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EXECUTIVE SUMMARY 

 
Verkykerskop Township Development (Pty) Ltd is planning a township development in 
Verkykerskop Village on the following farm portions, Rusdal 0875002, Zwartkoppie 1477002, 
Bankies 0453001, Aansluit 0261001, Verkykerskop A 1519000, Rusdal 0875000, 
Verkykerskop B 1520, Verkykerkop C 1528000, Annasdal 0668000 and Bankies 0453000.  
A variety of land uses are planned for the development such as residential, commercial, 
agricultural and recreational. 
 
The water supply for the development will be from groundwater tapped from boreholes and 
surface water from a planned storage dam on the development.  The water demand for the 
development will be 263.8m3/d. 
 
To abstract water from an aquifer, a water use license is needed.  A Regional - Initial 
calculation is needed to determine the amount of information necessary for each new Water 
Use license application for groundwater abstraction. 
 
Based on the calculations for the property size only (ignoring water use considerations) the 
abstraction is classified as Category A – Small Scale Abstraction (< 60% of recharge on 
property).  The information needed for a water use license application is a Category C study. 
 
Geo-logic Trading Trust was appointed by the developer to do a geohydrological feasibility 
study (Category C Study), to assess the existing boreholes, to do a geophysical study for 
establishment of new boreholes, to calculate the abstractable groundwater source and to 
propose a groundwater management system. 
 

A desk study was performed to gather relevant geological and geohydrological information.  

A hydro - census followed the desk study to establish information such as water levels and 

borehole depths on all existing boreholes in the Verkykerskop area.  The purpose of this 

survey was to gather relevant geohydrological information of current groundwater use in the 

area. 

 

A geophysical study guided the establishment of three borehole sites, for the purpose of 

production borehole establishment. 

 

Borehole drilling supervision guided the drilling programme of three boreholes.  Two 
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boreholes can be used as production boreholes for the development. 

 

Two newly drilled boreholes and two existing boreholes located on the proposed 

development area were yield tested by submitting it to step tests and a constant discharge 

test, with recovery tests following, according to specifications laid down by the Department of 

Water Affairs and Forestry under the publication, “Minimum Standards and Guidelines for 

Groundwater Resource Development for the Community Water Supply and Sanitation 

Programme” (1997). 

 

The yield tests were analysed with the FC Method to recommend safe abstraction rates and 

duty cycles for the boreholes earmarked for long term abstraction. 

 

A groundwater resource evaluation was done by studying the groundwater drainage, extent 

of the catchment area, aquifer parameters, groundwater in storage, groundwater recharge, 

additional groundwater recharge from the planned storage dam and groundwater utilisation. 
 
The feasibility of securing the required water supply of 263.8m3/d for the planned 
Verkykerskop Township development, from groundwater resources, are assessed as 
follows: 
 
• If the boreholes must function as main supply without the planned storage 

earth dam established, the two production boreholes submitted to yield tests can be 
recommended for 169m3/d, if pumped on a duty cycle of 12h/d and for a maximum 
yield of 233m3/d, if pumped on a duty cycle of 24h/d. 

• If the planned storage earth dam is built and it functions as the main supply 
with borehole BH 01 and BH 02 as backup supply, the additional groundwater 
recharge from the earth dam will increase the summer maximum abstraction 
volumes to 233m3/d + 86.3m3/d = 319.3m3/d and increase the winter abstraction 
volumes to 233m3/d + 32.2m3/d = 265.2m3/d. 

• Without the planned dam, the proposed development must be limited accordingly. 
• The Harvest Potential figure of Zone 1 in the delineated catchment area for the 

planned production boreholes of Verkykerskop, Model 1 indicates to a volume in the 
order of between 342m3/d and 571m3/d. 

• The Groundwater Recharge figure of Zone 1 of  Model 2 (RJ Vegter 1995), indicates 
to a volume of between 845m3/d and 1142m3/d. 

• The Groundwater Recharge figure of Zone 1 of  Model 3, the Chloride Profile 
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Method, indicates to a volume of between 845m3/d and 1142m3/d. 
• Abstraction of groundwater in the area by other users is minimal. 
 
The following recommendations are made: 
 
• It is recommended that the earth dam is constructed as planned, and that the 

groundwater source as well as the surface water source be used in tandem to 
supply in the demand for the Verkykerskop development.  This will ensure that 
the groundwater source can be used on a sustainable basis. 

• The water level depths, rainfall figures and abstraction figures of the planned 
development must be measured on a monthly basis prior to the start of abstraction to 
establish historic water level trends. 

• Hydrogeological monitoring data (described above) should be evaluated bi-annually 
by a qualified hydrogeologist. 

• A Groundwater Management Plan, with relevant Groundwater Monitoring and 
Reporting Protocol, should be established and calibrated annually. 

• Additional boreholes can be established if needed on the recommended site 
positions, as specified in TABEL 2: Geophysical Survey Information and 
Recommended Drill Sites 

• Groundwater level monitoring in all boreholes on the farm, on a monthly basis, is 
strongly advised, even before water abstraction for the development starts.  The 
normal seasonal water level variation can be captured during this period.  Once 
water abstraction for the development starts, this data will be lost. 

• The information gathered during such a monitoring programme can be used to 
manage future abstraction figures.  The groundwater monitoring may prove the 
source available to be more than anticipated. 

