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receiving this document, indemnifies Africa Geo-Environmental Services SA (Pty)
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1 INTRODUCTION

11 Terms of reference

Africa Geo-Environmental Services South Africa (Pty) Ltd (AGES), Eastern Cape
office, was appointed by the Department of Water Affairs and Forestry to assess the
groundwater resource situation for the Sterkstroom Area in the Inkwanca Local
Municipality of the Chris Hani District Municipality in the Eastern Cape Province. The
investigation was based on the Term Tender W8783 for Chris Hani Municipality that
AGES was awarded.

This report summarizes the findings obtained from Phase 1 of the investigation, with
details on the desktop study and hydrocensus data obtained during the survey of the
project area.

1.2  Objectives

The objectives of the investigation is to conduct a hydrogeological investigation within
a 2 km radius of the existing bulk water pipeline that transports water from the
Colossal Dam located on a private farm to the Sterkstroom town. The aim of the
investigation is to assess the possibility of alternative groundwater sources within this
area in order to possibly augment the water supply from Colossal Dam and reducing
the cost of water supply to Sterkstroom town. The investigation entails a multi-
faceted approach whereas Phase 1 only entailed a desktop study, detailed
hydrocensus and remote sensing to of the project area in order to identify possible
existing and new groundwater sources that can be further investigated in Phase 2.

1.3 Scope of work
The investigation generally entailed the following key actions:

o Evaluate all available and applicable groundwater data and
geohydrological information, including national and provincial groundwater
databases.

o Remote sensing and aerial photography

e Site characterisation and hydrogeological mapping

¢ |dentify existing boreholes, springs and streams

* |dentify existing groundwater potential and pollution sources
e Identify high potential zones

1.4 Location

Sterkstroom town is situated approximately 50km to the northwest of Queenstown in
the Inkwanca Local Municipality of the Chris Hani District Municipality (Figure 1).
The project area entails the areas within a 2km radius of the existing water supply
pipeline from the Colossal Dam approximately 18 km east of Sterkstroom into
Sterkstroom town. Grounds belonging to the Municipality (Lismore farm) was also
surveyed as part of this investigation.

-



Hydrogeological Investigation into STERKSTROOM Area

*

et s
3
.

Sterkstroomyy.

Usttenmingli111111]5100% . Eyo allll 105158 km}

Figure 1: Regional locality relative to Queenstown (Google Earth)

1.5 Information Sources

The following sources of information were utilized as part of this investigation:

Geological map (scale 1:250 000): 3126 Queenstown

Hydrogeological map (scale 1:500 000): 3126 Queenstown

Topographical map (scale 1:50 000) — 3126DA Sterkstroom (2), 1978

Bertram WE, (1987). ‘n Ondersoek na die watervoorsieningsprobleme van

Sterkstroom Munisipaliteit en die moontlikhede vir die ontwikkeling van

addisionele groundwater bronne. Direktoraat: Geohidrologie, Departerent

Waterwese, Kaapstad. Report Gh3554.

3. Myburgh JA, De Jager, FN, (2002). Hydrogeological investigation. Pump
Testing Evaluation of existing boreholes at Sterkstroom — Eastern Cape
Province. GeoCon Report EC/02/02/HG

6. Wegelin WA, (2005). Water Conservation and Water Demand Management
Strategy Chris Hani District Municipality. Molteno and Sterkstroom Pilot
Project Completion report. Project No. P0124.

7. DWAF (Pretoria) Directorate Hydrogeological Services. Eastern Cape basic
borehole site information and water level monitoring data (electronic format).

8. Bryan S. (2007). Carnarvon Estates water supply data.

ks (000 NG
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2 METHODOLOGY

21 Evaluation of existing groundwater data and information

Groundwater data and information were derived from technical reports as mentioned
in paragraph 1.5 of this report as well as through liaison with parties concerned,
acquiring the necessary information regarding the water supply history, present water
demand and water supply and the general condition of the towns’ pump
infrastructure.

