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Abstract

De Aar’s curtent water requirement of 2.2 million m’ per annum is pumped from ten wellfields that are
located up to 35km from the town. However, only 1.6 million m’ of groundwater was abstracted during
2006. In the past, De Aar has suffered from severe water shortages which resulted in’the Department of
Water Affair and Forestry (DWAF) conducting two extensive geohydrological investigations in the mid
1970°s and late 1980°’s aimed at securing sufficient groundwater resources to meet the town’s water

requirements up until 2020,

Since 2004, the Emthanjeni Municipality have been capturing the monthly volumes abstracted from
individual production boreholes, as well as waterlevel information from specific monitoring holes equipped
with data-loggers, into a groundwater monitoring and management software package, AquiMon. The
DWAF’s Kimberley regional office provided the Municipality with funding to appoint a hydrogeological
consultant to evaluate this monitoring information, to assess the production status of various wellfields and
the aquifer systems being exploited by De Aar. In January 2007, SRK Consulting was appointed by the
Municipality to conduct this geohydrological study.

The current configuration of fifty-one production boreholes are capable of delivering 260 L/s and have a
combined sustainable yield of an estimated 2.7 million m*/annum. This is significantly less than the
estimated long-term sustainable yield of the Groundwater Management Units (GMU’s) which they tap of
~4.8 Mm*/a. Currently, the volumes of groundwater being abstracted from most of the Municipal wellficlds
is within the prescribed sustainable yield limits, with the exception of the Vaalbank and Cyfferkuil
Wellfields that are being overexploited. The salinity of the groundwater in the various GMU’s is highty
variable, but is almost always hard to very hard. The best quality groundwater is absiracted from the
Cyfferkuil, Burgerville and Zewefontein GMU’s located some 30km to the east of De Aar.

~_L?\ I
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Glossary of Terms

Aquifer: A geological formation capable of supplying economic volumes of groundwater.

Aquitard: A saturated geological unit with a relatively low.permeability that retards and, but does
not prevent the movement of water; while it may not readily yield water to boreholes and
springs, it may act as a storage unit.

Contamination: The introduction of any substance into the environment by the action of man.

Ecosystem: An organic community of plants, animals and bacteria and the physical and chemical
environment they inhabit.

Fractured-rock Aquifer: Groundwater occurring within fractures and fissures in otherwise
impermeable hard-rock formations.

Groundwater: Refers to the water filling the pores and voids in geological formations below the
water table.

Groundwater Flow: The movement of water through openings and pore spaces in rocks below the
water table i.e. in the saturated zone. Groundwater naturally drains from higher lying areas
to low lying areas such as rivers, lakes and the oceans. The rate of flow depends on the
slope of the water table and the transmissivity of the geological formations.

Groundwater Recharge: Refers to the portion of rainfall that actually infiltrates the soil, percolates
under gravity through the unsaturated zone (also called the Vadose Zone) down to the
saturated zone below the water table (also called the Phreatic Zone).

Groundwater Resource: All groundwater available for beneficial use, including by man, aquatic
ecosystems and the greater environment.

Intergranular Aquifer: Groundwater contained in intergranular interstices of sedimentary and
weathered formations.

Major Aquifer System: Highly permeable formations, usually with a known or probable presence
of significant fracturing and/or intergranular porosity; may be highly productive and able to
support large abstractions for public supply and other purposes; water quality is generally
very good.

Minor Aquifer System: Fractured or potentially fractured rocks that do not have a high primary
permeability, or other formations of variable permeability; aquifer extent may be limited and
water quality variable. Although these aquifers seldom produce large quantities of water,
they are important both for local supplies and in supplying base flow for rivers.

Non-Aquifer: A groundwater body that is essentially impermeable, does not readily transmit water
and/or has a water quality that renders it unfit for use,

Non-Aquifer Systems: formations with negligible permeability that are generally regarded as not
containing groundwater in exploitable quantities; water quality may also be such that it
renders the aquifer unusable; groundwater flow through such rocks does take place and
needs to be considered when assessing the risk associated with persistent pollutants.

WOOD/aw
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Permeability: The ease with which a fluid can pass through a porous medium and is defined as the
volume of fluid discharged from a unit area of an aquifer under unit hydraulic gradient in
unit time (expressed as m*/m®d or m/d). It is an intrinsic property of the porous medium and
is independent of the properties of the saturating fluid; not to be confused with Aydraudic
conductivity, which relates specifically to the movement of water,

Pollution: The introduction into the environment of any substance by the action of man that is, or
results in, significant harmful effects to man or the environment.

Recharge: The addition of water to the zone of saturation, either by the downward percolation of
precipitation or surface water and/or the lateral migration of groundwater from adjacent

aquifers,

Saline Water: Water that is generally considered unsuitable for human consumption or for
irrigation because of its high content of dissolved solids.

Saturated Zone: The subsurface zone below the water table where interstices are filled with water
under pressure greater than that of the atmosphere

Small Industrial Users: Means water users who qualify as work creating enterprises that do not use
more than twenty cubic metres per day and identified in the Standard Industrial
Classification of All Economic Activities (5™ edition), published by the Ceniral Statistics
Service, 1993, as amended and supplemented, under the following categories:

1: food processing

2 prospecting, mining and quarrying
3: manufacturing

4 construction

Specific Yield: Ratio of the volume of water that a given mass of saturated rock or soil will yield by
gravity from that mass.

Unconfined Aquifer: An aquifer with no confining layer between the water table and the ground
surface where the water tabie is free to fluctuate.

Unsaturated Zone: That part of the geological stratum above the water table where interstices and
voids contain a combination of air and water; synonymous with zone of aeration or vadose

Zone.

Watertable: The upper surface of the saturated zone of an unconfined aquifer at which pore pressure
is at atmospheric pressure, the depth to which may fluctuate seasonally.

WOODaw
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List of Abbreviations

DEADP

DWAF
EC
CMB method
CRD method
EIA
GA
GEP
GMU
GRP
Ma
m.amsl|
MAP
m.bgl
mS/m
m¥a
Mm®/a
m°/m
NGDB
NWA
OowB
SAR
SPI
SRK

Department of Environmental Affairs and Development

Planning

Department of Water Affairs and Forestry

Electrical Conductivity (Salinity of water)
Chloride Mass Balance method
Cumulative Rainfall Departure method
Environmental Impact Assessment
General Authorisation

Groundwater Exploitation Potential
Groundwater Management Unit
Groundwater Resource Potential
Million annums

Metres above mean sea level

Mean Annual Precipitation

Metres below ground level
Milli-siemens per metre

Cubic metres per annum

Million cubic metres per annum

Cubic metres per month

National Groundwater Database
National Water Act (Act No. 36 of 1998)
Overberg Water Board

South African Railways

Standard Precipitation Index

SRK Consulting (SA) PTY LTD

WOODYaw

374624 Defar_Draftver!.0_Octd7 Rev1.0

October 2007



The Administrative Bulding
Albjon Springs

.+ s R K c o n su 't ,'n g ;ggoMg;r';f?_ﬁnRondebosch

Engineers and Scientists Postnet Suits #206
Private Bag X13
Rondebosch

7701 South Africa

e-Mail: capetown@@srk.co za
URL: hittp:/fwww.srk.co.za

Tel: +27 (21) 659 3060
Fax: +27 {21) 685 7105

=
H

SRK Report 374624 19 October 2007

Geohydrological Assessment of the Groundwater Resources of De Aar

Introduction

De Aar’s current water requirement of 2.2 million m® per annum is met by some fifty production
boreholes distributed across ten wellfields that are located up to 35km from town. In the past the De
Aar has suffered from numerous water shortages which resulted in the Department of Water A ffair
and Forestry (DWAF) conducting two extensive geohydrological investigations in the mid 1970’s
and late 1980°s with the aim of securing sufficient groundwater resources to meet the towns water
requirements until 2020.

Since 2004, the Municipality have been capturing the monthly volumes abstracted from individual
production boreholes, as well as waterlevel information from specific monitoring holes, into a
groundwater monitoring and management software package, AguiMon. The DWAF’s Kimberley
regional office provided the Municipality with the funds to appeint a hydrogeological consultant to
evaluate this monitoring information, to assess the production status of various wellfields and aquifer
systems being exploited by De Aar. In January 2007, SRK Consulting was appointed by Mr. F.D.
Taljaard of the Emthanjeni Municipality to conduct this geohydrological study.
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2.1

211

21.2

Background and Brief

Background information

Location of Study Area

De Aar is located in the Northern Cape Province along the N10 road route between Hanover (60km
away) and Britstown (50km away). The town falls in the ‘Lower Orange’ Catchment Management
Area (WMA 14) and is located on the drainage divide between the D62C and D62D Quaternary
Catchments. De Aar lies some 270 km southwest of Bloemfontein and 400km inland from Port

Elizabeth (see inset map in Figure 5).

Rainfall

Monthly rainfall information was obtained from the SA Weather Service for De Aar (Station No.
0169880/1, Plate 1) and Rooiwal (Station No. 0170639/7) for the period January 1950 to August
2007. The locations of these stations are indicated in Figure 4. The Mean Annual Precipitation
(MAP) for the De Aar and Rooiwal stations is 323mm and 355mm, respectively. The MAP at
Rooiwal is 32mm higher than at De Aar, which is to be expected, given that rainfall generally
increases from west to east across the country. The cumulative departure of the annual rainfall from
MAP for these two stations are presented in Figure 2, which indicates that the De Aar region
experienced a ‘rainfall deficit’ over the period 1954 to 1973. The high rainfails of 1974 o 1976
basically removed the accumulated rainfall deficit. However, the rainfall has remained in a ‘deficit’

ever since, with the exception of the wet period between 1988 and 1989.

The 24-month Standard Precipitation Index (McKee et al, 1993) or SPI has been calculated for the
De Aar and Rooiwal rainfall stations (Figure 3) since 1950. The SPI provides a statistical indicator
of cycles between ‘very wet’ (> +1.5) and ‘very dry’ (< -1.5) periods. The similarity in the rainfall
patterns between these two stations is also clearly evident, as well as two ‘very wet’ periods; (i) the
most pronounced extending from 1974 to 1978 and (ii) a less pronounced period in 1989. Note that
for a large portion of the time the SPI index remains between 0 and -1.5, indicating the dominance of

moderately dry conditions.

The DWAT erected a cumulative rainfall recorder and sampler near the weather station at De Aar on
30 March 2005 (Plate 2). The data is downloaded and archived by the DWAF’s regional office in
Kimberley. Rainfall samples have been collected and analysed for chloride content. This

information was not received on time for inclusion in this report.
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Figure 1: Annual Rainfall measured at De Aar and Rooiwal for the period 1950 to 2007
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Figure 2: Cumulative Annual Rainfall Deficit / Surplus from the MAP for De Aar and Rooiwal
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Figure 3: Spatial Precipitation Index for [A] Rooiwal and [B] De Aar Weather Stations

! Weather Station at De Aar (photo F. Fourie, DWAF)
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2.1.3

Aar (photo F. Fourie, DWAF)

Geology

Bluish grey mudstone and greyish green sandstone of the Middleton Formation of the Adelaide
Subgroup (Beaufort Group) outcrop in the eastern parts of the study area, whilst dark grey to black
shale of the underlying Tierberg Formation (Ecca Group) outcrop to the west and north of De Aar
(Figure 4). Sand and clay rich alluvial deposits occur along the major river courses, where at places
thicknesses of up to 16m are attained. At such localities, a 2 to 4m thick, coarse-grained sand and
gravel unit is commonly present at the base of alluvium.

The Ecca and Beaufort Group sediments have been intruded by numerous Karoo dolerite dykes and
sills. Dykes are more abundant in the Middleton Formation to the south and east of De Aar. A
number of prominent dolerite ring-dyke and sill complexes are present in the study area (Figure 4),
e.g. at Zewefontein, Caroluspoort, Vaalbank-Rhenosterpoort and Zwartkoppies.
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Figure 4: Groundwater Management Units and Simplified Geology of the De Aar Study Area

2.2 Nature of the brief

In January 2007, Mr. ¥.D. Taljaard of the Emthanjeni Municipality appointed SRK Consulting to
carry out the following geohydrological work (P/11/47):

- Ewvaluate the waterlevel behaviour in 51 production and 48 monitoring boreholes in the De Aar
area in relation to abstraction and rainfall.

- Evaluate the behaviour of each of the 5 wellfields in which these boreholes are located in relation
to abstraction and rainfall.

Asses the ‘safe-yield’ of the boreholes and make recommendations.
- Capture groundwater chemistry and assess variations with regard to abstraction and recharge.

- Compile a report with recommendations regarding management issues and pumping schedules.

It was also required that the latest version of the Aquimon groundwater monitoring and management
software and associated database be installed on a computer at the Municipal offices in De Aar.
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3

31

Work Program and Results

The project work comprised the following main tasks:

s Desktop study of all relevant geohydrological reports, maps and archived information (.e.
DWAF’s National Groundwater Archive and water quality database etc.

= Acquiring, verifying and populating the AgquiMon database and groundwater management
system. Data evaluation and setting of maximum monthly abstraction volumes per production
borchole and ‘ecarly-warning’ or trigger waterlevels for each monitoring borehole. Assign all
production and menitoring boreholes to a GMU.

= Establish spatial database and GIS analysis aimed at (i) defining Groundwater Management
Units or GMU’s, and (ii) to estimate groundwater recharge from rainfall per GMU.

=  Report writing.

AquiMon Database and Management System

A large portion of the project time was spent assimilating, corpiling, verifying and uploading
relevant hydrological information into the AguiMon database and setting the relevant trigger
waterlevels and maximum monthly abstraction volumes in the management system, which included
the following information / tasks:

Critical information related to the physical (i.e. depth of hole, GPS coordinates, depth of
pump-intake etc.) and management attributes (i.e. trigger waterlevels, maximum sustainable
monthly abstraction volumes etc.) associated with each production and monitoring borehole.

- Assigning each production and monitoring borehole to a specific GMU.

- Waterlevel information archived in DWAF’s National Groundwater Archive (NGA) and data-
logger information supplied by their Kimberley office. The data-loggers provide ‘high
resolution’ intra-daily waterlevel information.

Monthly abstraction volumes for each production borehole up until July 2007, as supplied by
Mr. Taljaard of the Emthanjeni Municipality.

- Groundwater chemistry contained in the DWAF national water chemistry database.

The DWAEF’s NGA contains information from a large number of boreholes and springs that occur in
the De Aar area. In March 2006, the DWAF’s Kimberley office removed the OTT Type-X recorders
from 48 boreholes in the De Aar area and placed 29 OTT Mini-Orpheus data-loggers in a select
number of these holes (F. Fourie, email comm; July 2007).
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3.2 Municipal Water Consumption

De Aar’s water requirements are met from ten wellfields comprising of 51 boreholes located up to
30km from the town. The annual water consumption for the period 1970 to 2006 is presented in
‘Table 1. The town’s clrrent water requirements are estimated at ~2.2 Mm®a, although only
1.6 Mm3 was abstracted in 2006.

Kock (2002) estimated that during the periods 1998/99 and 1999/00 the total water reticulation
systemn losses were as high as ~556,000 (22%) and ~475,000 (20%) m*/a for a water consumption of
2,520,570 and 2,331,065 m’/a, respectively.

Table 1: Summary of De Aar's Annual Water Consumption between 1970 and 2006

Year Water Coﬁns:;mptlon Source / Comment
(x 10°m/a)
o0 [ 1e2
1971 | 1865
o | 1945
1973 1.785
1974 2.049
o | 2261
1976 | 2181
1977 | 243
1978 2.502 Abstraction commences from South-Western Scheme
1979 2.944
1980 2.693
1981 | 2.821 Abstraction commences from South-Eastern Scheme
1982 2.973
1983 2967
Jlese | sase
1985 o 3.030
1986 3.409
187 [ 2020
1988 2440
1989 2347 |
1990 | 2440 | Woodford, (1993).
1991-96 ? | Missing Data
1997 | 2.265 | Kock, Table 3.7 — Groundwater Abstraction, (2002).
1998 2,425 Kock, Table 3.7 — Groundwater Abstraction, (2002).
1999 2.583 Kock, Tabie 3.7 & Appendix B, (2002).
2000 - 2251 | Kock, Appendix B — Water Use, (2002).
2001 2.353 Kock, Appendix B — Water Use, (2002).
| 2002 | 2.143 | Kock, Appendix B — Water Use, (2002).
| 2003 2,141 | Kock, Appendix B - Water Use, (2002).
2004 1.017 | Kock, Appendix B — Water Use, (2002).
777777 2005 2.040 | AquiMon
2006 1.614 AquiMon
Notes:
- 1975 to 1988 water use includes SA Railways (SAR) use obtained from Caroluspoort.
~  Prior to 1978, De Aar obtained its water from the Cyfferkuil, Burgerville and Zewefontein areas, whilst the SAR
obtained water from Caroluspoort.
— _ Prior to 1999 the records reflect groundwater abstraction from the various wellfields.
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3.3

Development of De Aar’s Groundwater Resources

De Aar derives it name from a farm that was originally owned by one of the pioneers, Jan Gabriel, to
settle in the area in 1839. The farm owed its name to a freshwater spring that daylighted alongside
an E-W trending dolerite dyke that outcropped on the property. The spring served as a watering
point for thousands of sheep. Shortly after the Anglo-Boer War the land was surveyed and a town
was laid out by the two Vriedlander brothers who owned the property. In 1904 it was proclaimed a
Municipality and is today regarded as the second largest railway hub in southern Africa.