• The implementation of a well managed groundwater monitoring system can therefore 
not be over emphasized. 
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1. INTRODUCTION 
 
Verkykerskop Township Development (Pty) Ltd is planning a township development in 
Verkykerskop Village on the following farm portions, Rusdal 0875002, Zwartkoppie 1477002, 
Bankies 0453001, Aansluit 0261001, Verkykerskop A 1519000, Rusdal 0875000, 
Verkykerskop B 1520, Verkykerkop C 1528000, Annasdal 0668000 and Bankies 0453000.  
A variety of land uses are planned for the development such as residential, commercial, 
agricultural and recreational. 
 
The water supply for the development will be from groundwater tapped from boreholes and 
surface water from a planned storage dam on the development.  The water demand for the 
development will be 263.8m3/d. 
 
To abstract water from an aquifer, a water use license is needed.  A Regional - Initial 
calculation is needed to determine the amount of information necessary for each new Water 
Use license application for groundwater abstraction. 
 
The calculations are based on the following: - 

• Size of the property (Areaprop).  Properties are 987.8517ha. 
• Recharge – HP (RE).  Recharge taken as 50mm per annum. 
• Existing use volumes (ABSex).  25m3/d. 
• New use volumes (ABSnew).  Provision is made for 263.8m3/d. 
• Scale of abstractions (ABSscale) 

 

Calculations: - 
 

Areaprop  x  RE      = RE area (m3/a) 
 
Areaprop = 987.8517ha = 9 878 517m2 
 
RE  = 50mm/annum 
 
9 878 517m2 x (0.050m) =  493 926 m3/a 

 
 

ABSex + ABS new     =  ABS total (m3/a) 
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25 m3/day + 263.8 m3/day   =  105 412 m3/a 
 
 

ABSscale  =  (ABS total / RE Area) x 100 
 

=  (105 412 m3/a / 493 926 m3/a) x 100 
 

=  21.3 % 
 

Based on the calculations for the property size only (ignoring water use considerations) the 
abstraction is classified as Category A – Small Scale Abstraction (< 60% of recharge on 
property).  The information needed for a water use license application is a Category C study. 
 
Geo-logic Trading Trust was appointed by the developer to do a geohydrological feasibility 
study (Category C Study), to assess the existing boreholes, to do a geophysical study for 
establishment of new boreholes, to calculate the abstractable groundwater source and to 
propose a groundwater management system. 
 
2. AIM OF THE INVESTIGATION 
The aim of the investigation includes the following: 
1) Do a desk study of existing information such as geological - and geohydrological 

maps and existing borehole information. 
2) Do a hydro census in a 2 km radius of the planned production boreholes, including 

boreholes on the bordering farms, to establish information such as static and 
dynamic water levels, existing water abstraction figures in the area, borehole depths 
and water end users. 

3) Do a geophysical study with appropriate geophysical methods to establish borehole 
drill sites for water borehole drilling. 

4) Supervise borehole drilling of two new boreholes. 
5) Supervise borehole yield testing of two existing and two new production boreholes. 
6) Study the groundwater regime in terms of geology and related aquifers. 
7) Do a Groundwater Resource Evaluation, by calculating the groundwater in storage 

and the groundwater recharge figures. 
8) Give general and specific recommendations to secure and manage a long-term water 

supply to the development. 
9) Detail all information in a conclusive report. 
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3. GEOLOGY AND GROUNDWATER REGIME 

 

The 1: 250 000 Geological Series 2728 Frankfort indicates that the area is mainly located on 

the Beaufort Group.  The Beaufort Group represents deposits and consists of the lower olive 

green mudstone- and sandstone associations of the Subgroup Adelaide and top brownred 

and grey mudstone – and sandstone associations of the Subgroup Tarkastad.  The 

Subgroup Tarkastad can be divided in the lower sandstone unit, the Verkykerskop 

Formation, and the upper mudstone unit, the Driekoppen Formation. 

 

Adelaide Subgroup 

Normandien Formation 

The formation reaches a thickness of 260m in the area.  The lower member of the 

Normandien Formation overlays the Escourt Formation as a zone of greenish mudstone with 

subordinate sandstone lenses.  The Normandien Formation consists of coarser mudstone at 

the top and finer mudstone layers deeper down, with cross layered sandstone and micro 

cross layers of sandstone at the base.  Greenish mudstone with carbonaceous 

conglomerates can also be found.  Fossils of Rachiochephalus magnus and Oudenodon 

baini can be seen in the mudstone.  Groenewald (1984) desribes the geology as a mudstone 

and flood plane deposits of muddy meandering rivers. 

 

Tarkastad Subgroup 

The thickness of this subgroup ranges from 80m to 150metres in thickness, but thins out to 

the north of Petrus Steyn and West of Tweeling.  Groenewald (1984) proposes a Subgroup, 

Tarkastad, consisting of a lower coarse grained sandstone unit - the Verkykerskop 

Formation, and an upper mudstone unit - the Driekoppen Formation. 

 

Verkykerskop Formation 

This formation has a thickness of 50metres and consists of a sequence of decreasing 

coarseness of granules in cycles of very coarse to very fine grained.  The sandstone is olive 

brown veldspatic, with lenses of siltstone and brown-red mudstone.  Cross layering is a 

prominent feature in the sandstone layers.  Mega dune cross-layering of up to 12 metres in 

height and 24 metres in length is described by Groenewald (1984).  The high veldspathic 

contents of the sandstone is an indication of the granitic origin of the sand. 
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Driekoppen Formation 

 

The Driekoppen Formation overlays the Verkykerskop Formation and is 20 metres in 

thickness.  It consists of brown-red mudstone with inter-layered, fine-grained, reddish 

sandstone layers.  According to Groenewald, this formation is the meander stream 

Verkykerskop Formation. 

