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LIST OF ABBREVIATIONS

Abbreviation

Description

DWA

Department of Water Affairs

EC

Electrical Conductivity

MBGL

Meter Below Ground Level

MBCL

Meter Below Casing Level

NGA

National Groundwater Archive

NWA

National Water Act

TDS

Total Dissolved Solids
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1

INTRODUCTION

1.1

General

AGES EC (Pty) LTD was appointed by CANSA on the 24th of February 2014 to conduct water sampling and
analyses of borehole water and a basic geohydrological site characterisation at a pre-selected borehole in the
Cradock area on the Groot Schuur 131 farm in the Inxuba Yethemba Local Municipality.

1.2

Terms of reference

The investigation was requested by Dr. Carl Albrecht of the Cancer Association of South Africa. AGES rendered
a detailed quotation for the sampling of a pre-selected borehole and a basic geohydrological site characterisation
at the specific borehole site.
1.3

Scope of the investigation

The investigation has the following aims:
•
•
•
•
•
2

Liaison with relevant farmer and client.
Hydrogeological site characterisation. Identification of recharge conditions and possible impacts at specific
sampling borehole.
Water sampling with the use of a Teflon bladder pump or existing equipment for determinative analyses and
on site baseline measurements.
Water sample preparation and full spectrum SANS 241 analyses of 2 samples by Talbot & Talbot
Laboratories.
Data processing, GIS map & report compilation.

METHODOLOGY

Hydrogeological site characterisation
Site characterisation is done initially through a desk top study review of geological and hydrogeological maps and
publications. Remote sensing is carried out through the usage of Google Earth imagery and published 1:50 000
stereoscopic air photography.
Groundwater data is sourced from the National Groundwater Archive (NGA) and topographical maps are used to
look at possible groundwater abstraction points in the vicinity of the sampling site.
A site walkover is carried out during sampling to investigate local hydrogeological conditions that can influence
groundwater occurrence and quality. Rock outcrops are visited and surface water flow and recharge conditions are
investigated.
Electrical Conductivity log
Due to the nature of the borehole i.e. unknown depth, fracture depth and water quality. An Electrical Conductivity
(EC) log is conducted with a Temperature Level and Conductivity meter (TLC). The EC log can give an indication of
the expected fracture depth in a borehole as a fracture will more often than not have a slightly different EC
compared to the surrounding water column. A sample will be taken at the point where there is a difference in EC
compared to the rest of the water column in the borehole, where the main water inflow into the borehole is most
likely.
Water Abstraction and Sampling
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As part of sampling procedure a Teflon/Stainless steel bladder pump (T1200M) is utilised to abstract water from a
borehole for sampling purposes. The bladder pump discharges approximately 450ml of water per cycle thus limiting
the disturbance of the water column in the borehole. The bladder pump is operated from a pressurised Nitrogen
cylinder that inflates a bladder inside the pump - thus pushing the water up through the conduit pipe. The
combination of Nitrogen gas in the bladder and Teflon & Stainless steel from the pump practically eliminates
sample contamination during sampling.
Once the water emerges from the sampling conduit, the conduit is flushed with the sampled water for 10 cycles.
Each sample container is then rinsed out with the sample water before it is filled up and sealed.
Laboratory Analyses
The samples taken from the borehole are sent to Talbot & Talbot Laboratories in Pietermaritzburg and analysed in
accordance with the full spectrum SANS 241-2 standards for drinking water quality. The analyses excluded
bacteriological and microbiological analyses as it is not required for the purposes of this project.

3

PROJECT LOCATION

The farm Groot Schuur 131 is located approximately 16 km north west of Cradock in the Inxuba Yethemba Local
Municipality of the Eastern Cape Province. The regional locality of the project area is indicated in Figure 1 and the
site coordinates are defined as follows: (Geographic, WGS84, decimal degrees)
Latitude: -32.083400° S

Longitude: 25.498830° E

Figure 1: Project locality
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4