2.2 Hydrogeological survey

A detailed hydrocensus of the project area was conducted on the 28" of November
to 1 December 2006 during which applicable information of all boreholes within the
demarcated survey area was obtained.

Where possible the applicable parameters were measured in the field, viz.
coordinates, static water levels, borehole infrastructure, depth etc. The evaluation of
the hydrocensus data convergeffocus on the availability and utilization of
groundwater on a regional scale for domestic water supply to Sterkstroom town, and
to assess the regional water levels and basic groundwater flow directions.

The hydrocensus survey was conducted on a total of fourteen (14) properties,
including the Sterkstroom Townlands. Detailed results of the survey are discussed in
the results section of this report.

2.3 Remote sensing

Remote sensing of the project area was conducted utilizing 1:50 000 scale ASTER
satellite imagery of the project area with the aid of a GIS software program. The
images are overlayed on top of the project area and geological lineaments are
mapped as shape files within the GIS software. The lineaments are expected to
represent small fractures, joints, faults or dolerite dyke intrusions where preferential
groundwater flow, recharge and accumulation are most likely to occur.

The lineaments are interpreted along with the geology of the area in order to identify
areas with a higher expected groundwater potentials that will be earmarked for
detailed geophysical profiling and exploration drilling during the following phases
(Phases 2 and 3) of the investigation.
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3 RESULTS

3.1 Hydrogeological Setting

According to the geological map the study area is covered by alluvium and underlain
by sandstone and mudstone of the Burgersdorp formation from the Tarkastad
subgroup; and by mudstone, shale, gritty sandstone and occasional coal seams of
the Molteno formation (Map 1). These formations belong to the middle to upper
section of the Karoo Supergroup sequence of rocks. The sedimentary formations dip
at angles of approximately 3° to the north. The Karoo Sequence has been intruded
by Dolerite in the form of sills (horizontal structures) and dykes (vertical structures)
during the late Karoo volcanism. Numerous dolerite dykes and a very large dolerite
sill occur within and in the immediate surroundings of the study area.

The geology map does not indicate the presence of any major faults or landsat
derived lineaments within the direct vicinity of the study area.

According to the hydrogeological map of Queenstown Sterkstroom town is a large-
scale groundwater abstraction area with an estimated annual groundwater usage of
between 0.1 and 1 million m*, mainly for domestic purposes. The underlying geology
of the study area consists of 1) alluvium, 2) mafic intrusive rocks and by 3)
argillaceous and arenaceous rocks. Groundwater occurrences in the alluvium are
expected in fractured zones with successful boreholes expected to yield between 0.5
and 2.0 litres per second. Groundwater occurrences in the mafic intrusive rocks
(dolerite) and argillaceous and arenaceous rocks are expected intergranular and in
fractured zones, with successful boreholes expected to yield between 0.5 and 2.0
litres per second.

3.2 Sterkstroom Water Supply

The biggest portion of the current water supply to the town of Sterkstroom is derived
from the Carnavon water supply network while the remaining water demand is
provided from municipal production boreholes located within the towns' immediate
surroundings. Water is bought by the Municipality at great expense from the
Colossal dam. The status of the water supply infrastructure is of concern as a lot of
water losses are expected and reported due to the low level of maintenance on
infrastructure such as pipelines etc. Details on the existing water supply systems are
discussed in the paragraphs below.

3.21 Carnavon Estate Water Supply Scheme (Colossal Dam)

e The two springs at Camavon, located on the farm Groot Viey 191, supply
water to the Municipality of Sterkstroom as from October 1983 (448m%d).
The five municipal boreholes (EC/001/CH; EC/002/CH; EC/003/CH,
EC/004/CH and EC/005/CH) at that time were not able to keep up with the
daily demand due to lowering water levels and decreasing borehole yields
(Reference 4).

e The South Africa Railway Services (Suid-Afrikaanse Vervoerdienste) used the
Carnavon source from 1903 to 1983 (pers. comm. Mr. Myburgh).

e Water supply from Carnarvon went via the railway pipe line to town until 2004
when a new line was commissioned to accommodate the increasing demand
for water due to large scale development of low cost housing and the
establishment of water borne sewerage system. The supply via the railway

-4-
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pipeline varies between 280m3/day (1985) and 740m3/day (2003) with the
latter figure as the maximum volume the pipeline could manage with a
booster pump connected.

