occurrences of groundwater are found - mostly at
depths of 150-350m - moderate groundwater temperatures of 19.5-23.5°C have been recorded.



46

9. GEOHYDROLOGY OF THE ALGOA GROUP AND
RECENT DEPOSITS

9.1. Algoa Group

The sediments of the Algoa Group are generally thin and located above the water table on raised,
wave-cut platforms, forming plateau deposits. They are also generally well-indurated (Le Roux,
1989) and impermeable, and these characteristics therefore result in the Algoa Group not being
considered as a viable aquifer.

9.2, Alluvium

The alluvium of the study area comprises predominantly fluvial sand and gravel overlain by an
overburden of silt and clayey soil. It has an average thickness of 10m (Maclear, 1995) and
reaches a maximum thickness of 25m in the eastern portions of the estuary.

The alluvium lies on an impermeable basement of Kirkwood and Sundays River Formations and
is locally exploited for groundwater from excavated seepage dams or “kuile”, mainly in the
Kruisrivier area.

Water-table contours of the alluvial aquifer (Map 6, page 78) indicate that the dry-season flow of
the Swartkops River is maintained by base-flow from the alluvial aquifer, making the Swartkops
River a gaining system (Maclear, 1993).

9.3. Sinters

Numerous ferruginous and manganiferous sinter deposits have been formed over Recent
(Holocene) time by concentration and deposition at the water table, and by flowing artesian
groundwater. An example of this is the 6m thick ferricrete deposit forming Amanzi Kop at
Amanzi Estates (Coega Ridge Aquifer) formed by thermal artesian groundwater. These sinters
are typically dark-brown/black, weathering to an orange powdery deposit.
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10. COEGA RIDGE AQUIFER UNIT

The eastern portion of the Coega Ridge Aquifer Unit (CRAU) falls outside the boundary of the
Swartkops River Basin. The artesian system’s catchment, however, is a function of hydraulic
pressure and is not necessarily the same. as that of the surface drainage catchment boundary
which defines the study area. A general discussion of the geohydrology of the CRAU is thus
considered relevant. "

10.1. Aquifer Geometry

The CRAU (Figure 6) occurs in the north-central portion of the study area and is 470km? in areal
extent. The aquifer is comprised of quartz arenites of the TMG, which are overlain by
impermeable mudstones and siltstones of the Uitenhage Group which form an aquiclude. The
aquifer stretches from immediately west of the Uitenhage Springs, eastward along Coega Ridge
to the coast. The steep (50°) northerly-dipping TMG-Bokkeveld Group contact to the north
forms the northern boundary to this aquifer unit.

Inliers of more resistant TMG rocks form a series of prominent outcrops “windowing” along the
CRAU from Sandfontein in the west to Coega Kop in the east and extending to Jahleel Island in
Algoa Bay. These inliers are remnant peaks of an original mountain range formed by the
Swartkops Anticline and pre-date the Coega Fault. The morphology of the palaco-topography is
very uneven due to pre-Cretaceous erosion of the TMG after uplift. The defined morphology of
this land surface is based on lithological contact data from borehole logs (Figure 3).

The CRAU is economically significant as the source of the artesian groundwater at points of
large scale abstraction, viz. Uitenhage, Sandfontein, Amanzi, Wells Estate and Coega Kop, where
groundwater is used for irrigation of citrus (for export) and lucerne on the fertile silt of the Coega
River flood-plain, as well as for domestic use, e.g. the Sutton Vallance borehole which supplies
the railway town at Coega station.

A strong degree of hydraulic connectivity exists between the boreholes along the Coega Ridge
(Section 10.5). The nature of this relationship is, however, unpredictable and is a function of the
degree of interconnection of the water-bearing structures, as well as the differing depths of
groundwater circulation.

The TMG is well-fractured, faulted and jointed in the CRAU as an effect of the folding during
the Cape Orogeny which created cleavages and joints in especially the quartz arenites of the
Peninsula Formation. The strikes of these structures are aligned roughly along a straight line
“paralleling the trend of the Southern Cape Fold Belt, e.g. the Coega Fault Zone (E30°S). There is
an attendant orientation of high-yielding, artesian and sub-artesian boreholes along these regional
strikes, as occurs along the CRAU (see section WNWI1-ESE1 on Figure 3). Maclear and
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Woodford (1995) also postulated a relatlonshlp between the line of high-yielding boreholes and
the strike of the Swartkops River Anticline (Sectlon 33 and Figure 4).

It should be noted, however, that the majority of original open fractures and joints have been
infilled with white vein quartz. This infilling is a result of precipitation of silica out of solution
with a decrease in temperature of the circulating grouﬁdwater as it nears the surface. The effect
of this infilling is a reduction in the density of open fractures - the obvious drilling targets in a
secondary aquifer. During the first half of this century, when most of the exploitation of the
CRAU occurred, the unsuccessful drilling attempts far outweighed the successful attempts as the
sparsely distributed fracture systems were missed. Geophysical techniques utilised as aids in
identifying drill sites were only able to determine the thickness of the Cretaceous overburden and
not the occurrence of the fracture systems. An example of the dependence of a successful
borehole on secondary permeability is where the artesian flow of a borehole at Amanzi Estates
was increased by 53% in 1927 by utilising the explosive method of borehole stimulation.