RESULTS

4.1

Hydrogeological Site Characterisation

4.1.1. Site hydrogeology
The farm Groot Schuur 131 is predominately underlain by pockets of unconsolidated alluvium, terrace gravel and
calcrete of late Tertiary to Quaternary age. The extent of these deposits are indicated in the 1:250 000 Graaff
Reinet Geological map 3224, and can be seen in the attached MAP 1. Deposits originated from chemical and
mechanical weathering and erosion of some of the prominent sedimentary formations in the surrounding area.
Gravel content and the thickness of alluvium seem to increase in the direction of the surface water drainage
towards the Fish River which is located 6.5 km north east of the sample borehole site. Alluvium has the ability to
store large amounts of groundwater depending on its character and thickness. In the direct vicinity of the
sampling borehole site, gravel and alluvium thickness have been observed to be less than 0.5m and most
probably thickening towards the south where a north-east flowing sand filled drainage is found. Gravel near the
sampling site is on average 100mm big and sub-angular, forming a thin cover over underlying sandstone of the
Balfour formation that outcrops in places near the borehole sampling site.

Figure 2: Stratigraphy of the Karoo Sequence

The north east flowing drainage is clearly seen in satellite imagery as indicated in MAP 2. Sandy alluvium and
gravel pockets and drainages have been mapped out and are indicated in 1:50 000 topographical maps of the
area as can be seen in MAP 3. Although groundwater storage within the alluvium is not significant near the
sampling borehole site, alluvium thicknesses are expected to increase towards the north east as well as the
drainage south of the sampling borehole. At these locations alluvium can have a significant effect on groundwater
storage and recharge to deeper fractured aquifers.
Unconsolidated Quaternary deposits are underlain by sandstone of the Balfour formation. This formation forms
part of the Adelaide Subgroup of the Beaufort Group of the Karoo Sequence as indicated in Figure 2. In the
figure it can also be seen (as indicated by the red arrows) what the relative stratigraphical position of the upper
Balfour formation is in relation to the deeper Ecca Group shales that are typically targeted for shale gas
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exploration.
Adelaide Subgroup rocks consist of alternating bluish grey, greenish grey to greyish red mudrock and grey, very
fine to medium grained, lithofeldspathic sandstone. (WRC Report Project K860, 2001).
This sandstone outcrops near the borehole sampling site.

Figure 3: Sub-angular gravel layer near sampling site

Figure 4: Balfour formation sandstone outcrop near sampling site

Prominent east-north east trending sub-vertical joints have been noted in sandstone outcrops approximately
100m north of the sampling borehole. This structural direction is similar to the expected north easterly surface
water flow direction and groundwater flow along these fractures in depth is expected to mimic the topography.
Groundwater flow at the borehole site is therefore expected to be in a north easterly direction.
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No evidence of dolerite intrusion could be found in the direct vicinity of the sampling site. Dolerite sheet remnants
however form the capping of Salpeterkop and Middelberg that are located 7km and 5km west of the sampling
site. There is evidence of a north-east trending dolerite dyke approximately 5km to the east of the sampling site
with the well-known regional Dunblane Dyke occurring approximately 10km west of the site.
A borehole yield analyses of boreholes in the Beaufort group indicates that about 42% of boreholes yield less
than 0.5 l/s but that boreholes yielding in excess of 3 l/s can be obtained in joint, fault and folded structures
especially where good recharge conditions exist. (Meyer, 1998).
Borehole yields range 0.1 l/s and 15 l/s in alluvium and a borehole yield analyses indicates that about 7% of
boreholes yield less than 0.5 l/s and 26% yielding in excess of 5 l/s. (Meyer, 1998)
Boreholes yielding in excess of 8 l/s in alluvium overlying Balfour formation sediments have been drilled near
Cradock in the past. At such locations alluvium was found to be approximately 10 m thick.
4.1.2 Existing groundwater use
According to the national groundwater archive (NGA) there are 67 boreholes within a 10 km radius of the
sampled borehole. The majority of the boreholes within the 10 km radius are located on five farms, namely
Doornhoek, Spekboomberg, Spitzekop, Kaalplaats and Rietfontein. Forty-three of the 67 boreholes are located
on these farms, with the rest being spread out on other farms in the area.
These boreholes have a mean depth of 50.2 mbgl, with the deepest of them drilled down to 100 mbgl and the
shallowest 6 mbgl. In total 48 of the surrounding boreholes have water level data, with a mean water level depth
of 15 mbgl, with the shallowest water level being 0.01 mbgl and the deepest at 45.11 mbgl.
The closest groundwater user is located approximately 1.96 km south of the sampled borehole, on the farm
Varkenshoek Uitspan and is indicated by borehole 3225AB00115 on MAP 3. The area is scarcely populated
around the sampled borehole and consists mainly of grazing camps with extensive irrigation taking place from the
Fish River along the banks of the river approximately 5km east of the sampling site.
Boreholes are presumably utilised by the farmers for drinking water, small scale irrigation and livestock watering,
because of surface water not being readily available away from the Fish River.