Since 2004, water is piped from the Carnavon pump station, through a 160-
200mm@ PVC pipeline, over a distance of approximately 17km, along the
R344 road, to reservoir/s in Sterkstroom. The design capacity for the new
pipeline is 1200L/min

The flow rate of the two springs (measured in February 1953) totals to 6.03L/s
or 21.7m%hr (Reference 4).

The present average monthly supply from the springs totals to 15000m®
(pers. comm. Mr. S. Brown — responsible person for water works at
Carnavorn Estates).

The water is bought at great expense for the Municipality from the farm and

therefore less expensive groundwater sources are required to supplement the
pipeline and reduce the volume required from Carnarvon to a minimal.

The position of the dam and pipeline in respect of Sterkstroom town is indicated
in Map 2.

.!.,'.. . i PVt L e T A 3
Photo 1: Collosal Dam on Carnarvon Estate

Municipal Borehole Water Supply Scheme

The five municipal boreholes (EC/001/CH; EC/002/CH; EC/003/CH,
EC/004/CH and EC/005/CH) was the only source of water to Sterkstroom
town up to September 1983.

The allocated 5.19 litres per second water supply (449m?d) from the springs
had fulfiled the water demand of the town for a few years with only the
minimum support required from the towns' own production borehole scheme.
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The calculated average water demand in 1987 was approximately 490m®/d
with a peak demand of 730m°/day (Reference 4). Additional water supply
was derived from the town’s production borehole scheme to meet this water
demand.

During the hydrogeological investigation of 2002 by SA GeoConsultants (Pty)
Ltd, only one of nine production boreholes was found to be operational
(EC/009/CH). The other eight boreholes were abandonment (destroyed with
bricks; pumps in disrepair; electrical boxes vandalized and one borehole not
in use). The drinking quality of EC/009/CH classified as drinking Class 3
(Poor water quality). This water is unfit for human consumption if used
untreated due to faecal contamination. Chlorination of the water was
recommended as essential prior to use.

The pump testing evaluation report of 2002 (Reference 5) recommends a
daily abstraction volume total to 117m%d from three production boreholes
(EC/002/CH; EC/006/CH and EC/008/CH) with suitable drinking water
qualities.

The 2005 water demand figure of 648m®d (Reference 6) was based on the
water consumption of 108 litres per capita per day (108L/c/d x 5999
population). A deficit in the water demand of approximately 150m%d
necessitated the additional use of the towns’ production boreholes.

During the hydrocensus of 2006, a total of 4 production boreholes utilized by
the municipality were identified, i.e. private borehole at Mr. Myburghs' house
in town; EC/004/CH; EC/008/CH and EC/019/CH at Lismore farm. At the
time of the hydrocensus, borehole EC/008/CH, EC/019/CH and the private
borehole on Myburghs' property were not operational due to broken down
pumping equipment.

Production Borehole EC/004/CH was re-drilled in 2003, approximately 5
meters from the original borehole due to the structural failure of the borehole.
According to the 2002 report, the original borehole EC/004/CH vyielded
drinking Class 4 (dangerous water quality) due to faecal contamination. No
records could be traced concerning water quality of the re-drilled borehole but
the water quality is expected to be of the same quality, requiring chlorination
prior to use.

According to reports, the borehole at Mr. Myburghs' house delivers
approximately 210m®d (17.5m%hr for 12hrs/d). This borehole has been used
by the municipality for the past 4 years according to Mr. Myburgh. The
source is currently not operational due to faulty pump equipment. Water
quality and sustainability of the Myburghs’ borehole is unknown due to no
existing pump testing or water quality analysis data being available. It is
recommended that this borehole be pump tested and the water quality
analyzed prior to refurbishment and utilization.