Marais (1965) logged the existence in places in the CRAU, of a palaco-weathered zone a few
metres below the TMG-Uitenhage Group contact. This weathered zone formed a major
groundwater aqueduct. Most of the artesian groundwater, and subsequently many of the high-
yielding boreholes were sited in this confined zone, although water-bearing fractures are
encountered deeper into the basement. Marais (1965) also noted that the lower sandstone layers
of the Cretaceous aquiclude are pressure-fed to some extent by groundwater from this underlying
zone, resulting in small-scale water-strikes during drilling through the Cretaceous sediments.
These water-strikes sometimes acted as a precursor to the main artesian strike in the weathered
TMG basement.

In the CRAU, borehole yields vary from an average of 3¢/s in the TMG to 0.5¢s in the Uitenhage
Group.

10.2. Abstraction and Recharge

Recharge to this aquifer unit is from precipitation on the mountainous, high-rainfall catchment to
the west. Groundwater flow within the TMS aquifer is east-south-eastward from the recharge
area to the discharge area, below the confining Cretaceous sediments and into Algoa Bay. '

The total artesian flow from the CRAU was almost halved in the period from the early 1900’s to
the 1960’s, as a result of over-abstraction (Maclear and Woodford, 1995). The effect of this
reduction in flow at the Uitenhage Springs, e.g. from 82¢/s at the turn of the century, to 35¢s in
the late 1950’s, resulted in the call by the local farmers and residents for the declaration of a
control area, since the Springs provided Uitenhage’s main water supply at the time (Section 4.2).
It is of interest to note that the major increase in boreholes drilled in the CRAU during the period
mentioned above did not increase the total yield of the Unit, which remained relatively constant
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at 80¢/s, but rather increased the depth to the piezometric level. If anything, the yield from the
Unit decreased slightly towards the end of the 1960’s, as a result of increased leakage (through
rusted borehole casings) of groundwater - under artesian pressure - into the confining Cretaceous
sediments.

All groundwater samples analysed from the confined CRAU, in Venables’ 1985 study, had zero
Tritium, indicating that no recent recharge (last 40 years) has taken place. There is a
recognisable trend of increasing ages of groundwater (from 1C dating in Talma et al., 1982),
with increasing distance eastward along the strike of the Coega Ridge. The age of the
groundwater ranges from recent to 1500 years at the Uitenhage Springs immediately east of the
recharge area, to 28 000 years at the Coega Kop discharge area (Heaton et al., 1986). From these
dates, the flow-rate along the flow-path in the Coega Ridge Aquifer is calculated at 0.8m/yr.

Talma et al. (1982) estimated that less than 3% of the total recharge to the Coega Ridge Aquifer
flows into the confined section of the aquifer, the remainder daylighting from springs at the edge
of the recharge area (Section 12.2).

The total abstraction from the CRAU was reported to be 4.7Mm?/yr (Bekker, 1989). This
abstraction figure will be updated during the planned re-survey of the Uitenhage SGWCA, as
outlined in Section 1.2.

10.3. Aquifer Parameters

The TMG sandstones and quartzites of the CRAU have storativities in the order of 2x10™ and
generally high but variable transmissivities (T) ranging from 50m?day to 400m?day. These
variations in T are a function of the nature and extent of the fracture system intersected by the
borehole tapping the aquifer. The T of the overlying Cretaceous formations, conversely, is only
in the order of 5Sm?day (Venables, 1985).

10.4. Groundwater Quality

Analyses of groundwater from boreholes drilled into the TMG of the CRAU show this
groundwater to be mildly acidic (pH 6-6.5) due mainly to the oxidation of pyrite in the TMG
(Table 3). The TMG of the CRAU has a low TDS (av. 170mg/¢) due to the predominantly
quartzitic, and hence inert, lithology of the aquifer host-rock.

Groundwaters in the overlying Cretaceous deposits and north-bounding Bokkeveld Group shales
have a much higher TDS (averages of 5 100mg/¢ and 3 300mg/¢ respectively) due to the high
percentage of clay minerals (efficient ion-exchange sites) in the argillaceous lithology. The low
T of these deposits also results in high salinities due to higher residence times of the groundwater
in the host-rock, as well as the connate property of the groundwater resulting from the marine-
estuarine environment of deposition (Sections 5 and 5.1).
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There is a progressive increase in alkalinity, as well as pH (from 4.5-5 in the recharge area to 6.5
in the discharge portion of the aquifer), indicating the very slow rate of solution of rock
carbonate during recharge in the unconfined section of the aquifer. Carbonate solution only
starts to occur in the confined eastern section of the aquifer, where the groundwater is no longer
in chemical contact with the soil and atmospheric CO,. As a result of the above, the groundwater
in the recharge area is more corrosive to steel casing than in the eastern section.

10.5. Variations in Groundwater Levels and Artesian Conditions

There are no distinct correlations between recharge and groundwater levels and/or artesian flow
in this aquifer unit. The artesian system is shown instead by Marais (1965), and Maclear and
Woodford (1995), to be susceptible to pressure changes as a result of the drilling of new
boreholes and subsequent increased groundwater abstraction activities. A further factor affecting
flow from boreholes in the CRAU is the leakage loss of groundwater and the collapse of
boreholes over time. Borehole collapse is a result of rusted steel casings and has contributed to a
decrease in the artesian yield of the system.

Periods of short-duration, high-intensity precipitation have no effect on groundwater levels or
artesian flow, and the direct effect of precipitation variation on artesian flow was considered by
Marais (1965) to be an open and unanswered question. The large size and elongated shape of the
catchment area, and distance between recharge and abstraction areas, also plays a role in
diminishing the observable effects of rainfall recharge on hydrographs. Maclear and Woodford
(1995), however, demonstrated the effect of long-term rainfall cycles on the artesian system,
using the Cumulative Rainfall Departure (CRD) technique, detailed further in Section 12.2. A
positive correlation between rainfall and artesian flow from the Uitenhage Springs (used as a
barometer for the artesian conditions in the CRAU) was shown to occur only during periods of
little or no abstraction from the artesian system. During periods of intensive abstraction, the
effects of rainfall recharge were masked by man’s exploitation of the aquifer.