4.2
Water Sampling
The main focus of the project was to take water samples from an already selected sampling borehole and to
submit them to various laboratories for analyses.
In order to sample the fractured zone in the borehole an EC log was conducted as indicated in figure 5. The log
indicates that there is a difference in EC at around 21 mbgl that can be indicative of a fracture in the borehole. As
no other information was known about the fracture depths in the borehole it was concluded that a sample would
be taken at a depth of 21 mbgl.
A total of 8 water samples were taken from the borehole utilising a Teflon bladder pump operated with
compressed nitrogen gas. Four of the samples were taken for Dr C. Albrecht that would submit two of the
samples for analyses and another two would be kept for future use under climate controlled conditions. AGES
submitted 2 of the 4 samples taken to Talbot & Talbot laboratories in Pietermaritzburg for analyses. The duplex
submission was aimed at proving the analytical consistency in analyses by the laboratory.

AGES (PTY) LTD

5

Cradock Water Sampling and Analyses - CANSA

Figure 5: Down the hole Electrical Conductivity log

4.3

Water Chemistry

From the duplicate sample submission the following conclusions are made: The water quality falls within the
SANS 241 standards with only the Turbidity units being over the operational limit of 1 NTU. Further the water
quality has a maximum classification according to DWAF Drinking Water Class 2(Marginal) due to the slightly
elevated Turbidity units and an elevated Iron concentration of 0.2 mg/l.
As indicated in Table 1 with grey highlighting there are slight differences in the results of the analyses of the 2
samples. Besides for the small inconsistencies the water quality falls within the SANS 241 standards for drinking
water.
The results as received from the laboratory is attached in Appendix B for reference.
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Table 1: Water Chemistry Comparison
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SUMMARY
•

AGES EC (Pty) LTD was appointed by CANSA on the 24th of February 2014 to conduct water sampling and
analyses of borehole water and a basic geohydrological site characterisation at a pre-selected borehole in
the Cradock area on the Groot Schuur 131 farm in the Inxuba Yethemba Local Municipality

•

The investigation was requested by Dr. Carl Albrecht of the Cancer Association of South Africa. AGES
rendered a detailed quotation for the sampling of a pre-selected borehole and a basic geohydrological site
characterisation at the specific borehole site

•

The farm Groot Schuur 131 is located approximately 16 km north west of Cradock in the Inxuba Yethemba
Local Municipality of the Eastern Cape Province. The regional locality of the project area is indicated in
Figure 1.

•

The farm Groot Schuur 131 is predominately underlain by pockets of unconsolidated alluvium, terrace
gravel and calcrete of late Tertiary to Quaternary age. The extent of these deposits are indicated in the
1:250 000 Graaff Reinet Geological map 3224, as can be seen in MAP 1. Deposits originated from chemical
and mechanical weathering and erosion of some of the prominent sedimentary formations in the
surrounding area. Gravel content and the thickness of alluvium seem to increase in the direction of the
surface water drainage towards the Fish River which is located 6.5 km north east of the sample borehole
site. Alluvium has the ability to store large amounts of groundwater depending on its character and
thickness. In the direct vicinity of the sampling borehole site, gravel and alluvium thickness have been
observed to be less than 0.5m and most probably thickening towards the south where a north-east flowing
sand filled drainage is found. Gravel near the sampling site is on average 100mm big and sub-angular,
forming a thin cover over underlying sandstone of the Balfour formation that outcrops in places near the
borehole sampling site.

•

According to the national groundwater archive (NGA) there are 67 boreholes within a 10 km radius of the
sampled borehole. The majority of the boreholes within the 10 km radius are located on five farms, namely
Doornhoek, Spekboomberg, Spitzekop, Kaalplaats and Rietfontein. Forty-three of the 67 boreholes are
located on these farms, with the rest being spread out on other farms in the area.