The Municipality acquired the farm Lismore (Cadestral Farm Le Grange
Estate) for additional groundwater supply. Faulty pump equipment hampered
the use of production borehole EC/019/CH. The recommended vyield of the
borehole was given as 31.10 m%d with a Class 2 (marginal drinking water
quality) due to moderately elevated levels of turbidity and total hardness.

Borehole EC/006/CH was tested in 2002 and recommended for sustainable
abstraction at 21.60m*d. This borehole is currently not utilized by the
municipality as a production or monitoring borehole.

Borehole EC/002/CH was tested in 2002 and recommended for sustainable
abstraction at 80.64m%d. This borehole is currently not utilized by the
municipality as a production or monitoring borehole.
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e A sustainable recommended daily water supply of 148m%d from existing
production boreholes are not utilized at present mainly due to defective
equipment. With Mr. Myburgh's current supply (210m%d) added, the total
available water from existing production boreholes amounts to approximately
358m°/d. The daily supply from the Carnavon springs average to 500m%d. It
is evident that the upgrading of the current borehole infrastructure will amount
to a great reduction in the amount of water that will be required from
Carnavon.

* The present water demand is calculated to 650m®d (0.36% annual population
growth in the Eastern Cape — www.dwaf.gov.za — Water Services: National
Information System)

e Additional groundwater supply is possible from the existing boreholes that are
located within a 2km radius of the existing pipeline from Carnavon to
Sterkstroom as identified during the hydrocensus phase of this project. The
boreholes are recommended for determinative pump testing and water quality
analysis in order to make suitable long term abstraction recommendations.

3.3 Hydrocensus

The hydrocensus of the project area entails the identification and surveying of all
groundwater supply sources including boreholes and springs. Results of a previous
hydrocensus conducted in 1987 as well as the results of the hydrocensus conducted
as part of this investigation are reported in the paragraphs below:

3.3.1 1987 Hydrocensus Survey

A previous hydrocensus was carried out in 1987 in the surroundings of the study
area, covering 21 cadastral farms with 230 survey points (Reference 4). The findings
from this survey can be summarized as follows:

 Static water levels measured at the boreholes was found to vary between 2
and 20mgbl, with an average water level depth of 10mbgl.

» The average borehole depths recorded at the time was approximately 36m.

» Production boreholes in Sterkstroom town indicated a considerable decrease
in water level. No significant decrease in the regional water level was noted.

e The majority of boreholes identified had yields of less than 1 liter per second,
with only a few higher yielding boreholes identified (> 5 Liters per second)

e Groundwater is mainly associated with the contact zone between dolerite and
sedimentary rock.

» High yielding boreholes are linked to fractured sandstone which may have an
association with underlying dolerite intrusions.

* Groundwater supply from the alluvium is unknown / not utilized at the time of
the hydrocensus.

 Bigger scale groundwater abstraction is mostly associated with the presence
of rivers and streams in the immediate vicinity of boreholes.

» Two areas were identified as possible targets for further development viz,
farm Lismore (current production field) and the area north of the towns’
production scheme, including adjacent farms Klipkraal No.9 and Donkerhoek
No.8.
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3.3.2

2006 Hydrocensus Survey

A total of 92 boreholes were identified and surveyed on 14 properties within a
radius of 2km along the water supply pipeline from Carnarvon Estates to
Sterkstroom town (Map 2). The municipal property Lismore was included in the
hydrocensus. The hydrocensus results are briefly discussed under the bullets
below and summarized in Table 1. Detailed hydrocensus sheets are attached in
Appendix A for reference.

Twenty-one (21) or 23% of the identified boreholes are located within the
boundaries of the Sterkstroom Townlands, with 5 boreholes located on the
municipal farm Lismore.

Only 58% of the identified boreholes are currently in use mainly for domestic
and agricultural use, while 38 % of the remaining boreholes are not used and
4 % destroyed or in disrepair.

The water use in the study area, outside the Sterkstroom groundwater
production field, is minimal with low water demands from livestock,
households and small scale agricultural use.

Embankment dams are well distributed in the study area and provide
sufficient supply of surface water which is mainly used for stock watering
purposes.