 

Dolerite 

 

The sedimentary rocks of the Karoo Sequence were intruded by dolerite dykes and sills 

during the Jurasic time.  This happened directly after the lava flows of the Drakensberg 

Formation.  Dolerite sills with thickness ranging from 15 to 300 metres, were intruded 

concordantly with the layering or transgressive to the layering (Haughton, 1996) 

 

Dolerite sills are concentrated in the Volksrus Formation and in the contact zones of this 

formation and the overlaying Beaufort Group and the contact zone between the Harrismith 

member and the overlaying Verkykerskop Formation.   

 

Dolerite dykes can be found throughout the entire area especially the area covered by the 

Beaufort Group and Molteno formation.  The dykes were formed after the sills.  The width of 

these dykes differs from 3 metres to 30 metres.  They can weather positive or negative.  The 

main striking direction is north-west to north-east.  The width of the contact metamorphose 

zone next to dolerite intrusions, is proportional to the thickness of the intrusion. 

 

Refer to the geology map, Map 2 bound in after the text of the report. 

 
4. METHODOLOGY 

 

A desk study was performed to gather relevant geological and geohydrological information.  

A hydro - census followed the desk study to establish information such as water levels and 

borehole depths on all existing boreholes in the Verkykerskop area.  The purpose of this 

survey was to gather relevant geohydrological information of current groundwater use in the 

area. 
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A geophysical study guided the establishment of three borehole sites for the purpose of 

production borehole establishment. 

 

Borehole drilling supervision guided the drilling programme of three boreholes.  Two 

boreholes can be used as production boreholes for the development. 

 

Two newly drilled boreholes and two existing boreholes located on the proposed 

development area, were yield tested by submitting it to step tests and a constant discharge 

test, with recovery tests following, according to specifications laid down by the Department of 

Water Affairs and Forestry under the publication, “Minimum Standards and Guidelines for 

Groundwater Resource Development for the Community Water Supply and Sanitation 

Programme” (1997). 

 

The yield tests were analysed with the FC Method to recommend safe abstraction rates and 

duty cycles for the boreholes earmarked for long term abstraction. 

 

A groundwater resource evaluation was done by studying the groundwater drainage, extent 

of the catchment area, aquifer parameters, groundwater in storage, groundwater recharge, 

additional groundwater recharge from the planned storage dam and groundwater utilisation. 
 
5. FIELDWORK RESULTS 
 
5.1 Hydro Census 
During a field visit of the planned development, 11 boreholes inside the development 
boundary and 13 boreholes outside the development boundary were visited.  Information on 
all the boreholes visited is included in the list below in Table 1. 
 
Details such as water levels, water end user and co- ordinates were noted.  The borehole 
positions and numbers can be found on the Locality - and Geology Map, Map1 and 2 bound 
in after the text of this report. 
 
Five boreholes visited outside the development is not in use, the other eight boreholes are in 
use by windmill, submersible or mono type pumps. 
 
The static water levels measured during the census vary from an artesian borehole to 10.08 
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metres below casing level.  Water level altitude measured, over a large area, varies to a 
large degree due to the undulating topography of the area.  The abstraction figures in 
general in the area can be considered as low, and is mainly for domestic use or small scale 
farming. 
 
TABLE 1: Borehole Hydro Census Details 

Borehole 
number Co-ordinates 

Water 
level 

Depth 

Groundwater
Elevation Remarks 

 Latitude 
And 

Longitude 

Ground 
Elevation 
(mamsl) 

mbgl) (mamsl)  

Boreholes located on the development 

BH 01 27o 55’ 44.6” 
29o  18’ 09.0” 1760 1.53 1758 Newly drilled borehole 

BH 02 27o 55’ 40.3” 
29o  18’ 07.5” 1763 5.5 1758 Newly drilled borehole 

BH 03 27o 55’ 16.9” 
29o  17’ 06.8” 1875 3.9 1871 Newly drilled borehole 

BH 04 27o 55’ 51.5” 
29o  16’ 51.9” 1883 11.15 1872 

Collar height – 0.17m.50mm pipe 
Submersible pipe.  Not in use.  
Located close to cell phone tower.

BH 05 27o 55’ 12.2” 
29o  16’ 56.1” 1898 9.93 1888 Not in use.  Old windmill.  Next to 

Police station. 

BH 06 27o 55’ 07.5” 
29o  16’ 53.8” 1909 --- --- Mono pump on. 65mm pipe. 

Domestic use.  Guest House. 

BH 07 27o 54’ 31.3” 
29o  16’ 50.3” 1893 --- --- 

Windmill on.  Livestock use 
45mm pipe. On slope of 
mountain. 

BH 08 27o 54’ 30.9” 
29o  17’ 02.6” 1953 --- --- Windmill on. Not in use.  On 

mountain.  On Mountain. 

BH 09 27o 54’ 38.7” 
29o  17’ 02.9” 1954 10.01 1944 Collar height – 0.32m.  

Not equipped.  On Mountain. 

BH 10 27o 54’ 38.0” 
29o  16’ 59.1” 1950 Dry --- Not in use, not equipped.  On 

Mountain. 

BH 11 27o 55’ 24.6” 
29o  17’ 16.0” 1871 Closed --- Old borehole.  Closed.  

Not in use or equipped 

Hydro - Census boreholes in the area 

H/BH 01 27o 55’ 11.0” 
29o  16’ 45.5” 1904 13.84 1890 Collar height – 0.26m.  Not in use 

or equipped. 

