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Executive Summary
Zutari (Pty) Ltd was appointed by the Department of Water and Sanitation (DWS) for the Xhariep
Pipeline Feasibility Study.  This appointment includes the geotechnical investigation along the proposed
bulk pipeline route, and associated structures that includes pump stations, reservoirs and a water
treatment plant (WTP). This report presents the findings of the fieldwork investigation and laboratory
testing.

The geotechnical fieldwork included the excavation and profiling of 410 No. test pits, 44 No. boreholes,
106 No. Dynamic Cone Penetrometer (DCP) tests and 120 No. Dynamic Probe Super Heavy (DPSH)
tests undertaken along the pipeline alignment and at the locations of the proposed major structures (i.e.
the pump stations, reservoirs and water treatment plant).  Soil electrical resistivity testing was also
conducted along the pipeline at 200 m intervals.

At the time of the field investigation, access to certain privately owned farmland was not granted and
wayleaves from Mangaung Metropolitan Municipality were not received. Thus, there are sections along
the proposed pipeline route and at Command Reservoir No 2 that were excluded from the investigation.
The field investigation for these areas needs to be undertaken as part of the detailed design phase of
the project.

The general area is characterized by a gentle topography with local hills. Most of the proposed route
alignment is adjacent to road reserves, with the northern section spanning over farmland. With the
exception of cultivated land, the surface is mainly covered by grass and bushes, with occasional trees.
The bush and tree cover are mainly found over the local hills and along drainage courses. Additionally,
within the developed portion towards the Rustfontein WTP, heaps of building rubble were noted.

The 1: 250 000 scale geological maps of the area indicates that the pipeline is largely underlain by
interbedded sandstone, shale and mudstone belonging to the Beaufort Group of the Karoo Supergroup,
with dolerite intrusions throughout the site.

The geotechnical investigation found general ground conditions as:

Pipeline

With the investigation spanning over approximately 250 km, the ground profile naturally varied along the
pipeline. However, most of the route is underlain by relatively shallow bedrock (0.3 m – 3.5 m below
surface) that is covered by a combination of silty clay to silty sand (colluvium and alluvium), silty to sandy
clay with occasional gravel, cobbles and boulders (residual dolerite and mudstone), silty sand (residual
sandstone) and clayey silt (residual siltstone) that is partly covered by angular gravel with occasional
dolerite cobbles and boulders in a silty sand matrix (fill within the road reserve).

Calcrete typically formed towards the base of the transported materials (colluvium and alluvium) at
depths ranging between 0.6 m to 2.8 m, with local hardpan calcrete lenses along the pipe route. The
DPSH test results indicated occasionally deep bedrock levels that ranged from 5.7 m to 12.6 m, typically
at river crossings.

Ground water seepage and water rest levels were noted between 0.2 m to 7.9 m, with the shallow
occurrences likely related to local peached groundwater tables.

The electrical resistivity analysis indicates that approximately 83% of the surveyed sections along the
pipeline route traverse soils which range from mildly corrosive to extremely corrosive to buried steel.
The pH and conductivity results also indicated that the material encountered on site are generally
extremely corrosive. It is recommended that protection of the steel pipelines will be required in the form
of protective coatings and/or cathodic protection.
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Soil samples taken were from test pits to determine the material quality to be considered for use during
construction. The results showed that the excavated material over the area is generally not suitable for
use as bedding or engineered fill. However, there are very few occasions where the colluvium, residual
dolerite and residual sandstone tested as G7 - G6, that could be suitable as engineered fill. The residual
soil also generally classifies as SM, with a PI less than 15 that could be suitable as selected fill blanket.
However, it should be noted that the test results are variable, and not all the samples passed the required
specifications. Good quality control would thus be required should this material be considered.

Based on the geological maps of the study area and the findings of the geotechnical investigation, no
feasible locations for borrow pits, which could yield suitable material for use as pipe bedding, could be
identified.  Enquiries have also been made with consultants and contractors that were involved on
construction projects in the study area over the past decade to determine whether they used material
from commercial sources or from borrow pits.  All of them indicated that they used material imported
from commercial sources.

With the pipe invert level between 3.0 – 4.5 m below surface, most of the pipeline will be situated within
bedrock (hard excavation). A combination of mudstone and sandstone underly the majority of the
pipeline, with dolerite encountered in only 11% of the test pits. Blasting may be required for the dolerite
intrusions. Additionally, there are local zones, along approximately 7% of the proposed alignment, with
a thick soil cover that is generally related to the wetlands, rivers and streams.

No sidewall collapse was encountered within the test pits and based on this assessment excavations
are considered stable. Should deep excavations be required (beyond 3.0 m), shoring or battering of
excavation faces must be considered to ensure safety, which will need to be assessed by a geo-
professional. It is recommended that the excavated face be inspected by a competent engineering
geologist or geotechnical engineer to confirm the stability of excavations during construction.

It is also important to note that the mudstone from the Beaufort Group undergoes rapid disintegration
after exposure to air if it is not protected or backfilled immediately after excavation.

Raw Water Pump Station

The raw water pump station area is underlain by shallow bedrock from surface to a depth of 1.1 m. Most
of the area is underlain by mudstone that is covered by a hard rock dolerite sill towards the north-west.
Groundwater was encountered from 2.3 m.

“Soft to intermediate” excavation to 0.8 m over most of the site, becoming “hard” thereafter, with “hard
excavation” from surface over the dolerite sill is anticipated. An evaluation of seismicity found that the
site classifies as ground type 1 (after SANS 10160-4:2017).

Foundations should be placed at a depth of 1 m on bedrock, with an allowable bearing pressure (ABP)
of 400 kPa. Allowance for local blasting should be made for the dolerite sill.

Xhariep WTP and High-Lift Pump Station

The Xhariep water treatment plant (WTP) and high-lift pump station zone is underlain by shallow bedrock
from 0.1 to 2.0 m below surface. Bedrock depth is generally within 0.5 m from surface but is locally
deeper along the southeastern boundary. Most of the area is underlain by mudstone, with a thin dolerite
dyke intrusion that traverses the site in a northwest to southeast direction. The water rest level is variable
(between 1.6 - 5.7 m).

“Soft to intermediate” excavation to 0.5 m, with “hard” excavation below, over most of the site is
anticipated. However, “hard” excavation is anticipated from 0.2 m over the dolerite sill. An evaluation of
seismicity found that the site classifies as ground type 1 (after SANS 10160-4:2017).

Foundations should be placed at a depth of 1.1 m on bedrock, with an allowable bearing pressure (ABP)
of 400 kPa. Should the foundation footprint extend over the weathered zone (where bedrock is typically



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/7, Revision number A, Date 2025/02/27 vii

deeper), the foundation should be undercut to 1 m below foundation level or bedrock (whichever is the
shallowest) and replaced with a G6 material, or better, that is compacted to 95% MOD AASHTO at ± 2%
optimum moisture content in 300mm thick layers. The ABP should be limited to 200 kPa. Allowance
should also be made for dewatering of excavations, especially after periods of heavy and / or continuous
rain. Local blasting may be required at the dolerite dyke.

Command Reservoir No 1

The Command Reservoir No 1 site is underlain by interbedded sandstone and mudstone with the
competent bedrock between 1.3 m becoming deeper towards the south (to 2.5 m). A local hard rock
dolerite sill was intersected in one of the test pits within the central eastern portion of the site, with
bedrock from 1.2 m. Groundwater is generally encountered from 3.8 m.

The foundation should extend through the colluvium and be placed on a combination of bedrock and
dense residual sandstone. Allowance for hard rock excavation should be made where an excavation
deeper than 1.2 m is required. An evaluation of seismicity found that the site classifies as ground type 1
(after SANS 10160-4:2017).

The foundation should extend through the colluvium and placed at a depth of 1.3 m on a combination
of bedrock and dense residual sandstone, with an allowable bearing pressure of 200 kPa. Allowance for
local hard rock excavation should be made for the dolerite intrusion.

Booster Pump Station and Suction Reservoir

The booster pump station and suction reservoir area are underlain by shallow interbedded mudstone
and sandstone bedrock from 0.2 m to 0.5 m below surface. Measured groundwater rest levels varied
between 1.2 – 5.9 m.

“Soft to intermediate” excavation to 0.5 m, with intermediate to hard excavation beyond 0.5 m depth, is
anticipated.  An evaluation of seismicity found that the site classifies as ground type 1 (after SANS
10160-4:2017).

Foundations should be placed at a depth of 0.5 m on bedrock, with an allowable bearing pressure (ABP)
of 400 kPa.

It should be noted the recommended allowable bearing pressures at each of the structure positions are
included to guide the conceptional and detailed designs. Geotechnical design, with verification of these
estimates, and associated settlement calculations will need to be included at detailed design phase.
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Abbreviations

Acronyms

Acronym Description

AADD Average Annual Daily Demand

BW Bloem Water

CBD Central business district

DEM Digital Elevation Model

DWS Department of Water & Sanitation

EFR Environmental flow requirements
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GIS Geographical information systems

IAP Interested and Affected Parties

IDP Integrated Development Plan

ISP Internal Strategic Perspective

IWULA Integrated Water Use License Application

MMM Mangaung Metropolitan Municipality

NWRP DWA Directorate: National Water Resource Planning

P/s Pump station

PPP Private Public Partnerships

PPPr Public Participation Process
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RPST Reconciliation Planning Support Tool

SDF Spatial Development Plan

SMC Study Management Committee
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1 Introduction

1.1 Terms of Reference
The Department of Water and Sanitation (DWS) has appointed Zutari under Contract WP11405-142213
to render multi-disciplinary professional services for the development of the Xhariep Pipeline which is to
be designed to convey water from the Gariep Dam (Southern Free State) to both the existing Longridge
Reservoir in Bloemfontein and the clearwell reservoir at the Rustfontein water treatment plant (WTP),
approximately 50 km east of Bloemfontein.

As part of the appointed services, a geotechnical investigation was conducted along the length of the
proposed pipeline and at the locations of major infrastructure components, i.e., pump stations, reservoirs
and the water treatment plant. This geotechnical report presents the findings of the fieldwork
investigation and laboratory testing.

1.2 Proposed Development
The proposed bulk transfer pipeline will include a tie-in to an existing DN2100 outlet pipe downstream
of the Gariep Dam wall and extend approximately 1.6 km to a new raw water pump station (also referred
to as ‘low-lift pump station’) near the existing Gariep WTP, from where the raw water will be pumped
along an 11 km long rising main to the proposed new Xhariep WTP. From the WTP, a high-lift pump
station delivers potable water to Command Reservoir No 1 (also referred to as ‘high-point reservoir’), a
booster pump station with suction reservoir, as well as Command Reservoir No 2 via a 177 km northeast
- southwest pipeline alignment. Command Reservoir No 2 is situated on a local hill within the northern
portion of Farm Lieuwkop 105, from where potable water will be supplied under gravity to the existing
Brandkop Reservoir in Bloemfontein and the clearwell at the Rustfontein WTP (Note – the pipeline has
been designed to terminate at Longridge Reservoir in Bloemfontein, but provision has been made for
Mangaung Metropolitan Municipality to extend the pipeline in future to the Brandkop Reservoir should
this be required for operational flexibility.  As such, where possible, the geotechnical investigation was
extended to include the future pipeline extension to Brandkop Reservoir).  Figure 1-1 shows the location
of the abovementioned major infrastructure components and the associated pipeline routes.
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Figure 1-1: Major infrastructure components of proposed scheme

1.3 Objectives and Methodology
The objectives of this geotechnical investigation were to:

Ʒ Identify the composition of soil and rock horizons encountered along the pipeline route and group
areas with similar profiles into zones.

Ʒ Determine engineering and mechanical properties of the encountered materials along the pipeline
route and at the sites of the major infrastructure components.

Ʒ Assess groundwater conditions along the pipeline route and at the major infrastructure
components, and identify how these may impact the development.

Ʒ Assess excavatability of materials along the pipeline route and at the various sites.
Ʒ Assess suitability of in-situ material as fill or bedding  material.
Ʒ Assess the stability of open excavations and trenches.
Ʒ Consider geotechnical factors that may influence the proposed development.
Ʒ Provide founding recommendations for the water treatment plant and associated infrastructure.
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The investigation methodology can be summarized as follows:

Ʒ Test pitting to a depth of 3 m (maximum reach of the TLB machine), or up to refusal on hard
material (whichever occurs first) or a depth where the excavation sidewalls became unsafe or
where groundwater seepage was encountered. These test pits were excavated at 400 m intervals
along the pipeline route.  All test pits were safely excavated following the SAICE Code (SAICE,
2007) Safe Practice.

Ʒ Dynamic Cone Penetrometer (DCP) testing from surface or from 1.5 m below ground level within
the test pit.

Ʒ Rotary core drilling at major road and river / stream crossings along the pipeline route where pipe
jacking may be required, in order to determine rockhead levels and ground water depths.