In the entire Study Area (excluding Sterkstroom) only three boreholes are
equipped with electrical pumps (submersible & mono type). These boreholes
are located on the farms Donkerhoek, Hexrivier and Primgradia. The
remaining boreholes are all windmill equipped / driven.

Identified springs situated to the west of Carnarvon Estates are generally low
yielding. Spring water normally gravitates and accumulates in a nearby
embankment dam.

The combined flow from the Carnarvon springs was measured as 6.03 liters
per second in 1953. Due to the current infrastructure setup the vields of the
springs could not be measured.

Static water levels in Sterkstroom town vary between 7.80 mbgl and 17.50
mbgl while levels in the remainder of the study area are between 0.8 mbgl
and 15.71 mbgl. The shallower static water levels occur in the topographical
higher portion of the study area.

A total of eighteen (18) boreholes that are located within the 2 km radius of
the existing water supply pipeline or municipal production boreholes are
identified for determinative pump testing in order to determine the long-term
sustainable abstraction rates and water quality of these boreholes. The
borehole details are indicated in Table 2. Of the 18 bareholes, 12 boreholes
are situated within the towns’ boundaries including the two Lismore boreholes
and 6 boreholes are on private land. Fifteen (15) of the 18 boreholes are
within a radius of 5km from the current production field.

It is reported that untreated effluent from the Waste Water Treatment Works
(WWTW - Techroveer activated sludge) are spilled on the neighboring farm
Themeda (Cadastral Farm Le Grange) causing tape worm (taenia saginata)
infection, affecting cattle grazing on the land. Spillage of effluent into the Hex
River is also reported. This matter requires urgent attention and specialized
surface and groundwater sampling to determine the extent of pollution.

Faecal contamination traced in some production boreholes will have to be
investigated.
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Hydrogeological Investigation into STERKSTROOM Area

3.4

3.5

High Potential Zones & Lineaments

A brief lineament study and analysis of the project area and surroundings was
conduced as described in Paragraph 2.3 of this report. The lineaments were
derived on a GIS-based program utilizing 1:50 000 scale ASTER satellite
imagery.

Numerous geological lineaments were identified in the study area as indicated in
Map 3. The lineaments are mostly associated with minor faulting and jointing of
the underlying bedrock formations and with dolerite dyke and sheet related
fractures induced during intrusion of the igneous rocks into the sedimentary
strata. The general orientations of the lineaments are generally north-south and
east-west respectively. Lineament mapping towards the most eastern section of
the project area was difficult due to the alluvial deposits in the area covering
otherwise exposed rock formations.

Based on the results from the structural geological assessment and lineament
mapping of the study area and its surroundings, high potential zones were
identified as indicated in Map 3.

The highest potential zone is generally associated with the large alluvial deposits
to the east of the town combined with the occurrence of dolerite dykes and
satellite lineament clusters. This area (Zone 1 on map) is expected to have the
highest storativity and transmissivity compared to the other zones. Futher
detailed geophysical exploration of this zone is recommended prior to
exploration drilling and yield assessments. Additional hydrocensus surveys will
have to be conducted in portions of this zone outside of the existing project area
to verify current abstraction volumes and to identify existing groundwater
consumers.

Follow up actions required

It is evident from the results of this study that the water supply from Carnarvon
Estates to Sterkstroom town can be eliminated by utilizing existing production
boreholes that are currently in disrepair in combination with the utilization of
additional production boreholes located within the project area. The following
boreholes as identified in the hydrocensus as summarized in Table 2 are
earmarked for determinative pump testing In order to identify the most suitable
boreholes in terms of sustainable abstraction volumes and rates for the town.