It is of interest to note that natural rhythmic water level variations - in phase with the tides - were
recorded by Marais (1965) for the confined aquifer system, as a result of the daily variation in
gravitational attraction of the moon on the aquifer. These variations in gravitational forces result
in micro changes in structure width and therefore variations in secondary permeability over a
regional scale, which in turn affect piezometric conditions.
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In the UAB, the total flow from the CRAU has remained constant at about 89¢s and there has
generally been no increase in the total artesian flow with an increase in number of boreholes
drilled. Yield gained from new boreholes drilled has been at the expense of old boreholes, and
the aquifer exploitation has resulted in an overall change in pressure gradient of the aquifer
piezometric surface, from 0.002 in 1910 to 0.001 in 1980 (Figure 3). The borehole drilled at
Amanzi Kop was a good indicator of changing artesian pressﬁre in the CRAU where changes in
the piezometric surface resulted in the need to lower the borehole collar over time (e.g. 4m in
1927), in order to maintain the free-flowing artesian conditions at the Amanzi borehole.

A further example of the regional effect of drilling on artesian conditions in the CRAU, from
Marais (1965), is the following: In September 1950 a borehole was drilled at Motherwell 235m
through the Cretaceous layers and into the TMG aquifer, where a free-flowing artesian yield of
23¢/s was obtained. The casing was poorly secured and the flow was unable to be contained or
controlled. Within 2 weeks of drilling, the flow at Amanzi’s borehole 10km to the west had
decreased by 20%, and ceased to flow within 15 months; and within 1 month of drilling the
Motherwell borehole, the flow at Uitenhage Springs had decreased by 4% and was reduced by a
total of 28% from 1950 to 1954 (Figure 12).
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Figure 12: Reductions in free-flowing artesian yields caused by the drilling of Motherwell
borehole (prior.to lowering of the Amanzi borehole collar elevation).
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11. SWARTKOPS AQUIFER UNIT

The Swartkops Aquifer Unit (SAU) has similar geohydrological conditions to the Coega Ridge
Aquifer Unit, with the only major difference being the greater depth to the TMG aquifer - a
function of a thicker overburden of Cretaceous sediments. As a result of the increased depth, the
piezometric level and thus hydrostatic pressure is 100-120m lower than that of the CRAU.

- 11.1. Aquifer Geometry
The aquifer unit comprises the area south of the Coega Fault and stretches from Groendal Dam in
the west to below Port Elizabeth in the east (Figure 6). The palaeo-topography of this region was
much more subdued than that of the CRAU and formed a broad flat valley with its deepest part
against the fault plane. From lithological information for the Zwartkops Spa borehole (detailed in
Section 11.4) it is determined that the base of the SAU plunges from 140m AMSL at Groendal
Dam, to 1 050m BMSL below the town of Swartkops.

11.2. Kruisrivier Compartment

The Kruisrivier Compartment forms part of the SAU (Figure 5 and Figure 6), lies immediately
south of the Coega Fault and is located roughly central to the study area. It covers an area of
about 110km?, and the major aquifers of this Compartment are comprised of the basal arenaceous
sandstone of the Kirkwood Formation, and the rudaceous Enon Formation conglomerate. The
low permeability, Upper Kirkwood Formation mudstones and Sundays River Formation siltstones
form the overlying aquiclude, and result in the artesian conditions experienced in this
compartment. The aquifers in the Enon and Kirkwood Formation form one system but have
different geohydrological properties (Table 5). Measured borehole yields range from 0.4-10¢/s in
the Enon Formation conglomerate and basal sandstones, with maximum yields of 16¢/s having

- been measured (Maclear, 1993). The groundwater in the Kruisrivier Compartment is intensively
utilised for the irrigation of vegetables (Orthophoto 2).

sandstone + conglomerate 40-50
conglomerate 2-90

The pre-Cretaceous basement of the Kruisrivier Compartment is formed by competent and
fractured TMG quartzites in the north and centre of the Compartment, and Bokkeveld Group
shales in the south. The overlying Cretaceous strata of the Sundays River, Kirkwood and Enon
Formations represent a lateral facies of sedimentological progression (east to west) from marine
to estuarine to fluvial, with an interfingering contact (Section 3.6).
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From Kruisrivier eastward the Enon Formation is overlain by sediments of the Kirkwood and
Sundays River Formations, where the impermeable nature of these formations results in localised
perched water tables. The Kirkwood Formation is geohydrologically significant as an aquifer in
the palaeo-proximal area of the Kruisrivier Compartment only, since grain-size in this formation
decreases dramatically with increasing progression eastward from proximal to distal facies. This
results in decreasing permeabilities of the Kirkwood 'Formation, from west to east along the
strike of the UAB. ' .

Drilling is successful in the Kruisrivier compartment due to the relatively thin deposits of
overlying Cretaceous sediments to be penetrated, before the TMG quartzites or the basal
sandstone layers of the Enon Formation are intersected. Drilling success, however, decreases
dramatically eastward as the thickness of the Cretaceous sediment package increases, requiring
deeper, more expensive drilling. '

11.2.1. Abstraction and Recharge

The mountain ranges of the Groot Winterhoekberge, Elandsrivierberge, and Groendal Forest
Reserve to the west of the Kruisrivier Compartment comprise the recharge area to this
compartment. The recharge areas are bounded by the relatively impermeable overlapping Enon
Formation foothills to the north and northeast, and the impermeable Bokkeveld shale to the
south. A TMG inlier immediately east of Kruisrivier (Searle Hill) forms a local recharge point to
the southern and eastern portions of the Kruisrivier Compartment.