Ʒ Dynamic Probe Super Heavy (DPSH) tests were conducted at selected locations, initially to cover
the pipeline route at 1 km intervals and at stream / river crossings, but was revised to target areas
were the TLB did not refuce on bedrock within 2.8 m.

Ʒ Electrical resistivity testing was conducted at 200 m intervals along the proposed pipeline
alignment.

Ʒ Geological mapping was undertaken to aid in the geological zoning across the pipeline route.

1.4 Limitations of Assessment
Following from Section 1.3, the following had bearing on the investigation and presented findings:

1.4.1 Test Pits and Dynamic Cone Penetrometer (DCP)

At the time of the field investigation, access to certain privately owned farmland was not resolved and
wayleaves from Mangaung Metropolitan Municipality were not received.  These areas, as well as areas
with space restrictions between fences and local steep road embankments along the road reserve, were
excluded from the planned test pits. Test pits that were excluded includes Figure 5-1TP 236, TP 324-
325, TP 355, TP 427-431, TP 440-446, TP 462-485, TP 553, TP 555, TP 580-TP 629, TP 634-TP 654,
TP 671, TP 673 and TP 682-TP 685.

1.4.2 Rotary Core Drilling

Due to similar access constraints as discussed in Section 1.4.1 above, certain rotary core test positions
(BH 27, BH33-BH34, BH 41, BH 43-BH 46, BH 51-BH 53 and BH 55-BH 57) could not be drilled.

1.4.3 Data Assumptions

The zoning of the pipeline was determined based on ‘point data’ gathered from test pits, boreholes, and
exposures observed during the investigation. Given the spacing (approximately 400 m) between each
test point, the zoning exercise offers a generalized view of the expected ground conditions along the
pipeline route. Consequently, some conditions may differ from those presented in this report.

1.5 Information Sources
The following sources of information were consulted prior to the commencement of the geotechnical
investigations:

Ʒ 1:250 000 scale geological maps

¶ Sheet 2924 Koffiefontein, Council for Geoscience, 1994.
¶ Sheet 2926 Bloemfontein, Council for Geoscience, 1966.
¶ Sheet 3024 Colesburg, Council for Geoscience, 1997.
¶ Sheet 3026 Alival North, Council for Geoscience, 1983.
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Ʒ Google Earth imagery (2025).
Ʒ Geotech Investigation Part 1.kmz file that Zutari provided to the geotechnical contractor
Ʒ Geotech Investigation Part 2.kmz file that Zutari provided to the geotechnical contractor
Ʒ CapeFarmMapper (2025).
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2 Site Characterisation

2.1 Site Location and Description
The development may be subdivided into six key components, namely:

Ʒ The low lift pump station 1.6 km from the Gariep Dam,
Ʒ The Xhariep WTP with a high lift pump station,
Ʒ Command Reservoir No 1,
Ʒ A booster pump station with a suction reservoir,
Ʒ Command Reservoir No 2, and,
Ʒ The connection point at the existing Longridge/Brandkop Reservoirs in Bloemfontein and the

clearwell at the Rustfontein WTP.

The central co-ordinates of the following sites are provided below:

Ʒ Low Lift Pump Station 30°37'29.29"S and 25°29'6.65"E
Ʒ Xhariep WTW and high lift pumpstation 30°32'39.25"S and 25°30'24.34”E
Ʒ Command Reservoir No 1 30°14'58.71"S and 25°44'15.91"E
Ʒ Proposed booster pumpstation with suction reservoir 29°30'55.01"S and 26° 5'14.59"E
Ʒ Command Reservoir No 2 29°19'16.80"S and 26°23'8.35"E

The co-ordinates of the approximate pipeline tie-in point at the Longridge Reservoir is 29°10'37.66"S
and 26°11'58.48"E. The co-ordinates of the approximate pipeline tie-in point at the Rustfontein WTP is
9°16'8.81"S and 26°37'9.83"E.

Most of the proposed route alignment is immediately adjacent to road reserves, with the northern section
spanning over farmland. Except for cultivated land, the surface is mainly covered by grass and bushes,
with occasional trees. The bush and tree cover are mainly found over the local hills and along drainage
courses. Additionally, within the developed portion towards the Rustfontein WTP, heaps of building
rubble were noted.

General views of the area are included as Figure 2-1.



Document number P WMA 06/D00/00/3423/7, Revision number A, Date 2025/02/27 2-2

Natural vegetation over the area, with predominantly
grass over the flat plains, with additional bushes and
trees, mainly at the local hills and along drainage
courses.

Heaps of building rubble towards the Rustfontein
WTP.

Culvert on shallow bedrock along the N1 road reserve Steep embankment and fences where there are not
enough space for the TLB to excavate a test pit.

Figure 2-1: General views of the area

The proposed structure locations and pipeline route is shown in Figure 2-2.

2.2 Topography
The proposed alignment of Xhariep pipeline is characterised by mainly a gentle topography, ranging
from about 1250 metres above sea level (masl) in the south (Gariep Dam) to between approximately
1360 masl and 1400 masl towards the north (Brandkop / Longridge reservoir).

Local exceptions are encountered where the proposed pipeline traverse hills (refer to Figure 2-3),
including:

Ʒ A local increase in the ground elevation up to approximately 1520 masl at Springfontein; and
Ʒ At the proposed Command Reservoir No 2, where the elevation increase to 1530 masl.
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Figure 2-2: Proposed pipeline route and infrastructure
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Figure 2-3: Topographic map extending from Gariep Dam to Rustfontein Dam and Brandkop Reservoir (topographic-map.com – Bloemfontein, 2025)
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2.3 Climate
The climatic conditions largely determine the rate and mechanism of weathering of natural rock and its
products. The Weinert N-value groups climatic regions according to areas of similar moisture patterns,
and the likely weathering mechanisms that can be expected. According to Weinert, physical weathering
will prevail in areas where the N-value is larger than 5 and chemical weathering will prevail in areas
where the N-values are less than 5 (Figure 2-4).

Physical weathering is therefore the prevailing rock weathering mode for the study area. This weathering
mode is generally associated with shallow residual soils. It should be noted that this applies only to the
residual soil profile and does not include or describe possible local accumulations of transported soil.

Figure 2-4: Project location with respect to macro-climatic regions of Southern Africa (Weinert,
1980)

2.4 Regional Geology
A review of the 1:250 000 scale, 2924 geological map of Koffiefontein (1992) (referred to as map ‘A’ in
Figure 2-5), 2926 geological map of Bloemfontein (1966) (map ‘B’ in Figure 2-5) and 3024 geological
maps of Colesberg (1997) (map ‘C’ in Figure 2-5) indicates that the pipeline is largely underlain by
sandstone interbedded with shale and mudstone belonging to the Beaufort Group of the Karoo
Supergroup, with dolerite intrusions abundantly present throughout the site. Quaternary deposits,
described as alluvium, locally covers the residual profile, especially along the southern proposed
pipeline route alignment that traverse geological map ‘A’ and ‘C’.

The geological maps (refer to Figure 2-5) do not indicate any major faults near any of the proposed
structures or the proposed pipe alignment. The geological legends associated with the respective
geology maps have been reproduced as Figure 2-6 to Figure 2-8. It is important to note that the
geological map only shows the hard rock geologies (bedrock) beneath the site, which would be
encountered at depth. The drift geology and the nature of the overlying soils are not shown in Figure
2-5.

Site



Document number P WMA 06/D00/00/3423/7, Revision number A, Date 2025/02/27 2-6

Figure 2-5: Regional geology for the proposed Xhariep pipeline (1:250 000 geological map, Sheet 2924 (1986), Sheet 2426 (1963) and Sheet 3024 (1997), Geological Survey of South Africa)

A B

C Geology map not considered
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Figure 2-6: Regional geology (sheet 2924, Koffiefontein, 1: 250 000 scale – Geological Survey of
South Africa, 1986)

Figure 2-7: Regional geology (sheet 2926 Bloemfontein, 1: 250 000 scale – Geological Survey of
South Africa, 1963)

Figure 2-8:  Regional geology (sheet 3024 Colesberg, 1: 250 000 scale – Geological Survey of South
 Africa, 1997)

A

B

C
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2.5 Seismicity
According to SANS 10160-4:2017, the site area, indicated in red in Figure 2-9, falls within an area with
a Peak Ground Acceleration (PGA) of 0.1 to 0.2 g due to a combination of both mining-induced and
natural seismic activity. The probability of exceeding this PGA is 10% in a 50-year period.  As a result,
site-specific seismic design requirements should be adhered to as prescribed by SANS, other than
normal structural design requirements. This assessment is based on published SANS data and no site-
specific studies have been performed.

It is important to highlight that, although the site experiences mining-induced tremors, the boundary of
the mining operations is located to the north of the site.

Figure 2-9:   Seismic hazard map of South Africa showing seismic hazard zones and peak ground
  acceleration with 10% probability of being exceeded in a 50-year period (SABS, 2017).

2.6 Geohydrology
Information provided by the Department of Water and Sanitation, presented on the GIS database
CapeFarmMapper3 (Western Cape Department of Agriculture, 2024) was reproduced as Figure 2-10
and Figure 2-11. From these figures, the following hydrological conditions may be expected across the
development area:

Groundwater may be expected at a depth of between approximately 4 m and 21 m below ground level
that generally becomes deeper towards Bloemfontein. This refers to the depth to groundwater within
deep aquifers for agricultural water-use (i.e., boreholes). Therefore, it is quite possible to encountered
water seepage from a perched water table or from stormwater infiltration at depths shallower than these
along the pipeline, particularly where impermeable pedogenic horizons are present. Groundwater
recharge is expected to be between approximately 5 mm/annum and 18 mm/annum.

Site
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Figure 2-10: Geohydrology, depth to groundwater of the proposed development area (Western Cape
Department of Agriculture, 2024)

Figure 2-11:  Geohydrology, groundwater recharge of the proposed development area (Western Cape
 Department of Agriculture, 2024)

Gariep Dam

Gariep Dam

Rustfontein Dam

Brandkop Reservoir

Rustfontein Dam

Brandkop Reservoir



Document number P WMA 06/D00/00/3423/7, Revision number A, Date 2025/02/27 3-1

3 Investigation Methodology

The preliminary geotechnical investigation was conducted by Mukona Geotechnics (Pty) Ltd from the
3rd of September 2024 to the 10th of December 2024 and was reviewed by Zutari’s engineering
geologists. The following key components were conducted:

Ʒ 410 No. test pits excavated with a TLB to final depths in the range of 0.1 m to 3.8 m.
Ʒ 106 No. Dynamic Cone Penetrometer (DCP) tests to final depths in the range of 0.1 m to 1.0 m.
Ʒ 44 No. boreholes drllied to final depths in the range of 5.0 m to 15.22 m.
Ʒ 120 No. Dynamic Penetration Super Heavy (DPSH) tests to a final depth in the range of 0.3 m to

12.6 m.

Laboratory testing, including:

Ʒ 94 No. Foundation Indicators, comprising grading analyses (both sieve and hydrometer),
Atterberg limits and linear shrinkage.

Ʒ 46 No. Mod AASHTO Compaction and California Bearing Ratio (CBR).
Ʒ 60 No. pH and conductivity.

The test position coordinates are summarised in Table 3-1 and

Table 3-2 for the pipeline and structures, respectively. The coordinates and termination depths for the
boreholes are represented in Table 3-3.  All test points were marked out using a handheld GPS with a
horizontal accuracy of 3 – 5 m.

3.1 Test Pitting
410 No. test pits were excavated and profiled across the site. Figure 3-1 illustrates the locations of these
test pits. Due to the high density of test pits, spaced at intervals of 400 meters, only every 50th test pit
is labelled on the site map. The test pits were excavated using a Tractor Loader Backhoe (TLB) to a
depth of 3.8 m (maximum reach of the machine), or up to refusal on hard material (whichever occurs
first) or a depth where the excavation sidewalls became unsafe or where groundwater seepage was
encountered. All test pits were safely excavated following the SAICE Code (SAICE, 2007) Safe Practice.