Between 1902 and 1936, De Aar’s growth was stinted by the lack of reliable water supply. This
situation forced the Cape Government Railways to source water from springs on the farm
Caroluspoort, some 14km to the east of De Aar. In 1927, the Town Council opted to purchase the
small village of Burgerville (Figure 5), located ~34km SE of De Aar, in order to access its fresh
groundwater supplies mainly fed by springs. In 1954, the groundwater yield from this area, known
as the Burgerville / Zewefontein Scheme, was increased by the drilling and commissioning of three
new production boreholes,

Detailed hydrogeological investigations were carried out by the Geological Survey over the period
1971 to 1975, resulting in the establishment of numerous potential production boreholes in the so-
called ‘Northern’, ‘South-Eastern” and ‘South-Western” areas (Von Hoyer, 1975; Smit, 1975). In
September 1978, eight production boreholes in the South-Western Scheme were commissioned, with
an additional four boreholes being added in February 1979. A single production borehole was
commissioned in the South-Eastern Scheme in 1981, followed by a further seven holes after 1985,

In order to meet the expected rise in water demand, the DWAF embarked on further groundwater
investigations during 1987 to 1989. The aim was to establish additional production boreholes in the
South-Eastern and Burgerville areas, to re-drill and pump-test selected boreholes originally drilled
during the 1971/75 investigation in the Northern and Brandfontein Areas, and to investigate the
groundwater potential of the Houtkraal and Hennopskraal farms in the so-called ‘Far-Northern Area’.

The local authorities in the towns of De Aar, Britstown and Hanover were combined in accordance
with the Municipal Demarcation Act (Act 27) of 1998 to form the Emthanjeni Municipality (Kock,
2002). De Aar currently obtains its water from various wellfields located to the west, east and north
of the town. These wellfields have been historically subdivided into five broad geographic areas or
schemes (Figure 5), namely the so-called:

1. South-Western (A),

2. South-Eastern (B),

3. Northern (E),

4. Caroluspoort (D), and
5

Burgerville / Zewefontein (C) Schemes.

Vegter (1990) subdivided these geographic areas into groundwater units (Figure 5) and provided
estimates of the exploitation potential of each unit (Table 2). These estimates are based upon a
detailed assessment of the groundwater conditions and assured yield of groundwater unit XXI-B or
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South-Western Scheme. In 1991, Haasbroek (in Woodford, 1993} estimated that De Aar’s total
groundwater supplies were capable of delivering between 2.1 to 2.5 million m® per annum.
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Figure 5: Groundwater Abstraction Schemes of De Aar (after Woodford, 1993)
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3.4

Table 2: Estimates of supplies available for Urban Use from GMU’s in the De Aar Area

GrouSd.\;vater (ﬁ:?) Steadyn:g}zl)d (x10° Farm Use | Urban Use UanI :t:ﬂt?sled

" Min" Max® (x10°m¥a) | (x10°m%a) | (x10° m¥a)

I 218 | 0157 0187 | 0.002 - | 0.185

1 18.0 0130 | 0155 0.002 - 0.153

1 46.4 0.334 0399 | 0.005+ 0.150 0.154

v 63.3 0.519 0.601 0.056 0.340 0204
Va 489 0.352 0421 | 0.005  0.350 . 0089
Vs 410 p_o2e2 | - L - -

VI 39.0 0.282 0.337 0.044 0.293

vII 177 0127 | 0152 |  0.002 . 0.150
VIIIy 72.3 0.593 0687 0.007 - 0.280 0.400

X . 921 0.663 0792 | 0079+ | 0080 | 0663 _
X | ar7 0.271 0324 | 0004 | 0150 0.175

XI 1225 1.005 1.164 0.362+ 0600 0.202

24l a8 | 0121 4 0141 0.001 0120 0.000
Xl 472 0.340 0406 | 0005 | 0.0860 0.341
X1V, 39.9 0.287 0.343 0004 - 0.339
XIVp 1176 - - - ) -

XV 151.0 = . o - -

XVIiy 13.1 - - - - -

XVlg 1237 1.014 1.175 0.362 0280 | 0538
XVII 296 0.213 0.255 0.153 0.060 e
XVIII, 56.3 - - - - 0.000
XVlily 32.9 0237 | 0283 | 0083 0.060 0.145
XTX 78.3 0.642 0.744 0.048 0.530 0.171

XX 126.9 1.041 1,206 0013 0.300 0.893
XXIa 222 - T 5= -

XXlg 81.7 0.670 0.776 0.133 0440 | ¢ 0.213
XXIC : 40.2 - — B LEN z - hy

XX 30.3 0.248 0288 | 0133 0,120 0.000
XXIlIa 80.0 - - - . B}
XXlllg 85.0 0615 0712 0.238+ 0.370 0.101
XXl 60.0 - - - - -

Notes: (after Vegter, 1992)
A- recharge rate based on rainfall >= 15mm
B- recharge rate based on rainfall >= 10mm

Definition of Groundwater Management Units

Vegler’s (1990) groundwater units (Figure 5) were captured in a GIS, as well as a detailed
geological map of the area to the east of De Aar encompassing the South-Eastern, Caroluspoort and
Burgerville / Zewefontein Schemes (Woodford, unpublished data). This information was overlain in
a GIS upon the 1/50,000-scale topocadastral mapsheets and used, in conjunction with the results of
the exploration drilling, to redefine and refine certain of Vegter’s GMU’s. The geographic extents of
these GMU’s are shown in Figure 4, whilst the size of each unit is presented in Table 3.
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3.5 Groundwater Resource Assessment

3.5.1 Groundwater Recharge from Rivers during Flood Events

In 1989, the DWAF specifically established two monitoring stations to assess the impact of river
flow during flood events on the underlying composite alluvial - bedrock aquifer system, as follows:

(a) Boreholes (339221 — 224, (G39035 — 039, G39041 and a rudimentary gauging-station (D6NQ579)
on the Brak River in the Caroluspoort-South GMU (Figure 30, Figure 6); and

(b) Boreholes (G39224 - 231 and a gauging-station (D6N0580) on Elandsfontein River (Figure 7) in
the Rhenosterpoort GMU.,

The aim of establishing these monitoring networks was to assess the extent to which groundwater in
the alluvial deposits underlying and bordering on the major river systems are being recharged by
infrequent flood flow. Quantitative assessment is not possible due to a lack of accurate river flow
records in these areas. Waterlevel responses in monitoring holes close to these rivers do not
necessarily indicate recharge by infiltration of floodwater through the streambed, but rather appears
to the combined result of;

- recharge by rainfall on the higher-lying adjoining hardrock terrain;

- the reduction / cessation of pumping from the Municipal production boreholes; and

— infiltration of the floodwater through the streambed (Vegter, 1993),
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Figure 6: Monthly Rainfall versus waterlevel fluctuations in monltormg holes at the Brak River
Monitoring Station
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Figure 7: Monthly Rainfall versus waterlevel fluctuations in monitoring boreholes and river-stage

{D6N580) in the Elandsfontein River

3.5.2 Potential Recharge from Rainfall

GIS Estimate

A GIS raster-modelling technique was uwsed to estimate the volumes of rainfall recharge per
groundwater management unit. A subset of the national Mean Annual Precipitation grid {Schultze,
1997) covering the study area was ‘corrected’ using the mean annual rainfall values derived from the
De Aar and Rooiwal rainfall stations (Section 2.1.2).

The mean annual potential recharge (MAPR) was then estimated using a modified Maxey-Eakin
technique (Maxey and Eakin, 1949; Davisson and Rose, 2000), which defines a simple relationship
between groundwater recharge and mean annual precipitation. The following polynomial equation
was used to define recharge volumes per GMU:

Re=0.0001 x MAP* ... Equation 1

Where Re —depth of mean annual potential recharge in millimetres (after evapotranspiration
losses), and

MAP — mean annual rainfall in millimetres.

A (IS raster-modelling process was used to determine the Re for the study area using Equation 1,
where Schultze’s (1997) raster dataset of Mean Annual Precipitation (MAP) was used as input. The
Re values were then adjusted for variations in outcrop geology and terrain slope. The MAPR during
periods of drought was determined using Schultze’s % Coefficient of Variation of MAP raster
dataset. The results are summarised in Table 3 over page, where GMU’s that are currently being
exploited by Municipal production holes are highlighted.
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Table 3: GIS estimates of Mean Annual Recharge per Groundwater Management Unit

. - Adjlﬁ:ﬁz ::Iean R;ch:lrge Mean Annual Recharge (m®fa)
Management Unit (km?) Precipitation ?:.2 ;’ r Normal Drought
{mm/a)
Blauuw Krans 101.290 319- .30 959,680 - 618,634
Bloemhof 9.187 336 31 | 98685 62,908
Burgerville 23.024 346 31 | 249212 | 161,809
Burgervilleweg 43.098 338 3.0 441,060 286,347
Caroluspoort - North |  84.915 339 3.0 869,304 | 565,471
Caroluspoort - South |  17.864 342 30 185,192 120,800
Caroluspoort East 22,272 336 31 | 234584 | 152,660
Cyfferkull 32.228 352 31 | 384982 231,457
De Aar 73.624 330 N 3.0 725,915 470,641
Helderwater 35.709 352 _ 32 _ 405,167 263,407
Kappok Poort 34.674 312 28 | 200774 | 192,682
Klein Brandfontein 30.087 311 27 328,433 211,029
Die Dam 21.177 348 ‘ 32 ' 236,375 153,590
Leeuwfountain 90.084 344 31 | 963,991 626,123
Paardevallei 148.104 329 3.0 1441189 | 933,857
Rhenosterpoort 96.512 310 27 810,755 _ 520,027
Riet 51522 338 30 | 514972 334,975
Rietfontein 68.668 336 29 | ees229 | 432,114
Rusoord 41.485 339 31 | 43503 283,366
Sinclairs Dam 23.141 333 3.1 7 240,99_3 156,657
Sipreshof 14,631 345 32 | 160572 | 104368
Veekraal 18.269 347 3.2 202,132 131,791
Vetiaagte 71.744 336 30 721,660 469,115
Wag-en-Bittje 54 639 333 3.0 555,225 359,435
Weltrede | 59343 335 3.1 615,178 399,970
Zewefontein 83.503 367 3.2 964,578 628,253
Zwartkoppies 146.464 323 2.9 1,360,337 | 874,860
TOTAL (Average) 1,506.550 (336) 3.0 15,040,107 9,745,746
%ﬁe’s {1997) MAP grid was adjusted using the MAP from rainfall stations at De Aar and Rooiwal (Zewefontein
Catchment) using monthly rainfall records for 1950 to 20086.

Chloride Mass Balance Method

The Chloride-Mass-Balance or CMB method provides estimates of average rates of rainfall recharge
assuming that the concentration of chloride in groundwater is only derived from incremental inputs
Crucial to the successful application of the method is accurate concentrations of
Unfortunately, the DWAF were unable to supply the rainfall chloride

from rainfall.
chloride in rainfall.
concentrations for De Aar in time for inclusion in this report.

Average estimates of chloride in rainfall were obtained for each GMU using DWAF’s (2007)
national GRAII 1x1km’ raster dataset for South Africa. This dataset provides an average rainfall
chloride concentration for the study area of 0.89 mg/L (Table 4). Table 5 indicates the variability of
chloride concentrations in rainfall at Bloemfontein (Bean, 2003). The weighted-average
concentration of chloride for this dataset is 1.70 mg/l.. Average potential rainfall-recharge factor for
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each GMU was estimated using these two sources of rainfall chloride concentration and the average
or median chloride concentrations in groundwater (Table 4).

The rainfall-recharge factors provided by the CMB method in Cyfferkuil, Burgerville and
Zewefontein GMU’s are considered to be realistic for recharge to the fractured-rock aquifers in the
study area. These rates vary between 1.6 and 2.8% of MAP if the GRA-II rainfall chloride
concentrations are used and 3.2 to 6.8% if the average chloride concentration in rainfall at
Bloemfontein is used. The calculated recharge factors for the remaining GMU’s are thought to be to
low and are probably influenced by the accumulation of salts in the groundwater by
evapotranspiration within a ‘closed’ system. The GRA-II derived average recharge rates (Table 4)
are also considered to be unrealistically high for this type of terrain.

Table 4: Estimates of rainfall recharge factors for De Aar’'s Wellfields

Chloride Concentration in Groundwater (mg/l) Average % Recharge
Groundwater ‘ Chloride
: Number Factor
Management Unit / . Standard . .
Wellfield Samples Min | Max | Mean | [\ . | Median Conc. in [GRATI]
|Waterpoints] Rain (mg/)
___§_‘_J_§_7_;_§_1_1}E{1_95_:f?{pq9}'t_ ) 19 [4] | 7894 3119 150.2 260.8 0.94 - 04 _{0.7} [7.4]
SW- Vaalbank 15 [5] | 5033 | 286.3 1349 | 2300 | 094 | 04{07}[74]
| SW - Zwartkoppies 14[3] 463.8 | 213.0 | 1187 | 2030 | 08 | 04{08}[71]
- Paardevallei 26 [4] 619.7 293.9 158.9 | 3413 092 | 03{05}[82]
Caroluspoort - North | 19 [6] 0 _[1307.0 L. 2432 | 2998 11560 _, 088 [ 06{1I13[32]
poort - §ggtl}” 41 [11] | 2123.0 | 8102 | 3843 | 6%.0 | 0.1 {0.2} [8.7]
SE - Riet 17 [5] 1561.0 | 689.1 | 4649 | 4578 0.2 {04} [8.7]
Cyfferkuil 28 [10] 129.1 66.8 | 312 53.4 | 1.6{3.2}[8.9]
| B ille 18 [5] 3 867 | 43.0 [ 184 422 0.85 | 2.0 {4.0}[8.3]
Zewefontein 40 [4] 18.7 56.6 29.2 16.0 249 (.83 2.8 {6.8} [9.2]

NOTES:

[7.0] - Recharge factor obtained from DWAF’s National GRAII 1x1km” Raster Dataset.

{0.5} - Recharge tactor estimated using the weighted average chloride concentration of 1.7 mg/l for rainfall at Bloemfontein (Table 5)
Chloride concentration in rainfall from DWAF s National GRAII 1x1km’ Raster Dataset.

Bold-faced: Mean or Median chloride concentration in groundwater used to calculate recharge factor.

Caroluspoort —North: Borchole G18882 and G18884 excluded.

South-West Zwartkoppies Wellfield — exclude production borehole G27703.

3.5.3

Groundwater Exploitation Potential

The GMU’s defined as part of this study lie either within the D62C or D62D Quaternary catchments,
which fall into ‘Groundwater Abstraction Zone A’ as defined in the revised (Government Gazette
26187, No. 399, 20 March 2004) General Authorisation (GA) of Section 39 of the National Water
Act #36 (1998), where only Schedule T use is allowed.

The DWAF’s GRAII Project 2 (2007) produced a national raster dataset of the so-called ‘Average
Groundwater Resource Potential’ or AGEP, which was summarised per GMU (Table 6). The
AGEP values lie midway between the estimated recharge volumes for normal and drought periods
{Table 3), and are generally accepted as reasonable estimates of the long-term sustainable yield of
the GMU’s in the study area.
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Table §: Rainfall chloride concentrations measured at
Bloemfontein for the period 2002-2003.
Month Bloemfontein
Rainfall (mm) | Chloride {mg/l) |
February 3.1 [ 0.80
March 510
April )44
May 31.0.
June 6.0
duly 00 .
August 990
September 10.0
October I -
November 20.0
December 98.1
January 50.0
Total rainfall (mm) 477 1
Weighted average - All data - -
Source Bean (2003)
Table 6: Average Groundwater Resource Potential per GMU
Groundwater Management Unit ?n?af; e TR E eSO T ?n?aiEa};
Blavuw Krans 788,519 Paardevallei 1,142,260
~ Bloemhof 80,983 Rhenosterpoort 665,770
. Burgerville = 225371 | Riet - 413,323
__ Burgervilleweg 386,160 | Rietfontein ~ 811,869
_Caroluspoort - North 628,041 | Rusoord 289,260
~_Caroluspoort - South 128,731 Sinclair Dam 152,207
Caroluspoort - East - 159,255 | Sipreshof 122,076
Cyfferkuil | 279725 Veekraal 147,788
De Aar ) ) 537,112 | Vetlaagte 493,565
Helderwater 319,513 | Wag-en-Bittje 480,044 |
M. e (261,677 | Weltrede 539,885
ntein 297,844 | Zewefontein 656,587
Die Dam 197,200 | Zwartkoppies 1,045,533
Leeuwfountain 883,979
TOTAL 11,934,176
October 2007
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3.6

3.6.1

Groundwater Monitoring, Abstraction and Resource Assessment
per GMU

De Aar is currently pumping ~2.3 Mm’ of groundwater per .annum from approximately 51
production boreholes located up to 36km from the town. The monthly groundwater abstraction is
read from the water-meters attached to ¢ach production borehole and is archived at the Municipal
offices. This information is meant to be captured into AquiMon by a Municipal official, but lack of
adequate computer skills, inadequate training and ‘accidental loss’ of the database, which had not
been backed-up, have hampered these efforts. The DWAF have equipped some 26 boreholes in the
De Aar area with digital waterlevel data-loggers. This information is downloaded from the loggers
by a Municipal official and forwarded to the DWAF’s regional office in Kimberley. This
information is also meant to be captured into 4AquiMon by the Municipality, but for reasons
mentioned above, this is not happening.  Currently, manual ‘hand’ waterlevels measurements using
a dipmeter are not being taken in any of the other holes previously monitored by the DWAF.