The total recharge to the Kruisrivier Compartment was calculated by Bush (1985) at 1.5Mm®/yr
from a recharge area of 68km* and assuming 5% of rainfall as recharge. As a result of
observations by Marais (1965) that artesian pressure increases with increasing depth in the
sandstone, it was deduced that there is no direct surface recharge to the artesian sandstone
aquifer. Groundwater in the TMG aquifer (recharged by rainfall on the upper catchment) instead
recharges the basal sandstone unit of the aquifers in the Kirkwood and Enon Formations by
lateral flow and inflow to the sandstone unit from below. This observation was supported by
findings in Bush (1985), where groundwater quality analyses, carried out during pumping tests
on exploration boreholes in the Kruisrivier Compartment, showed that there was a decrease in
salinity and an increase in acidity of the groundwater with increasing duration of the test. This
was considered to be a function of progressively increasing contribution of groundwater from the
TMG quartzites and decrease in groundwater derived from the overlying mudstone.

Enslin (1970) calculated the total abstraction from the Kruisrivier Compartment to be 0.9Mm?/yr
in 1963, i.e. over half the annual recharge to the aquifer. By 1965, Marais (1965) estimated that
the abstraction from the Kruisrivier Compartment exceeded natural recharge, providing
additional motivation for declaring the UAB a control area. In Bush (1985), a groundwater
balance indicated that there was an annual deficit of recharge over abstraction of 1.8Mm?®.
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As a result of stricter control, abstraction was reduced from 3.3Mm?yr in 1985 to 2.1Mm*/yr in
1989 (Bekker, 1989) and by Maclear’s (1993) hydrocensus, had decreased further to an annual
abstraction of 1.3Mm?®. A re-survey of the Kruisrivier Compartment (for this study) showed that
abstraction had increased marginally from the 1993 rate to 1.7Mm?® in 1995 (Figure 13).

It should be noted that this latest rate of abstraction still exceeds the calculated recharge rate and
represents a net loss of 0.2Mm?*yr of groundwater from the Kruisrivier Compartment. The
author is of the opinion that the progressive reduction in abstraction in the Kruisrivier
Compartment has not only been a function of better abstraction-control, but also an effect of the
diminishing exploitation potential of the groundwater resource, as the storage component of the
aquifer has been progressively mined-out.

3.5
"mining" of the storage
component of the aquifer
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Figure 13: Abstraction versus average recharge - Kruisrivier Compartment.

11.2.2. Groundwater Temperature

From Kruisrivier, the groundwater flows eastward and northeast under the Cretaceous cover in
the permeable basal sandstone layer, along regional joints and fracture and along the pre-
Cretaceous palaco-weathered zone. In an easterly direction the groundwater temperature
increases from an average of 18°C in the vicinity of Kruisrivier to reach a recorded temperature of
54.5° at the now disused Zwartkops Spa borehole (Section 11.4). This increase in temperature is
a function of increasing depth of groundwater circulation beneath the thickening Cretaceous
formations with flow from the recharge to the discharge area.
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'11.2.3. Aquifer Parameters .

The arenaceous Kirkwood Formation sandstones and rudaceous Enon Formation conglorri‘erates‘
have the highest transmissivity (T) in the Kruisrivier Compartment (Table 5). Transmissivity

generally increases with depth as a function of facies changes in the stratigraphic column and, V
specifically, increasing thicknesses of sandstone encountered. In areas of the aquifer with a
Bokkeveld Group sediment provenance instead of TMG (i.e. the southern portion of the
Kruisrivier Compartment), the T is lower due to the higher clay content of the matrix and thus .
slower groundwater travel time. The groundwater storage component of the Kruisrivier -
- Compartment is calculated at 540Mm?, assuming a specific yield (Sy) of 5-8% for the aquifer.

11.2.4. Groundwater Quality
‘The Kruisrivier agricultural region is the most significant in the study area with respect to
groundwater utilisation and abstraction (Map 6 page 78), and the general hydrochemlstry of this
“area is thus outhned for reference purposes.

Large variations in the TDS values in the Kruisrivier area (100-11 000mg/¢ TDS) were found by
Bush (1985) to be a function of the varying ability of the water-bearing formations to transmit
groundwater, thus resulting in variations in groundwater travel and residence times and dilution
effects. The groundwater is generally good (“fresh” with TDS as low _as’1‘90mg/e).jn the
‘rudaceous Enon and arenaceous Kirkwood Formations, and poor (saline) in the argillaceous
members of these Formations (Table 6). Groundwater in this aquifer unit, in particularly the
argillaceous Kirkwood and Sundays River Formation mudstones, was found by researchers such -
as Marais (1965), Bush (1985) and Maclear (1993) to be highly mineralised (with salinity
increasing with depth), probably as a result of evaporite deposits formed in the shallow marine to
. estuarine environments of depo"sitioh of these Formations.