Mukona Geotechnics (Pty) Ltd was contracted by Zutari to excavate and profile the test pits, which were
reviewed by a Zutari engineering geologist in accordance with the South African best practice for soil
and rock description (Dippenaar M.A., Van Rooy J.L., Davis G. (eds.), 2024). The test pit positions along
the pipelines and structures are summarized in Table 3-1 and

Table 3-2, respectively.
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Figure 3-1: Site plan showing test pits (TP) and boreholes (BH) across the pipeline route
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Table 3-1: Test pit coordinates for pipeline

Test point Latitude Longitude Test point Latitude Longitude Test point Latitude Longitude

TP1 -30.62712 25.48920 TP27 -30.54759 25.49995 TP53 -30.49156 25.58253

TP2 -30.62550 25.48701 TP28 -30.54535 25.50357 TP54 -30.48601 25.58773

TP3 -30.62346 25.48425 TP29 -30.54328 25.50699 TP55 -30.48321 25.59037

TP4 -30.61993 25.48447 TP30 -30.54127 25.51045 TP56 -30.47990 25.59383

TP5 -30.61627 25.48654 TP31 -30.53745 25.51755 TP57 -30.47658 25.59545

TP6 -30.61363 25.48652 TP32 -30.53665 25.52093 TP58 -30.47351 25.59768

TP7 -30.61200 25.48293 TP33 -30.53582 25.52507 TP59 -30.47052 25.59993

TP8 -30.60909 25.48087 TP34 -30.53499 25.52911 TP60 -30.46748 25.60220

TP9 -30.60548 25.48149 TP35 -30.53459 25.53101 TP61 -30.46445 25.60450

TP10 -30.60191 25.48210 TP36 -30.53346 25.53496 TP62 -30.46140 25.60681

TP11 -30.59836 25.48394 TP37 -30.53120 25.53821 TP63 -30.45943 25.60832

TP12 -30.59641 25.48562 TP38 -30.52874 25.54128 TP64 -30.45913 25.60854

TP13 -30.59343 25.48821 TP39 -30.52629 25.54432 TP65 -30.45850 25.60901

TP14 -30.59011 25.48955 TP40 / DCP40 -30.52387 25.54739 TP66 -30.45550 25.61129

TP15 -30.58662 25.48944 TP41 -30.52142 25.55048 TP67 -30.45248 25.61359

TP16 -30.58304 25.48935 TP42 -30.51893 25.55352 TP68 -30.44972 25.61569

TP17 -30.57949 25.48982 TP43 -30.51647 25.55657 TP69 -30.44644 25.61828

TP18 -30.57598 25.49105 TP44 -30.51417 25.55940 TP70 -30.44366 25.62083

TP19 -30.57259 25.49225 TP45 -30.51158 25.56266 TP71 -30.44076 25.62340

TP20 -30.56914 25.49342 TP46 -30.50913 25.56574 TP72 -30.43794 25.62594

TP21 -30.56571 25.49461 TP47 -30.50658 25.56857 TP73 -30.43630 25.62739

TP22 -30.56144 25.49612 TP48 -30.50382 25.57116 TP74 -30.43562 25.62807

TP23 -30.55837 25.49714 TP49 -30.50282 25.57207 TP75 -30.43274 25.63059

TP24 -30.55488 25.49679 TP50 -30.49999 25.57465 TP76 -30.42994 25.63313

TP25 -30.55365 25.49601 TP51 -30.49721 25.57728 TP77 -30.42710 25.63570

TP26 -30.55022 25.49685 TP52 -30.49442 25.57991 TP78 -30.42436 25.63894

TP79 -30.42207 25.64216 TP106 -30.34385 25.69501 TP133 -30.25695 25.72947

TP80 -30.41976 25.64539 TP107 -30.34055 25.69679 TP134 -30.25342 25.72842

TP81 -30.41746 25.64861 TP108 -30.33718 25.69862 TP135 -30.25173 25.72791
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Test point Latitude Longitude Test point Latitude Longitude Test point Latitude Longitude

TP82 -30.41517 25.65183 TP109 -30.33379 25.70049 TP136 -30.24808 25.73252

TP83 -30.41287 25.65503 TP110 -30.33051 25.70228 TP137 -30.24629 25.73590

TP84 -30.41062 25.65823 TP111 -30.32726 25.70408 TP138 / DCP 138 -30.24801 25.72679

TP85 -30.40834 25.66145 TP112 -30.32389 25.70592 TP139 -30.24458 25.72572

TP86 -30.40601 25.66472 TP113 -30.32061 25.70772 TP140 -30.24106 25.72468

TP87 -30.40376 25.66791 TP114 -30.31921 25.70850 TP141 -30.23970 25.72431

TP88 -30.40121 25.67085 TP115 -30.31591 25.71029 TP142 -30.23622 25.72320

TP89 -30.39785 25.67248 TP116 -30.31293 25.71200 TP143 -30.23277 25.72212

TP90 -30.39437 25.67366 TP117 -30.30981 25.71397 TP144 -30.22922 25.72144

TP91 -30.39090 25.67487 TP118 -30.30664 25.71597 TP145 -30.22557 25.72152

TP92 -30.38733 25.67612 TP119 -30.30182 25.71901 TP146 -30.22201 25.72161

TP93 -30.38390 25.67732 TP120 -30.29874 25.72100 TP147 -30.21867 25.72171

TP94 -30.38042 25.67853 TP121 -30.29556 25.72303 TP148 -30.21733 25.72174

TP95 -30.37694 25.67976 TP122 -30.29408 25.72399 TP149 -30.21625 25.72178

TP96 -30.37350 25.68097 TP123 -30.29092 25.72593 TP150 -30.21269 25.72191

TP97 -30.37002 25.68220 TP124 -30.28750 25.72720 TP151 -30.20908 25.72203

TP98 -30.36668 25.68376 TP125 -30.28523 25.72752 TP152 -30.20551 25.72269

TP99 -30.36336 25.68537 TP126 -30.28164 25.72806 TP153 -30.20200 25.72374

TP100 -30.36239 25.68593 TP154 -30.19850 25.72481

TP101 -30.35915 25.68740 TP128 -30.27477 25.72904 TP155 / DCP 155 -30.19498 25.72590

TP102 -30.35831 25.68779 TP129 -30.27116 25.72956 TP156 -30.19148 25.72695

TP103 -30.35494 25.68943 TP130 / DCP130 -30.26762 25.73007 TP157 -30.18798 25.72799

TP104 -30.35165 25.69108 TP131 -30.26404 25.73062 TP158 -30.18445 25.72905

TP105 -30.34835 25.69272 TP132 -30.26047 25.73051 TP159 -30.18095 25.73012

TP160 / DCP160 -30.17747 25.73117 TP187 -30.08655 25.77282 TP214 -29.99649 25.81052

TP161 -30.17406 25.73243 TP188 -30.08315 25.77425 TP215 / DCP215 -29.99311 25.81193

TP162 -30.17064 25.73409 TP189 -30.07978 25.77566 TP216 -29.98972 25.81334

TP163 -30.16732 25.73575 TP190 -30.07638 25.77705 TP217 / DCP217 -29.98631 25.81474

TP164 -30.16401 25.73736 TP191 -30.07353 25.77832 TP218 / DCP218 -29.98293 25.81617

TP165 -30.16112 25.73883 TP192 -30.07013 25.77977 TP219 / DCP 219 -29.97954 25.81757
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Test point Latitude Longitude Test point Latitude Longitude Test point Latitude Longitude

TP166 -30.15447 25.74212 TP193 -30.06675 25.78119 TP220 / DCP220 -29.97616 25.81899

TP167 -30.15115 25.74374 TP194 -30.06333 25.78256 TP221 -29.97275 25.82039

TP168 -30.14782 25.74542 TP195 -30.05995 25.78402 TP222 -29.96934 25.82184

TP169 -30.14451 25.74705 TP196 -30.05657 25.78545 TP223 -29.96590 25.82328

TP170 -30.14116 25.74871 TP197 -30.05317 25.78689 TP224 -29.96373 25.82418

TP171 -30.13784 25.75035 TP198 -30.04976 25.78829 TP225 -29.96182 25.82502

TP172 -30.13452 25.75201 TP199 -30.04641 25.78976 TP226 -29.95963 25.82590

TP173 -30.13120 25.75365 TP200 -30.04301 25.79117 TP227 -29.95620 25.82736

TP174 -30.12789 25.75529 TP201 -30.03964 25.79266 TP228 -29.95280 25.82875

TP175 -30.12452 25.75679 TP202 -30.03787 25.79336 TP229 -29.94941 25.83013

TP176 -30.12113 25.75822 TP203 -30.03496 25.79453 TP230 -29.94598 25.83153

TP177 -30.11775 25.75965 TP204 -30.03156 25.79590 TP231 -29.94258 25.83293

TP178 -30.11435 25.76108 TP205 -30.02816 25.79730 TP232 -29.93920 25.83434

TP179 -30.11357 25.76138 TP206 -30.02477 25.79873 TP233 -29.93580 25.83589

TP180 / DCP180 -30.11024 25.76281 TP207 -30.02100 25.80028 TP234 -29.93262 25.83787

TP181 -30.10687 25.76423 TP208 -30.01761 25.80171 TP235 -29.92946 25.83989

TP182 -30.10348 25.76568 TP209 -30.01421 25.80313 TP236 -29.92824 25.84067

TP183 -30.10007 25.76714 TP210 -30.01082 25.80456 TP237 -29.92629 25.84190

TP184 -30.09669 25.76853 TP211 -30.00743 25.80597 TP238 -29.92313 25.84392

TP185 -30.09331 25.76994 TP212 -30.00403 25.80738 TP239 -29.91995 25.84598

TP186 -30.08994 25.77139 TP213 -30.00065 25.80878 TP240 -29.91678 25.84808

TP241 -29.91360 25.85008 TP268 -29.83099 25.90715 TP295 -29.75897 25.95702

TP242 -29.91048 25.85212 TP269 -29.82805 25.90959 TP296 / DCP296 -29.75762 25.95748

TP243 -29.90732 25.85412 TP270 -29.82638 25.91094 TP297 -29.75410 25.95844

TP244 -29.90416 25.85613 TP271 / DCP 271 -29.82344 25.91338 TP298 -29.75058 25.95948

TP245 -29.90103 25.85813 TP272 -29.82051 25.91581 TP299 -29.74710 25.96049

TP246 / DCP246 -29.89787 25.86013 TP273 -29.81759 25.91823 TP300 / DCP300 -29.74362 25.96154

TP247 -29.89465 25.86219 TP274 -29.81463 25.92067 TP301 -29.74012 25.96257

TP248 -29.89153 25.86425 TP275 -29.81171 25.92312 TP302 / DCP302 -29.73641 25.96378

TP249 -29.88840 25.86629 TP276 -29.81062 25.92406 TP303 -29.73345 25.96469



Document number P WMA 06/D00/00/3423/7, Revision number A, Date 2025/02/27 3-6

Test point Latitude Longitude Test point Latitude Longitude Test point Latitude Longitude

TP250 -29.88524 25.86830 TP277 -29.80770 25.92646 TP304 -29.73107 25.96552

TP251 -29.88209 25.87036 TP278 / DCP 278 -29.80512 25.92867 TP305 -29.72753 25.96635

TP252 -29.87891 25.87237 TP279 -29.80366 25.92992 TP306 / DCP306 -29.72401 25.96739

TP253 -29.87576 25.87435 TP280 -29.80179 25.93149 TP307 / DCP307 -29.72050 25.96843

TP254 -29.87262 25.87636 TP281 -29.79878 25.93376 TP308 -29.71702 25.96947

TP255 -29.86950 25.87839 TP282 -29.79585 25.93620 TP309 -29.71354 25.97050

TP256 / DCP 256 -29.86715 25.87990 TP283 -29.79289 25.93862 TP310 -29.71001 25.97149

TP257 -29.86397 25.88190 TP284 / DCP 284 -29.79083 25.94031 TP311 / DCP311 -29.70651 25.97260

TP258 -29.86082 25.88390 TP285 -29.79050 25.94060 TP312 -29.70302 25.97363

TP259 -29.85769 25.88591 TP286 -29.78755 25.94303 TP313 -29.69955 25.97467

TP260 -29.85453 25.88794 TP287 -29.78461 25.94547 TP314 -29.69607 25.97571

TP261 -29.85149 25.89017 TP288 / DCP288 -29.78168 25.94789 TP315 / DCP315 -29.69259 25.97673

TP262 -29.84857 25.89262 TP289 -29.77865 25.95012 TP316 / DCP316 -29.68910 25.97778

TP263 -29.84565 25.89503 TP290 -29.77538 25.95189 TP317 -29.68562 25.97883

TP264 -29.84271 25.89744 TP291 -29.77195 25.95314 TP318 -29.68214 25.97986

TP265 -29.83979 25.89987 TP292 / DCP292 -29.76845 25.95416 TP319 -29.67861 25.98092

TP266 -29.83687 25.90229 TP293 -29.76495 25.95521 TP320 -29.67521 25.98215

TP267 -29.83392 25.90473 TP294 / DCP294 -29.76246 25.95597 TP321 -29.67179 25.98352

TP322 -29.66844 25.98502 TP349 -29.58397 26.03632 TP376 -29.50235 26.09104

TP323 -29.66507 25.98645 TP350 -29.58089 26.03848 TP377 -29.49895 26.09235

TP324 -29.66170 25.98796 TP351 -29.57780 26.04062 TP378 -29.49555 26.09362

TP325 -29.65966 25.98889 TP352 -29.57472 26.04279 TP379 -29.49204 26.09501

TP326 -29.65631 25.99041 TP353 -29.57164 26.04495 TP380 -29.48856 26.09631

TP327 -29.65302 25.99191 TP354 -29.56855 26.04709 TP381 -29.48513 26.09764

TP328 -29.64969 25.99341 TP355 -29.56546 26.04923 TP382 -29.48162 26.09896

TP329 / DCP329 -29.64636 25.99486 TP356 -29.56239 26.05139 TP383 -29.47816 26.10029

TP330 -29.64305 25.99633 TP357 -29.55931 26.05357 TP384 -29.47462 26.10160

TP331 -29.63967 25.99802 TP358 -29.55630 26.05582 TP385 -29.47121 26.10294

TP332 -29.63639 25.99979 TP359 -29.55328 26.05806 TP386 -29.46778 26.10426

TP333 -29.63326 26.00186 TP360 -29.55024 26.06032 TP387 / DCP387 -29.46550 26.10511
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Test point Latitude Longitude Test point Latitude Longitude Test point Latitude Longitude