H/BH 02 27o 55’ 11.0” 
29o  16’ 45.4” 1904 --- --- Submersible pump.  50mm pipe. 

Domestic and garden use. 

H/BH 03 27o 55’ 15.1” 
29o  16’ 45.8” 1910 28.28 1882 

Collar height – 0.25m.  40mm 
pipe 
Submersible pump. Domestic 
use. 

H/BH 04 27o 55’ 08.7” 
29o  16’ 56.7” 1903 24.3 1879 Submersible pump.  50mm pipe. 

Domestic use. 

H/BH 05 27o 55’ 09.6” 
29o  16’ 56.3” 1901 --- --- Not in use.  Old windmill 
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H/BH 06 27o 55’ 10.1” 
29o  16’ 48.7” 1909 --- --- Not in use.  Old windmill 

H/BH 07 27o 55’ 08.0” 
29o  16’ 29.2” 1870 --- --- Windmill on.  Livestock use. 

50mm pipe 

H/BH 08 27o 54’ 08.0” 
29o  16’ 50.3” 1868 --- --- Mono pump on.  55mm pipe 

Domestic and garden use 

H/BH 09 27o 54’ 00.0” 
29o  16’ 48.2” 1863 8.03 1855 

Collar height – 0.46m. 45mm pipe
Submersible pump.  
Domestic and garden use 

H/BH 10 27o 53’ 48.4” 
29o  16’ 46.9” 1847 --- --- Windmill on.  Livestock use. 

50mm pipe 

H/BH 11 27o 54’ 38.5” 
29o  19’ 04.6” 1879 --- --- Not in use, not equipped 

H/BH 12 27o 54’ 38.5” 
29o  18’ 59.3” 1889 4.77 1884 

Collar height – 0.27m.  50mm 
pipe 
Windmill on.  
Domestic and garden use 

H/BH 13 27o 54’ 55.0” 
29o  18’ 22.1” 1898 Dry --- Not in use.  Windmill 

Hydro senses Fountains in the area 

F 01 27o 55’ 37.5” 
29o  17’ 01.8” 1906 --- --- Dry 

F 02 27o 55’ 17.4” 
29o  18’ 20.0” 1807 --- --- Minimum stream flow 

F 03 27o 55’ 09.5” 
29o  16’ 59.6” 1895 --- --- Collar height – 0.88m 

Not in use. Build in enclosure 

F 04 27o 54’ 48.6” 
29o  17’ 21.1” 1920 --- --- Marsh Land  

F 05 27o 54’ 46.7” 
29o  17’ 25.5” 1907 --- --- Marsh land 

Hydro senses Stream Flow in the area 

SF 01 27o 55’ 45.2” 
29o  18’ 13.1” 1750 0.24l/s ---  

 
5.2 Geophysical Borehole Site Establishment 
Eight geophysical traverses were surveyed with the aim of establishing water borehole 
drilling targets to drill new production boreholes.  Arial photographs were used to delineate 
structures for follow up with geophysical methods.  The diabase structures intruded into the 
dipping Shale formation, was also targeted as possible water bearing structures.  The aim 
was to cover the Diabase dyke contact zones in areas of high groundwater recharge 
potential areas. 
 
Geophysical Survey Methods for Borehole Drill Site Establishment 
Two geophysical methods namely the Magnetic and Frequency Domain Electromagnetic 
methods were employed for the survey. 
 
The Magnetic method attempts to differentiate between lateral differences in the earth’s 
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magnetic field. These differences or anomalies indicate to different types of underlying rock 
formations and/or variations in depth of these different formations. The magnetic surveys are 
normally done in a linear pattern or traverse and found application in the following 
geohydrological regimes. 
 
a) tracing of intrusive dolerite or diabase dykes or sills, 
b) tracing of contact zones between different formations, and 
c) the tracing of possible fault zones. 
 
The Electromagnetic method is attempting to measure the conductivity of rock. The 
application in groundwater exploration can be found in the fact that there is a relationship 
between the conductivity of a formation and the porosity thereof, the connection between 
pores, the volume of water in the pore and the conductivity of the water in the pore. The 
method can be used to do lateral profiling of strata and found application in the following 
situations. 
 
a) The identification of thin linear zones of conductivity, in particular fracture zones, fault 

zones, weathered dykes and contact zones of different hydrological regimes. 
 
The geophysical information with the target positions and proposed borehole numbers with 
the co-ordinates can be found tabled below.  The proposed borehole numbers can be found 
on the Locality and Geological maps attached.  The geophysical graphs can be found in 
Appendix A.  A detail contour map of the average soil conductivity for the geophysical 
profiles 2 to 4 can be found in Figure 1. 
 
TABEL 2: Geophysical Survey Information and Recommended Drill Sites 

Line Number 

and Length 

Target 

Position 

on Line 

Geophysical Methods Employed and 

Geological Target  

Co- ordinates of Targets 

Latitude Longitude 

Line 1 

300m 

No Site Magnetic, and FDEM Methods 

No Site 

--- --- 

Line 2 

300m 

BH 02 

260m  Magnetic, and FDEM Methods 

Weathering near contact zone of diabase 

and shale. 

27o 55’ 40.3” 029o 18’ 07.5” 

Line 3 

300m 

BH 01 

160m 

and 90m 

Magnetic and FDEM Methods 

Weathering near contact zone of diabase 

and shale.  Drilled on 90m. 

27o 55’ 44.6” 029o 18’ 09.0” 
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Line 4 

300m 

No Site Magnetic and FDEM Methods 

No Site. 