Table 6: The effect of source-rock on groundwater quality of the Kruisrivier Compartment
' (after Bush, 1985).

mudstone ™G . »

sandstone T™MG | 370
- sandstone TMG + Bokkeveld . 4600
conglomerate "~ TMG + Bokkeveld - 700
conglomerate ’ ~ TMG 200

‘Bush (1985) concluded that the Kruisrivier groundwater was of a diluted sea-water origin - the
dominant cation and anion being Na and Cl, respectively. *The high salinities, NaCl nature and
depositional environment (Section 4) classifies this groundwater as connate, where recent
rainwater is unable to penetrate to any significant depths through the confining sediments in order
to dilute and “flush” the saline water.- '
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High TDS concentrations in the Kruisrivier groundwater also result in regions where mixing of
water derived from localised TMS outcrops and local Cretaceous formations occurs. From Table
6 it can also be seen that boreholes which abstract groundwater from an aquifer of mixed
provenance have a higher salinity than those from a quartzitic provenance. The areas of
Kruisrivier with low TDS concentrations, and therefore the areas of large-scale groundwater
abstraction, correspond to areas obtaining their recharge from the Groot Winterhoekberge and
Elands River Forest Reserve, rather than from seepage from the overlying clayey mudstones of
the Uitenhage Group. ‘

Johnstone (1982) found the Kruisrivier borehole water to be weakly acidic (av. pH of 6.1) and
. thus corrosive. The nitrate concentrations from groundwater samples of boreholes which
penetrated the underlying secondary aquifer were expected to be high as a result of the
agricultural activities in this area. They were found instead to be low and this is explained as a
function of the origin and depth of the groundwater abstracted in this area, where the percolation
of contaminated surface water into the confined aquifer is minimal due to the presence of the
overlying impeding Uitenhage Group deposits. These findings are confirmed by the low NO3
concentrations for most of the Kruisrivier samples analysed for the present study (Appendix C).
Johnstone (1982) also found the silica concentrations to be low, even though the sandstones of
the TMG - comprising the aquifer host rock - consist essentially of Si. This is a result of the
relatively low pH of the Kruisrivier water, since Si concentrations in groundwater only increase
above a pH of 9 to 11 (Hem, 1970).

Most of the Kruisrivier boreholes are cased for the first 30-50m to prevent hole collapse in the
upper clay and mudstone deposits, as well as to case off the inferior quality water from these
deposits. Most of these boreholes, however, are 30 to 60 years old and the casing is corroded and
rusted as a result of the reducing conditions of the acidic TMS groundwater. This casing *
corrosion has resulted in mixing of groundwater from the Cretaceous and Tertiary lithologies
with the deeper TMS aquifer under sub-artesian conditions; as well as the loss of good quality
TMS groundwater to the overlying sediments under artesian conditions. In the former case there
will be a deterioration in the quality of the TMS groundwater.

During the hydrocensus reported on by Maclear (1993), it was noted that groundwater samples
taken from old boreholes drilled into the sandstone aquifer of the Kruisrivier Compartment
generally had a high TDS. This was considered to be a function of mixing of saline groundwater
from the overlying Kirkwood Formation mudstone with the deeper, fresher groundwater as a
result of the rusted condition of the old borehole casings. The salinity of the groundwater was
found by Bush (1985) to also be affected by the size of the recharge area, where TDS content is
inversely related to recharge area. The borehole ME1 situated on the farm Mimosadale
(Appendix A and B) is an example of this, where the saline groundwater is a function of low
recharge from a small area, i.e. the TMS inlier east of Kruisrivier, viz. Searle Hill.

D
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This effect of lithology on water quality is also apparent from a comparison of the salinities of
the main tributaries of the Swartkops River, viz. the Elands (>200mg/¢ TDS) and Kwa-Zunga
Rivers (<200mg/¢ TDS). Maclear (1993) showed that water salinity was relatively high in the
Elands River - which drains a predominantly shale catchment, compared with lower salinities for
the Kwa-Zunga River which flows through a quartzitic catchment. Downstream of the
confluence of these tributaries, the salinity of the Swartkops River water, however, becomes
influenced by pollution rather than natural salinity (Section 16).

11.2.5. Variations in Groundwater Levels and Artesian Conditions

As a result of the building of numerous small farm storage dams in the upriver portions of the
Elands River, mainly in the first half of the century, the flow of the river declined. This factor,
together with the introduction of turbine pumps to the area, was the main catalyst which resulted
in an increase in the number of boreholes drilled and concomitant increased pumping rate from
the Kruisrivier Compartment in the period 1910-1960. This ultimately resulted in a change from
artesian to sub-artesian conditions in the area, similar to the effects noted in the CRAU (Section
10.5). This change was manifested by an average drop in the piezometric level over the
Kruisrivier area of 30m, i.e. a 0.5m/yr rate of lowering of the level for that period (Reynders,
1987). It is difficult to accurately measure present piezometric surfaces in the aquifer, due to
pressure loss through leaking borehole casings, although a pressure gradient of 0.0004 was
reported in Marais (1965). This very flat gradient indicates the possibility of sea-water intrusion,
due to abstraction likely exceeding recharge, especially if the gradient is locally reversed in the
Kruisrivier Compartment in the future.

With continuing abstraction of groundwater in excess of recharge from this compartment (11.2.1
and Figure 13), there will be a further progressive decline in piezometric levels. If this decline is
allowed to continue unchecked, the water-levels will eventually drop below the confining layer.
The aquifer will then become phreatic (or unconfined), and artesian conditions will cease to
exist. In the interest of all the users of the aquifer, this must not be allowed to occur, and it is
hoped that the re-survey of the UAB will provide a tool for better future management of the
presently over-exploited Kruisrivier groundwater resource. Additional aquifer management
recommendations are discussed further in Section 19.