Exploration drilling and groundwater source development is not necessary at this
stage due to the large amount of available existing boreholes that can be
equipped and utilized as a first option.
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Hydrogeological Investigation into STERKSTROOM Area

4 SUMMARY

AGES was appointed by DWAF to carry out a hydrogeological investigation at
the town of Sterkstroom and bordering farms around the pipeline (Carnavon
to Sterkstroom)

The area is covered by alluvium and underlain by the sandstone and shale of
the Burgersdorp Formation; mudstone, shale, gritty sandstone and occasional
coal seams of the Molteno Formations. The Molteno Formation overlay the
Burgersdorp Formation. Dolerite intruded the sedimentary rock in the form of
sills/sheets and dykes.

Groundwater data and information were derived from technical reports and
personal communication with parties concerned acquiring information
regarding the history of water supply, present demand and supply and the
general condition of the towns' pump infrastructure.

A hydrocensus (28/11/06 — 01/12/06) was carried out, gathering information
of all boreholes within the demarcated survey area. A total of 92 water points
in the form of boreholes and springs were surveyed as indicated in Map 2.

A brief structural geological and lineament mapping was conducted in the
project area utilizing 1:50 000 scale ASTER satellite imagery. Lineament
orientations generally exhibit a north-south and east-west trend, with high
potential zones mostly associated with dolerite dyke intrusions in alluvial
deposit areas and lineament clusters (Map 3).

From the results of this investigation it is evident that the total water demand
of Sterkstroom Town can be met utilizing existing groundwater sources and
rehabilitating / remediating municipal boreholes that are currently in disrepair,
thereby eliminating the purchasing of water from Carnarvon Estates.
Boreholes earmarked for determinative yield testing is indicated in Table 2
and in Map 4 for reference.

Additional source development in identified high potential zones are not
essential at this stage, but further geophysical exploration is recommended.
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RECOMMENDATIONS

Exact spring flow measurements should be taken at Carnarvon Estates in
order to verify volumes and rates of flow. The last recorded measurement
was taken in 1953.

All production boreholes within the municipal boundary must be sampled and
water chemistry results assessed and evaluated to determine whether faecal
or any other noxious contaminates exists within the aquifer. Faecal pollution
may cause adverse effects in consumers if left untreated.

Pollution source/s depicted in boreholes EC/004/CH (old); EC/005/CH and
EC/009/CH will have to be verified through detailed groundwater sampling
and analysis.

Boreholes as tabulated in Table 2 is earmarked for determinative pump
testing to determine and verify sustainable abstraction rates and volumes.
Pump testing of the old mine shaft to the east of town and borehole
EC/007/CH is also recommended. This phase should initiate as soon as
possible as these boreholes are all located within close proximity to current
water supply infrastructure.,

Rehabilitation and repair to faulty pump equipment at previous production
boreholes EC/002/CH; EC/008/CH; EC/019/CH and Myburghs’ borehole
should be conducted as a matter of urgency.

Borehole EC/006/CH must be equipped and utilized.

Geophysical profiling should be conducted in identified high potential zones in
order to identify potential exploration drilling targets and structures as part of
the next phase of the investigation.

Incorporate the on-site-sanitation of the low-cost-housing-development into
town's sewerage system to minimize possible groundwater pollution
(Reference 5). Alternatively the groundwater protocol for on-site sanitation
should be applied and potential contamination assessed.

An engineering geological and hydrogeological investigation must be
conducted at the towns’ Waste Water Treatment Works due to the proximity
and location of towns’ production boreholes to this site in order to assess
possible contamination hazards (Reference 5).
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PROJECT MAPS
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Hydrogeological Investigation into STERKSTROOM Area

PROJECT: STERKSTROOM GEOHYDROLOGICAL INVESTIGATION BASED ON TENDER W8783

Map 1: Regional geology map
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PROJECT: STERKSTROOM GEOHYDROLOGICAL INVESTIGATION BASED ON TENDER W8783

Map 2: Detailed site layout map
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PROJECT: STERKSTROOM GEOHYDROLOGICAL INVESTIGATION BASED ON TENDER W8783

Map 3: High potential zones & Lineaments
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PROJECT: STERKSTROOM GEOHYDROLOGICAL INVESTIGATION BASED ON TENDER W8783

Map 4: Boreholes allocated for sustainability testing
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APPENDIX A

Hydrocensus field survey sheets
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