TP334 -29.63011 26.00406 TP361 -29.54722 26.06257 TP388 -29.46208 26.10642

TP335 -29.62710 26.00622 TP362 -29.54559 26.06378 TP389 -29.45867 26.10774

TP336 -29.62396 26.00836 TP363 -29.54256 26.06604 TP390 -29.45527 26.10910

TP337 -29.62087 26.01052 TP364 -29.53952 26.06828 TP391 -29.45191 26.11065

TP338 -29.61780 26.01265 TP365 / DCP365 -29.53648 26.07056 TP392 -29.45039 26.11230

TP339 -29.61473 26.01482 TP366 / DCP366 -29.53374 26.07258 TP393 -29.45199 26.11609

TP340 -29.61166 26.01700 TP367 / DCP367 -29.53070 26.07485 TP394 -29.45362 26.11981

TP341 -29.60876 26.01922 TP368 -29.52769 26.07715 TP395 -29.45569 26.12301

TP342 -29.60597 26.02243 TP369 -29.52466 26.07939 TP396 -29.45544 26.12376

TP343 -29.60256 26.02363 TP370 / DCP370 -29.52160 26.08164 TP397 -29.45373 26.12734

TP344 -29.59942 26.02561 TP371 -29.51858 26.08390 TP398 -29.45211 26.13102

TP345 -29.59630 26.02774 TP372 -29.51710 26.08502 TP399 -29.45055 26.13470

TP346 -29.59320 26.02988 TP373 -29.51276 26.08707 TP400 -29.44990 26.13874

TP347 -29.59013 26.03201 TP374 -29.50936 26.08839 TP401 -29.44940 26.14284

TP348 -29.58707 26.03416 TP375 -29.50579 26.08970 TP402 -29.44954 26.14697

TP403 -29.44970 26.15110 TP430 -29.45298 26.25024 TP457 -29.39297 26.33027

TP404 -29.45016 26.15520 TP431 -29.45142 26.25395 TP458 -29.38982 26.33211

TP405 -29.45071 26.15932 TP432 / DCP432 -29.44924 26.25918 TP459 / DCP459 -29.38643 26.33361

TP406 -29.45105 26.16341 TP433 -29.44763 26.26290 TP460 -29.38339 26.33589

TP407 -29.45115 26.16757 TP434 / DCP434 -29.44603 26.26665 TP461 / DCP461 -29.38042 26.33818

TP408 -29.45057 26.17155 TP435 -29.44479 26.27050 TP462 -29.37766 26.34013

TP409 -29.44927 26.17540 TP436 -29.44342 26.27426 TP463 -29.37603 26.34382

TP410 -29.44880 26.17707 TP437 -29.44049 26.27658 TP464 -29.37441 26.34750

TP411 -29.44852 26.17807 TP438 / DCP438 -29.43753 26.27889 TP465 -29.37278 26.35121

TP412 -29.44887 26.18188 TP439 -29.43740 26.28278 TP466 -29.37116 26.35489

TP413 -29.45109 26.18519 TP440 -29.43696 26.28683 TP467 -29.36954 26.35859

TP414 -29.45205 26.18901 TP441 -29.43529 26.29049 TP468 -29.36793 26.36228

TP415 -29.45226 26.19314 TP442 -29.43368 26.29421 TP469 -29.36632 26.36596

TP416 -29.45248 26.19725 TP443 -29.43206 26.29790 TP470 -29.36470 26.36965

TP417 -29.45263 26.19948 TP444 -29.43041 26.30168 TP471 -29.36266 26.37430
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Test point Latitude Longitude Test point Latitude Longitude Test point Latitude Longitude

TP418 -29.45336 26.20351 TP445 -29.42875 26.30522 TP472 -29.36125 26.37457

TP419 -29.45405 26.20754 TP446 -29.42749 26.30754 TP473 -29.35800 26.37541

TP420 / DCP420 -29.45499 26.21149 TP447 -29.42289 26.31002 TP474 -29.35445 26.37630

TP421 / DCP421 -29.45559 26.21537 TP448 / DCP448 -29.41942 26.31139 TP475 -29.35095 26.37690

TP422 -29.45504 26.21852 TP449 -29.41599 26.31286 TP476 -29.34722 26.37684

TP423 -29.45460 26.22199 TP450 -29.41317 26.31530 TP477 -29.34360 26.37716

TP424 -29.45438 26.22611 TP451 -29.41041 26.31799 TP478 -29.33997 26.37762

TP425 -29.45416 26.23023 TP452 -29.40763 26.32076 TP479 -29.33466 26.37891

TP426 -29.45394 26.23435 TP453 / DCP453 -29.40487 26.32268 TP480 -29.33129 26.37999

TP427 -29.45376 26.23775 TP454 / DCP454 -29.40178 26.32478 TP481 -29.32731 26.38132

TP428 -29.45414 26.24193 TP455 / DCP455 -29.39859 26.32678 TP482 -29.32588 26.38176

TP429 -29.45455 26.24653 TP456 / DCP456 -29.39611 26.32826 TP483 -29.32105 26.38114

TP484 -29.32242 26.37644 TP511 / DCP511 -29.28469 26.29038 TP538 / DCP538 -29.21063 26.21027

TP485 -29.32433 26.36985 TP512 / DCP512 -29.26129 26.29681 TP539 / DCP539 -29.20882 26.20904

TP486 / DCP486 -29.32536 26.36642 TP513 / DCP513 -29.25681 26.28715 TP540 -29.20818 26.20835

TP487 -29.32258 26.36370 TP514 / DCP514 -29.25461 26.28401 TP541 / DCP541 -29.20707 26.20639

TP488 / DCP488 -29.31981 26.36099 TP515 -29.25233 26.28085 TP542 -29.20390 26.20440

TP489 -29.31706 26.35832 TP516 -29.25002 26.27768 TP543 / DCP543 -29.20073 26.20300

TP490 / DCP490 -29.31431 26.35561 TP517 / DCP517 -29.24773 26.27447 TP544 -29.19843 26.20101

TP491 / DCP491 -29.31157 26.35292 TP518 -29.24546 26.27132 TP545 -29.19526 26.19906

TP492 / DCP492 -29.30885 26.35022 TP519 -29.24321 26.26810 TP546 -29.19211 26.19785

TP493 -29.30608 26.34758 TP520 / DCP520 -29.24099 26.26489 TP547 / DCP547 -29.19014 26.19589

TP494 / DCP494 -29.30323 26.34507 TP521 / DCP521 -29.23874 26.26169 TP548 / DCP548 -29.18905 26.19871

TP495 -29.30032 26.34261 TP522 -29.23647 26.25845 TP549 -29.18668 26.20149

TP496 / DCP496 -29.29745 26.34013 TP523 / DCP523 -29.23426 26.25521 TP550 -29.18433 26.20004

TP497 -29.29458 26.33768 TP524 -29.23204 26.25173 TP551 -29.18245 26.19857

TP498 / DCP498 -29.29343 26.33674 TP525 / DCP525 -29.23015 26.24822 TP552 -29.18045 26.19946

TP499 / DCP499 -29.29059 26.33422 TP526 -29.22833 26.24468 TP553 -29.17899 26.19875

TP500 -29.28771 26.33172 TP527 / DCP527 -29.22648 26.24115 TP554 -29.17757 26.25648

TP501 / DCP501 -29.28469 26.32940 TP528 / DCP528 -29.22464 26.23802 TP555 -29.45037 26.38479
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Test point Latitude Longitude Test point Latitude Longitude Test point Latitude Longitude

TP502 -29.28184 26.32683 TP529 -29.22385 26.23440 TP580 -29.32056 26.38881

TP503 -29.27963 26.32358 TP530 -29.22217 26.23075 TP581 -29.32097 26.39163

TP504 -29.27677 26.31958 TP531 / DCP531 -29.22050 26.22722 TP582 -29.32135 26.39579

TP505 / DCP505 -29.27450 26.31636 TP532 -29.21868 26.22370 TP583 -29.32167 26.39989

TP506 / DCP506 -29.27230 26.31308 TP533 / DCP533 -29.21682 26.22323 TP584 -29.32190 26.40402

TP507 -29.27010 26.30978 TP534 -29.21598 26.22349 TP585 -29.32202 26.40814

TP508 / DCP508 -29.26575 26.30324 TP535 -29.21547 26.21992 TP586 -29.32197 26.41219

TP509 / DCP509 -29.26354 26.30001 TP536 / DCP536 -29.21370 26.21637 TP587 -29.32245 26.41620

TP510 / DCP510 -29.25905 26.29358 TP537 -29.21191 26.21385 TP588 -29.32333 26.42025

TP589 -29.32422 26.42470 TP616 -29.29504 26.51275 TP647 -29.26790 26.60503

TP590 -29.32522 26.42894 TP617 -29.29278 26.51597 TP648 -29.26797 26.60914

TP591 -29.32378 26.43257 TP618 -29.29034 26.51950 TP649 -29.26807 26.61089

TP592 -29.32254 26.43645 TP619 -29.28899 26.52154 TP650 -29.26784 26.61427

TP593 -29.32112 26.44034 TP620 -29.28672 26.52478 TP651 -29.26807 26.61550

TP594 -29.31972 26.44495 TP621 -29.28481 26.52761 TP652 -29.26824 26.61885

TP595 -29.31820 26.44824 TP622 -29.28288 26.53110 TP653 -29.26858 26.61963

TP596 -29.31706 26.45254 TP623 -29.28099 26.53462 TP654 -29.26899 26.61944

TP597 -29.31589 26.45651 TP624 -29.27916 26.53806 TP655 / DCP655 -30.24958 25.73749

TP598 -29.31483 26.46035 TP625 -29.27725 26.54161 TP656 -29.51692 26.08653

TP599 -29.31362 26.46433 TP626 -29.27542 26.54514 TP658 -29.51375 26.08780

TP600 -29.31233 26.12734 TP627 -29.27359 26.54863 TP659 -29.51522 26.08721

TP601 -29.31139 26.46833 TP628 -29.27175 26.55219 TP660 -30.51345 25.56040

TP602 -29.31108 26.46934 TP629 -29.27117 26.55310 TP661 -30.48884 25.58512

TP603 -29.31064 26.47067 TP634 -29.26947 26.55638 TP662 -30.30486 25.71712

TP604 -29.30936 26.47453 TP635 -29.26895 26.55727 TP663 -30.01461 25.80296

TP605 -29.30809 26.47838 TP636 -29.26882 26.56139 TP664 -29.92834 25.84060

TP606 -29.30682 26.48223 TP637 -29.26868 26.56551 TP665 -29.81088 25.92377

TP607 -29.30493 26.48580 TP638 -29.26857 26.56875 TP666 -29.76275 25.95589

TP608 -29.30440 26.49002 TP639 -29.26848 26.57191 TP667 -29.66340 25.98720

TP609 -29.30275 26.49381 TP640 -29.26831 26.57609 TP668 -29.65956 25.98892
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Table 3-2: Test pit coordinates for structures

Test point Latitude Longitude Test point Latitude Longitude Test point Latitude Longitude

TP610 -29.30102 26.49744 TP641 -29.26815 26.58028 TP669 / DCP669 -29.61977 26.01127

TP611 -29.30008 26.49948 TP642 -29.26799 26.58438 TP670 / DCP670 -29.59808 26.02651

TP612 -29.29970 26.50091 TP643 -29.26783 26.58851 TP671 -29.42495 26.30915

TP613 -29.29864 26.50486 TP644 -29.26768 26.59263 TP673 -29.33753 26.37797

TP614 -29.29758 26.50878 TP645 -29.26755 26.59676 TP674 -30.16131 25.73876

TP615 -29.29738 26.50958 TP646 -29.26779 26.60090 TP675 -29.60583 26.02248

TP678 -30.43578 25.62793 TP683 -29.32424 26.42767 TP685 -29.31273 26.46284

TP682 -29.32494 26.42353 TP684 -29.32190 26.43422

Test point Latitude Longitude Test point Latitude Longitude Test point Latitude Longitude

TPS1 -30.62496 25.48618 TPS11 -30.54472 25.51079 TPS21 -29.51681 26.08734

TPS2 -30.62431 25.48491 TPS12 -30.54657 25.50567 TPS22 -29.51645 26.08593

TPS3 -30.62488 25.48435 TPS13 -30.54549 25.50741 TPS23 -29.51383 26.08697

TPS4 -30.62564 25.48564 TPS14 -30.54793 25.50690 TPS24 -29.51422 26.08839

TPS5 -30.62487 25.48535 TPS15 -30.54691 25.50855 TPS25 -29.51522 26.08645

TPS6 -30.54422 25.51336 TPS16 -30.25017 25.73724 TPS26 -29.32148 26.38467

TPS7 -30.54398 25.51188 TPS17 -30.24970 25.73872 TPS27 -29.32070 26.38425

TPS8 -30.54541 25.51146 TPS18 -30.25132 25.73776 TPS28 -29.32104 26.38559

TPS9 -30.54353 25.51251 TPS19 -30.25088 25.73920 TPS29 -29.32228 26.38513

TPS10 -30.54507 25.51205 TPS20 -30.25052 25.73830 TPS30 -29.32191 26.38375
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3.2 Rotary Core Drilling
Mukona Geotechnics (Pty) Ltd was appointed to conduct rotary core drilling on site. Where possible,
Standard Penetration Testing (SPT’s) were carried out at 1.5 m intervals to assess the consistency of
the soils. The borehole core and/or soil was logged by Zutari engineering geologists in accordance with
the South African best practice for soil and rock description (Dippenaar M.A., Van Rooy J.L., Davis G.
(eds.), 2024).