The lowering of the piezometric level in the Kruisrivier Compartment, although dominant in the
long-term, is not a continual process, since local small-scale rises in water-levels are recorded
after significant recharge events. The water-level recoveries are a function of temporary
reductions in the requirements for irrigation water in the area after heavy rains, when the aquifer
is allowed time to recover to equilibrium levels during periods of lowered or no pumping. This
again indicates that abstraction has an overriding effect on water levels and artesian flow, as
discussed in Section 10.5. The overall lack of recent water-table, artesian flow and groundwater
abstraction records, however, makes any correlation between recharge and water levels difficult.
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11.3. Bethelsdorp Compartment

The Bethelsdorp Compartment is located in the SAU on the southern margin of the UAB; and is
bounded by the Cape Supergroup outcrop to the south, the Elands River Forest Reserve and
Groot Winterhoekberge to the west, the shale-filled syncline to the north and Algoa Bay to the
east. The major aquifer in the Bethelsdorp Compartment (Figure 6) is situated beneath the low-
lying foot of the Bethelsdorp escarpment in the fractured TMG quartzites, which are overlain by
low-permeability, confining layers of the Bokkeveld Group sediments (Figure 4). Where the
TMG aquifer is absent, the arenaceous Kirkwood Formation sandstone and the rudaceous Enon
Formation conglomerate are considered as the aquifer, with the argillaceous Kirkwood
Formation mudstone acting as the aquiclude.

The Bethelsdorp Compartment is under utilised compared with the Kruisrivier Compartment, is
artesian to sub-artesian in places, and has not been a focus of intensive study in the past.
Boreholes of variable, moderate yields can be drilled with some degree of success. The
boreholes drilled into this compartment are relatively shallow (25-200m) with the highest yields
being obtained from boreholes which first penetrate the confining Bokkeveld Group before
intersecting TMG quartzites, thereby resulting in artesian conditions, with a general increase in
yield with an increase in depth of TMG penetrated (Marais, 1965).

11.3.1. Abstraction and Recharge

Groundwater recharge to the Bethelsdorp Compartment is from precipitation on the TMG
sandstones and quartzites outcropping along the St. Albans Terrace west of Port Elizabeth. The
yield of the compartment is reduced in those regions of the aquifer with limited exposed areas of

recharge.

The Bethelsdorp Compartment was initially exploited, mainly in the 194055, as a water supply
for the increasing population settling in the area. Moderate yields of 1-4¢/s were obtained by
drilling through about 150m of Cretaceous sediments into the TMG. The increased urbanisation
into previously agricultural areas enveloped the boreholes and resulted in a reduction in
groundwater abstraction from this compartment.

The TMG sediments in the Bethelsdorp Compartment dip northwards and are isolated from the
Kruisrivier Compartment by the confining unit of the Bokkeveld Group infill to the Elands River
Syncline (Figure 4). Any possible increase in groundwater abstraction from the Bethelsdorp
Compartment in the future (for domestic supply-augmentation purposes) will, therefore, have no
effect on the storage of the economically more significant Kruisrivier Compartment.
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11.3.2. Groundwater Quality
The groundwater quality in the Bethelsdorp Compartment is good, having an average TDS of
500mg/¢ in the TMG. The Bokkeveld Group shales, which bound the Bethelsdorp Compartment

to the north and northwest, have poor quality, brack water. The Kirkwood Formation mudstones

forming the aquiclude to the north-eastern portion of the Bethelsdorp Compartment, contain
highly saline groundwater with an average TDS of 30 000mg/¢ (Section 8.2).

11.3.3. Variations in Groundwater levels and Artesian Conditions

Abstraction in the Bethelsdorp Compartment decreased from 0.8Mm?®/yr in 1961 to 11 500m*/yr
in 1985 (Bush, 1985). Maclear (1993) reported an abstraction rate of about 10 500m?/yr, with
the “abstraction” being from 4 very weak artesian boreholes flowing to waste. The decrease in
exploitation of the Bethelsdorp Compartment, as described above, was accompanied by a gradual
5m recovery in piezometric levels in the period 1967-1982 (Bush, 1985). This again illustrates
the inter-relationship between abstraction and recharge in the confined secondary aquifers of the
study area (Sections 10.2 and 11.2.1).

11.4. Zwartkops Spa Borehole

A discussion of the Zwartkops Spa borehole is considered relevant, since this famous borehole
(location shown on Figure 6) provides the only geohydrological information available for the
deep discharge portion of the SAU in the east of the study area; and also provides structural and
lithological data for this part of the UAB.

After the formation in 1906 of a small oil exploration company, the purchase of a drill rig and the
employment of professional drillers from the oil-fields of Poland, drilling began in 1908 on a
borehole for oil. The borehole was located in the Swartkops River valley on the northern
outskirts of Port Elizabeth. The borehole was drilled to a final depth of 1 082mbs, or 1 075m
BMSL; where drilling ceased when scalding thermal (54.5°C) artesian groundwater, flowing at a
rate of 13¢/s was struck. The upward pressure of the artesian groundwater balanced the total
weight of the drill string, and drilling had to cease in 1909 in a hard sandstone. The artesian flow
of the Zwartkops Spa borehole is associated with a regional fault of similar character to that of
the Coega Fault (Section 3.3.1). As the achievements obtained during the drilling of this
borehole were exceptional for that time, a summary of borehole and drilling details as well as the
pictorial borehole log are given in Appendix E, for interest and reference purposes.