--- --- 

Line 5 

300m 

80m Magnetic, and FDEM Methods 

Not drilled 

--- --- 

Line 6 

300m 

BH 03 

210m Magnetic, and FDEM Methods 

High conductivity zone  

Dry. 

27o 55’ 16.9” 029o 17’ 06.8” 

Line 7 

300m 

No Site Magnetic, and FDEM Methods 

No Site 

--- --- 

Line 8 

300m 

No Site Magnetic, and FDEM Methods 

No Site 

--- --- 

 
5.3 Borehole Drilling 

The diabase dyke dissecting the valley from west to east was the main drilling target for 

production borehole placement.  The main concern during the interpretation of the 

geophysical data was the physical integrity of the dyke structure.  The magnetic data clearly 

indicated to a distinctive massive dyke with a width in the order of 15 to 18 metres in 

thickness.  The dyke itself is un-weathered according to the magnetic and electromagnetic 

data.  The contact zones of the dyke and sandstone host rock also seems to be un-

weathered.  The sandstone and mudstone seem to be weathered on the zones directly next 

to the contact zones, but is confined only to a thin zone of the host rock itself. 

 

Three new boreholes were drilled on the planned development.  The one borehole, BH 01 

was drilled on line 3, BH 02 was drilled on line 2 and BH 03 drilled on line 6.  Boreholes BH 

01 yield ± 8.0l/s, BH 02 yielded ± 5.0l/s and BH 03 was drilled dry. 

 

The bores were drilled with a 255 mm drill bit until solid rock was encountered.  The bore 

was then completed with a 165mm drill bit to depth.  The top part of the two boreholes, 

where extreme weathered material was encountered and difficult drilling conditions 

prevailed, steel casing with diameters 305, 205 and 165mm and with 3mm wall thickness, 

were installed.  Perforated 165mm casing was placed to coincide with water strike positions. 

Both the boreholes were cased to depths of 42 metres in depth.  The perforated casing was 

installed in both boreholes BH 01 and BH 02 from 30 to 42 metres in depth. 

 

After completion, each borehole was flushed with air until clean.  The final blow out yield was 
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measured after the cleaning and development by air.  Borehole BH 01 delivered 8l/s and 

borehole BH 02 5l/s during the final blow out test.  The following information, tabled below,  

could be captured during the field visits and borehole drilling supervision of the two 

production boreholes and one unsuccessful borehole.  Refer to the locality map, Map 1, 

bound in after the text, for the borehole positions.  The two boreholes BH 01 and BH 02 

were constructed as production boreholes.  Borehole BH 03 was constructed as a 

monitoring borehole.  More information, such as the borehole construction and lithology, can 

be found in Appendix B bound in at the back of the report, and Table 3 listed below. 

 

TABLE 3: Borehole Drilling Information 

Borehole 
number 

Co- ordinates 
 

(Longitude) 
(Latitude)  

Blow out 
Yield 

Reported 
(l/s) 

Lithology Comments 

BH 01 
27o 55’ 44.6” 
29o  18’ 09.0” 8.0 Weathered sandstone 

Water strikes at 14,28,33,56 and 77 
meters 

BH 02 
27o 55’ 40.3” 
29o  18’ 07.5” 5.0 

Weathered sandstone  
and mudstone 

Water strikes at 15,42,and 56 meters 

BH 03 
27o 55’ 16.9” 
29o  17’ 06.8” --- Fresh sandstone Borehole drilled dry 

 
5.4 Test Pumping of Boreholes 
 
Two existing and two newly drilled boreholes were submitted to test pump procedures for the 
investigation.  Step Tests and a Constant Discharge Tests were performed on the two newly 
drilled boreholes.  Only step tests were performed on the two existing boreholes. 
 
A step test consists of pumping a borehole at different rates for one hour per step, until the 
maximum rate the borehole can deliver.  The water level is constantly monitored and noted 
during each step.  This gives an indication of the possible yield the borehole can sustain for 
a Constant Discharged Test.  A step test also gives an indication of the potential of the 
aquifer in the immediate area around the borehole. 
 
The Constant Discharge Test’s duration was  48 hours, with a sudden switch off of the pump 
after the pump cycle, with a recovery test following immediately afterwards.  The Constant 
Discharge Curve was analysed utilising the Basic FC, FC inflection point, Cooper-Jacob and 
Barker/Bangoy methods, to give an indication of Transmisivity and Storativity values.  A 
recommended abstraction rate for the tested boreholes can also be given for each individual 
method.  A summary of these methods and Graphical presentations of the draw down 
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curves and recovery curves can be found in Appendix C.  Table 4 listed below, gives a 
summary of the pump test data. 
 
Borehole BH 01 was pumped for three steps at rates of 1.54, 3.03 and 6.00 l/s.  The water 
table reached pump inlet after 15 minutes in the third step.  A maximum inflow of 3.33l/s was 
measured during the last thirty minutes of the step test.  The borehole recovered in 120 
minutes to minus 1.29 metres below the original static water level. 
 
A constant discharge test followed the step and recovery test at a rate of 2.03l/s for 48 hours 
or 2880 minutes.  The water level had a steady decline, as is normally expected, after which 
the water level lowered at an increased speed from 16 metres at 1440 minutes onwards to 
reach 24.26 metres at 48 hours.  The pump was switched off and the recovery measured 
over a period of 2880 minutes (48 hours).  The water level after 2880 minutes was minus 
3.22 metres, which can be rated as slow.  The main aquifer measured 16 metres in 
thickness which could jeopardise the long term sustainability of the aquifer. 
 