The boreholes were strategically placed to target areas where pipe jacking need to be considered at
stream / river and road crossings along the pipeline route and at the proposed structure locations. The
boreholes were drilled to depths ranging from 5.0 m at road crossings, with up to 10 m at stream / river
crossings and up to 15.22 m at the proposed structure positions. All boreholes were set out on site using
a hand-held Global Positioning System (GPS).

Table 3-3 provides a summary of the borehole details with geographical location, the depth to rock head
and the termination depth.

Table 3-3: Borehole coordinates for the Xhariep pipeline and structures.

Pipeline and Structure
Borehole

Latitude Longitude Rockhead Depth
(m)

Termination Depth
(m)

Road Crossings

BH3 -30.5982 25.48408 1.05 5.00

BH4 -30.4797 25.59391 1.05 5.18

BH11 -30.3336 25.70059 1.5 5.21

BH13 -30.2944 25.72382 1 5.07

BH14 -30.2781 25.72858 0.75 5.10

BH17 -30.2399 25.72438 0.5 5.11

BH18 -30.2185 25.72172 1.76 5.11

BH20 -29.2158 26.22333 1.95 5.17

BH21 -30.0381 25.79325 0.8 5.13

BH23 -29.962 25.82488 0.35 5.09

BH25 -29.8674 25.87972 1.9 5.21

BH28 -29.7578 25.95733 0.88 5.05

BH29 -29.7338 25.96462 1 5.07

BH31 -29.1986 26.20309 Not encountered 5.10

BH38 -29.4525 26.19908 0.68 5.12

BH40 -29.4376 26.27896 0.7 5.08

BH47 -29.3253 26.36662 1.6 5.09

BH48 -29.2108 26.21416 2.5 5.05

BH5 -30.4592 25.60852 0.7 5.15

BH6 -30.305 25.71705 2.3 5.21

BH9 -30.3626 25.68583 2.16 5.25

Stream / River Crossings

BH7 -30.4365 25.62731 1.6 9.98

BH10 -30.3371 25.69869 2.63 10.15

BH12 -30.3192 25.70853 3.3 10.09

BH19 -30.2172 25.72176 2.9 10.16
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Pipeline and Structure
Borehole

Latitude Longitude Rockhead Depth
(m)

Termination Depth
(m)

BH22 -29.9963 25.8106 1.95 10.08

BH24 -29.8945 25.86234 3 10.02

BH26 -29.8265 25.91085 0.86 10.04

BH32 -29.598 26.02658 1.64 10.08

BH35 -29.5159 26.08655 0.3 10.00

BH37 -29.4745 26.1017 4.2 10.29

BH39 -29.4551 26.21837 1.53 10.11

BH42 -29.4047 26.3228 2.17 10.08

BH54 -29.2681 26.61595 3.45 10.05

Structures

BH1 -30.6246 25.48483 0.55 14.97

BH2 -30.6253 25.48557 0.3 15.15

BH15 -30.2503 25.73864 1.2 15.00

BH16 -30.2509 25.73785 1.62 15.10

BH30 -29.6637 25.98706 Not encountered 10.00

BH36 -29.5147 26.08775 0.3 15.22

BH58 -30.5458 25.50984 0.5 15.17

BH59 -30.5448 25.51236 0.3 15.00

BH60 -30.5451 25.51021 2 15.1

BH61 -30.5458 25.51086 0.2 15.01

3.3 Dynamic Cone Penetrometer (DCP) Testing
106 No. DCP tests were conducted along the proposed pipeline alongside the test pit from surface or
within the test pit from a depth of 1.5 m.

The Dynamic Cone Penetrometer is an economical tool suitable for shallow foundation investigation
work and evaluation of sub-surface soil consistencies. The DCP test comprises a 20 mm diameter, 60º
cone driven into the soil by an 8 kg weight dropped through 575 mm and the results are plotted as blows
per 100 mm penetration (N10L) in accordance with the EN1997-2 specifications.

3.4 Dynamic Probe Super Heavy (DPSH) Testing
A total of 120 No. DPSH tests were conducted by Mukona Geotechnics (Pty) Ltd at various positions
along the alignment of the pipeline, adjacent to the test pitting and elsewhere to provide supplementary
ground information along the alignment. The positions at which the DPSH tests were undertaken during
the investigation are illustrated in Figure 3-2 and Figure 3-3.

DPSH tests were conducted in accordance with BS EN ISO 22476-2:2005 guidelines. They were
conducted to various depths or to refusal along the alignment. DPSH equipment consists of a weight of
63.5 kg dropping a height of 750 mm onto a length of rods which are 50 mm in diameter (20 cm2

projected area). Disposable cones, which have a 90° apex angle, are attached to the ends of the rod,
and remain in the ground when the rods are retracted.

The result of the test is presented as a graph of the number of blows required for each 300 mm of
penetration recorded as a so-called DPSH N-value, which may be associated by empirical evaluation to
the Standard Penetration Test (SPT) N-value, typically recorded during rotary core borehole drilling. The
test is continued to refusal, when penetration of 300 mm is not achieved within 80 to 100 blows.
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Figure 3-2: Site plan showing DPSH positions from the southern portion of the pipeline (Gariep Dam) from DPSH01 to DPSH65

Gariep Dam
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Figure 3-3: Site plan showing DPSH positions from the northern portion of the pipeline (Brandkop Reservoir) from DPSH138 to DPSH550

Brandkop Reservoir
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The DPSH locations and depths at which refusal was encountered are summarised in Table 3-4. The
DPSH test positions were recorded on site using a hand-held GPS (horizontal accuracy of 3 - 5 m).

Table 3-4: Summary of DPSH test positions along pipeline

DPSH no. Longitude Latitude Refusal Depth (m)

DPSH01 25.48904122 -30.62692485 0.3

DPSH02 25.48862015 -30.62494486 0.6

DPSH03 25.48679521 -30.62324740 1.2

DPSH04 25.48545213 -30.62021732 1.8

DPSH05 25.48713670 -30.61589905 1.5

DPSH06 25.48681594 -30.61354747 2.4

DPSH07 25.48430009 -30.61154757 1.5

DPSH08 25.48350340 -30.61057187 2.1

DPSH09 25.48184825 -30.60573068 2.1

DPSH10 25.48359171 -30.60384206 0.6

DPSH11 25.48431556 -30.59804794 2.4

DPSH12 25.48597293 -30.59653641 0.6

DPSH13 25.48900377 -30.59347128 0.6

DPSH14 25.49011140 -30.58988906 2.1

DPSH15 25.48940832 -30.58641719 0.6

DPSH16 25.48855396 -30.58360532 0.6

DPSH17 25.49230938 -30.57969452 0.9

DPSH18 25.49284505 -30.57568055 0.6

DPSH19 25.49488777 -30.57242937 0.3

DPSH20 25.49560003 -30.57122191 0.9

DPSH21 25.49543397 -30.56592860 0.3

DPSH22 25.49596164 -30.56137645 0.6

DPSH23 25.49728180 -30.55753925 0.9

DPSH24 25.49654000 -30.55443834 0.6

DPSH25 25.49629402 -30.55294667 0.3

DPSH26 25.49731559 -30.54982870 0.6

DPSH27 25.50004900 -30.54663741 1.5

DPSH28 25.50405242 -30.54379455 0.6

DPSH29 25.50699627 -30.54280306 1.2

DPSH30 25.51081995 -30.54153137 0.6

DPSH35 25.53040715 -30.53469659 0.9

DPSH39 25.54742715 -30.52453575 0.6

DPSH44 25.55883488 -30.51384167 1.5

DPSH660 25.56024153 -30.51359120 2.1

DPSH49 25.57202701 -30.50247860 1.2

DPSH661 25.58456133 -30.48850358 2.1

DPSH56 25.59529150 -30.47815846 0.9

DPSH60 25.60668171 -30.46434309 0.6
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DPSH no. Longitude Latitude Refusal Depth (m)

DPSH63 25.60835567 -30.45921745 1.2

DPSH65 25.60917990 -30.45833534 0.6

DPSH-74 25.62806700 -30.43561900 0.6

DPSH-76 25.63312500 -30.42993600 0.9

DPSH-D1 25.48675580 -30.61372114 0.6

DPSH-D2 25.48940832 -30.58641719 0.6

DPSH-D3 25.49583176 -30.56079052 0.6

DPSH-D4 25.48550025 -30.59658016 0.6

DPSH-BH4 25.59326106 -30.47912788 0.3

DPSH-BH5 25.60831435 -30.45900563 0.6

DPSH-BH3 25.48489059 -30.59815255 0.6

DPSH-108 25.69862500 -30.33718100 2.7

DPSH-112 25.70591900 -30.32388900 3.3

DPSH-114 25.70849700 -30.31921100 3.6

DPSH-115 25.71029400 -30.31591100 1.2

DPSH-118 25.71597200 -30.30663900 4.5

DPSH-126 25.72934793 -30.27952956 1.8

DPSH-134 25.72875265 -30.25293953 1.2

DPSH-138 25.72665161 -30.24536387 4.2

DPSH-145 25.72277588 -30.22394189 1.8

DPSH-149 25.72246307 -30.21594438 2.4

DPSH-150 25.72209970 -30.21208701 1.5

DPSH-155 25.72714157 -30.19381889 3.3

DPSH-158 25.72935782 -30.18401051 3.0

DPSH-160 25.73173680 -30.17855561 2.1

DPSH-164 25.73804575 -30.16443485 1.2

DPSH-166 25.74181617 -30.15545480 0.9

DPSH-178 25.76134417 -30.11386191 3.3

DPSH-191 25.77846227 -30.07348350 1.5

DPSH-200 25.79188770 -30.04280260 2.1

DPSH-206 25.79924453 -30.02506686 2.4

DPSH-218 25.81612474 -29.98446739 1.2

DPSH-220 25.81917189 -29.97750629 0.9

DPSH-227 25.82820790 -29.95686957 2.4

DPSH-244 25.85613600 -29.90415600 1.5

DPSH-247 25.86260145 -29.89435612 2.4

DPSH-249 25.86557112 -29.88956122 0.9

DPSH-251 25.87070559 -29.88303113 2.4

DPSH-254 25.87614673 -29.87301903 2.7

DPSH-256 25.88054047 -29.86684326 2.1

DPSH-271 25.91253170 -29.82558782 3.9
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DPSH no. Longitude Latitude Refusal Depth (m)

DPSH-276 25.92440563 -29.80970464 1.8

DPSH-278 25.92780924 -29.80552981 2.1

DPSH-285 25.94074714 -29.79063734 1.2

DPSH-307 25.97072782 -29.72070552 2.1

DPSH-311 25.97460013 -29.70783948 1.5

DPSH-314 25.97839008 -29.69680109 2.1

DPSH-316 25.98037442 -29.68981435 2.4

DPSH-329 25.99596327 -29.64607586 1.8

DPSH-344 26.02554754 -29.60037288 1.8

DPSH-358 26.05566791 -29.55746159 1.2

DPSH-365 26.06978741 -29.53779260 3.9

DPSH-366 26.07241711 -29.53387079 2.4

DPSH-367 26.07611011 -29.52961794 3.0

DPSH-372 26.08639419 -29.51640248 1.2

DPSH-390 26.10942241 -29.45707557 0.9

DPSH-402 26.14717189 -29.44911115 3.3

DPSH-408 26.17183491 -29.44986205 3.0

DPSH-416 26.19925023 -29.45128006 1.2

DPSH-420 26.21285265 -29.45425133 6.3

DPSH-433 26.26494995 -29.44643806 1.5

DPSH-439 26.28375405 -29.43631494 8.7

DPSH-448 26.31094971 -29.41994523 2.1

DPSH-452 26.32117578 -29.40696953 2.7

DPSH-456 26.32819175 -29.39668109 1.5

DPSH-491 26.35247591 -29.31061633 1.5

DPSH-498 26.33703924 -29.29305880 2.4

DPSH-506 26.31830662 -29.26980820 2.1

DPSH-508 26.30678205 -29.26786228 3.0

DPSH-511 26.29849557 -29.26184268 2.4

DPSH-514 26.28792200 -29.25435429 1.2

DPSH-517 26.27880360 -29.24648173 3.0

DPSH-521 26.26948144 -29.23708065 2.1

DPSH-524 26.25675262 -29.23170300 1.5

DPSH-527 26.24498419 -29.22607711 3.3

DPSH-531 26.23686004 -29.21502546 1.2

DPSH-537 26.22164853 -29.21139121 2.4

DPSH-542 26.20700206 -29.20449271 5.7

DPSH-547 26.19893947 -29.19102718 1.8

DPSH-550 26.20113000 -29.18390000 1.8

DPSH-665 25.92381000 -29.81070000 1.8

DPSH-668 25.98892200 -29.65955600 12.6
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3.5 Laboratory Testing
Representative samples were taken of all material origins encountered in the test pits. The samples
were transported to Roadlab in the Free State Province (Bloemfontein) for testing.