•

A total of 8 water samples were taken from the borehole utilising a Teflon bladder pump operated with
compressed nitrogen gas. Four of the samples were taken for Dr C. Albrecht that would submit two of the
samples for analyses and another two would be kept for future use under climate controlled conditions.
AGES submitted 2 of the 4 samples taken to Talbot & Talbot laboratories in Pietermaritzburg for analyses.
The duplex submission was aimed at proving the analytical consistency in analyses by the laboratory.

•

From the duplicate sample submission the following conclusions are made: The water quality falls within the
SANS 241 standards with only the Turbidity units being over the operational limit of 1 NTU. Further the
water quality has a maximum classification according to DWAF Drinking Water Class 2(Marginal) due to the
slightly elevated Turbidity units and an elevated Iron concentration of 0.2 mg/l.

•

As indicated in Table 1 with grey highlighting there are slight differences in the results of the analyses of the
2 samples. Besides for the small inconsistencies the water quality falls within the SANS 241 standards for
drinking water.

AGES (PTY) LTD

8

Cradock Water Sampling and Analyses - CANSA

6

RECOMMENDATIONS & INITIATIVES

It is recommended that the initial site reconnaissance and sampling at this one only borehole be extended to cover
a region that must be delineated based on future shale gas exploration target areas. Additional work that should be
considered is listed below.
6.1

Regional Hydrogeological Site Characterisation

The limited desktop study carried out around the sampling site must be extended. Alignment with other research
groups will be important to prevent duplication and to ensure that a comprehensive and well managed database
is established. Extended remote sensing work, and data and information sourcing will form part of the continued
desk top study.
A detailed regional hydrogeological mapping exercise and hydrocensus is recommended in order to characterise
the hydrogeology of the bigger study area and identify current groundwater users within a delineated regional
project study area. The hydrocensus will focus on collecting detailed borehole data including water use, borehole
depths, static water levels, on site pH, DO and EC measurements and selected water sampling for detailed
analyses. This is valuable baseline information that can also be used for possible future groundwater reserve and
water balance determinations.
Interaction with water users always result in valuable additional information becoming available regarding when
boreholes were developed, how sustainable its yield has proven over the years as well as information on historic
water quality. This opportunity to interact can also be used for awareness creation purposes. A detailed
groundwater awareness campaign can be developed once feedback from communities and water users have
been received from the regional hydrocensus.
Geophysical surveys can be considered in groundwater use areas where insufficient information is available to
understand the nature of specific aquifers that are being utilised.

6.2

Methane Sampling

It is recommended that following a hydrocensus as mentioned in paragraph 6.1, water samples be taken at
selected boreholes based on reports from land owners as well as hydrogeological conditions. AGES has the
capacity to sample groundwater and submit it for the analyses of methane content. The samples are taken with
special instrumentation and sent to a laboratory in isolated flasks that have a bactericide capsule in them as a
preservative to allow a 2 week hold time. Analyses can therefore be done at a suitably laboratory internationally.

6.3

Regional Groundwater Reserve Determination & Conceptualisation

Hydrogeological site characterisation that was carried out on a localised scale at the sampling site, needs to be
extended to cover a selected regional target area. This area must be delineated based on probable future shale
gas exploration sites.
In determining many of the water inflows and outflows as well as water levels for the study area, quaternary
catchment surface area must be used and a spatial weighted average applied to calculate the percentage surface
area contribution to the total study area. These percentages can then be used to quantify recharge and water
levels for the study area for instance.
A Groundwater Yield Model for the Reserve (GYMR) is proposed on quaternary catchment level for the entire
study area to get some idea of the groundwater volumes involved for the study area as a whole. During the
calculation of the groundwater flow balance and GYMR, it is determined if groundwater can sustain all the
necessary water uses and determine how much groundwater is left thereafter and if it would be possible to use
groundwater, given the BHN and EWR Reserve needs. It will further have to address the groundwater quality
reserve.
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APPENDIX A: PROJECT MAPS

MAP 1: GEOLOGICAL BACKGROUND
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MAP 2: ORTHOPHOTO BACKGROUND
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MAP 3: TOPOGRAPHICAL BACKGROUND
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APPENDIX B: WATER CHEMISTRY RESULTS
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