The DWAF’s regional office in Kimberley is monitoring groundwater chemistry at three sites on a
bi-annual basis, namely at borehole CT37 in the De Aar GMU (Figure 35), borehole ZN54 in the
Zewefontein GMU (Figure 42) and the Populierbos spring in the Burgerville GMU.

Zwartkoppies and Rhenosterpcoort GMU’s

The production boreholes tapping the Zwartkoppies and Rhenosterpoort groundwater management
units are collectively referred to as the ‘South-Western’ Scheme. Smit (1975) recommended 11
production boreholes located on the farms Rhenosterpoort, Vaalbank and Zwartkopjes. In 1990,
Vegter subdivided the South-Western Scheme into two groundwater units, namely XX and XXI-B
(Figure 5). The geographic extent of Vegter’s units have been retained for this study, but they have
been renamed to the Rhenosterpoort and Zwartkoppies GMU’s (Figure 4), respectively, The
Rhenosterpoort GMU has been further subdivided into two separate welifields, referred to as the (1)
Rhenosterpoort and (2) Vaalbank Wellfields (Figure 8).

Groundwater Abstraction and Waterlevel Monitoring

Eight production boreholes on the farms Rhenosterpoort and Vaalbank were commissioned in
September 1978, followed by an additional four holes on the farm Zwartkoppies in February 1980.
These production boreholes are currently all still in operation. The technical specifications for each
production borehole are summarised in Table 7. The status of the waterlevel monitoring network in
the South-Western Scheme is as follows:

= Rhenosterpoort Wellfield:
- Only borehole G27720 is currently fitted with a digital waterlevel data-logger.

- The autographic waterlevel recorders on boreholes G27716 and G27707D were removed by
the DWAF towards the end of 2003.

" Vaalbank Wellfield:

- Digital waterlevel data-loggers are fitted to the following holes: G27709, G23205, G23204C
and G39224,

WOODw
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- The autographic waterlevel recorders on boreholes G39225 to G39231 were removed by the
DWAF towards the end of 2003. These holes used to form part of a specialised monitoring
network aimed at assessing recharge to the alluvial — bedrock aquifer during flood events in
the Elandsfontein River.

*  Zwartkoppies Wellfield:
- Digital waterlevel data-loggers are currently fitted in monitoring boreholes G27708 and
G27708C.

Table 7: South-Western Scheme - Operational Production Boreholes and Recommended
Management Specifications

Maximum . .
Vegter's Pump- Pump- Maximum Permissible
BNOJ:,'?:I? Groundwater D(e "'::h Intake Rate Al::i)::‘at:t'i‘:) n Waterlevel (m) below
Unit (m) (Lfs) (m’) collar

Rhenosterpoort Wellfield 24.5 26,000

Gr7o7 | xxiB | 200 | 230° | 60[10] | 6600(5000 | 8
6277191 | XXIB | 424 | 276" | 7.0[10] | 7,800(5800) | ¢
G27704 | xxiB 457 | 180 | 80[9] | 7,800 (5800) ]

G23208A XXIB 228 15.0 3.5[10] 3,800 (3,400)

Vaalbank Wellfield 16.0 11,400

G27715G XXIB 155 16.0 m 3.5([7] 2,800(3,400) | _— 1('.)“0“_ o
G23208B [ XXIB 216 | 150 | 50[6] |3100(5000) | 98

G23205F XXIB 228 | 180 | 40(7 | 2900(4500) | 100

G23204D XXIB 22.9 16.0 3.5[7] 2,600 (3,400) 9.0

Zwartkoppies Wellfield 19.0 21,300
G23203A XX | 228 | 160 | 40[11] [ 4840(5000) | 100

G27702G XX 264 | 160 | 45[10] | 4,840 (5000) =00
[ Ga7703 | Xx 228 | 120 | 60[10] [6780(7000) | 8O0

(23202 XX 19.8 12.0 4.5[10] 4,840 (5,000) 8.0

Notes:

#_ Recommended by Smit (1975).

(5,000) — Previously recommended maximum monthly abstraction.

{8] — Pumping schedule in hours per day.

Maximum Permissible Drawdown — waterlevel prior to switch-on of pump (i.e. rest-waterlevel) after a rest period of

approximately 8 hours. The maximum permissible drawdown indicates (i) the depth below which pump-inlets should be

installed, and (il the depth at which a float-operated switching device should be installed to safeguard the pump from

running dry.

G27715G - drilled 24.4m deep, reduced depth is as a result of a pump getting stuck at the bottom of the hole.

(G23206A — in use but not recommended by Smit (1975)

The waterlevels in the central portion (G27716, G23204C and G27720 in the Vaalbank Wellfield) of
the Rhenosterpoort GMU are currently some 4m lower than those in the Rhenosterpoort Wellfield
(G27716 and G27720, Figure 9), although all waterlevels were at a similar level after the floods of
1974, This phenomenon is due to over-pumping from the Vaalbank Wellfield, where the yield
capacity of the aquifer is significantly lower than in the Rhenosterpoort Wellfield due to differences
in the physical characteristics of the alluvial-bedrock aquifer and the fact that the latter wellfield is
located in the discharge zone of the GMU.

The production boreholes in the Zwartkoppies GMU (Figure 8) are clustered in a relatively small
area in the discharge (outlet) zone of this GMU. The waterlevels have varied between 3.5 to 6 m.bgl
(Figure 10), but reached an all time low of over 8m.bgl in 1987 due to overexploitation, coupled
with very dry conditions. Currently the waterlevels in the aquifer are at acceptable levels (~5m.bgl).
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Figure 10: Zwartkoppies GMU - Waterlevels versus [A] Abstraction and [B] Monthly Rainfall

Smit (1975) estimated the ‘safe yield” of the entire South-Western Scheme (i.e. Rhenosterpoort and
Zwartkoppies GMU’s) at ~550,000 m*/a. Vegter (1990) estimated the ‘minimum steady yield" of the
Zwartkoppies and Rhenosterpoort GMU at ~1,041,000 and ~677,000 m?/a, respectively, assuming a
recharge rate of 6.6 mm/a or ~2.1% of MAP (Table 2). He postulated that between 80 to 90% of the
total rainfall recharge to the South-Western Scheme occurred in the higher-lying hard rock areas of
the GMU, and that the remainder infiltrated through the bed of the Elandsfontein stream during
infrequent flood events. Furthermore, he found that the actual volumes of rainwater recharged
during petiods of high rainfall were severely restricted by the limited storage capacity (‘live’ storage)
of the fractured-rock aquifers and rapid discharge of water from the catchment by runoff.

Application of the Cumulative Rainfall Departure or CRD Method (Bredenkamp et al, 1995} to
monthly rainfall data for De Aar versus wellfield abstraction and waterlevel fluctuations in boreholes
G27720 (Rhenosterpoort Wellfield, Figure 12), (G23205 (Vaalbank Wellfield, Figure 11) and
G27708 (Zwartkoppies Wellfield, Figure 13) indicated a rainfall-recharge factor of between 1.2 and
1.5%, which is somewhat lower than that used to estimate recharge using the Maxey-Eakin Method
(Table 3). An average recharge factor of 1.2 and 1.5% of MAP is accepted for the Zwartkoppies and
Rhenosterpoort GMUs, respectively. The waterlevel variations in borehole (G23205 before January
1988 could not be simulated using the CRD method, most likely due to inaccurate abstraction
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records prior to this date. Storativity values of 0.005 to 0.009 and rainfall threshold values of 15 to
30 mm/month produced the best CRD fits.

The long-term sustainable yield of the Rhenosterpoort GMU is estimated at 448,800 m’/a
(37,400 m*/month) by down-scaling the recharge volumes in Table 3 to take into account the revised
recharge factor of 1.5% of MAP. Similarly, the sustainable yield of the Zwartkoppies GMU is
estimated at ~567,600 m*/a (47,300 m*/month) using a recharge factor of 1.2% of MAP. In this
GMU, the curtent configuration of production boreholes can only harvest ~45% of the total recharge,
which means that the sustainable yield of the Zwartkoppies Wellfield is ~255,600 m*/a (21,300
m’/month). These revised estimates of the long-term sustainable yield of the GMU’s were compared
1o the annual volumes abstracted since 1978 (Table 8), where it can be seen that the set abstraction
limits have not been exceeded since 1997. The maximum monthly abstraction volumes from each
production borehole have been adjusted to account for the revised yields of the wellfields and are
presented in Table 7. Production from the Vaalbank Wellfield has been down-scaled by ~25%,
whilst that from the Rhenosterpoort Welifield has been increased by a similar amount, to create a
better ‘balance’ of waterlevel drawdown between the two wellfields.

Table 8: Annual Groundwater Abstraction from the South-Western Scheme

. Annual Groundwater Abstraction (m®)
Rhenosterpoort GMU | Zwartkoppies GMU Total Comment
1978 273,858 139,916 413774 | SeptoDec1978
675,418 415,647 1,091,065 -
1980 646,992 729,664 1,376,656
1981 468,418 279,343 | 747,781 - B
1982 668,813 333,596 1,002,409 B
1983 671,994 287,316 959,310 ~ - o
1984 605,816 444,336 1,050,152
1985 668,432 441,485 1,100,917 ) o _
1986 576,801 408,758 985,559 i
1987 | 674,369 207,208 881,577 L -
1988 78,106 60,416 | 138,522 Missing Data
1989 81,086 _ 58,416 139,802 | Missing Data
1990 81,096 58,152 139248 | MissingData |
1991 391,931 173,901 565,832 Missing Data
1992 550,995 292,347 - 843,342 ]
1993 495,692 306,323 802,015
1994 473,443 274,946 748,389
1995 501,877 235,695 737,672 |
1996 530,934 266,140 797,074 .
1997 354,570 147,870 | 502440 G
1998 414,876 ‘ 219,412 634288 |
1999 404,436 213,713 618,149 |
2000 293,410 175,366 488,776 |
2001 294,553 | 178,951 473,504
2002 282,510 164,539 447 049
2003 330,767 190,726 - b21,493 |
2004 283,834 148580 | 432414 | )
2005 346,579 201,225 547,804
2006 149,249 86,368 - 235,617
2007 143,805 80,439 224,244 Jan to Jun 2007
Sus Q. 448,800 255,600 704,400
Bold-font — volume in excess of long-term sustainable yield (Sus Q.) of GMU (m*fa).
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Figure 13: CRD Analysis — Monitoring Borehole G27708 (Zwartkoppies Wellfield)

Groundwater Quality

The historical groundwater chemistry information for the production and monitoring boreholes in
these GMU’s were imported into AguiMon from the DWAF’s national water quality database. The
available groundwater chemistry for each production borehole is graphically presented on Piper

diagrams in Appendix 3.

The groundwater from the Rhenosterpoort GMU (Table 9) and Zwartkoppies GMU (Table 10) is
slightly saline. Significant amounts of nitrate are also present in the groundwater. Piper plots
showing the groundwater chemistry of the Rhenosterpoort and Zwartkoppies GMU’s are presented
in Figure 14 and Figure 15, respectively. The salinity of the groundwater typically increases along
the flow path, mainly as a result of the accumulation of sodium chloride. The chemistry of the
groundwater in production boreholes located in the discharge zones of the GMU’s, i.e. G27707 and
G2770G in Rhenosterpoort and Zwartkoppies GMU’s, respectively, show a more Ca-Mg-HCO;
character that is due to inter-mixing of groundwater in the alluvium with water recharged on the
nearby dolerite ring-dykes that form the elevated boundary of these units.
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Table 9: Summary Statistics of Groundwater from production holes in the Rhenosterpoort GMU

Chemical No. | Minimum | Maximum | Mean Standard | Median | Lower Upper 90th
Parameter Recs Deviation Quartile | Quartile | Percentile
Lab. pH | 34 7.4 88 8.0 0.3 7.9 7.8 82 8.4
EC (mS/m) 34 | 80 | 3757 | 1840 65.6 178.0 137.0 2455 274.2
| Sodium(mg/) | 33 | 830 | 4500 | 2389 | 1036 | 2114 | 1530 | 3201 | 3601
Calcium(mg/) | 34 | 180 16576 | 6638 34.6 635 | 391 | 848 | 1189
Magnesium (mg/l) | 33 24.0 2100 | 772 39.8 65.0 51.2 99.8 125.7
Chioride (mg/l) 34 96.0 789.4 3006 144.2 248.0 204.0 421.4 482.3
 Potassium(mg/l) | 27 | 0.80 5.25 2.13 1.20 1.80 1.30 240 3.83
Silica {mg/l) 27 | 124 | 2590 | 20.87 4.30 | 2155 2009 | 2270 23.89
Suiphate (mg/l) 33 | 480 | 7271 | 2448 | 1336 | 2034 | 1680 | 3202 | 3672
_TAL (mg/l) 33 170.9 4319 | 3211 62.5 330.0 | 2850 | 3684 395.5
Fluoride (mg/) "~ | 32" | 02" 18 08 | 04 | 07 | 05 11 13
Nitrate (ma/) .30 | 002 | 549 | 246 | 156 | 218 | 124 | 355 | 469
Ammonia (mg/l} 25 0.00 0.13 0.03 003 0.02 0.02 003 0.09
Orthophosphate 25 0.006 0.060 0.030 0.020 0.025 0.011 0.052 0.054
PIPER DIAGRAM: Rhenosterpoort GMU
B G23204D #[:! Samples - 2] o
4 (323205 [# Samples - 4] B
¥ 5232058 [#Samples - 1 d
o (G323205F [#Samples-a @
4  G232064 [#Samples- 1
Figure 14: Piper Plot indicating Macro-Chemistry of Groundwater from Production
Boreholes of the Rhenosterpoort GMU
October 2007
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Table 10: Summary Statistics of Groundwater from production holes in the Zwartkoppies GMU

Chemical No. . . . Std Lower Upper 90th
Parameter Recs Minimum | Maximum = Mean Meginn Deviation | Quartile Qulgaetile Percentile
Lab. pH 19 7.4 8.6 .80 79 03 | 17 8.3 ... 84
' EC (mS/m) 19 75.0 267.0 1863 | 150.0 541 142.6 2026 | 2408
| Sodium {mg/h) 19 - 90.0 4628 | 2717 | 2860 | 1092 193.8 3356 | 3
Calcium (mg/l) 19 238 90.0 | 544 | 550 166 44.0 60.0 73.6
| Magnesium (mg/l) | 19 7.0 70.0 44.0 46.0 166 35.4 560 | 612
Chloride (mg/l) 19 65.0 463.8 2262 | 2130 | 1110 | 1420 | 2835 | 3818
_Potassium (mg/l) [ 12 0.40 1.20 078 078 025 0.59 089 [ 113

lica (mg/! 12 [ 2000 2370 | 2151 | 2151 | 098 | 2075 | 2182 | 2285 _
Sulphate(mgfl) 19 102.0 284.2 _.185.9 1730 592 127.5 2255 278_:7
TAL {mg/l) 19 214.0 444.0 3736 | 38586 61.7 3425 420.4

Fluoride (mg/l) 19 0.10 107 | 062 | o070 | 027 0.45 081 | o088

“Nitrate (mgl) 11 0.19 30.27 436 137 | 826 1.25 266 424

Ammonia (mg/l) | 12 0.010 0.090 0.025 0020 | 0021 0.015 0.020 0.038

PIPER DIAGRAM: Zwartkoppies GMU

Samples - 7]
£ Samples - 3f

# Bamgies - 4
# Sampiles - 5]

Figure 15: Piper Plot indicating Macro-Chemistry of Groundwater in
Production Boreholes of the Zwartkoppies GMU

Woodford (unpublished data, 1989) measured the ‘bulk’ EC of groundwater abstracted from the
South-Western Scheme at the inflow to the main distribution reservoir in De Aar over the period
January 1988 to October 1989 (Figure 16), during which time 1,110 mm of rain fell in the district.
The EC of the groundwater increased rapidly during February 1988 following an initial heavy
rainfall of 239mm. This increase in salinity is probably due to the dissolution and rapid transport of
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salts accumulated in the vadose zone down into the shallow aquifer system by this initial pulse of
infiltrating rainwater. The aquifer was subsequently recharged by relatively fresh water that resulted
in the EC declining from 215 to 149 mS/m by the end of May 1988. The EC of the groundwater then
gradually rose as the river flow slowly decreased and eventually stopped flowing in April 1989.
Fluctuations in the major ion concentrations of groundwater pumped from (23202 since August
1973 are indicated in Figure 17. The salinity of the groundwater has apparently increased over time,
due mainly to an increase in sodium and chloride content, especially following the floods of 1988/89.
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Fiqure 16: EC variations of groundwater abstracted from the South-Western Scheme
over period February 1988 to August 1989
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Figure 17: Major ion variations in groundwater in G23202 (Zwartkoppies GMU)
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Plate 3: Production Borehole G23205F (‘Suidw

es’ No. 7) in the South-Western Scheme,
with cement platform to avoid damage to the hole and pump equipment during
flooding {photo F. Fourie)

3.8.2 Paardevallei GMU

Vegter (1990) defined a large groundwater unit, XVI-B (Figure §), in which all the production
boreholes of the so-called “Northern Scheme’ are located. The geographic extent (148 km?) of this
unit has been retained and it will hereafter be referred to as the Paardevallei GMU. Groundwater is
currently being exploited from four production borcholes in the unit (Figure 18). The
recommended operational and management specifications are presented in Table 11. Monitoring
boreholes G28420B and G29645 are equipped with waterlevel data-loggers that were installed by the
DWAF’s regional office in Kimberley. The antographic waterlevel monitoring recorder on borghole
(29661 was removed from the hole by the DWAF towards the end of 2003.