The tests conducted on the samples included:

Ʒ 94 No. Foundation Indicator, comprising grading analyses (both sieve and hydrometer) and
Atterberg limits and linera shrinkage.

Ʒ 46 No. Mod AASHTO Compaction and California Bearing Ratio (CBR).
Ʒ 60 No. pH and conductivity.

3.6 Soil Electrical Resistivity Survey
Soil electrical resistivity is a measure of the in-situ soil’s ability to resist the flow of electrical current, with
the soil composition, moisture content and temperature all impacting the soil’s electrical resistivity. Soils
with high resistivity are typically not corrosive, whilst low resistivity soils are generally more corrosive
and often associated with high moisture contents and dissolved salts, which may be corrosive
themselves. With steel pipes being considered, the soil resistivity provides a reliable indicator for the
requirement of cathodic protection.

The soil resistivity tests were conducted by Isinyithi Cathodic Protection from October 2024 to November
2024, in order to determine the corrosivity of the proposed pipeline route at nominal 200 m intervals
starting in the south at Gariep Dam and moving towards the north (Brandkop Reservoir).
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4 Investigation Results

4.1 Ground Profile Along Pipeline
With the investigation spanning over 250 km, the encountered ground profile naturally varied along the
pipeline. However, some similarities were apparent and where possible, ground profiles were grouped
together with the use of laboratory results (engineering properties). Table 4-1 outlines the encountered
ground profiles through test pitting whist Table 4-2 represents the ground profiles encountered through
rotary core drilling.  The main constituents of the encountered profiles have been identified as:

4.1.1 Made Ground / Fill

Fill, used in either the neighbouring road embankments or layer works, was encountered from surface
to depths ranging from up to 0.1 m to 2.1 m. The fill occurred as loosely to moderately packed, angular
gravel with occasional dolerite cobbles and boulders in a silty sand matrix, with an overall consistency
of loose to medium dense.

4.1.2 Transported Material (colluvium and alluvium)

Colluvium was generally underlying the fill material at a depth ranging between 0.1 m and 3.2 m, whilst
occasionally the colluvium was present at surface. The material was described as slightly moist, dark
brown speckled orange to grey, loose to medium dense, intact, silty sand with occasional mudstone
cobbles. Occasional colluvium encounters were described as moist, orange brown, firm, intact, silty clay.

The alluvium was described as slightly moist, light grey speckled dark grey, medium dense, intact, silty
sand. The material was encountered at depths ranging between 0.0 m and 3.6 m.

4.1.3 Pedogenic Material

The pedogenic material typically underlies the transported materials and consisted of a slightly moist,
red brown and olive speckled off-white, very stiff, sandy clayey silt with gravels of calcrete.  This is
underlain by highly cemented calcrete, pale brown blotched off-white hardpan calcrete. The material is
encountered at depths ranging between 0.6 m to 2.8 m.

4.1.4 Residual Soil

The residual material was typically underlaying the pedogenic material. The following residual material
was encountered during the investigation:

Residual dolerite was noted as slightly moist, reddish to dark brown speckled grey, stiff, sandy clay
with occasional dolerite gravel, cobbles and boulders. The material was typically encountered at a depth
ranging between 0.1 m to 3.0 m.

Residual mudstone was typically encountered as slightly moist, reddish brown speckled grey to dark
purple to blotched orange, soft to stiff, silty to sandy clay with occasional gravel. The material ranged in
depth from 0.1 m to more than 3.8 m.

Residual sandstone was generally noted as slightly moist, olive greenish grey speckled orange,
medium dense, intact, silty sand with occasional cobbles. The material was typically encountered at a
depth ranging between 0.2 m to 2.8 m.

Residual siltstone was noted as slightly moist, olive brown speckled off-white, stiff, clayey silt with
occasional calcrete gravels. The material ranged in depth from 2.7 m to 3.1 m.
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Table 4-1: Summary of test pit profiles across the pipeline route

Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

1 0.0-0.7 0.7-0.9 0.9 None

2 0.0-0.6 0.6-0.7 0.7-0.8 0.8 None

3 0.0-1.1 1.1-1.2 1.2 None

4 0.0-2.1 2.1 None

5 0.0-1.2 1.2 None

6 0.0-0.9 0.9-1.5 1.5 None

7 0.0-0.8 0.8-1.5 1.5 None

8 0.0-0.5 0.5-0.6 0.6 None

9 0.0-1.2 1.2-1.3 1.3 None

10 0.0-1.2 1.2-1.4 1.4-1.6 1.6 None

11 0.0-1.2 1.2-1.3 1.3-1.4 1.4 None

12 0.0-1.3 1.3 None

13 0.0-0.6 0.6-0.7 0.7-0.8 0.8 None

14 0.0-0.6 0.6-1.3 1.3-1.4 1.4 None

15 0.0-0.1 0.1-0.2 0.2-0.6 0.6 None

16 0.0-0.4 0.4-0.8 0.8-0.9 0.9 None

17 0.0-0.4 0.4-0.8 0.8-0.9 0.9 None

18 0.0-0.3 0.3-0.4 0.4 None

19 0.0-0.2 0.2-0.5 0.5 None

20 0.0-0.2 0.2-0.3 0.3-0.7 0.7 None

21 0.0-0.3 0.3-0.4 0.4-0.5 0.5 None

22 0.0-0.6 0.6-0.9 0.9-1.1 1.1 None

23 0.0-0.5 0.5-0.9 0.9-1.0 1.0 None

24 0.0-0.3 0.3-0.4 0.4-0.5 0.5 None

25 0.0-0.3 0.3-0.4 0.4 None

26 0.0-0.3 0.3-0.5 0.5-0.7 0.7 None

27 0.0-0.5 0.5-0.7 0.7-1.1 1.1 None

28 0.0-0.3 0.3-0.5 0.5-0.6 0.6 None

29 0.0-0.4 0.4-0.7 0.7-0.8 0.8 None

30 0.0-0.3 0.3-0.4 0.4 None

31 0.0-0.4 0.4-1.3 1.3-1.4 1.4 None

32 0.0-0.1 0.1 None

33 0.0-0.1 0.1-0.2 0.2-0.3* 0.3 None

34 0.0-0.7 0.7-0.8 0.8 None

35 0.0-0.6 0.6-1.1 1.1-1.2 1.2 None

36 0.0-0.4 0.4-1.1 1.1-1.2 1.2 None

37 0.0-0.9 0.9-1.2 1.2-1.3 1.3 None

38 0.0-0.3 0.3-0.4 0.4 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

39 0.0-0.4 0.4-1.0 1.0-1.1 1.1 None

40 0.0-0.6 0.6-1.8 1.8-1.9 1.9 None

41 0.0-0.4 0.4-1.2 1.2-1.4 1.4 None

42 0.0-0.5 0.5-1.3 1.3-1.4 1.4 None

43 0.0-0.4 0.4-1.3 1.3-1.5 1.5 None

44 0.0-0.3 0.3-1.0 1.0 None

45 0.0-0.5 0.5-1.2 1.2-1.3 1.3 None

46 0.0-0.2 0.2 None

47 0.0-0.4 0.4-0.8 0.8-0.9 0.9 None

48 0.0-0.3 0.3-0.6 0.6 None

49 0.0-0.4 0.4-0.5 0.5 None

50 0.0-0.3 0.3-1.0 1.0-1.1 1.1 None

51 0.0-0.6 0.6-0.7 0.7 None

52 0.0-0.2 0.2-0.6 0.6-0.7 0.7-0.8 0.8 None

53 0.0-0.3 0.3-0.5 0.5-0.6 0.6 None

54 0.0-0.5 0.5-0.6 0.6 None

55 0.0 None

56 0.0-0.2 0.2-0.3 0.3 None

57 0.0-0.6 0.6-0.9 0.9-1.0 1.0 None

58 0.0-0.1 0.1-0.2 0.2 None

59 0.0-0.2 0.2-0.5 0.5-0.6 0.6 None

60 0.0-0.2 0.2-0.7 0.7 None

61 0.0-0.1 0.1-0.2 0.2 None

62 0.0-0.1 0.1-0.2 0.2 None

63 0.0-1.0 1.0-1.2 1.2 None

64 0.0-0.6 0.6-0.8 0.8 None

65 0.0-0.6 0.6-1.0 1.0-1.1 1.1 None

66 0.0-0.7 0.7-1.2 1.2 None

67 0.0-0.5 0.5-0.9 0.9 None

68 0.0-1.1 1.1-1.6 1.6-1.7 1.7 None

69 0.0-0.2 0.2-0.4* 0.4-0.5* 0.5 None

70 0.0-0.4 0.4-0.5 0.5-0.6 0.6 None

71 0.0-0.3 0.3-1.0 1.0 None

72 0.0-0.6 0.6-0.9 0.9-1.0 1.0 None

73 0.0-0.6 0.6-1.4 1.4-1.5 1.5 None

74 0.0-1.7 1.7-1.9 1.9-2.0 2.0 None

75 0.0-0.3 0.3-0.5 0.5 None

76 0.0-0.3 0.3-0.6 0.6-0.8 0.8-2.0 2.0 None

77 0.0-0.3 0.3-0.8 0.8-0.9 0.9-1.0 1.0 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

78 0.0-0.1 0.1 None

79 0.0-0.3 0.3-0.4 0.4 None

80 0.0-0.1 0.1 None

81 0.0-0.7 0.7-0.9 0.9-1.0 1.0 None

82 0.0-0.8 0.8-1.3 1.3-1.5 1.5 None

83 0.0-0.2 0.2-0.4 0.4-0.5 0.5 None

84 0.0-0.7 0.7-0.8* 0.8 None

85 0.0-0.6 0.6-0.8* 0.8 None

86 0.0-0.4 0.4-0.6* 0.6-0.8* 0.8 None

87 0.0-0.3 0.3-0.4 0.4 None

88 0.0-0.1 0.1-0.2 0.2 None

89 0.0-0.6 0.6-0.8 0.8 None

90 0.0-0.2 0.2-0.5 0.5-0.8 0.8 None

91 0.0-0.3 0.3-0.5 0.5-0.7 0.7 None

92 0.0-0.1 0.1-0.7 0.7-0.9 0.9-1.0 1.0 None

93 0.0-0.2 0.2-0.3 0.3 None

94 0.0-0.3 0.3-0.6 0.6-0.7 0.7 None

95 0.0-0.2 0.2-0.8 0.8-0.9 0.9-1.2 1.2 None

96 0.0-0.1 0.1 None

97 0.0-0.1 0.1-0.8 0.8-1.0 1.0 None

98 0.0-0.2 0.2-0.5 0.5-0.7 0.7 None

99 0.0-0.1 0.1-0.6 0.6-0.7 0.7 None

100 0.0-0.2 0.2-1.0 1.0-1.3 1.3-1.5 1.5 None

101 0.0-0.4 0.4-0.8 0.8-0.9 0.9-1.0 1.0 None

102 0.0-0.4 0.4-0.8 0.8-1.0 1.0 None

103 0.0-0.4 0.4-1.1 1.1-1.4 1.4-1.6 1.6 None

104 0.0-0.3 0.3-1.0 1.0-1.2 1.2-1.3 1.3 None

105 0.0-0.3 0.3-1.2 1.2-1.4 1.4-1.5 1.5 None

106 0.0-0.2 0.2-0.6 0.6-0.7 0.7 None

107 0.0-0.3 0.3-0.6 0.6-0.7 0.7 None

108 0.0-2.6 2.6-2.7 2.7-2.8 2.8 None

109 0.0-1.3 1.3-1.4 1.4 None

110 0.0-0.3 0.3-0.6 0.6-0.8 0.8 None

111 0.0-0.5 0.5-0.8 0.8 None

112 0.0-0.4 0.4-1.4 1.4-2.9 2.9-3.1 3.1 None

113 0.0-0.6 0.6-1.4 1.4-3.8 3.8 3.8

114 0.0-0.8 0.8-1.6 1.6-3.4 3.4 3.4

115 0.0-0.3 0.3-1.0 1.0-2.8 2.8-2.9 2.9 None

116 0.0-0.4 0.4-0.8 0.8-0.9 0.9 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