Borehole BH 02, located 170 metres north of this borehole, was monitored during the 
constant discharge test.  A draw down of 9.28 metres below static water level was measured 
in the monitoring borehole BH 02.  A Transmisivity value of 12.7m2/d was calculated from the 
monitoring data from borehole BH 02.  A Storativity value of 2.88 X 10-5 was calculated. 
 
Borehole BH 02 was pumped for four steps at rates of 2.04, 4.05, 6.06 and 11.53l/s.  The 
water table reached pump inlet after 15 minutes in the fourth step.  A maximum inflow of 
6.59l/s was measured during the last thirty minutes of the step test.  The borehole recovered 
in 360 minutes to minus 1.62 metres below the original static water level. 
 
A constant discharge test followed the step and recovery test at a rate of 3.53l/s for 48 hours 
or 2880 minutes.  The water level had a steady decline as is normally expected.  The pump 
was switched off and the recovery measured over a period of 2880 minutes (48 hours).  The 
water level after 2880 minutes was minus 2.62 metres, which can be rated as slow. 
 
Borehole BH 01 located 170 metres south of this borehole was monitored during the 
constant discharge test.  A draw down of 11.4 metres below static water level was measured 
in the monitoring borehole BH 01.  A Transmisivity value of 27.76m2/d was calculated from 
the monitoring data from borehole BH 02.  A Storativity value of 5.57 X 10-6 was calculated. 
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TABLE 4: Test Pumping Results 

Bh No. 
BH Depth & Static 

Water Level 

Step Test Constant Discharge 
Test Comment on the Water 

Level Recovery Rate Step 
No. 

Rate 
(l/s) 

Dur. 
(min) 

D/D 
(m) 

Rate 
(l/s) 

Dur. 
(min) 

D/D 
(m) 

BH 01 

Depth: 81.60m 

Static water level:1.53m 

1 

2 

3 

1.54 

3.04 

6.00 

60 

60 

15 

6.40 

25.93

49.20

2.03 2880 24.26 87% in 2880 minutes 

BH 02 

Depth: 81.30 

Static water level: 5.50m 

1 

2 

3 

4 

2.04 

4.05 

6.06 

10.28 

60 

60 

60 

15 

5.33 

14.94

30.70

45.68

3.52 2880 23.50 89% in 2880 minutes. 

BH 04 

Depth: 69.70m 

Static water level: 11.15m 

1 0.51 30 39.86    No Constant could be 

done 

BH 05 

Depth: 42.00m 

Static water level: 9.93m 

1 1.02 50 29.21    No Constant could be 

done 

ST - Step Test      Dur. - Duration 

CDT - Constant Discharge Test    D/D – Draw down 

SWL - Static Water Level in metres below ground level 

 
5.5 Water Quality 
 
Water samples were retrieved from boreholes BH 01 and BH 02 during test pumping 
procedures and preserved and delivered to an accredited water laboratory to be analysed 
for water quality purposes.  A full cat and an ion analyses and a Total Coliform Bacteria, 
Faecal Coliform Bacteria and Standard Plate Count analyses were done on the sample. 
 
Chemical Water Quality 
The water from borehole BH 01 and BH 02 can be categorized as Class 1 Good water 
quality, suitable for life time use, rare instances of sub-clinical effects. 
 
Bacteriological Water Quality 
 
The water from BH 01 and BH 02 can be categorized as Class 0 Ideal water quality, no 
effects, and does not need to be treated prior to human consumption. 
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TABLE 5: Water Quality of Production Boreholes 

Borehole 
number 

Chemical Water Quality Information 

Biological Water Quality 
Date of 

Analyses 
Water 

Classification
Elevated 
Elements 

Borehole 
Yield Rec 

m3/d 

BH 01 
July  
2007 

Class 1 Fluoride 65 

Faecal Coliform high, Class 
0.  water does not need to 
be treated prior to human 
consumption 

BH 02 
July 
2007 

Class 1 Fluoride 104 

Faecal Coliform high, Class 
0.  water does not need to 
be treated prior to human 
consumption 

Blue:     Class 0, Ideal water quality, no effects, suitable for many generations. 
Green:  Class 1, Good water quality, suitable for life time use, rare instances of sub-clinical effects. 
Yellow: Class 2, Marginal water quality, may be used without health effects by the majority of individuals. 
Red:      Class 3, Poor water quality, poses a risk of chronic health effects, especially in babies and elderly. 
Purple:  Class 4, Unacceptable water quality, severe acute health effects, even with short-term use. 

 
6. BOREHOLE ABSTRACTION RECOMMENDATIONS 
 
The Constant Discharge Curve of the constant yield test was analysed utilizing the Basic FC, 
FC inflection point, Cooper-Jacob and Barker/Bangoy methods, to give an indication of 
Transmisivity and Storativity values.  The average recommended abstraction rate (based on 
a 24 hour duty cycle) of these methods were taken to calculate the recommended yield for 
12 hours per day.  Please refer to Appendix C, Summary sheets for borehole 
recommendations.  The following abstraction schedule recommendations are made for the 
two production boreholes submitted to scientific test pumping procedures. 
 
TABLE 6: Recommended Abstraction Schedule for Production boreholes. 

Borehole 
No. 

Recommended Abstraction Rate Dynamic water 
Level 
(mbcl)

Comments 
For 12h/d in m3/d For 24h/d in m3/d  

Newly drilled Boreholes 

BH 01 1.50l/s 65 1.00 l/s 86 18 Water level 1.53(mbgl 

Borehole ready to be 

commissioned as source.