Table 11: Paardevalliei GMU - Operational Production Boreholes and Recommended
Management Specifications

: Maximum . I
Borehole Vegter's Depth Pump- Pum|:3- Monthly Maximum Permissible
Number Groundwater (m) Intake Capacity Abstraction Drawdown (m) below
Unit (m) (L/s) (m’) collar
G29644 XVIB 40.0° 30.0# 500 2,900* . 20"
G2961 77 XVIB 220" 18.0 8.0 7,900* 12
[ G39145 | XVIB | 457 150 | 80 | 71007 13
(28420 XVIB 22.0° 18.0 7.0 5,000* 12
Total 28.0 22,900
Notes:
. Recommended by Smit {1975). * - Recommended by Vegter (1990).
Maximum Permissible Drawdown — waterlevef prior to switch-on of pump after a rest period of approximately 8 hours.
The maximum permissible drawdown indicates (i) the depth below which pump-inlets should be installed, and (i) the depth
at which a float-operated switching device should be installed to safeguard the pump from running dry.
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Figure 18: Production and Monitoring Boreholes in the Paardevallei GMU
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Vegter (1992) estimated the ‘minimum steady yield® of the GMU at 1,014 Mm’/annum based upon
an average recharge rate of 6.6 mm/a or ~2% of MAP (Table 2). He estimated that an additional
362,000 m*/a of groundwater is being abstracted from the unit by farmers for irrigation and stock-
watering purposes. The ‘Average Groundwater Exploitation Potential’ of this GMU is
~1,142 Mm*/a (Table 6), assuming a CMB derived recharge rate of 8.2% (Table 4).

A GIS-based recharge estimate of 1.441 Mm?/a is obtained for periods of normal rainfall assuming
an average recharge factor of 3% of MAP (329mm), declining to 934,000 m’/a during droughts
{Table 3). CRD analyses of monthly rainfall versus waterlevel fluctuations in G28420B (Figure
20), G29661 (Figure 21) and G29645 (Figure 22) produced a ‘best-fit” average recharge factor of
1.5%, and storativity values of between 0.003 and 0.004. Note the significant deviation between the
CRD levels and the actual waterlevels between January 1992 and late 1999 (Figure 22), due to a
lack of Municipal abstraction records during this period. A recharge factor of 1.5% of MAP is
therefore accepted and the long-term average sustainable yield of the Unit is set at ~721,000 m’/a
(i.e. half of the GIS-based recharge estimate for nmormal rainfall cenditions). The volume of
groundwater available for abstraction from the Municipal production holes is therefore ~-359,000
m*/a, if Vegter’s estimates of abstraction from privately-owned boreholes are taken into account and
assuming that this pumping has remained constant over time. The actual volumes of groundwater
abstracted annually since 1999 (Table 12) are significantly below the potential yield of the system.
Vegter (1990} indicated that additional production holes would be required, both up and downstream
of the current boreholes, to fully realise the potential of this GMU, Vegter’s recommended monthly
abstraction volumes per production borehole are left unaltered (Table 11).
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Figure 21: CRD Analysis - Monitoring Borehole G29661 (Paardevallei GMU)

Table 12: Paardevallei GMU - Annual Volumes of Groundwater Abstracted
from August 1999 to June 2007
Yolume

Groundwater

Abstracted
(m’)

1999 | 118,028
2000 280,499 |
2001 ) 187437 |
2002 133746 |
2003 | 128,844 |
2004 134721 |
2005 [ 129998 |
2006 81,326 S
2007 38,764 [ January - June
Total 1,233,363

Average 153,796 2000-2006

Year Comments
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Figure 22;

Groundwater Quality

CRD Analysis - Monitoring Borehole G29645 (Paardevailei GMU)

The groundwater quality is acceptable for domestic consumption, although the water is brackish and

very hard (Table 13). The nitrate levels in the groundwater also tend to be slightly elevated. The
fluoride levels in water samples collected from G29644 before 1998 exceed the DWAF’s (1996)
1.5 mg/L. threshold for safe human consumption.
collected from this hole after 1998, are drastically different from those analysed in 2003 and 2005
(Figure 23, Appendix 3), and may in fact be due to sampling of the incorrect hole in recent times.

The chemistry of the groundwater samples

The available groundwater chemistry for individual production boreholes are graphically presented

on Piper diagrams in Appendix 3.

Table 13: Summary Statistics of Groundwater from Production Holes in the Paardevallei GMU

Chemical No. Minimum | Maximum { Mean | Median Std Lower Upper 90th

Parameter Rec. Deviation | Quartile | Quartile | Percentile
LabpH ] .26 74 85 | 78 77 0.3 77 8.1 .82
EC (mS/m) 26 92.4 329.8 1738 | 1715 | 590 | 1293 | 2102 224.0
Sodium (mg/l) 26 46.0 3940 | 1853 | 1425 | 1084 100.5 277.9 _367.3
Calcium {mgfi) 26 7.8 1960 | 912 | 775 561 57.7 135.6 166.0
| Magnesium (mg/l) | 26 3.9 1340 ) 862 [ 67.0 35.7 51.2 924 102.5
Chiloride (mg/l) 26 36.0 619.7 2939 | 33 158.9 152.0 401.9 455.5
Potassium (mg/l) 24 0.70 4,60 2.23 119 | 147 1.00 3.83 4.25
Silica (mgfl) 24 | 872 26.87 1764 | 1584 5.84 15.06 24.40 24.66
Sulphate (mg/l) 26 456 4353 | 18686 1435 | 1081 | 1055 261.8 3145
Tot. Alkalinity (mg/l) 26 135.7 3813 | 2598 | 2750 | 689 201.5 312.3 3370
_Fluoride (mgl) 2 | 020 5.89 ~1.58 0.76 1.76 0.66 0.95 515
Nitrate (mg/l) 25 0.020 12.730 3.826 2480 | 3.193 1.930 6.280 7.495
Ammonia (mg/l) 17 0.015 0.140 0.048 0.020 0.041 0.020 0.060 0.122
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PIPER DIAGRAM: Paardevailei GMU
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Figure 23: Piper Plot indicating Macro-Chemistry of Groundwater in Production
Boreholes of the Paardevallei GMU

3.6.3 Blaauw Krans GMU

The Blaauw Krans GMU covers an area of some 100 km” and is referred to by Vegter (1992) as
groundwater unit XIX (Figure 5). The unit also forms part of De Aar’s so-called ‘Northern
Scheme’, although the Municipality have not, as yet, incorporated any of the proposed production
holes into their water supply system.

The DWAF have installed digital waterlevel loggers in three monitoring boreholes in the unit,
namely G29632D, G29642C and G29648E (Figure 24). The OTT autographic waterlevel recorders
on monitoring holes G29637D and G29652B were removed by the DWAF towards the end of 2003
and 1999, respectively.

Vegter (1990) recommended that 10 existing production boreholes capable of delivering
525,000 m*/a be developed to boost the Municipalities water supplies. Vegter (1992) estimated that
the ‘minimum steady yield® of this GMU is 642,000 m*/a (Table 2), assuming a recharge factor of
2.1% of MAP. The DWAF’s GRAII (2007) ‘Average Groundwater Exploitation Potential’ of
788,519 m*/a (Table 6) is accepted as the long-term sustainable yield of this GMU.
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Figure 24: Production and Monitoring boreholes in the Blaauw Krans GMU

3.6.4 Caroluspoort-North GMU

Prior to 1948, the Cape Government Railways obtained water for their locomotives from springs
emanating at the ‘poort’ or outlet to the Caroluspoort-North GMU (Figure 4). The South African
Railways (SAR) developed 6 high-yielding large-diameter wells in the alluvium in 1954 and later a
number of borcholes were also drilled in this area. The SAR sold this property to the De Aar
Municipality in February 1989,

In 1992, Vegter subdivided the Caroluspoort wellfield in two groundwater units, namely VIII-B and
XM (Figure 5). The Caroluspoort-North GMU basically conforms to the boundary of Vegter’s VIII-
B unit, except along its outlet in the extreme south. At this location, Vegter’s boundary between the
VIII-B and the XII units extends between wells G18881 and G18882 (Figure 25). The boundary
between the Caroluspoort-North (VIII-B) and Caroluspoort-South GMU (XII) is shifted to just south
of wells G18890 and (G18886 (Figure 25).

The Municipality is currently abstracting groundwater from six large-diameter wells located in the
Caroluspoort-North Wellfield. In the past, wells Put4, G18881, G1886 and G 18890 were pumped to
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supply the SAR. Monitoring boreholes BG10 (D6N0508 installed 1966), BG1 (D6N0OS00 instalied
1960) and BG32 (D6NO0507 installed 1966) were fitted with autographic recorders, that were
replaced by digital data-loggers in 2003,

Table 14: Caroluspoort-North GMU — Summary of Operational Productionr Boreholes and
Management Recommendations

Vegter's Pump- Pump- Maximum Maximum
well A oug dwater | DEPth Intak‘; Capacity Monthly Permissible
Number Unit {m) (m) (L/s) Abstraction Drawdown [m)
[hrsiday] (m?) below collar
G6778 VIII-B 150 | 130 | 4.0[10] 4,200 _ 80
G6779 VIII-B 15.0 13.0 5.0[9] 5,000* 8.0
wF’lJTS ~_ VIII-B L 15.0 7 _ 130 | 4.0 [10] 4,200* n 8.0 o
q__‘l__BBSD | VIU-B _16.0 ) 14.0 4.0 [_15] _______9,600" o 8_9_ D
| G18882 - VIII-B 15.0 15.0 7 3.0[9] 3,000 8.0
518884 . XIT 15.0 12.0 5.0[9] 5,000* 8.0
Total 25.0 28,000
Notes:
* - Recommended by Smit (1975). * - Recommended by Vegter {1990).
Maximum Permissible Drawdown — walerlevel prior to switch-on of pump after a rest pericd of approximately 8 hours.
The maximum permissible drawdown indicates (i) the depth below which pump-intets should be installed, and (ii} the depth
at which a float-operated switching device should be installed to safeguard the pump from running dry.
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Figure 25: Production and Monitoring Boreholes in the Caroluspoort-South and -North GMU’s
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Vegter (1961) estimated the ‘safe yield” of the SAR’s Caroluspoort wellfield at 1,365 m’/day or
500,000 m*/a. Later, Dziembowski (1971) revised this estimate to 700,000 m® per annum based on
monitoring information collected over the period 1960 to 1971. Vegter (1975) downscaled the safe
yield of the wellfield to 585,000 m*/a. In 1992, Veger estimated the ‘minimum steady’ yield’ of the
VII-B groundwater unit at 593,000 m’ per annum (Table 2) assuming a recharge factor of 1.9% of
MAP. The average recharge to the Caroluspoort-North GMU during years of normal rainfall is
estimated at 860,000 m*/a using a GIS-based technique and assuming an average recharge factor of
3%. Groundwater recharge from rainfall declines to 565,000 m*/a during periods of drought (Table
3). CRD analysis (Bredenkamp et al, 1995) of monthly rainfall data from De Aar versus waterlevel
fluctuations in monitoring boreholes BG1 (Figure 26) and BG32 (Figure 27) indicate ‘best-fit’
rainfall-recharge factors of 1.2% to 1.4%, respectively, using a rainfall threshold value of
20 mm/month. CRD estimates of aquifer storativity varied between 0.007 and 0.009. A recharge
factor of 1.1% of MAP was obtained using the CMB method (Table 4). The DWAF’s GRAII (2007)
national dataset indicates an excessively high recharge factor of 9.2%, although the ‘Average
Groundwater Exploitation Potential’ of 612,000 m* per annum (Table 6) is acceptable. The long-
term sustainable yield of Caroluspoort-North GMU is taken as 358,000 m’/a assuming an
average recharge factor of 1.3% of MAP. The volumes of groundwater abstracted from the
Caroluspoort-North Wellfield should, however, not exceed 336,000 m>/annum or 28,000 m*/month.
The annual volumes of groundwater abstracted from the Caroluspoort-North Wellfield are presented
in Table 15, where it is evident that, in the past, almost double the current recommended volumes
were abstracted by the SAR. The Municipality have only exceeded this volume on two occasions
(1994 and 1999) since purchasing the property in 1989. Unfortunately, no abstraction records are
available for the period 1970 to 1981.

Table 15: Caroluspoort-North GMU — Annual Volumes Abstracted from 1959 to June 2007

Volume Volume
Year Abstracted Year Abstracted
(m’) (m?)
1959 23,617 1989 0
296,305 1990 | 11,518 |
275417 ;1981 | 240279
303,184 | 1992 | 231683 |
319,684 1993 234,592
487,904 1994 338,852
601,896 1995 526511
619,013 1996 | 316,367
773,890 1997 310,633 |
799,007 1998 | 279242 |
632,877 1999
? 2000 |
1982 | 713,099 2001 N )
1983 719,217 2002 | 235663 |
1984 638,666 2003 299,073
1985 570,203 2004 290,251
1988 568,301 2005 | 285738
1987 681,429 2006 311693 |
1988 345,646 2007 June 140,842

Botd — exceed maximum recommended volume of 300,000m*/a.
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Groundwater Quality

The groundwater in this GMU is generally slightly saline and very hard (Table 16), but it is fit for

domestic consumption,

The groundwater is characterised as calcium-magnesium-chloride-

bicarbonate type (Figure 28), which indicates an inter-mixing of locally recharged rainwater from

the surrounding hardrock terrain with more saline groundwater contained in the alluvium.

PIPER DIAGRAM : Caroluspoort-North GMU
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Figure 28: Caroluspoort-North GMU - Piper Plot indicating Chemistry of

Groundwater from Production Wells

Table 16: Caroluspoort-North - Summary Statistics of Groundwater from Production Holes

Chemical No. .. . . Std Lower Upper 90th
Parameter Rec, | Minimum | Maximum | Mean | Median | po o | o miar | o BORE | o e ntile
Lab, pH — | 29 74 8.4 70 79 | 04 | 75 83 8.4
ECmsim) | 26 85.8 5500 | 2088 | 1620 | 1257 | 1115 | 2825 3795
25 | 503 | 8890 | 2032 | 1190 | 1838 | 1022 | 2724 | 3790
25 | 445 571.0 96.3 845 | 469 | 619 | 1104 | 1406
"Magnesium (mg 25 | 7448 362.0 943 730 | 619 | 510 | 938 1846
Chloride (ma/) | 29 38.0 1307.0 | 3174 | 2150 | 3145 | 2740 818.5
“Potassium (mg/) | 24 | 015 | 270 | 080 | 061 | 050 | 045 | 085 | i1
Silica (mg/) 25 | 2150 587 2365 | 2344 | 139 | 2250 | 24.69 2527
Sulphate (mgf) | 25 | 77.0 961.0 2815 | 1755 | 2371 | 1184 | 3130 623.2
Tot, Alkalinity (mofl) | 20 | 162.8 456.0 3045 | 3050 737 | 2640 | 3529 379.2
“Fluoride (ma/) | 26 0.10 126 072 [ 072 0.26 0.58 0.90 1.00
Nitrate (mg/l) 25 0.05 257 0.92 051 | 078 | 040 137 233
Ammonia (mg/l) 17 | 0015 0.040 0019 | 0020 | 0006 | 0015 ] 0020 0.020
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3.6.5 Caroluspoort-South GMU

The Caroluspoort-South GMU has an areal extent of only 18km?® (Figure 4, Table 3) and is basically
the same of Vegter’s (1992) XII groundwater unit (Figure 1). The Brak River flows through the
centre of the GMU and it lies directly upstream of the Caroluspoort-North unit. Two production
boreholes, G27927 and G27927A (Figure 28), tap the composite alluvial-bedrock aquifer in this
GMU. Borehole G27927A was last pumped in May 2003. This wellfield was commissioned in
1985 as part of the ‘South-Eastern Scheme’. Monitoring borehole G27927E is equipped with a
digital waterlevel data-logger. Waterlevels in G27927E fluctuated between 2 to 3 m.bgl prior to the
start of pumping from this wellfield and declined to between 6 and 7m below surface towards the end
of 1998 due to over-pumping (Figure 29).

Table 17: Caroluspoort-South GMU ~ Summary of Operational Production Boreholes and
Management Recommendations

Vegter’'s Pump- Pump- Maximum Max!mt!m
Weill Groundwater Depth Intake Capacity Monthly Permissible
Number Unit {m) (m) (Els) Abstraction Drawdown (m)
(m3) below collar
G27927A X1 19.2 16.0 6.0 40007 7.0"
G27927 XII 221 19.0 6.0 3,000* 7.0*
Total 12.0 7,000
Notes:
# _Recommended by Smit (1975). * - Recommended by Vegiler (1990).
Vegter 1990 — recommended pumping rates of 11.1 and 8.3 L/s for G27927 and G27927A, respectively.
Maximum Permissible Drawdown — waterlevel prior to switch-on of pump after a rest period of approximately 8 hours.
The maximum permissible drawdown indicates (i) the depth below which pump-inlets shauld be installed, and {ii) the depth
at which a float-operated swilching device should be installed to safeguard the pump from running dry.