117 0.0-0.3 0.3-0.5 0.5-0.8 0.8 None

118 0.0-0.4 0.4-1.2 1.2-3.2 3.2 3.2

119 0.0-0.5 0.5-0.6 0.6-0.8 0.8 None

120 0.0-0.1 0.1-0.2 0.2 None

121 0.0-0.4 0.4-0.6 0.6-1.0 1.0-1.3 1.3 None

122 0.0-0.5 0.5-0.8 0.8 None

123 0.0-0.3 0.3-0.5 0.5-0.6 0.6-0.7 0.7 None

124 0.0-0.3 0.3-0.7 0.7-0.8 0.8 None

125 0.0-0.1 0.1 None

126 0.0-0.2 0.2-2.5 2.5-2.6 2.6 None

128 0.0-0.3 0.3-0.5 0.5-0.6 0.6-0.7 0.7 None

129 0.0-0.3 0.3-0.6 0.6-0.8 0.8 None

130 0.0-0.2 0.2-0.9 0.9-1.0 1.0-1.1 1.1 None

131 0.0-0.5 0.5-0.6 0.6 None

132 0.0-0.5 0.5-0.9 0.9-1.2 1.2 None

133 0.0-1.3 1.3-1.4 1.4-1.6 1.6 None

134 0.0-1.2 1.2-2.2 2.2-2.3 2.3 None

135 0.0-0.6 0.6-1.0 1.0 None

136 0.0-0.2 0.2-0.4 0.4 None

137 0.0-0.4 0.4-0.5 0.5 None

138 0.0-0.1 0.1-3.0 3.0 None

139 0.0-0.4 0.4-0.6 0.6 None

140 0.0-0.4 0.4-0.5 0.5-0.6 0.6 None

141 0.0-0.4 0.4-0.6 0.6-0.7 0.7 None

142 0.0-0.2 0.2-1.0 1.0-1.2 1.2-1.3 1.3 None

143 0.0-0.3 0.3-0.9 0.9-1.2 1.2-1.3 1.3 None

144 0.0-0.5 0.5-0.7 0.7 None

145 0.0-1.1 1.1-2.3 2.3-2.4 2.4 None

146 0.0-0.1 0.1-0.7 0.7-1.1 1.1-1.2 1.2 None

147 0.0-0.7 0.7-1.0 1.0-1.4 1.4-1.5 1.5 None

148 0.0-1.4 1.4-1.6 1.6-1.8 1.8 1.6

149 0.0-0.8 0.8-1.9 1.9-2.3 2.3-2.5 2.5 None

150 0.0-0.6 0.6-1.8 1.8-2.3 2.3-2.4 2.4 None

151 0.0-0.4 0.4-0.5 0.5 None

152 0.0-0.7 0.7-1.3 1.3-1.7 1.7-1.8 1.8 None

153 0.0-0.6 0.6-1.1 1.1-1.2 1.2 None

154 0.0-0.6 0.6-1.7 1.7-2.1 2.1 None

155 0.0-0.6 0.6-2.6 2.6-3.0 3.0 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

156 0.0-0.3 0.3-1.5 1.5-1.8 1.8-2.0 2.0 None

157 0.0-0.4 0.4-1.8 1.8-2.1 2.1 None

158 0.0-3.0 3.0-3.2 3.2 None

159 0.0-0.2 0.2-0.9 0.9-2.4 2.4-2.5 2.5 None

160 0.0-0.1 0.1-0.7 0.7-1.7 1.7-2.0 2.0 None

161 0.0-0.4 0.4-0.6* 0.6 None

162 0.0-0.2 0.2-0.6 0.6-1.0 1.0 None

163 0.0-0.2 0.2-0.8 0.8-1.0* 1.0 None

164 0.0-0.1 0.1-0.9 0.9-1.7 1.7-2.0 2.0 None

165 0.0-0.3 0.3-0.5 0.5 None

166 0.0-0.1 0.1-0.9 2.8 None

167 0.0-0.2 0.2-0.9 0.9-1.4 1.4 None

168 0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.9 0.9 None

169 0.0-0.2 0.2-0.6 0.6-0.9 0.9 None

170 0.0-0.2 0.2-0.8 0.8-1.0* 1.0 None

171 0.0-0.1 0.1-0.7 0.7-1.0 1.0-1.2 1.2 None

172 0.0-0.3 0.3-0.8 0.8-0.9 0.9 None

173 0.0-0.2 0.2-0.7 0.7-1.1 1.1-1.4 1.4 None

174 0.0-0.5 0.5-1.0 1.0-1.3 1.3-1.5 1.5 None

175 0.0-0.3 0.3-0.7 0.7-0.8 0.8 None

176 0.0-0.3 0.3-0.9 0.9-1.4 1.4 None

177 0.0-0.1 0.1-0.5 0.5-1.4 1.4-1.6 1.6 0.5

178 0.0-0.3 0.3-1.1 1.1-2.0 2.0-2.5 2.5 None

179 0.0-0.1 0.1-0.9 0.9-1.7 1.7-2.2 2.2 None

180 0.0-0.2 0.2-0.7 0.7-1.5 1.5-1.7 1.7 None

181 0.0-0.2 0.2-0.5 0.5-0.8 0.8 None

182 0.0-0.1 0.1-0.4 0.4-0.9 0.9-1.0 1.0 None

183 0.0-0.4 0.4-0.8 0.8-1.0 1.0 None

184 0.0-0.3 0.3-1.2 1.2-2.5 2.5-2.6 2.6 None

185 0.0-0.4 0.4-0.7 0.7-1.-0 1.0 None

186 0.0-0.2 0.2-0.7 0.7-1.4 1.4-1.5 1.5 None

187 0.0-0.2 0.2-0.7 0.7-1.3 1.3-1.4 1.4 None

188 0.0-0.3 0.3-0.9 0.9-1.6 1.6-1.7 1.7 None

189 0.0-0.3 0.3-0.6 0.6-1.6 1.6 None

190 0.0-0.1 0.1-0.4 0.4-0.6 0.6-0.8 0.8 None

191 0.0-0.2 0.2-0.6 0.6-1.4 1.4-2.0 2.0 None

193 0.0-0.3 0.3-0.6 0.6-0.9 0.9 None

194 0.0-0.2 0.2-0.5 0.5-0.7 0.7-0.9 0.9 None

195 0.0-0.1 0.1-0.7 0.7-1.2 1.2 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

196 0.0-0.2 0.2-0.9 0.9-1.2 1.2 None

197 0.0-0.1 0.1-0.6 0.6-0.7 0.7 None

198 0.0-0.1 0.1-0.5 0.5-0.6 0.6 None

199 0.0-0.4 0.4-1.0 1.0-1.3 1.3-1.6 1.6 None

200 0.0-0.2 0.2-1.4 1.4-3.0 3.0 None

201 0.0-0.2 0.2-0.5 0.5-0.6 0.6 None

202 0.0-0.6 0.6-0.7 0.7 None

203 0.0-1.2 1.2-1.3 1.3 None

204 0.0-0.8 0.8-1.4 1.4 None

205 0.0-0.6 0.6-0.8 0.8 None

206 0.0-1.2 1.2-2.3 2.3-2.5 2.5 None

207 0.0-1.2 1.2-1.5 1.5 None

208 0.0-0.4 0.4-0.6 0.6-0.7 0.7 None

209 0.0-0.3 0.3-0.4 0.4 None

210 0.0-0.4 0.4-1.0 1.0-1.4 1.4-1.5 1.5 None

211 0.0-0.3 0.3-0.5 0.5 None

212 0.0-1.3 1.3-1.6 1.6 None

213 0.0-0.2 0.2 None

214 0.0-2.7 2.7-3.5 3.5 None

215 0.0-2.5 2.5-3.3 3.3 None

216 0.0-3.1 3.1-3.2 3.2 None

217 0.0-0.4 0.4-3.6 3.6 None

218 0.0-0.2 0.2-0.5 0.5-0.9 0.9-1.9 1.9-3.0 3.0-3.1 3.1 None

219 0.0-0.3 0.3-0.6 0.6-0.9 0.9-1.7 1.7-2.7 2.7-3.1 3.1 None

220 0.0-0.3 0.3-0.6 0.6-0.9 0.9-1.7 1.7-2.7 2.7-3.1 3.1 None

221 0.0-0.2 0.2-0.3 0.3 None

222 0.0-0.2 0.2-0.3 0.3-0.4 0.4 None

223 0.0-0.7 0.7-1.1 1.1-1.3 1.3 None

224 0.0-0.6 0.6-1.1 1.1-1.3 1.3 None

225 0.0-0.8

1.2-1.5

0.8-1.2 1.5 None

226 0.0-0.6 0.6-0.9 0.9-1.2 1.2-1.3 1.3 None

227 0.0-0.7 0.7-2.0 2.0-2.5 2.5-2.7 2.7 None

228 0.0-0.5 0.5-1.0 1.0-1.2 1.2-1.3 1.3 None

229 0.0-0.6 0.6-0.7 0.7-0.9 0.9 None

230 0.0-0.4 0.4-0.5 0.5 None

231 0.0-0.6 0.6-1.2 1.2-1.4 1.4 None

232 0.0-0.3 0.3-0.6 0.6-0.8 0.8-0.9 0.9 None

233 0.0-0.4 0.4-0.8 0.8-1.2 1.2-1.4 1.4 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

234 0.0-0.2 0.2-0.5 0.5-1.6 1.6-1.7 1.7 None

235 0.0-0.4 0.4-0.5 0.5 None

237 0.0-0.5 0.5-0.7 0.7-0.8 0.8 None

238 0.0-0.5 0.5-0.9 0.9 None

239 0.0-1.3 1.3-1.4 1.4-1.6 1.6 None

240 0.0-0.4 0.4-0.5 0.5-1.2 1.2 None

241 0.0-0.6 0.6-0.9 0.9 None

242 0.0-0.4 0.4-0.7 0.7-1.1 1.1 None

243 0.0-0.7 0.7-0.8 0.8 None

244 0.0-0.8 0.8-3.2 3.2 None

245 0.0-0.4 0.4-0.7 0.7 None

246 0.0-0.6 0.6-2.4 2.4-2.6 2.6 None

247 0.0-0.6 0.6-1.5 1.5-2.3 2.3-2.8 2.8 2.8

248 0.0-0.7 0.7-0.9 0.9 None

249 0.0-0.5 0.5-1.4 1.4-3.1 3.1 None

250 0.0-0.5 0.5-0.8 0.8-2.7 2.7 None

251 0.0-0.8 0.8-2.4 2.4-3.1 3.1 None

252 0.0-0.5 0.5-1.0 1.0-1.1 1.1 None

253 0.0-0.5 0.5-0.7 0.7-0.8 0.8 None

254 0.0-0.6 0.6-0.8 0.8-3.0 3.0 None

255 0.0-0.6 0.6-1.0 1.0-3.1 3.1 None

256 0.0-0.5 0.5-1.1 1.1-2.6 2.6-2.8 2.8 None

257 0.0-0.6 0.6-1.1 1.1-2.2 2.2-2.4 2.4 None

258 0.0-0.4 0.4-1.2 1.2-1.6 1.6 None

259 0.0-0.3 0.3-0.5 0.5-0.6 0.6 None

260 0.0-0.3 0.3-0.8 0.8-1.6 1.6-1.7 1.7 None

261 0.0-0.3 0.3-0.6 0.6-1.2 1.2-1.4 1.4 None

262 0.0-0.4 0.4-1.3 1.3-1.4 1.4 None

263 0.0-0.3 0.3-0.4 0.4 None

264 0.0-0.4 0.4-0.8 1.3-1.5 0.8-1.3 1.5 None

265 0.0-0.4 0.4-0.8 0.8-1.3 1.3-1.4 1.4 None

266 0.0-0.3 0.3-0.8* 0.8-0.9* 0.9 None

267 0.0-0.4 0.4-0.8 0.8-1.2 1.2-1.5 1.5 None

268 0.0-0.3 0.3-0.7 0.7-1.3 1.3-1.4 1.4 None

269 0.0-0.4 0.4-0.8 0.8-1.2 1.2 None

270 0.0-0.5 0.5-1.2 1.2-1.3 1.3 None

271 0.0-0.6 0.6-3.2 3.2 None

272 0.0-0.9 0.9-2.5 2.5-3.2 3.2 None

273 0.0-0.5 0.5-1.2 1.2-1.3 1.3 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