BH 02 2.40l/s 104 1.70 l/s 147 26 Water level 5.50(mbgl 

Borehole ready to be 

commissioned as source.

Total Volume 169#  233*   

# Total volume of water that can be abstracted from the two new boreholes if used on a 12 hour duty cycle. 

* Total volume of water that can be abstracted from the two new boreholes if used on a 24 hour duty cycle. 
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7. GROUNDWATER RESOURCE EVALUATION 
 
7.1 Groundwater Drainage 
 
Verkykerskop village is located on the water divide of Tertiary drainage regions C82 and 
C81.  The development is located on quaternary drainage regions C82A, C81M and C81L.  
The groundwater drainage, under normal circumstances, takes place mainly by sheet wash.  
This happens to a large degree, but the inter-layering horizontal alternation of mudstone and 
sandstone layers, combined with an undulating topography associated with deeply 
weathered valleys, forms the perfect circumstances for springs to form.  Diabase dyke 
structures further enhances the draining of the host rock during the dry cycle of the year.  
Each horizontal layer slowly drains water in winter months and are recharged during the 
summer periods. 
 
The area is drained by a tributary of the Meul River, which joins the Wilge River, a major 
tributary of the Vaal River.  The study area is located within Groundwater Region 28; the 
Eastern Highveld.  The area is located in the Upper Vaal Water Management Area region 8.  
The Development area is located in Quaternary drainage region C82A, C81M and C81L.  
The Quaternary drainage region feeding the production boreholes BH 01 and BH 02 of the 
development is C81L.  The area consists of Grassland biome.  Boreholes with a yield of 
0.6l/s – 0.8l/s can be expected in this region characterised as intergranular and fractured 
groundwater environment.  The mean annual rainfall is 740mm. 
 
7.2 Extent of the Catchment Area 
The estimated catchment area feeding the Verkykerskop development aquifer was 
determined by the topography and can therefore be only referred to as the theoretical 
catchment area.  Topographical information was derived from the topo-cadastral maps (1: 50 
000 scale) 2729CC and CD and 2829AA and AB which shows surface contours at 20m 
intervals. 
 
Four different catchment zones, numbered from 1 to 4, feeding the different boreholes 
located on the development could be delineated.  It is important to note that boreholes BH 
01 and BH 02 can gain water from Zone 1 only.  For calculation purposes groundwater 
recharge and harvest potential figures are calculated for Zone 1 only.  The surface area 
for Zone 1 is 8.335km2.  Below are the surface areas for the different groundwater 
catchment zones. 
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Zone  Surface Area 
1.  8.335 km2 
2.  1.855 km2 
3.  2.421 km2 
4.  2.370 km2 
 
7.3 Groundwater Movement 
The groundwater altitude levels were calculated from ground elevation and depth to the 
water table figures measured at each individual borehole.  The potentiometric (groundwater 
rest levels) contours were not constructed due to a limited number of data points and 
different groundwater aquifers delivering water at different groundwater altitudes.  The 
different aquifer zones can lead to a somewhat distorted groundwater flow direction picture if 
not enough data is available.  The groundwater contours, however, mimics the surface 
topography and the groundwater flow directions is to a large degree the same as the surface 
water flow directions.  The surface water flow directions are indicated on Map 2, the 
Geohydrological map. 
 
7.4 Aquifer Parameters 
Results from the test pumping performed on the two boreholes tested were used to calculate 
the aquifer parameters, Transmissivity (T) and Storativity (S).  T values were calculated from 
constant discharge test data.  The calculated T - values can be considered as representative 
of the immediate aquifer around each borehole and is summarized as follows: 
 
TABLE 7: Aquifer Parameters for Tested Boreholes 

Production Boreholes In Catchment Area 

Borehole Number Early T - Value in m2 / d Late T - Value in m2 / d 

BH 01 7 2.3 

BH 02 9 4.2 

 
It should be noted that the above Transmissivities are calculated from test pumping results, 
and therefore only give an indication of the aquifer parameters in the immediate area 
surrounding each individual borehole. 
 
7.5 Groundwater in Storage (Zone 1 only) 
 
As mentioned above, some uncertainty does exist regarding the exact boundaries of the 
aquifer from which the boreholes at Verkykerskop theoretically will tap its groundwater.  The 
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shape and extent of the theoretical catchment area creates an uncertainty regarding the 
aquifer dimensions.  The relatively large cathment area in the order of 8.335km2 may have a 
large contribution to the recharge in general of the immediate Verkykerskop aquifer.  A 
groundwater storage figure of approximately 145 863 m3 of water in storage can however be 
calculated for the theoretical catchment area of Zone 1 of in the order of 8.335km2. 
 
 Aquifer dimensions x specific yield  = groundwater in storage  
 [8.335 x 106 m2 (area) x 35 m (thickness)] x [0.0005] =~ 145 863m3 
 
The following assumptions are applicable to this calculation: 
 
• Aquifer boundaries of Zone 1 taken as ± 8.335Km2,  
• Aquifer thickness of 35 m is considered a very conservative value, 
• A specific yield of 0.05% 
 
7.6. Groundwater Recharge and Harvest Potential Figures (Zone 1) 
 
Different groundwater recharge models can be used to estimate groundwater recharge from 
rainfall in a specific area in South Africa.  Model 1 is proposed to give an estimate for harvest 
potential volumes from a catchment.  Two models are proposed to calculate groundwater 
recharge figures.  Model 2 is based on detailed recharge studies performed in certain areas, 
and extrapolated to areas with similar hydrogeological conditions.  This method is therefore 
not a site-specific calculation, but rather a regional estimate based on extrapolation values.  
Model 3, the chloride profile method, estimates the groundwater recharge figures site 
specific. 
 