In 1989, the DWAF drilled a profile of eight monitoring holes, (G39221-223 and G39035-039
(Figure 25), perpendicular to the banks of the Brak River (Plate 4). Autographic waterlevel
recorders were installed on boreholes G39221-223, G39035 and G39039, as well as a stilling-well to
measure the depth of river flow during flood events (Riv. Station D6eN079). A hydrogeological
profile of the site is presented in Figure 30, showing the nature of the aliuvial-bedrock aquifer. The
salinity of the groundwater is relatively low (<350 mS/m) in the vicinity of the main tributary of the
Brak River and increases dramatically towards the east (>700 mS/m). This is attributed to the
system being recharged by relatively lower salinity river water (120 mS/m) during periods of
flooding. Unfortunately, the stilling-well continually silted up and no useful records of river flow
were obtained. DWAF removed all the waterlevel recorders towards the end of 2003 and placed a
digital waterlevel data-logger in G39035. Waterlevel fluctuations in these monitoring holes clearly
show that the aquifer system only receives significant recharge during months when the rainfall
exceeds 40mm (Figure 31). Note that the sharp ‘spikes” in the waterlevels recorded in G39035 since
2003 reflect periods when the Brak River was in flood.
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Figure 29: Caroluspoort-South GMU — Waterlevel fluctuations versus groundwater ahstraction
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Figure 30: Hydrogeological-Profile across the Brak River in the Caroluspoort South GMU
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drllled perpendicular to the Brak River (photo F.Fourie})
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Flgure 31 Waterlevel fluctuatlons in the aIIuvraI bedrock aquer underlylng the Brak Rlver

Vegter (1992) estimated the ‘minimum steady yield’ of the groundwater unit at 121,000 m’/a
assuming an average recharge factor of 1.9% of MAP. In Section 3.5.2, the recharge to the GMU is
estimated at ~185,000 m*a during periods of normal rainfall (MAP 342mm) and assuming a
recharge factor 3%. The recharge is estimated to decline to 121,000 m>*/a during droughts (Table 3).

WOODiaw

374624_Depar_Draftverl.0_Oct07 Rev1.0 October 2007



SRK Consulting
Geohydrological Assessment of the Groundwater Resources of De Aar Page 41

The DWAF’s GRAII ‘Average Groundwater Exploitation Potential’ dataset for this GMU is 129,000
m’/a (Table 6). CRD analysis of monthly rainfall at De Aar versus abstraction from the GMU and
waterlevel fluctuations in G39035 (Figure 32) and G29727E (Figure 33) provides a ‘best-fit’
recharge factor of 1.3% and an aquifer storativity of between 0.004 and 0.007. The CMB method
indicates a maximum rainfall-recharge factor of 1.1% using an average rainfall chloride
concentration of 1.7 mg/l (Table 4). An average recharge factor of 1.5% is, howeve, regarded as
more realistic and therefore the mean recharge, adjusted for this lower recharge factor, of ~93,000
m*/a is accepted as the long-term sustainable yield of the GMU. The sustainable yield of the
wellfield is maintained at 7,000 m*/month or 84,000 m*/a (Table 17).

Table 18: Caroluspoort-South GMU - Annual Groundwater Abstraction
between 1985 and June 2007

Volume Volume
Year Abstracted Year Abstracted
(m®) (m®)
1985 | 53,125 | 1997 1 102,452
| 1986 | 103,984 | 1998 98,786
_ 1987 | 256,535 | 1999 | 119,550
| 1988 | 63,179 | 2000 | 26,307
1989 25778 2001 24478
1990 | 51330 | 2002 | 42,183
[ 1991 | 18658 | 2003 | 37,037
(1992 | 29997 | 2004 | 33205
1993 92,282 2005 | 35,706
1994 | 27390 | 2006 | 33277
1995 | 152,743 | 2007 June | 17.332
19%6 100,944
Bold — exceed max. recommended volume of 84,000 m’/a.

Groundwater Quality

The groundwater in this GMU is generally brackish and very hard (Table 19), with a sodium-
magnesium-chloride character (Figure 34). Piper plots indicating groundwater chemistry of each
borehole in the GMU are presented in Appendix 3. The sodium, chloride, and in some cases
magnesium, concentrations of the groundwater exceeds the DWAF’s recommended limits for

domestic consumption.
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Figure 32 CRD Analysis - Monitoring Borehole G39035 (Caroluspoort-South GMU}
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Figure 33: CRD Analysis - Monitoring Borehole G29727E {Caroluspoort-South GMU)
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Table 19: Caroluspoort-South GMU - Summary Statistics of Groundwater Chemistry
Chemical No. . - . Std Lower | Upper [ 90"
Parameter Rec. Minimum | Maximum LT aaian Deviation | Quartile Qﬂgrtile Percentile
| Lab. pH 31 7.0 8.9 7.8 7.8 0.3 76 8.0 82
EC (mS/m}) 32 846 10181 427 .5 363.5 2322 268.1 488.6 778.9
Sodium (mg/l) 32 106.9 1605.0 5781 - | 4705 4142 332.0 639.8 1398.9
Calcium (mgfl) 32 10.0 213.7 929 96.0 50.0 533 117.3 159.8
Magnesium (mg/!) 32 21.0 4850 | 1792 144.0 126.2 97.8 2380 |  379.1
 Chloride (mg/l) | 32 23.0 2123.0 966.4 957.3 567.1 548.3 1368.0 |  1559.6
_Potassium (mg/l) 29 0.40 15.80 4.01 2.86 3.76 1.00 5.20 8.50
Siica{mg/!l) | 26 1.33 2490 16.22 18.85 6.85 12.08 2115 | 2205
Sulphate (mg/l) | 32 76.0 22220 | 5694 356.0 577.2 180.4 631.0 1538.9
| Tot. Alkalinity (mg/) | 32 147.0 ~ B01O [ 3112 280.0 125.9 2508 | 3888 488.0
_Flucride (mg/l) 32 | 04 17 0.9 0.8 0.3 07| 10 1.4
Nitrate (mg/l) | 27 0.010 7.900 1.416 0480 | 2.128 0.075 1470 | 5220
Ammonia {(mg/l) 20 0.010 0.090 0.047 0.040 0.025 0.030 0.055 0.090

PIPER DIAGRAM: Caroluspoort-South GMU
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Figure 34: Piper Plot indicating groundwater chemistry of the Caroluspoort-South GMU
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3.6.6 Riet and Rietfontein GMU'’s

The Riet and Rietfontein Groundwater Management Unit cover an area of 52 and 69 km?,
respectively (Figure 4), and together are almost similar in geographic extent to Vegter’s (1990) XI
groundwater unit (Figure 1). The Riet, Rietfontein and Caroluspoort-South GMUs make up the
Municipality’s ‘South-Eastern Scheme’. Currently, the Riet and Rietfontein Wellfields are
comprised of 5 and 6 production boreholes, respectively (Figure 35, Table 20). Initiatly, only
production borehole G27917E was commissioned in 1981, followed by G27918C, (G28301, G28304
and G28313B in 1985, and the remainder of the boreholes were brought into production towards the
end of 1998.

Table 20: Riet and Rietfontein GMU - Summary of Operational Production Boreholes and
Management Recommendations

9 Maximum Maximum
Borehole Gr‘éﬁﬁ?\:raster Depth l:::lt;nkz P;::z' Monthly Permissible
Number Unit (m) (m) (Us) Abstraction Waterlevel (m)
(m®) below collar
Riet Wellfield
(G2o717E | X1 | 360 ) 250 | 120 | 9.000(10,000) T
G38517 Xl 38.0 240 3.0 2,000 (2,500} o 13.0*
[G384ss . Xl | 300 | 180 | 35 | 2000(3000) | 1200
G38473 Xl 24.0 17.0 4.0 2,000 (2,000) 12.0%
38468 Xl 48.0 35.0 30 2,000 (2,000) 18.0"
TOTAL 25.5 17,000 (19,500)
Rietfontein Wellfield
Gz27918C Xl - - 24.4 22.0 15.0 12,500 (13,000) 11.0%
28301 X 244 | 160 | 80 3,300 (3,300) 8.0" -
G28304 Xl 250 | 200 8.0 3300(3300) | 19.0’,’, o
G307 | X 20 | 140 | 45 | 5000(5000 75"
G28313B Xl _ 214 160 3.0 3,000 {3,000) 9.5*
G38507 Xl 42.0 30.0 10.0 6,000 (6,000) 17.0*
TOTAL 44.5 33,100 (33,600)
MNotes:
* . Recommended by Vegter(1890). # - Recommended by Woodford (1993).
{5,000) — Monthly absiraction volumes listed in Water Services Development Plan.
Borehole G38271 has replaced production borehole G27927E.
Maxirnum Permissible Drawdown — waterlevel prior to switch-on of pump (i.e. rest-waterlevel) after a rest period of
approximalely 8 hours. The maximum permissible drawdown indicates (i} the depth below which pump-inlets should be
installed, and (i) the depth at which a float-operated switching device should be installed to safeguard the pump from
running dry.
G27715G - drilled 24.4m deep, reduced depth is as a result of a pump getting stuck at the bottom of the hole.
(23206A — in use but not recommended by Smit (1975}

The current waterlevel monitoring system in the Riet and Rietfontein GMU’s is inadequate for
proper assessment of the performance of the wellfields and timeous detection of over-exploitation of
the aquifer systems. In the Rietfontein GMU, waterlevels are currently being monitored in boreholes
(28302K and G28304F using digital data-loggers. Only borehole G29717 in the Riet GMU is being
monitored using a digital data-logger (Figure 35). The waterlevel and abstraction information for
these holes are graphically presented in Figure 36 (see plots per borehole in Appendix 3).
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Figure 35: Production and Monitoring boreholes in the Riet and Rietfontein GMU’s

Smit (1975) estimated the combined ‘safe-yield” of the Riet and Rietfontein GMU’s at 1.2 x 10° m*¥a
based on the analyses of pumping-test information. Vegter (1992) estimated the ‘minimum steady
vield’ of the Riet and Rietfontein GMU’s at 1.005 x1 0° m*/a (Table 2), assuming a recharge factor of
2% of MAP. He estimated that 362,000 m’ of groundwater was being abstracted annually from
privately-owned borcholes in the unit. Recharge to the Riet and Rietfontein GMU’s is estimated
using a GIS technique at ~515,000 and 666,000 m'/a, respectively, assuming a recharge factor of 3%
(Table 3). During periods of drought the combined recharge to both GMU’s could to decline to
767,000 m*/a. The DWAF’s GRAII (2007) ‘Average Groundwater Exploitation Potential’ or AGEP
for the Riet and Rietfontein GMU’s is ~413,000 and 612,000 m’/a (Table 6). Cumulative Rainfall
Departure or CRD analysis (Bredenkamp et al, 1995) of monthly rainfall at De Aar versus
abstraction from the GMU’s and waterlevel fluctuations in boreholes G27917 (Riet GMU, Figure
37), G28302K (Figure 38) and G28304F (Rietfontein GMU, Figure 38) provide a *best-fit’ recharge
factor of between 1.2 to 1.4% and storativity values of 0.002 to 0.004. The AGRP of the Riet and
Rietfontein GMU’s of 1.025 x10° m® is accepted as the long-term sustainable yield of these
units, whilst the combined capacity of the current wellfields is estimated at 50,100 m*/month (Table
20) or 601,200 m*/a. The annual volumes of groundwater abstracted from the Riet and Rictfontein
GMU’s are presented in Table 21. Groundwater abstraction from both GMU’s has remained below
the sustainable yields of the respective GMUs since 1990, with the exception of the Riet GMU in
2001.
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Table 21: Annual Abstraction from the Riet and Rietfontein GMU's
Y Annual Abstraction (m®)
oar RistGMU | Rietfontein GMU | TOTAL
1981 64,475 - 64,475
1982 196,709 - 96,709
1983 254,534 . 25453
1984 233,479 - 233 479
1985 - 98287 | 230,692 326,879 .
1986 | . 130 010 L 408 186 538 196
1987 ”"236_;]_5_9_ - - 402 126 — —lia 638 276 N
1988 | 7 [T 253407
tee9 | o2 | 84000 |
1990 i 243865 | _
1991 30 796 93,420 -
] 11§_$_2______ 41,740 116,126 157 868
1983 132 800 218,808 351 408
1994 66, 994 183,288 250 282
1995 | 158,872 27104 | 429913
T TAeee | T 7ernn | 129,981
LT A 103 321 i =l 142 452 i
1998 T T as1290 | 151204
1999 201 154 256674
2000 120,045 171,160
2001 221822 | 220509 |
L 2002 126,983 218,522
TTR003 | T Arr7e | 194486
= 2004 120 334 210370 __
2005 134,007 229 444
2008 90,769 135,312
June 2007 79,327 125,178 204,505
NOTES:
* _ Groundwater abstracted only from borehole G27917E in the Riet GMU
1985-1998- Groundwater abstracted from boreholes G27917E, G27918C,
(28303, G28304 and G28301.
Bold — exceeds annual sustainable yield of 204,000 and 397,200 m® for the Riet
and Rietfontein Wellfields
October 2007
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Figure 39: CRD Analysis - Monitoring Borehole G28302K (Rietfontein GMU)

Groundwater Quality

The macro-chemistry of groundwater from the Riet and Rietfontein GMU’s is summarised in Table
22, where it is clear that the salinity of the groundwater in the Riet GMU is almost double that of the
Rietfontein GMU. The nitrate concentrations are clevated in the groundwater from both GMU’s,
especially in the Rietfontein GMU which is in the order of 12 mg/l. The groundwater from the Riet
and Rictfontein GMU’s are classed as calcium-magnesium-chloride (Figure 40) and calcium-
magnesium-bicarbonate (Figure 41) types, respectively. The groundwater from both groundwater

units is very hard.
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Table 22: Riet and Rietfontein GMUs - Summary Statistics of Groundwater Chemistry
Chemical Parameter Eeoc‘. Minimum | Maximum | Mean | Median Devsi::ion (;:1 oawr:il;e QIi [;E:ilie Pefcnet:tile
Rict GMU . . , ‘ .
Lab. pH 32 5.7 8.3 7.7 7.8 0.5 76 80| 82
EC (mS/m) 32 82.0 760.0 | 3104 | 2460 1774 | 1653 3947 5768
Sodium (mg/1) 32 6.3 1232.0 313.8 214.5 2767 127.9 474.5 547.2
Calcium (mg/1) 32 16.7 3582 | 1627 1126 | 1069 829 | 2718 325.0
Magnesium (mg/l) 32 36.0 278.0 | 1326 | 1151 709 704 | 180.8 | 2360
Chloride (mg/ly 31 25| 15610 | 540.6 |  409.5 4287 | 2018 727.0 1177.5
Potassium (mg/1) 30 1.28 | 6.16 | 433 5.80 o241 742 | 1028 |
Silica (mg/T) 29 4.47 . 13.58 1420 |  342| 1250 | 1640 17.65
Sulphate (mg/1) 32 3.0 14540 | 5189 | 4000 | 3681 207 | 7790 1039.2
Tot. Alkalinity (mg/l) | 32 1620 | 5407 | 3009 | 2979 81.8 252.8 3217 375.7
Fluoride (mg/l) | 32 04 241 00 L0 04 0.7 L1 1.3
Nitrate (mg/l) 31 0.130 9200 | 3.121 | 3.185 1.861 1.490 3.530 5.600
Ammonia (mg/l} 25 0.015 0.110 0.044 0.040 0.025 0.020 0.060 0.066
Rietfontein GMU
Lab. pH 2 6.8 86| 17| 78 0.5 75] 80| 83
EC (mS/m) 40 52.1 4352 | 1250 913 787 79.4 134.1 249.1
Sodium (mg/) | 42 140 4490 | 825 | 519 88| 99| &5 ] 2332
 Calcium (mg/l) | 42 24.0 233.0 | 885 | 793 359 | 701 100.4 119.5
Magnesium (mg/l) 42 18.4 188.0 58.0| 506 30.0 430 | 588 96.3
Chloride (mg/l) 2 344 | 9110 1632 | 900 | 1786 | 60.5 189.5 359.8
Potassium (mg/l) | 37 200 9400 6.41 3.00 | 14.94 2.97 4.00 6.16
 Silica(mg/l) | 25 2.40 18.50 | 14.02 | 1605 4.61 13.51 16.82 18.02
| Sulphat B 33.0 67L0 | 1180 680 1247 431 1226 2383
Tot. Alkalinity (mg/l) | 42 116.0 3472 2618 | 2725 | 573 | 2178 297.3 330.0
 Fluoride (mg/l) | 42 0.4 1.2 0.8 0.8 0.2 0.6 0.9 1.0
| 40 0.060 23.000 | 11.834 | 12.180 6.100 6.898 | 16.475 19.840
Ammonia (mg/1) 21 0.015 0.190 0.043 0.020 0.045 0.020 0.040 0.080
PIPER DIAGRAM: Riet GMU
R N et
C:a ,.;1. 33%}3“.; 4 (333517 [#Samples - 4]
Figure 40: Piper Plot indicating groundwater chemistry of the Riet GMU
October 2007
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3.6.7

PIPER DIAGRAM: Rietfontein GMU

+  B2B307 [# Sampies - 7]
o 5283138 [# Samples - 4]
4 G3B5L7 [# Sampies- 1]

Figure 41: Piper Plot indicating groundwater chemistry of the Rietfontein GMU

Cyfferkuil GMU

The Cyfferkuil GMU covers an area of some 32 km’ and corresponds with the southern part of
Vegter’s (1990) V-A groundwater unit (Figure 5), whilst the Veekraal GMU conforms to the
northern part of this unit (Figure 4). The Cyfferkuil Wellfield forms part of the so-called
‘Burgerville-Zewefontein Scheme’. Currently, the Cyfferkuil Wellfield is comprised of four
production boreholes on the farm Cyfferkuil and three holes near Burgerville (Table 23, Figure 42).
Borchole CF31 is low-yielding and should be replaced by borehole G39025 (Woodford, 1993).
Borehole (38535 was pumped during 2003 to 2004, This hole is not suitable for production
purposes. Borehole G38537 should be brought into preduction. Boreholes CF36 and CF39 were
pumped prior to 1988 at part of the Municipal wellfield. Two monitoring boreholes, G39023 and
(339028, are equipped with digital waterlevel data-loggers.