The sandstone encountered at final depth was of uncertain geological origin since, although chip
samples were obtained on surface for logging, the sample was mixed and ground. Argument
occurred between the geologists who logged the hole as to whether the sandstone was of a TMG
or Bokkeveld Group origin (see geological profiles through the Zwartkops Spa borehole in
Figure 3 and Figure 4).
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Kent (1949) proposed that the thermal water was struck in weathered Bokkeveld Group
sediments - which act as the aqueduct - whereas the groundwater was derived from the
underlying TMG sediments. Kent (1949) further maintained that since the Zwartkops Spa
borehole water is more mineralised than the Cape System thermal spring average, this indicates
the groundwater to be of a mixed origin, i.e. TMG, Bokkeveld Group and Cretaceous. The
author concurs with this opinion of a mixed source of the groundwater, since the hydrochemical
nature of the groundwater indicates it to be a mixed sample of at least two major rock types: high
Fe typical of TMG, but relatively high TDS (560mg/¢) indicative of Bokkeveld Group (Section

7.1).

Due to the reported medicinal properties of the artesian groundwater, a hotel and health spa was
built up around the borehole, viz. the Zwartkops Spa. The claimed medicinal properties were a
function of the high Fe content and hypotonic nature of the groundwater, which was used
consumptively, mainly in the treatment of anemia. The Zwartkops Spa subsequently became one
of the leading resorts of its type in the country. In 1965 the borehole became disused as the steel
casing rusted through and groundwater subsequently leaked - under artesian pressure - into the
Cretaceous sediments and overlying surficial alluvial deposits. The surface expression of this
leakage loss from the UAB was the formation of a vlei, 0.5m deep around the hotel.

The Zwartkops Spa borehole was subsequently sealed by grouting (in 1969) as a result of this
loss of groundwater from the SAU (estimated in Brown, 1972 at 410 000m®/yr). Since the
borehole was located within the Uitenhage SGWCA and it was (and still is) the DWA&F’s
responsibility to eliminate unnecessary losses of artesian groundwater from the UAB, the sealing
of this borehole was carried out by the Drilling Division of the Department.

There has since been recent renewed interest in reopening the Spa - but this has obvious financial
implications since the borehole would have to be re-drilled and reamed down to the original
depth in order to obtain the same thermal artesian conditions. The cost of drilling and equipping
such a borehole today, would amount to at least R0.25M - making it an improbable project at the
outset.

11.4.1. Hydrochemistry

The Zwartkops Spa borehole water was classified as chalybeatic (<Gk chalyps = steel / khalkos =
metallic), i.e. metalliferous, due to its high Fe, Mn aiid P content (hydrochemical breakdown
presented in Appendix E). The oxidation of the dissolved Fe and Mn bicarbonate to hydrated
oxides of Fe and Mn produced a flocculant in the water which formed a brown—yellow ochre
deposit in overflow channels leading from the Spa. The moderate acidity of the thermal water -
the cause of the corrosion of the steel casing - was a result of dissolved CO,.
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11.4.2. Origin of Thermal Groundwater

Due to the absence of Recent or Tertiary igneous activity in SA, the origin of all thermal springs
and artesian boreholes is explained by continuously circulating localised convection cells where
meteoric recharge water descends, via structures, to depth. This groundwater then aquires
terrestrial (geothermal) heat and the heated water returns to surface, discharging at a rate which is
fast enough to prevent significant loss of the naturally acquired heat.

The thermal properties of the TMG aquifer host-rock - tapped over a 50 year period by the
Zwartkops Spa Borehole - are a result of an increase in groundwater temperature with depth.
This temperature increase is a function of the geothermal gradient of the host-rock, as well as
residual heat from the structural deformation (specifically Mesozoic folding) which the Cape
Supergroup underwent.

11.4.3. Groundwater Temperature of the Zwartkops Spa Borehole

A literature survey by the author has indicated that to date, there has been no systematic country-
wide survey of geothermal gradients for different rock types - with studies having been related
mostly to the mining industry, and subsequently concentrated around the Witwatersrand Basin.
Specifically, there have been no studies on the geothermal gradient in the Cretaceous sediments.
The effect of the Uitenhage Group on the underlying TMG aquifer in the SAU is uncertain with
respect to the groundwater temperature in the aquifer. It is proposed that in the absence of more
specific data, the geothermal gradient of the Karoo sediments, i.e. 25-30°km, or 0.027°C/m
(Jones, 1992), be taken as representative for the Cretaceous sediments, which display similar
sedimentological and lithological characteristics.

The movement of groundwater through fractured rock is recognised by Jones (1992) to be the
most important environmental factor which reduces the actual geothermal gradient. It can,
therefore, be expected that the actual geothermal gradient in the UAB - a geological unit in which
significant flow of groundwater takes place - is steeper than that inferred from the temperature of
thermal groundwater, since this flowing groundwater has cooled the aquifer host-rock. It is also
significant to note that the thermal property of the Zwartkops Spa Borehole water represented an
integrated temperature over the full depth of the circulation profile, where waters of different

temperature originating from various depths were mixed, with flow of the groundwater to |

surface.

Moderately thermal groundwater was first struck from 300-800m in the Zwartkops Spa Borehole,
with no indication that there would be a dramatic increase in groundwater temperature with
depth. At about 1 050mbs, however, artesian groundwater flowing at 2¢/s and at a temperature of
40.5° was encountered, increasing to a temperature of 54.5°C at the final drilled depth of
1 082mbs.
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This indicates that groundwater temperature does increase as a function of depth in the
Cretaceous, but that the temperature is rather influenced by the characteristics of the water-
bearing formation and structure intersected, and specifically the circulation depth of the
groundwater in the aquifer.