Model 1 Groundwater Harvest Potential 
 

The groundwater harvest potential is defined as the maximum volume of 
groundwater that may be abstracted per square kilometer per annum, without 
depleting the aquifers.  It is therefore the maximum rate at which groundwater can be 
abstracted sustainably, ignoring any socio-economic factors.  Incorporated into this 
figure is, recharge (determined from base-flow studies) and groundwater storage 
(assumed storage coefficients multiplied by aquifer dimensions).  This model 
estimates a groundwater harvest potential for the area of 15 000 - 25 
000m3/km2/annum. 
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TABLE 8: Groundwater Harvest Potential Figures 

MODEL 1 

Harvest Potential volume on a 

sustainable basis in m3/km2/annum

Estimated catchment 

area in km2

Harvest Potential of groundwater 

available in m3/annum (m3/day)

15 000 (Minimum) 8.335 125 025 (342) 

25 000 (Maximum) 8.335 208 375 (571) 

 
Model 2 Groundwater Recharge Figures (RJ Vegter 1995) 
 

This model estimates a groundwater recharge figure of between 37mm and 50mm 
per annum for the catchment area.  The table below shows the scenario, aimed at 
presenting a possible recharge figure. 

 
TABLE 9: Groundwater Recharge Figures 

MODEL 2 

Annual recharge in mm Estimated catchment area 

in km2

Groundwater recharge in m3/annum (in 

m3/day) 
37 8.335 308 395 (845) 

50 8.335 416 750 (1142) 

 
Model 3 Groundwater Recharge (Chloride Profile Method) 
 

Interpretation of chloride profiles in the unsaturated soil overburden of an aquifer 
proved to be an effective method of obtaining an initial estimate of recharge. 

 
The chloride method determines the mass balance of the unsaturated zone. The 
chloride, which is a conservative tracer, enters the soil as part of the infiltrating 
rainwater and is subsequently concentrated by transpiration from plants, and by 
direct evaporation from the soil. 

 
The method allows recharge to be obtained, and in its simplest form the relationship 
can be represented as follows: 
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  RE = {Cl input/Cl gw} x Rf 
 

Where: 
  RE = Recharge 
  Cl input = Chloride from rainwater as well as from dry depositioning. 
  Cl gw = Chloride in the ground water. 
  Rf = Annual precipitation. 
 

The average Chloride levels from the water of the individual boreholes BH 01 and BH 
02 is 11.0mg/l.  The recharge of the mudstone and sandstone aquifer can be 
calculated by using the average chloride levels of the boreholes established in the 
sandstone regime.  The Cl input levels is taken as 0.95 mg/l.  DB Bredenkamp et al 
1995. 
 
The estimated average groundwater recharge for the area can be calculated as 
follows: 

 
{Cl input/Cl gw} x Rf = RE 

 
0.95 / 11.0 x 740 = RE 

 
0.08636 x 740 = 63.9 mm/annum. 

 
  Aquifer dimensions x RE = groundwater volume recharged /annum  
  8.335 x 106 m2 (area) x 0.0639 m(thickness)= 532 607 m3 /annum or 1459 m3 

/day 
 

The natural replenishment of groundwater takes place mainly from rainfall which 
reaches the soil zone that acts as an intermediate storage of rainfall, from where it is 
redistributed. The soil zone is part of the unsaturated zone overlying the deeper 
aquifer, forming more or less a continuum with the porous rock which constitutes the 
reservoir where the groundwater is stored.  Listed below in Table 10 is the minimum 
and maximum groundwater recharge figures calculated from the chloride profile 
method. 

 
 
 
 



Verkykerskop Township Development: Geohydrological Feasibility Study  

GEO - LOGIC Trading Trust        Page 19 

TABLE 10: Minimum and Maximum Groundwater Recharge (Chloride Profile Method) 

MODEL 2 

Chloride level (BH 01and BH 02) 

mg/l 
Annual Average Rainfall 

mm/a 
Groundwater Recharge in m3/annum 

(m3/day) 
12 740 488 292 (1338) 

10 740 585 951 (1605) 

 
7.7 Impact of Planned Dam on Groundwater Recharge 
 
To calculate the additional groundwater recharge of an earth dam on a groundwater regime, 
the following calculations are applicable.  The calculations are based on the additional 
impact and ignore normal groundwater flow volumes in Zone 1. 
 

• Additional hydraulic gradient (i) i = (h1 – h2) / L 
• Transmisivity of host rock (T)  Late Transmisivity values taken from yield test. 
• Additional height difference (h1 – h2) Summer height of 12m is used at full capacity & 

Winter minimum height of 7m is used as a low water level. 
• Length between source and additional load. (L) 40 metres from borehole BH 1 to 

dam. 
• Width of additional load (W)  Width of water at dam wall.  Vary between 

125m at full capacity and an estimate of 80m during low dam levels. 
• Yield or additional flow in aquifer caused by additional hydraulic pressure (Q) Q = T x 

i x W 
 
Calculations:- 
 
Summer (Maximum) Additional flow 
 

i = 12m/40m 
 

i = 0.3 
 

Q = T x i x W 
 
 Q = 2.3 x 0.3 x 125 
 
 Q = 86.25m3/d 
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APPENDIX C 
 

Summary of Methods used for Yield Recommendations and 
Diagnostic Plots of Boreholes, Test Pumping Results and Recovery 

Rates 
 