Waterlevel fluctuations in the Cyfferkuil GMU since 1989 are presented in Figure 43, where it can be
seen that localised over-exploitation of the aquifer system occurred in the vicinity of G29023 during
1995/96 and 1999. The waterlevel information for each monitoring borehole is presented graphically
in Appendix 2.
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Table 23: Cyfferkuil GMU - Summary of Operational Boreholes and Management
Recommendations

3 Maximum Maximum
Borehole | r:ﬁg::;:t or | DePth ll:nut;nkF: P;::E' Monthly Permissible
Number Unit (m) (m) (Us) Abstra;:tlon Waterlevel (m)
: {m”) below collar
cPat | va | 820 [ 320 | (9 (3,000) ?
CF34 VA 460 | 320 40 | 3000 ?
CF35__ VA 460 | 360 | 40 | 2800 | 2
| G39024° | VA | 360 | 300 | 100 6,000 18.0*
[ G39025* v-A | 720 200 40 3,000 13.0°
G38537" VA | 880 | 240 | 30 2,000 S X
(ZN5 | VA 504 ? 3.0 1,250 e v
G%§229 . V-A 47.6 . ? B 3_.0 ) 1,900 ?
623232 V-A 725 ? 40 2,500 ?
TOTAL 350 21,150
Notes:
* - Recommended by Vegler(1990). # - Recommended by Woodford (1993).
Maximum Permissible Drawdown — waterlevel prior to switch-on of pump (j.e. rest-waterlevel) after a rest period of
approximately 8 hours. The maximum permissible drawdown indicates (i) the deplh below which pump-inlets should be
irr'.l]s;]tr?ilgzda;nd (i) the depth at which a float-operated switching device should be installed to safeguard the pump from

Vegter (1992) estimated the ‘minimum steady yield’ of groundwater unit V-A at 352,000 m’/a
(Table 2), assuming a recharge factor of 1.6% of MAP. This equates to ~232,000 m*/annum if his
‘steady vield’ is adjusted to the actual size of the Cyfferknil GMU. Recharge to the GMU under
normal rainfall conditions (MAP of ~352mm} is estimated at 355,000 m*/a (Table 3), assuming a
recharge factor of 3.1% of MAP. During periods of drought the average annual recharge is likely to
decline to 232,000 m®>. The DWAF GRAII ‘Average Groundwater Exploitation Potential’ for this
GMU is about 280,000 m’/a (Table 6). The Chloride Mass Balance or CMB method indicates a
rainfali-recharge factor of 1.6% and 3.2% assuming an average rainfall chloride concentration of
0.86 and 1.7 mg/l, respectively. The lower CMB derived recharge factor is the same as that obtained
by Vegter (1992) and is accepted as being the most realistic for this GMU. CRD analyses of
monthly rainfall from Rooiwal in the Zewefontein GMU versus abstraction and waterlevel
fluctuations in boreholes G39023 (Figure 44) and G39028 (Figure 45) provides ‘best-fit’ recharge
factors of 1.3 and 1.5%, respectively, and an average aquifer storativity value of 0.002. The long-
term sustainable yield of the GMU is therefore taken as 260,000 m’/a, of which 254,000 m*/a can
be harvested by the current production holes (i.e. the groundwater resources of this GMU are fully
developed).
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The annual volumes of groundwater abstracted from the GMU since 1964 are presented in Table 24, which
indicates that this GMU has in the past been heavily over-exploited due to the good quality of the water, as
well as the relatively low cost of purchasing the water from the landowner at Cyfferkuil. The GMU has been
over exploited since 2000 and abstraction should be immediately scaled back to within the estimated
sustainable yield of the wellfield.

Table 24: Cyfferkuil GMU - Annuai Volumes of Groundwater Abstracted

Annual Annual
Year Abstraction Year Abstraction
(m®) (m®)
1964 | 16832 | 1986 | 293963
1965 189,580 B 119,193
1966 | 148,064 98,154
1967 163,601 9 |..150832
1968 258,91 | 1990 | 281,845
1969 | 255432 | 1991 | 133533
1970 | 233503 | 1992 | 202,911
1971 | 135127 | 1993 | 349,138
1972 | 223978 | 1994 | 269,715
1973 273,374 1995 303,290
1974 126,892 1996 241,585
1975 L2301 | 1897 | 266,126
1976 | 127,002 | 1998 | 349476
1977 | 215470 | 1999 | 214806
1978 | 274,836 | 2000 | 244585 |
1979 | 397,324 | 2001 | 235839
1980 262,913 2002 242,550
1981 208,151 2003 253,161
1982 289,729 2004 260,739
1983 148868 | 2005 | 237,849
1984 172.213 ....2006 | 236,981 |
1985 275,333 June 2007 127,245
Note: Bold — exceeds safe yield of GMU of 230,000 m°/a.

Groundwater Quality

The groundwater is fresh and in terms of its macro-chemical constituents suitable for direct human
consumption (Table 25), although the water is hard (average CaCO; hardness is 308 mg/L.).

Table 25: Cyfferkuil GMU - Statistics Summary of Groundwater Chemistry

Chemical No. - . " Std Lower r 80th

Parameter Records Minimum | Maximum | Mean | Median Deviation | Quartile Qltl;f't‘?le Percentile
Lab. pH 28 7.5 8.8 82 8.3 03] 78 | 84 8.5
EC (mSim) 28 0.0 ' 1341 | 1015 | 1018 | 183 | 934 1089 | 1225
Sodium (mg/l) 28 323 1849 | 108.0 1115 285 1011 | 1205 | 1333
Calcium {mgfl) - 28 320 65.0 | 482 50.0 79 454 | BAS 58.6
| Magnesium(mg/) | 28 288 620 [ 448 | 453 7.5 39.5 504 | 520
Chloride (mg/l) 28 222 129.1 66.8 53.4 312 451 B43 | 195
Potassium {mg/l) 28 1.3 135 28 21 25 18 |1 24 36
Silica (mg/l) ! 9.5 166 | 138 141 15 13.0 147 15.3
Sulphate {mg/l) 28 338 184.5 114.2 114.9 4.1 890 1447 | 1675
Tot. Alkalinity (mg/l} 28 2013 405.5 3186 | 32438 545 | 288.8 3586 | 3843
Fluoride {mg/l) 27 0.493 1.562 0.939 0.908 0.190 0.855 0980 | 1152
Nitrate {mgil) -3 0070 | 6.070 1.653 1584 1.257 0.696 2175 3011
Ammcnia {mg/l) 24 0.010 0.210 0.044 0.020 0.045 0.015 0.051 0.097
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3.6.8

The groundwater has a sodium-magnesium-bicarbonate character (Figure 46). The available
groundwater chemistry per borehole is graphically presented on Piper diagrams in Appendix 3.

LEGEND:

9 CR3t [#Samples -4 O 323229 [# Samples - 4
4+ CF34 [#Samples-5 4 (23232 [# Samples - 4
¥ CE36 [¥ Sampies- 1 7 (38535 [# Samples - 3
©  CF36 [#3Sampies- I © (332023 [# Samples - 2
- CF30 [#Samples - 1] + G004 [# Samples - 3]

Figure 46: Piper Diagram of Groundwater from the Cyfferkuil GMU

Zewefontein GMU

The Zewefontein Groundwater Management Unit (Figure 4) covers an area of 86 km? and has the
same geographic extent as Vegter’s (1990) IV groundwater unit (Figure 5). Four Municipal
production boreholes are located in the southernmost discharge zone or ‘outlet’ of the GMU (Figure
42). The available technical information for these boreholes are summarised in Table 26. Three
monitoring boreholes, B2, G39034 and G28415B, have been equipped by the DWAF with digital
waterlevel data-loggers. Monitoring borehole G39034 was specifically drilled alongside the eye of
‘Bloufontein’ spring and downstream of ‘Riverfontein® spring. In July 1990 the combined yield of
these two springs was measured at 8.6 L/s (Vegter, 1990). The waterlevel fluctuations in the
monitoring holes and monthly groundwater abstraction from the wellficld are presented in Figure
47, whilst the waterlevel time-series plots for each borehole are contained in Appendix 2. The Mean
Annual Precipitation of the GMU is 357mm (Rooiwal weather station, Seetion 3.1.1)
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Table 26: Zewefontein GMU - Summary of Operation Production Boreholes and Management

Recommendations

i Maximum Maximum
Borehole | r‘;ﬁg;ﬁ::t o | Depth ';:'t’:k':_ P;;"tg' Monthly Permissible
Number Unit _{(m) (m) (Lss) - Abstraction Waterlevel (m)
{m?) below collar
GB797 ] v 25.0 23.0 30 2,500 ‘?
ZN14 v - - 4.0 3,200 ?
[ZN&4 | NV ] 240} - | 60 11,000 ?
ZNG3 v - - 5.0 11,000 ?
TOTAL 18.0 27,700
Notes:
Maximum Permissible Drawdown — waterlevel pricr to switch-on of pump (i.e. rest-waterlevel) after a rest period of
approximately 8 hours. The maximum permissible drawdown indicates (i) the depth below which pump-inlets should be
installed, and (i} the depth at which a float-operated swilching device should be installed to safeguard the pump from
running dry.
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Figqure 47: Waterlevel fluctuations in monitoring holes B2, G39024 and G28415B versus abstraction

from the Zewefontein GMU

Smit (1975) estimated the ‘safe-yield’ of the Burgerville and Zewefontein Arca at 600,000 m’/a.
Vegter (1992) derived a ‘minimum ‘steady-yield” for groundwater unit IV of 519,000 m*/a (Table
2), assuming a recharge factor of ~2% of MAP. Mean annual recharge to the GMU was estimated at
964,578 m’, assuming a recharge factor of 3.2% of MAP (Table 3). During droughts the recharge
from rainfall is expected to decline to ~628,300 m*/a. The CMB method indicated a recharge factor
of 2.8% of MAP (Table 4), assuming a rainfall chloride concentration of (.83 mg/l. The DWAF’s
GRAII ‘Average Groundwater Exploitation Potential’ or AGEP for the Zewefontein GMU is
~657,000 m*/annum (Table 6). CRD analysis of monthly rainfall data from Rooiwal (Section 2.1.2)
versus waterlevel time-series data from monitoring holes B2 (Figure 48), G28415B (Figure 49) and
G39034 (Figure 50) produced ‘best-fit’ recharge factors ranging from 2.5 to 3.0% of MAP, and
average storativity values of between 0.003 and 0.006. The CRD analysis indicates a minimum
threshold rainfall of between 25 and 40 mm/month. The mean average recharge of 844,000 m*/a
is accepted as the long-term sustainable yield of the GMU, assuming an average recharge factor
of 2.8% of MAP.
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Figure 50: CRD Analysis of Monitoring Borehole G39034 (Zewefontein GMU)

The Municipal production boreholes are clustered at the downstream outlet to the Zewefontein GMU
and unlikely to be able to “harvest” more than 40% of the annual average recharge from rainfall. The
sustainable yield of the current wellfield is therefore set at 338,000 m*/annum. Furthermore,
production boreholes ZN54 and ZN63 are in hydraulically connected and are therefore likely to
interfere with one another during pumping. A similar situation exists between boreholes ZN14 and
G6787. The annual groundwater abstraction from the Municipal production holes since 1962 is
presented in Table 27, indicating that the annual sustainable yield of the wellfield has never been

exceeded.

Groundwater Quality

The groundwater abstracted from the wellfield has a low salinity and is fit for direct human
consumption (Table 28), but the water is hard (CaCO; hardness 282 mg/L). The groundwater has a
calcium-magnesium-bicarbonate character (Figure 51), typical of direct recharge of rainwater and
dynamic throughflow in fractured-rock aquifers. he groundwater chemistry information per
production borehole is presented on Piper diagrams in Appendix3.
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Table 27: Zewefontein GMU - Annual Volumes of Groundwater Abstracted
Annual Annual
Year Abstraction Year Abstraction
(m°)
153,444 | 1985 |
134,508 19886
1964 211,245 | 1987
161,111 | 1988 |
133,280 19898
124,340 1990 _
169,086 1991 212,794
144,751 1992 210,397
143,933 1993 254 415
124,362 1994 | 193,858
125,110 1995 ..261,905
154,877 1998 242 161
56,582 1997 213,485
126,008 1998 | 277,013
73,910 | 1999 | 218744
116,382 2000 291,971
112,048 2001 211,984
1979 172,500 2002 296,699
1980 169,220 2003 321,206
1981 131,419 2004 329,587
1982 140,443 2005 268,947
1983 137,730 2008 325,158
1984 109,150 June 2007 162,732
Note:
Bold — Exceeds sustainable wellfield vield of 338,000 m*a
Table 28: Zewefontein GMU - Statistical Summary of Groundwater Chemistry
Chemical No. - . . Std Lower Upper 90th
Parameter Rec. TR f LRI (LG SETON L 31T Deviation | Quartile QuF::tile Percentile
Leb.pH . 41 6.6 .86 | 81 81 | .. 63 .80 | 83 | 84
EC (mS/m) 40| 687 998 | /78 | 766 | 99 | 733 | 800 | 844
- Sodium {mg/) 40 49.8 76.2 641 | 8629 6.7 587 - 69.1 735
Calcium(mg/y | 40 371 736 55.6 56.3 53 55.0 57.8 59.6
i 40 277 427 348 344 28 | 334 36.2 381
40 18.7 56.6 292 | 249 | 100 230 | 281 46.0
_Potassium (mg/l) 40 0.84 2.43 1.20 1.08 0.35 0.98 127 | 171
| Silica(mg/) | 40| 1347 17.92 1588 | 1579 093 |.1518 | 1635 17.12
Sulphate {mgf) 40 29.2 94,2 445 38.0 ! | 381 | 487 | 653
Tot. Alkalinity {mg/l) 40 2135 3724 | 3200 | 3277 3129 3388 | 3537
Fluoride (mg/) | 39 0.4 0.8 05 05 | 01 | 05 | 0B 0.7
_Nitrate {mg/l) 40 1.38 8.75 3.08 2.97 0e4 | 289 | 3.36 385
Ammonia (mg/l) 39 0.02 0.12 0.03 0.02 0.02 0.02 0.02 0.05
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PIPER DIAGRAM: Zewefontein GMU
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Figure 51: Piper Diagram of Groundwater from Production
Boreholes in the Zewafontein GMU

3.6.9 Burgerville GMU

The Burgerville GMU extends over an area of 43 km® (Figure 4) and overlaps with two of Vegter’s
(1990) proposed groundwater units, namely III and V-A (Figure 1). Three production borehole are
currently being utilised in this GMU, namely G6783, G6785 and ZN26 (Table 1, Figure 42).
Borehole ZN26 on the farm Sipreshof was drilled in 1962. The De Aar Municipality utilised ZN26
from 1962 up until January 1985. In 1987, the Municipality tested the hole at 6.7 L/s for 72 hours
and re-commenced pumping in early 1988.

Table 29: Burgerville GMU - Summary of Operational Production Boreholes and
Management Recommendations

. Maximum Maximum
Borehole G r\;ﬁg?v::t . Depth ':':"t;"k'; PI;':;: Monthly Permissible
Number Unit (m) (m) Us) Abstraction Waterlevel (m)
(m% below collar
[ G6783 | VA | 950 oo 38 1,900 ? ]
Ge785 . b 42.0 - 3.5 1,900 ) :
ZN286 Il 30.0 - 6.0 5,000 ?
TOTAL 13.0 8,800
Notes:
Maximum Permissible Drawdown — waterlevel prior to switch-on of pump (i.e. rest-waterlevel) after a rest period of
approximately 8 hours. The maximum permissible drawdown indicates (i} the depth below which pump-inlets should be
installed, and (i) the depth at which a float-operated switching device should be installed to safeguard the pump from
running dry.
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The ‘Populierbos’ spring flows strongly after heavy rainfalls and this water is piped to De Aar, along
with the flow from the Rivierfontein and Bloufontein springs in the adjoining Zewefontein GMU.
Unfortunately the Municipality are currently not monitoring these tlow rates. The DWAF have
installed digital waterlevel data-loggers in boreholes G28414 and G28397 (Figure 42), whilst the
autographic recorder on (G28413 was removed towards the end of 2003. Figure 52 shows walerlevel
variations in boreholes G28397 and G28414 versus volumes of groundwater abstracted from the
Burgerville Wellfield. The unit has been overexploited in the past, especially during droughts, i.e.
1979 to 1981, 1994 to 1995 etc. The waterlevels in the wellfield have recovered dramatically since
2002, indicating that current pumping-rates are in line with the sustainable yield of the wellfield.

it leveod (Ll

Abstracton {m¥maonth)

a - Y ,
[T T B e S P S A P R S

m-M-?HT i

Q1-dl-79 :I-

Olod0 e

O1-Ju-31 =

T

OledulBE o

Ol-Jul-84

[ RT3 SN,

[ L S
(TR IO

LT
LT P
O] v oe

vz L

(LIITE-CI

DAl e

0i-he-06 i

- Ji-53 |

[ emw  —— woomw [ ] ewes [ cares [ 1 zwas]

Figure 52: Waterlevel fluctuations in G28397 and G28414 versus volumes abstracted from G6783,

G6785 and ZN26

Recharge to the GMU is estimated at 249,000 m’/annum during periods of normal rainfall (MAP 338
mm, Table 3), assuming a rainfall-recharge factor of 3.1%. The CMB method indicates recharge
factors of 2 and 4% using rainfall chloride concentrations of (.85 and 1.7 mg/1, respectively (Table
5). The DWAF's GRAII (2007) dataset indicates an ‘Average Groundwater Exploitation Potential’
in the order of ~225,000 m*/annum (Table 6). CRD analysis of monthly rainfall data from Rooiwal
versus waterlevel fluctuations in borehole G28414 (Figure 53) and G28397 (Figure 54) produces a
‘best-fit’ rainfall-recharge factor of 2.8% and an aquifer storativity value of 0.004 and 0.007,
respectively. A minimum threshold rainfall of 10 to 15mm/month is required before significant
recharge occurs. The long-term sustainable yield of the GMU is therefore taken as ~250,000
m®/a, whilst the yield of the current wellfield is ~180,000 m*annum. The wellfield was over-
exploited for a decade spanning 1990 to 2000 (Table 30). Since 2002, the pumping has been
reduced to within the sustainable yield of the welifield and this has resulted in the waterlevels almost
recovering to the post 1976 flood levels (Figure 52).
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Table 30: Burgerville Wellfield - Annual Volumes of Groundwater Abstraction

Annual Annual
Year Abstraction Year Abstraction
(m*) (m*)
_Aee2 | 172,906 1985 | 37,129
1963 146,902 1986 ?
1964 161,279 1987 ?
1965 146,677 1988 36,036
| 1986 | 196,356 1989 [ 68,381
1967 150,397 1990 246,700
1968 163,659 1991 215458 |
1989 | 161,120 1992 | 246,085
- 19_70r“ 18,690 1993 227,356
1971 166,769 1994 140,522
1972 149,694 1995 212,205
1973 150,954 1996 250,786
1974 93,946 1997 186445 |
_______ 1975 161,956 1998 182,439
1976 73,015 1889 192,244
1977 150,747 2000 183,791
1978 8,754 2001 166,775
...... 1979 ? 2002 | 180,882 _|
1980 148,686 2003 167,074
1981 124,716 2004 179,521
1982 167,622 2005 170841 |
1983 | 152794 2006 | 163932 |
1984 157,916 June 2007 96,314
Bold - Abstraction exceed sustainable yield of the Wellfisld, i.e.
180,000 m*fannum.
Note: Abstraction data prior to 1990 appears te be incomplete
when compared to waterlevel fluctuations in the unit.