The depth of groundwater circulation for this part of the SAU can be calculated from the
following equation (after Bredenkamp et al., 1995):

Equation 1 : Depth of groundwater circulation from geothermal gradient.

D = 7;;/1 — 7:;mhiem
” G gradion
where: D,, = average depth from which groundwater originates (m)
Tpn = temperature of borehole water (°C)
Toabiont = temperature of shallow groundwater or surface average (°C)
Glgradien = geothermal gradient (°C/m).

From Equation 1, the depth of circulation (D,) of the Zwartkops Spa borehole is calculated at
1 330m ; using Ty, = 54.5°C, Ta,,,b,e,,, 18°C from isothermal map of Port Elizabeth area, and a -
Gtgradiens= 0.027°C/m.

According to this calculated depth of circulation, the groundwater that fed the Spa borehole
originated from at least 250m deeper than the depth of the thermal water-strike. This illustrates
the structural complexity of the Swartkops River Basin and the effect this has on the groundwater
circulating conditions within the fractured secondary aquifer, as outlined in Section 10.2.
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12. SPRINGS

Numerous ephemeral springs occur in the study area, in the Brakkefontein region as well as the
deep kloofs of the upper Kwa-Zunga and Elands River valleys (Map 5 and Appendix A). These
springs only flow after heavy rains, with the yield and consistency of flow increasing eastward as
the catchment area to the springs increases. The springs daylight almost exclusively from the
TMG outcrops, although groundwater has forced its way - under artesian pressure - through thin
Cretaceous layers, e.g. at Amanzi Estates, to flow on the surface as natural springs.

Most of the springs - from which farms in the study area originally derived their names, e.g.
Brakkefontein, Boschfontein, Springfield - have since dried up as a result of drilling activities
which have lowered the piezometric surfaces (Figure 3 and Figure 14). This reaction of the
springs to man’s drilling activities indicates the high degree of hydraulic connectivity between
the water-bearing structures within the artesian aquifer units. These springs are structurally
controlled, long narrow fractures and fissures acting as aqueducts for the groundwater, with the

springs emerging mainly at topographic lows.

Perennial springs occur at places in the study area along the CRAU from the renowned
Uitenhage Springs (Section 12.2) westward to Sandfontein, as well as in the Kruisrivier
Compartment of the SAU. These springs have been used as a water supply for settlers in the
region since the early 1800’s, and fossils and artefacts found during cleaning of numerous
springs in the study area indicate that the springs have been a source of water for early
inhabitants since at least the Tertiary times.

12.1. Groundwater Quality

Springs rising from the quartzitic sandstone of the TMG are all excellent quality (TDS
<200mg/é), acidic, and generally contain dissolved Fe and Mn which precipitate on oxidation
when the groundwater daylights at the eye of the spring. The mineral content of the TMG
springs increases from west to east (i.e. from recharge to discharge). Strontium (a common
element in sedimentary rocks) is the most abundant minor cation and the presence of boron
indicates juvenile water (Hem, 1970).

The gas emitted from the springs in the study area consists chiefly of nitrogen, i.e. air from which
most of the oxygen has been removed by reactions with the minerals in the host-rock through
which the groundwater passes along its travel-path from the recharge area to the eye of the
spring.
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12.2. Uitenhage Springs

The Uitenhage Springs (Plate 8) lie between ridges of TMG sandstone at the foot-hills of the Groot
Winterhoekberge within the Swartkops River catchment, and are located on the cadastral farm
Sandfontein 291, approximately 8km north-northeast of Uitenhage (Map 5 and Figure 3)

Stone-age artefacts and a pre-historic mammal tooth found at the present-day Uitenhage Springs,
as reported in Hickson (1989), indicate that the eyes have been a constant supply of water to
early inhabitants for at least 200 000 years. In the middle 1960’s the Springs supplied 25% of
Uitenhage’s water and presently supply about 15% of Uitenhage’s bulk water requirements
(Maclear and Woodford, 1995).

The raw water quality is excellent with an EC of 14.5mS/m and a sodium-chloride character
(Figure 10). The average age of the spring water is 1580 years based on '*C dating presented in
Talma et al. (1982).

The Uitenhage Springs occur on the W margin of the UAB within the CRAU, where they mark
the boundary between confined groundwater conditions to the east and unconfined conditions to the
west. At the Springs, the groundwater daylights from 9 eyes at the Table Mountain- Uitenhage
Group contact, where the Kirkwood Formation of the Uitenhage Group overlaps the Peninsula
Formation of the TMG. These eyes lie along a 120m N-S seepage front, conforming to the strike of
this contact. '

The Uitenhage Springs mark the western extent of large-scale groundwater abstraction within the
CRAU. The reason for the geohydrological characteristics of the Springs is not fully understood
(Mountain, 1955) although Maclear and Woodford (1995) propose a structural control, viz. a
zone of tensile fracturing associated with the stress regime in the axial plane of the Swartkops
River Anticline (Section 3.3). This zone forms a natural conduit, in which groundwater is under
artesian pressure as a result of the confining overlapping deposits of the Uitenhage Group to the
east of the Springs (Figure 3).

12.2.1. Variations in Spring-flow _

Hickson (1989) records that in 1773 the total yield from 20 different eyes was estimated at 105¢/s,
whereas in 1829 this flow had decreased to 80¢#s. The first official and reliable gauging was in
1867 when a flow of 894s was recorded. Since 1899, artesian flow at the Uitenhage Springs has
decreased by 40% to its present day flow rate of 45¢/s (Figure 14a and Figure 14b); wit