Groundwater Quality

The groundwater from the Burgerville Wellfield has a low salinity (EC < 90 m8/m) and is fit for
direct human consumption {

Table 31), but it is very hard (average CaCO; hardness of 341 mg/l). The groundwater has a
calcium-magnesium-bicarbonate character (Figure 55). The groundwater chemistry information per
production borehole is presented on Piper diagrams in Appendix3.

Tabie 31: Burgerville GMU - Statistical Summary of Groundwater Chemistry

Chemical No. - . . Std Lower Upper 90th
Parameter Rec. Minimum | Maximum | Mean | Median Deviation | Quartile QuF::tile Percentile
lab.pH | 18 | 7.1 8.5 8.0 8.1 0.4 7.8 8.3 8.4
| EC (mS/m) 18 44.9 111.8 80.2 80.2 16.4 711 85.1 105.1
| Sodium(mg/) | 18 29.1 79.0 52.0 504 12.6 46.5 56.0 713 |
| Calcium (mg/l) 18 | 368 977 | 785 | 784 | M58 | 678 [ 800 | 813
_Magnesium (mg/l) 18 19.1 58.0 376 | 357 9.8 317 42.3 52.7
_Chloride (mg/l) 18 9.9 86.7 43.0 422 18.4 331 455 66.4
| Potassum (mg/) | 16 | 125 [ 310 '} 257 [ 270 [ o060 | 255 | 288 | 305
Siicafmg/l) | 18 [ 7.40 13.90 11.86 11.87 1.39 11.48 12.69 13.12
| Sulphate (mgl) | 18 15.4 120.4 64.7 61.5 27.7 491 758 111.4
|_Tot. Alkalinity (mg/l) | 18 | 2039 437.0 3036 311.1 60.8 251.8 330.1 3781
| Fluoride (mg/) | 18 | 0.9 11 1.0 0.9 0.1 o8 |10 [ 10
Nitrate (mg/l) 16 | 1.180 11.100 5.440 5.862 2752 3.666 7.453 8127
Ammonia (mg/l) 15 0.010 (.200 0.037 0.020 0.047 0.018 0.025 0.071
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PIPER DIAGRAM: Burgerville GMU
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Figure 55: Piper Diagram of Groundwater from Production Boreholes in
the Burgerville GMU
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4

Conclusions and Recommendations

Based on the information presented in this documents the following can be concluded:

De Aar’s current water requirements are 2.2 Mm®/annum, although only 1.6 Mm® of groundwater
was abstracted in 2006, This water is pumped from 51 production boreholes located in 10
Groundwater Management Units or GMU’s, extending up to 35km away from the town. The
production holes are capable of delivering 260 L/s, with a combined sustainable yield of 2.7 Mm*/a.
This is significantly less than the estimated long-term sustainable yield of the GMU’s of 4.8 Mm® per
annum.

The salinity of the groundwater is highly variable, but it is almost always hard to very hard. The best
quality groundwater is pumped the Cyfferkuil, Burgerville and Zewefontein GMLU’s located some
30km to the east of De Aar.

The following specific recommendations are made based upon the findings of this study:

s Ground Abstraction:

- Rhenosterpoort & Zwarikoppies GMU'’s: These groundwater units are fully developed and
no further production boreholes should be considered.

Boreholes G27707, G27704, G27715G, G23204D, G27702G and G27703 should be pumped
‘out-of-phase’ from the other production boreholes.

Blaguw Krans GMU: This unit is currently not being utilised by De Aar and should be
considered for development to meet the town’s future water requirements.

The 10 potential production boreholes, estimated to be capable of delivering ~525,000 m® of
water per annum, pump-tested and re-assessed.

- Caroluspoort-South GMU: Borehole G39037 should be brought into production at a rate not
exceeding 3,500 m’/a, whilst borehole G29727A should only be maintained as a standby
borehole.

Cyfferkuil GMU: This unit has been over-exploited since 2000 and pumping should
immediately be scaled back to within the estimated long-term sustainable yield of the
wellfield of 230,000 m’/a.

Borehole G39025 was drilled as a replacement borehole for CF31 and therefore the pump
equipment in CF31 should be re-located to G39025.

Borehole (G38535 was pumped during 2003 to 2004. This borehole should not be utilised for
production purposes.

Borehole G38547 should be commissioned as a production borehole, only after a multi-rate
pumping-test has been carried on the hole.

- Zewefontein GMU: This unit has not been developed to its full potential and additional
production boreholes should be established further up in the catchment in order to harvest an
estimated ‘surplus’ of 450,000 m*/a of good quality groundwater.

Productions holes ZN54 and ZN63 should be pumped ‘out-of-phase’ from one another, as
should boreholes G6787 and ZN14.

~  Burgerville GMU: The current wellfield is not capable of harvesting all the available
groundwater from this unit and it is recommended that an additional 1 to 2 production
boreholes be developed in the area between production hole ZN26 and the Hotom farm.
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Borehole G38270 on the farm Sipreshof should be pump-tested with the aim of equipping it
as a production borehole.

- The monthly groundwater abstraction information in AquiMor is, in places, incomplete
especially prior to 1999, which hinders meaningful assessment of the groundwater resource
potential. Effort should be made to obtain this information from the Municipal and DWAF’s
archives and capture it in AguiMon.

Groundwater-level Monitoring: Waterlevel monitoring is crucial to ensuring that the various
GMU’s are optimally utilised and that they are not overexploited. The following early-warning

trigger-levels have been set in AguiMon and should be closely adhered to:

- Zwartkoppies GMU: Waterlevels in monitoring boreholes G27708 and G27708C should not
be allowed to drop below the trigger-levels of 6.5 and 7.0 metres below ground-level
{m.bgl), respectively.

Rhenosterpoort GMU: A digital waterlevel data-logger should be immediately re-installed in
borehole G27716. The waterlevel in this hole should not to drop below 5.5 m.bgl.

The waterlevel in borehole G27720 should not decline below the trigger-level of 3.5 m.bgl.

Waterlevels in monitoring holes G23204C, G23205 and G27709 should not be allowed to
decline below the trigger levels 0f 9.5, 7.4 and 6.8 m.bgl, respectively.

Waterlevels in the Vaalbank Wellfield have declined almost to their trigger-levels and this
situation should be closely monitored over the next 6 months to decide if an intervention
measure is required.

- Paardevallei GMU: Waterlevels in boreholes G28420B and (29465 shouid not be allowed
to drop below the trigger-levels of 9.5 and 4.5 m .bgl, respectively.

- Caroluspoort-North GMU: Waterievels in borcholes BG1, BG32 and BG40 should not
decline below the set trigger-levels of 8.5, 9.5 and 9.0 m.bgl, respectively.

Caroluspoort-South GMU: The waterlevel in G29727E should not drop below the set
trigger-level of 5.5 m.bgl.

Rietfontein GMU: Tt is crucial that two additional digital waterlevel data-loggers be
immediately installed in boreholes G38459 and G38456.

The waterlevels in G28302K and G28304F should not be allowed to decline below the
trigger-level of 8§ m.bgl.

- Riet GMU: 1t is crucial that three additional digital waterlevel data-loggers be placed in the
following holes (or nearest suitable hole); namely G38235, G38509 and G38233.

The waterlevel in G27917 should not be allowed to drop below the trigger-level of 9 m.bgl.

Borehole G27917 is situated too close to the production hole and it is recommended that the
waterlevel data-logger be shifted to a more suitable borehole some 100 to 200m further away
from G29717E.

Cyfferkuil GMU: The waterlevels in G39023 and G39028 should not be allowed to drop
below the set trigger-level of 9m.bgl.

- Zewefontein GMU. The walterlevels in B2, G28415B and G39034 should not decline below
the trigger-levels of 9.0, 10.0 and 7.5 m.bgl, respectively.

- Burgerville GMU: The waterlevels in G28414 and G28397 should not be allowed to drop
below the trigger-levels of 8.0 and 7.0 m.bgl, respectively.

Abstraction from a GMU or wellfield should be immediately reduced if the waterlevels in the
above specified monitoring holes decline and remain below the set trigger-levels to avoid
declining yields (inefficient pumping) and possible deterioration of the water quality, as well as
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in the long-term, ‘damage’ to the aquifer itself (i.e. clogging of water-bearing fractures by
precipitation of carbonates).

*  Groundwater Quality Monitoring: Groundwater from the following boreholes should be sent to
an accredited laboratory for chemical analysis on an annual basis:

- Rhenosterpoort GMU: boreholes G27707, G27704, G23205B, G23204D and G27715G.
- Zwartkoppies GMU: boreholes (G23202 and G27702G.
~  Paardevallei GMU: boreholes G48420, G39145, G29617 and G2%0644.
Establish the cause for the drastic differences in water chemistry in borehole G29644,
- Caroluspoort-North GMU: wells PUT-5, G6778, G6779, G18880, G1882 and G18882.
Caroluspoort-South GMU: borehole G27927.
Riet GMU: boreholes G38271, (G38455, G38468, G38473 and (G38517.
- Rietfoniein GMU: boreholes G27918C, G28301, G28304, G28307, G28313B and G38507.
Cyfferkuil GMU: boreholes CF31, CF34, G39024, G38535, G23229 and G23232.
- Zewefontein GMU" boreholes G6787 and ZN54.
Burgerville GMU boreholes G6783, G6785, ZN26 and the ‘Populierbos’ spring.

- Groundwater analysis should, as a minimum, include the following physical parameters and
chemical constituents: pH, electrical conductivity, total dissolved solids, sodium, calcium,
magnesium, chloride, sulphate, total alkalinity, potassium, silica, fluoride, nitrate, ammonia
and iron.

The water samples should be collected over a single time period, preferably between
February and March of each year.

- Groundwater from individual borcholes should be sent for bacteriological analyses on an
annual basis.
s The DWATF should continue to analyse the chloride and sedium content of rainwater collected in
their cumulative rainfall gauges located at De Aar and the Riet pump-station. The Oxygen-18
and deuterium content of the rainwater should also be determined.

»  The flow rates of the Populierbos and Rivierfontein [ Bloufontein springs should be measured
on a monthly basis and captured in AquiMon.

*  The monthly abstraction volumes, water chemisiry and waterlevel monitoring data should be
compiled and uploaded in the established AgquiMon monitoring and management computer
system by an official of the Emthanjeni Municipality on a monthly basis. The Municipality
should have a qualified hydrogeologist assess this information and produce a monitoring and
aquifer status report on an annual basis.
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Appendices

Appendix 1: Monitoring Boreholes equipped with Digital Data-Loggers

AguiMon DWAF NGDB Code | Drainage Number
G28415B | 3024CBOCO3S | DGNOOST
G39067 3024AC00004 | DBNOOST _
039185 | 3024AC00005 | DBNOOSS
G39224 3023DB00356 g D6N00697
BG1 3024CA00328 D6N0500 -
B2 |3024cBoo0s7 | DoNosOt
8632 3024CA00329 | DBNOSO7
BG40 3024CA00§§_Q‘ DBNO0508
ﬂ?go 3023DB00374 DEN0517
G27709 I 3023DB00071 D6N0520
G23205 3023DB£)002§0 DB6N0521
623204 30200800235 _ | DEN0S22
G29648E | 30200800412 | DGNOS26
G29642C 3023DB0042¢€ DBN0527
G29632D 3023DB00424 DENQ529
G28420B 3024CA000 10 o DBN0530
629645 3024CA00319 | DBNOS31.
G27927E 3024CA00115 _ DB§0537
G27917 3024CAD0324 D6N0558
| G28300F 3024CC00007 | DGNOS30
G28414 024CB00075 | DBNOS4S
G28397 3024CB00076 D6N9546
G27708 3023DBOO124 - DBN0550
(G27708C 3023DBFJ_(_J‘_I 14 D6N0551
G39034 | 3024CBOOOS7 | DGNOSe2
39028 30240800_988 DBN0563
(339023 3024CB00085 DEN0564
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Appendix 2: Waterlevel Graphs for Monitoring Boreholes equipped with

digital data-loggers
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Monitermg WaterPolint Na' G235 . Watarkevel and Abgwraction from WaterPoint Vaalbank_Wedied [Souhned.-Yaakbank)
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Menitortng WaterPont No) G39224 . Waterlevel and Abstraction from WaterPoint Vaatbhank_Welifiokd {South Vaalhank)
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Caroluspoort-North GMU:
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Appendix 3: Piper Plots of Water Chemistry per Borehole
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Waterpoint No. - G27702G
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Rhenosterpoort GMU

Waterpoint No. - G23204D

B Sampis Dae | 2101972 Jlonic Balgice > 5%
+ Sewpis D 0d-Fabeibel

Waterpoint No. - G23205

LEGEND:

& Sxmpie Das

4 Sample Qe

¥ Sampie Do
+  Sempde Daie: 08

WOOD/aw 374624 _DeAar_DrafiVer1.0_Oct07 Revl.0 October 2007
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Waterpoint No. - G23205B

Sample Date | 03-Feb-1887 [ionic Balance > 5%)

Waterpoint No. - G23205F

Ca

+

LEGEND:

8 Sample Date - 05-Feb-1987 [toni; Balance > 5%)
4  Sample Date  19-Feb-1000
¥ Sample Dafe  04-Dec-2003

WOOD/aw

374624_DeAar_Draftver1.0_Oct07 Rev1.0

Qctober 2007
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Waterpoint No. - G23206A

Ca

[

LEGEND: ]

o

npde Date - 65-Fed- 1BET [onic Balange » 5%

Waterpoint No. - G27704

[ LE@END:

Sample Dats
3ample Dals
Sample Date
Sample Date
Zampls Dafe
Sample Date

E4¢a$a

-2,
3-hov-2008 [ionic Balance > 5%]

WQODaw

374624_DeAar_Draft\fet1.0_Oct07 Rev1.0 Cctober 2007
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Waterpoint No. - G27707

LEGEND:

B Sample Date - 06-Mar-1973 [lonit Balaroe > 5%6]
+  Sampie Date : 31-0ct-1984

¥ Somple Date - 05-Feb-1887

¢ Sampie Date  20-Jan-1988

4+ Zampie Date - 04-Dec-2003

[

Sampie Daie : 08-Nov-2005 [lonic Baiance > 5%)]

Waterpoint No. - G27715G

> Ka  Hol, @ ® ]

WOODaw

374624_DeAar_Draftver1.0_Oct07 Rev1.0
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Waterpoint No. - G277191
o 18-d- 1973 [ieni Belance » 390)
+ |G- Jul- 1873
v A
Ll
+ i 657
a le Dt | DE-Mov- 2005 [on Balanos » 5%
Waterpoint No. - G28303
€a [
LEGEND:
a  Sampie Dae | 02-May-1974 [lonic Baiance > 5%)j
4+ Sampie Dats © 19-Nov-1882
¥ Sampie Date : 18-Mar- 1883 [fonic Balance > §%]
@ Bample Dale : 03-Ju-1984
Cotober 2007

WOODfaw

374624_DeAar_DraftVeri.0_Oct0? Rev1.0
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Paardevallei GMU

PIPER DIAGRAM: Waterpoint No. - G28420

—EGEND:

Sample Date | 2G-S
Sample Date * 27-3

Sarnple Date - 2
Sample Dae:

+oa4u

Sampie Dae . 14-Dec-1

onic Balance > %)
cnic Balanee > 5%
onic Balance > 3%
cnic Balance > 5%)

8

PIPER DIAGRAM: Waterpoint No. - G39145

LEGEND:

©  Sample Dste - 26-Det- 1984 [lonic Balancs > 8%6]
4 Sampie Date - 14-Dec-198

¥ Sampie Date - 08-Dec-2003 [lonic Balance * 5%]
o

Sample Date - 10-Nov-2005 [lonic Balance > 5%)

WOOD/w

374624 DeAar_DraftVer1.0_Oct07 Revi.0

October 2007
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PIPER CIAGRAM: Wakterpoint No. - G29617

LEGEMND:

®  Sample Dats - 19-Feb-1974

4+ Sanple Des  22-Feb-1074

¥ Sampie Date © 25-Oct-1884 [lonic Salanoe > 5%]

e Sample Date | 14-Dec-108

4+ Sample Date | 03-Ss

n Sample Dae © 03-Sep & [ionic Salanoe > 5%)]
4 Sample Dete | 04-380- 1985

¥ Sample Date  02-Sep-1088

¢ Sample Date . 05-Dec-2003

4 Sample Date | 10-Nov-2005 [lonic Balancs > 5%

& Na

LEGEND:

8 Sample Dae : 26-Oct- 1984 ?[:Dn‘u: Batance > 59%]
4  Sample Dale : 14-Dec-188

v Sample Date - 09- 1958

o Sample Date - 00-3ep-1028

-+  Gample Date : 10-Sep-1968

8 Sample Date | 05-Dec-2003 [loni; Salanoe > 59
<~ Sample Date | 10-Now-2005 [lonic Balance > 5%

WOOD/aw

374624_DeAar_DraftVer1.0_Col07 Rev!.0

October 2007
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Caroluspoort-North GMU

PIPER DIAGRAM: Waterpoint No. - PUTS

o Sample Date  24-Mar-1937
<+ Sample Daie : 03-Dec-2003 {lonic Balance > 5%]
Sampie Date : 10-Nov-2005 [lonic Balante > %]

PIPER DIAGRAM: Waterpoint No. - G6778

& Szmple Dats © 25-0ct-1084

<~ Sampie Date | 02-Dec-1988 Jionic Balance > 5%
9 Sampie Date - 03-Dec-2003 (loric Balancs > 5%|
o

Sampia Date . 10-Nov-2005

WOOD/aw

374624_DeAar_DraftVer1.0_Oct07 Rev1.0 Oclober 2007
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PIPER DIAGRAM: Waterpoint No. - 66778

-t

GEND:
o Sample Dae  02-Dec- 1088
4 Sampie Date : 03-Dec-2003
Y Sample DaE : 10-MNov-2008 [lonic Batance » 5%]

PIPER DIAGRAM: Waterpoint Ne. - G18880

B Sample Daw 0 25-0o-1084
+  Sample Date : 02-Dec-1928
4
L]

Sample Date - 03-Dec-200 [loric Balare » 5%)
Sample Date © 10-Nov-2005

WOOD/aw 3745624_DehRar_Drafter! .0_Oct07 Revi1.0

October 2007
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PIPER DIAGRAM: Waterpoint No. - G18881

LEGEND:

o Sample Deie 02-Deo-1883 [ Batance » 5%]

PIPER DIAGRAM: Waterpoint No. - G18882

LEGEND:

8 Sample Date | 25-Oci-1984 [ionic Balance > 53]
4  Sample Dae : 01-Dec-1688

¥ Sample Daie - 03-Dec-2003 [lonic Balance > 5%
e Sample Date : 10-Nov-2005 [fonic Balante > 5%)

WOODfaw

374624_DeAar_DraftVer1 0_Cct07 Revl.0

October 2007



SRK Consulting

Geohydrelogical Assessment of the Groundwater Resources of De Aar

Page 96

PIPER DIAGRAM: Waterpoint No. - G18384

Ga & & = % Ia RO, ® ¢ & _ =& o
— E__T s
Ca cl

LEGEND:

Sample Date : 25-Oct- 1834 [fonic Balanoe > 5“?)
Sampie Date | 02-Dac-1986 [lonic Balance > 5%%)
Sampie Date - 03-Dec-2003 [fonic Balanoe > 5%
Sample Date : 10-Nov-2005

o A4n0

—

PIPER DIAGRAM: Waterpocint No. - G18886

k3

LEGEND:

B Sample Date - 25-Oct-1984 [lenic Balance > 5%]
<4 Sampie Date : 02-Dec-1988

WaOD/aw

374624 _DeAar_Draftver!.0_Octd7 Revi.0

Qotober 2007
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Caroluspoort-South GMU
PIPER DIAGRAM: Waterpoint No. - G27927
% Sample Dage : 23-Nov-1974 Sampie Date
+ sigﬁém & Nov.- 1674 -7- 52%!3 Ea‘.e
T Sample Dae 10-Dec-1262 ®  Samplke Dae 80 [lonic Balance > 5%]
¢ Samgle Dete 4  Sample Daie: 19
+  Serpie Dite ¥ Sample Dawe  03-Dec-2003
a  Sample Daie i e Sample Date 10-NOw-2003
& Sample Dale: 1984
7 Sample Daie | 01 -Nov-1984
PIPER DIAGRAM; Waterpoint No. - G27927A
LEGEND:
g Sample Date |1 9-hlov-1982
4 Sampie Date - 18-Mar-1983 [lonx; Balance > §%]
¥ Gampie Das 0205834
WOODfaw 274624_Dehar_Draftver1.0_Oct07 Revi.0 October 2007
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PIPER DIAGRAM: Waterpoint No. - G39035

o Sample Dae
+  Sampe Dae
¥ Sample Dat
e Zample Daie 24-Now-1238
PIPER DIAGRAM: Waterpoint No. - G39036

WOODfaw 374624_DeAar_Drafiver! .0_Oct07 Rev1.0 Qctober 2007
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PIPER CIAGRAM: Waterpoint No. - G39037

o440

= n.‘
Sample Date - 0T-Juk- 1959

PIPER DIAGRAM: Waterpoint No. - G39038

LEGEHNC:

3 Sampie Date: 25-Nov-1988 [ionic Balance > 5%)]

WoGD/aw 374824 DeAar_Draitver1.0_Ost07 Revi.0 October 2007
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PIPER DIAGRAM:

Waterpoint No. - G39039

b

p-] Na

LEGEND

=

Sampie Dale © 26-Nov-1888 [lonic Balanos > 5%)

Riet GMU

PIPER DIAGRAM: Waterpoint No. - G27917E

& »
S r-we

Ca

LEGEND:

+o 440

Page 100

374624_DeAar_DraftVer1 0_Cct07 Revl.0
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WOCD/aw

PIPER DIAGRAM: Waterpoint No. - G38271

LEGEND:

Sampie Date | 05-Feb-1987 [lonic Balance > 5%)
Sample Date | 19-Jan-1988
Sample Date : 19-Feb-1980
Sample Dame : §9-Nov-2005

o d4m

PIPER DIAGRAM: Waterpoint No. - G38455

LEGEND;

m Qampie Daie - 13-Jul-1988 [lonic Balance > §%)
4 Sample Daiz | 13-Ju-1988

374624_DeAar_DraftVer1.0_Oct07 Revi.0

October 2007
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PIPER DIAGRAM: Waterpoint No. - G38468

LEGEMD:

o Sample Dat  27-fi6- 1333 loni Balance > 5%]
4 Sampie Date: @?-Ma--ﬁ:#ﬁél )
¥ Sample Dot | 09-Mar-1989

PIPER DIAGRAM: Waterpoint No. - G38473

=
m
0
m
=
vl

Sampie Dae
Sampie Daie
Sarnpie Dale
Sampie Date

Sample Date
Sample Date
Sample Date

od4a4o 440

Sampie Date .
Sampie Dale -

26-Jul-1985 [lonis Balarce > 5%
27-Ju- 1988

27-hul-1985

28-Feb-1989 [lonic Balance > 5%)]
04-Mar-1989 [lonic Balance » 5%
07-Mar- 1589 [lonic Balance > 5%
Co-her- 1859

04-Dec-2003

09-Nov-2005 [konic Balance > 6%]

WOOD/aw

274624 _DeAar_Draftver!.0_Oct07 Revi.0

October 2007
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PIPER DIAGRAM;: Waterpoint No. - G38517
“ ® Zampe Dae *966 [oaic Eslance > 5%

+  Sample Dae 53

¥ Sample Dae  {4- 03

o Sample Daw  19-Nov-2005

Rietfontein GMU
PIPER DIAGRAM: Waterpoint No. - G27918C
B Sample Dale . 23 onic Batance > 5%
4  Sample Date : toric Balance > 5%)]
¥ Sample Date | 18-Mar-1933 [lonic Balance > 5%)|
o Sampe Date  03-Jul-1984
+  Sampie Dat=
a =
+
October 2007

WOGDfaw

274824 Depar_Draftveri 0_Oct07 Revl .0
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PIPER DIAGRAM: Waterpoint No. - G28301

cd¥ute sdn

Sample Dat | 04-36p-1974 [ionic Balence > 5%]
Sampie Date : 05-3ep-1974

Sample Date 1 18-Nov-1982 llonic Balance » 5%}
Sample Date - 18-Mar-1023

Sampie Dae | 03-/u-1984
Sample Date - 03-Nov-1984
Sample Date : 19-san-1985 [lonic Balanse > 5%]
Sample Dae : 04-Dec-2003

Sample Date : 09-Nov-2005 [ionic Balance > 5%

onic Balance > 5%)|

lonic Ealance > 5%)

PIPER DIAGRAM: Waterpoint No. - G28304

LEGEND:

Sample Dats

Sample Date
Sample Dale

< odo 9o

Sample Date -
Sample Date .
Sample Data
- 06-Feb-1287

Sampls Date
Sample Date

16 'ui-';974£‘cnic Balante > 5%]

18-Mov-1982 [lonic Balance > 5%]

18-Mar-1082

03-Nov-1984 [tonic Balancs > 5%)
lonic Balanca > 5%]|

19-Jan- 1985 [lonic Balance > §%)]

04-Dec-2003

09-Nov-2005 [lonic Balance > 5%]

WOQUD/aw

374624_DeAar_Draftver] 0_Ocl07 Revl.0

Cctober 2007
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WOOD/aw

PIPER DIAGRAM: Waterpoint No. - G28307

LEGEND:

o Sample Date
4 Bampie Date
¥ Sample Date
¢ Sample Date
+  Sampie Date
3 Sample Date .
< Sampiz Date

19-Now-1982 [lonic Balance > 5%)
82 [fonic BEalance > 8%
4

984 [lonic Balante > 5%]
us Aug-1980 [fonic Balgnee > 5%
04-Der-2003 [lonic Balanca > 5%
(19-Nvw- 2005 [lonic Balance > 5%

- G28313B

LEGEND:

o Zample Date - 19-Nov-1982 [lonic Balance > §%)
4 Sample Daie © 18-M ‘aa ionic Balance > ::%f
¥ Ssmple Dae

e Sample Date

+  Sampie Date : D4-Dec lonic Balance > 5%

a  Sample Date : 09-Nov- 200: lonic Balance > o%}

374624_DeAar_DraftVer1.¢_Ccl07 Rev1.0

October 2007
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PIPER DIAGRAM: Waterpoint No. - G38507

LEGEND:
o Sampie Daie | 09-Nov-2005

Cyfferkuil GMU

PIPER DIAGRAM: Waterpoint No. - CF31

LESENT:

o Sample Date - 01-Nov-1984
<4 Sampie Daw: 04-Feb-1287
¥ dample Date : 03-Dec-2003 [lonic Balance > 5%]|
& Sample Date ; 09-Nov-2006 [ionic Balance > 5%)

WOOD/aw 374624_Depar_Drefiveri 0_Oct07 Rev1.0 Qctober 2007
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PIPER DIAGRAM: Waterpoint No. - CF34

LEGEND;

a8 Sampie Date - 01-Nov-1984 [ionic Balance > 5%
<4 Sample Date | 04-Feb-1887 ftur.ic Balance > 5%
¥ Bample Date : 19-Feb-1990

o Sample Date - 03-Dec-2003 flonkc Balancs » 5%}
4+ Sample Date : 09-Nov-2005

PIPER DIAGRAM: Waterpoint No. - CF35

LEGEND: J

B Szmpe Date | 01-Nov-1924

WOOD/aw 374624 _Dehar_Drafiver1.0_Cct07 Revi.0 Cetober 2007




SRK Consulting

Geohydrological Assessment of the Groundwater Resources of De Aar

Page 108

PIPER DIAGRAM: Waterpoint No. - G39024

LEGEND:

m  Sample Date © 09-Nov-1888
Sampie Date : §3-Dec-2003
v Sample Date | 09-Nov-2008

PIPER DIAGRAM: Waterpoint No. - G23229

LEGEND:

Zarniple Dege: 30-0ct-1984

Sampe Dafe . 03%22-1937
Sampie Date © 03-Dec-2003
Sample Date : 09-Nov-2005

P ]

WOOD/aw

374824 DeAar_DraftVer1.0_Cct07 Revl.0

October 2007
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PIPER DIAGRAM: Waterpoint No. - G23232

He

Same Dt

PIPER DIAGRAM: Waterpoint No. - G38535

o Sampls Date © 03-Mov-1883
4 Sampie Daw  03-Dec-2003
T Sampie Date : 09-Nov-2005 [lonic Balanoe > 5%]

WOODfaw

374624 DeAar_DraftVert.0_Oct07 Revl.0

Qctober 2007
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WOOD/aw

Page 110

Zewefontein GMU

PIPER DIAGRAM: Waterpoint No. - G6787

i
?
Ca
LEGEND;
a  Sample Date: 20-
<4 Satple Dot
T Sampie Date : 19-Feb-1990 [fonic Balance > 5%)|
¢ Sampie Date - 03-Dec-2003 [lonic Balance > 5%)|
+  Sample Date | 09-Nov-2005

374624_DeAar_DraftVer1 0_Oct07 Revi.0 Qctober 2007
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PIPER DIAGRAM: Waterpoint No. - ZN14
LEGEND:
Sampie Date | 4 Fet-108 )
< Samile Do 5 lends Balance * 5]
¥ Sampis Deie 0B-pioy-2003
PIPER DIAGRAM: Waterpoint No. - ZN54
LEGEND: )
o Semple Dafe s 18-Fet-1960 & Sample Date | 11-0cF2001
+  Sampie Date  10-2p-1984 4 Sample Date - 02-0ct-2002
¥  SorgpleDale. 12-00-1894 v SampleDake: 08-Apr-2003
¢ Bampiz Date  27-Apr-1985 e Sample Date - 08-0ct-2003
<+ Sample Dz 20-Nov-1885 -+ Sample Dam : 03-Dec-2003
G Sample Dae - 22-May-1908 @ Semple Date © 05-Apr-2004
% Gample Dam - 20-Nov-1995 4 Sample Dae 1 23-Sep-2004
v Sample Date | 07-May-1997 ¥ Sample D 13-Apr-2003
o SempieDate: 21-OcH1097 ¢ Satple Date . 03-8ep-2005
4+ Sample Date | 21-Apr-1998 =+ Sample Dale : 08-Nov-2005
m  Sample Date : 15-Aug-1958 ®  Sampie Dale . GE-Sep-2008
4 Sample Daie - 13-Apr-1999 4 Sample Dale . 10-Nov-2008
v Sample Date : 05-ADr-2000 ¥ Sampe Dae : 18-Apr-2007
& Sample Date : 20-Sep-2000
<+ ample Dae - 17 -keay-2000
\ -
WOOD/aw 374624_DeAar_Crafiver1.0_Cct07 Revi.0 Gcteber 2007
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WOCD/aw

PIPER DIAGRAM: Waterpoint No. - ZNG63

LEGEND:

8 Sample Date  25-Oct-1

4+ Sampe Date: [4-F 87 [lonic Balance » 53]
¥ Sampe Daia: 03 03 [foric Balance > 5%
©  Sampie Dats - 09-Nov-2005 [lonic Balance > 5%

Burgerville GMU

Page 112
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Waterpoint No. - G&6783

LEGEND:

a  Sample Dae - 30-0ct-1984 |lonic Balance > 5%
4 Sampie Date | 0d-Feb-1987 [fonic Balante > 5%)]
¥ Sample Dale - 19-Feb-1990

o Szmple Date | 03-Dec-2002

+  sample Date | 09-Nov-2005 [lonic Balance > 5%)

PIPER DIAGRAM: Waterpoint No. - GE785

+od4n

WOODfaw

374624 _Depar_Draftver! 0_Oct07 Rev1 .0
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PIPER DIAGRAM: Waterpoint No. - ZN26

@ Sampie Date : 30-0Oc-1584

4 Sampis Dee | 4-Feb-1887 [loni Balance > 5%)]
¥ Sampée Dais | 03-Dec-2003

& Sampie Date | 09-Nov-2005 [ionic Balance > §%)

WOOD/aw 374624_DeAar_Drafiver!.0_Oct07 Rev1.0 October 2007
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SRK Report Distribution Record

Complete this form and include it as the final page for each copy of the report produced.

Report No. 374624
Copy No. 1
Name/Title Company Copy Date Authorised by

Mr. F. Taljaard Emthanjeni Municipality 1 October 2007 AC Woodford
PO Box 42, De Aar 7000

Mr. G. Van Dyke DWAF 2 October 2007 AC Woodford
Kimberley

SRK Project File SRK Consulting 3 October 2007 AC Wocedford
Cape Town

| SRK Library SRK Consuliting 4 October 2007 AC Woodford

Cape Town

Approval Signature:

This report is protected by copyright vested in SRK Consulting. It may not be reproduced or
transmitted in any form or by any means whatsoever to any person without the written permission of
the copyright holder, SRK.
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