274 0.0-0.1 0.1-0.2 0.2 None

275 0.0-1.0 1.0-1.5 1.5-1.7 1.7 None

276 0.0-0.7 0.7-1.6 1.6-2.3 2.3 None

277 0.0-3.2 3.2 None

278 0.0-1.3 1.3-2.7 2.7-2.9 2.9 None

279 0.0-0.8 0.8-0.9 0.9-1.1 1.1 None

280 0.0-0.5 0.5-1.0 1.0 None

281 0.0-0.6 0.6-1.7 1.7 None

282 0.0-0.8 0.8-1.6 1.6 None

283 0.0-0.6 0.6-0.9 0.9-1.5 1.5-1.8 1.8 None

284 0.0-2.4 2.4-2.5 2.5-2.7 2.7 1.8

285 0.0-0.6 0.6-1.7 1.7-1.9 1.9-2.1 2.1 None

286 0.0-0.5 0.5-0.7 0.7 None

287 0.0-0.3 0.3-0.7 0.7-0.8 0.8 None

288 0.0-0.5 0.5-0.6 0.6 None

289 0.0-0.7 0.7-0.8 0.8 None

290 0.0-0.7 0.7-1.1 1.1-1.2 1.2-1.4 1.4 None

291 0.0-0.6 0.6-1.2 1.2-1.4 1.4 None

292 0.0-0.4 0.4-0.7 0.7 None

293 0.0-0.2 0.2-0.7 0.7-0.8 0.8-1.4 1.4 None

294 0.0-0.4 0.4-1.3 1.3-1.4 1.4-1.6 1.6 None

295 0.0-0.2 0.2-0.5 0.5-0.7 0.7-0.8 0.8 None

296 0.0-1.2 1.2-1.5 1.5-2.5 1.6 None

297 0.0-0.4 0.4-0.7 0.7-0.9 0.9-1.2 1.2 None

298 0.0-0.2 0.2-0.6 0.6-1.0 1.0-1.4 1.4 None

299 0.0-0.8 0.8-1.7 1.7 None

300 0.0-0.7 0.7-1.1 1.1-1.3 1.3 None

301 0.0-0.2 0.2-0.8 0.8-2.2 2.2-2.3 2.3 None

302 0.0-1.2 1.2-1.6 1.6-1.7 1.7 None

303 0.0-0.3 0.3-0.7 0.7-0.8 0.8-1.0 1.0 None

304 0.0-1.1 1.1-1.4 1.4-1.5 1.5-1.7 1.7 None

305 0.0-0.7 0.7-1.4 1.4-1.6 1.6-1.9 1.9 None

306 0.0-0.6 0.6-1.6 1.6-2.1 2.1-2.3 2.3 None

307 0.0-0.4 0.4-1.4 1.4-2.5 2.5-2.7* 2.7 None

308 0.0-0.3 0.3-0.5 0.5-0.7* 0.7 None

309 0.0-0.3 0.3-0.7 0.7-1.8 1.8-2.1* 2.1 None

310 0.0-0.1 0.1 None

311 0.0-0.6 0.6-1.0 1.0-2.5 2.5-2.7 2.7 None

312 0.0-0.9 0.9-2.3 2.3-2.5 2.5 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

313 0.0-0.8 0.8-1.6 1.6-2.2 2.2-2.5 2.5 None

314 0.0-0.8 0.8-2.3 2.3-3.1 3.1-3.2 3.2 None

315 0.0-0.5 0.5-1.4 1.4-2.3 2.3-2.8 2.8 None

316 0.0-0.5 0.5-2.6 2.6-3.0 3.0 None

317 0.0-0.6 0.6-1.6 1.6-1.9 1.9 None

318 0.0-0.9 0.9-1.4 1.4-2.8 2.8-2.9 2.9 None

319 0.0-0.3 0.3-0.6 0.6-0.8 0.8 None

320 0.0-0.5 0.5-0.7 0.7 None

321 0.0-1.3 1.3-1.4 1.4 None

322 0.0-1.1 1.1-1.3 1.3 None

323 0.0-0.4 0.4 None

326 0.0-0.3 0.3 None

327 0.0-1.3 1.3 None

328 0.0-0.3 0.3-0.4 0.4 None

329 0.0-0.5 0.5-1.7 1.7-2.1 2.1-2.3 2.3 None

330 0.0-0.6 0.6-1.2 1.2-1.4 1.4 None

331 0.0-0.9 0.9-1.1 1.1 None

332 0.0-0.1 0.1-0.2 0.2 None

333 0.0-1.1 1.1-1.5 1.5-1.6 1.6 None

334 0.0-0.1 0.1-0.3 0.3-0.4 0.4 None

335 0.0-0.2 0.2-0.7 0.7-1.2 1.2 None

336 0.0-0.2 0.2-0.5 0.5-0.8 0.8 None

337 0.0-0.4 0.4-1.0 1.0-1.4 1.4 None

338 0.0-0.4 0.4-0.8 0.8-1.7 1.7 None

339 0.0-0.4 0.4-0.5 0.5 None

340 0.0-0.1 0.1-0.7 0.7-1.0 1.0 None

341 0.0-0.1 0.1-0.7 0.7-1.0 1.0 None

342 0.0-0.6 0.6-1.5 1.5 None

343 0.0-0.6 0.6-0.8 1.4-1.5 0.8-1.4 1.5 None

344 0.0-0.1 0.1-1.4 2.2-2.4* 1.4-2.2 2.4 None

345 0.0-0.4 0.4-0.7 0.7-0.8 0.8 None

346 0.0-0.2 0.2-1.2 1.2-1.3* 1.3 None

347 0.0-0.3 0.3-0.6 0.6-1.0 1.0 None

348 0.0-0.7 0.7-0.8 0.8 None

349 0.0-0.2 0.2-0.7 0.7-1.3 1.3 None

350 0.0-0.3 0.3-0.6 0.6-1.0 1.0 None

351 0.0-0.1 0.1-0.2 0.2 None

352 0.0-0.4 0.4-0.6 0.6-0.8* 0.8 None

353 0.0-0.3 0.3-0.5 0.5-0.7* 0.7 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

354 0.0-0.1 0.1-0.4 0.4 None

356 0.0-0.3 0.3-0.4 0.4-0.5 0.5-0.6 0.6 None

357 0.0 None

358 0.0-0.5 0.5-1.0 1.0-1.4 1.4-2.0* 2.0 None

359 0.0-0.3 0.3-0.6 0.6-0.8 0.8-0.9* 0.9 None

360 0.0-0.4 0.4-0.5 0.5-1.3 1.3-1.6* 1.6 None

361 0.0-0.3 0.3-0.6 0.6-0.7 0.7-0.8 0.8 None

362 0.0 None

363 0.0-0.2 0.2-0.4 0.4-0.5 0.5 None

364 0.0-0.2 0.2-0.6 0.6-0.8 0.8 None

365 0.0-0.5 0.5-1.4 1.4-3.0 3.0 None

366 0.0-1.0 1.0-3.0 3.0 None

367 0.0-0.2 0.2-1.2 1.2-2.4 2.4-2.9 2.9 None

368 0.0-0.2 0.2-0.5 0.5-0.9 0.9-1.3* 1.3 None

369 0.0-0.2 0.2-0.6 0.6-1.1 1.1-1.3 1.3 None

370 0.0-0.2 0.2-0.6 0.6-0.8 0.8-1.0 1.0 None

371 0.0-1.1 1.1 None

372 0.0-0.3 0.3-1.3 1.3-2.4 2.4-2.5 2.5 None

373 0.0-0.2 0.2-0.3 0.3 None

374 0.0-0.3 0.3-0.9 0.9-1.0 1.0-1.1 1.1 None

375 0.0-0.3 0.3-0.7 0.7-0.8 0.8 None

376 0.0-0.3 0.3-0.7 0.7-0.9 0.9 None

377 0.0-0.2 0.2-0.5 0.5-0.9 0.9-1.3 1.3 None

378 0.0-0.2 0.2-0.7 0.7-0.9 0.9-1.7 1.7 None

379 0.0-0.1 0.1-0.5 0.5-1.4 1.4-1.9 1.9 None

380 0.0-0.2 0.2-0.8 0.8-2.5 2.5-2.7 2.7 None

381 0.0-0.1 0.1-0.5 0.5-0.8 0.8-1.4 1.4 None

382 0.0-1.1 1.1-2.4 2.4 None

383 0.0-0.5 0.5-0.7 0.7 None

384 0.0-1.5 1.5 None

385 0.0-0.3 0.3-0.4* 0.4 None

386 0.0-0.2 0.2-0.6 0.6-0.9 0.9-1.0 1.0 None

387 0.0-1.1 1.1-2.0 2.0-3.1 3.1 None

388 0.0-0.2 0.2-0.7 0.7-1.4 1.4 None

389 0.0-0.5 0.5-0.6 0.6-0.7 0.7 None

390 0.0-0.6 0.6-0.7 0.7-0.8 0.8 None

391 0.0-0.7 0.7-0.8 0.8-0.9* 0.9 None

392 0.0-0.2 0.2-1.3 1.3-1.5 1.5 None

393 0.0-0.3 0.3-0.5 0.5 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

394 0.0-0.2 0.2-0.7 0.7-1.5 1.5-1.8 1.8 None

395 0.0-0.4 0.4-0.6 0.6-0.8 0.8 None

396 0.0-0.4 0.4-0.8 0.8-0.9 0.9 None

397 0.0-0.2 0.2-0.5 0.5-1.0 1.0 None

398 0.0-0.2 0.2-0.3* 0.3 None

399 0.0-0.1 0.1-0.3 0.3 None

400 0.0-0.1 0.1-0.2 0.2 None

401 0.0-0.6 0.6-1.1 1.1-1.3 1.3 None

402 0.0-0.9 0.9-3.0 3.0 None

403 0.0-0.1 0.1-0.4 0.4-0.6 0.6-0.8* 0.8 None

404 0.0-0.2 0.2-0.4 0.4-0.7* 0.7 None

405 0.0-0.4 0.4-0.8 0.8-2.9 2.9 None

406 0.0-0.4 0.4-0.8 0.8-2.0 2.0 None

407 0.0-0.4 0.4-0.6 0.6-2.4* 2.4 None

408 0.0-0.6 0.6-3.1 3.1 None

409 0.0-0.2 0.2-2.8 2.8-3.1 3.1 None

410 0.0-0.9 0.9-2.8 2.8-3.0 3.0 None

411 0.0-1.5 1.5-2.9 3.1 None

412 0.0-0.5 0.5-0.7 0.7-2.5 2.5 None

413 0.0-0.9 0.9-1.7 1.7-2.8 2.8 None

414 0.0-0.6 0.6-1.4 1.4-3.0 3.0 None

415 0.0-0.2 0.2-0.8 0.8-0.9 0.9-1.0 1.0 None

416 0.0-0.6 0.6-1.5 1.5-3.0 3.0 None

417 0.0-0.8 0.8-1.2 1.2-1.6 2.6 None

418 0.0-0.3 0.3-0.35 0.35 None

419 0.0-0.6 1.1-2.5 2.5-3.0 0.6-1.1 3.0 None

420 0.0-0.5 1.5-3.0 0.5-1.5 3.0 None

421 0.0-0.3 0.3-0.8 0.8-2.8 2.8 None

422 0.0-2.7 2.7 None

423 0.0-0.5 0.5-0.6 0.6 None

424 1.0 None

425 1.7 None

426 0.0-0.4 0.4-0.7 0.7-1.0 2.6 None

432 0.0-0.7 0.7-1.7* 1.7 None

433 0.0-1.9 1.9-2.6* 2.6 None

434 0.0-0.7 0.7-0.8 0.8-0.9 0.9 None

435 0.0-0.3 0.3-0.6 0.6 None

436 0.0-0.1 0.1 None

437 0.0-0.6 0.6-0.7 0.7 None



Document number P WMA 06/D00/00/3423/7, Revision number A, Date 2025/02/27 4-13

Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

438 0.0-1.5 1.5-2.7 2.7 None

439 0.0-0.3 0.3-0.6 0.6-2.8 2.8-3.0 3.0 None

447 0.0-0.2 0.2-0.3 1.7 None

448 0.0-0.9 0.9-3.0 3.0-3.1* 2.6 None

449 0.0-0.2 0.2-1.0* 0.9 None

450 0.0-0.2 0.2-0.7 0.6 None

451 0.0-0.3 0.3-0.7 0.7-0.9 0.9-1.3 0.1 None

452 0.0-0.1 0.1-1.0 1.0-3.0 0.7 None

453 0.0-1.0 1.0-2.5 2.7 None

454 0.0-0.2 0.2-0.6 0.6-0.7 0.7-1.7 3.0 None

455 0.0-0.2 0.2-0.5 0.5-0.7 1.7 None

456 0.0-0.3 0.3-0.8 0.8-1.5 1.5-2.0 2.6 None

457 0.0-0.2 0.2-0.4 0.4-0.6 0.9 None

458 0.0-0.2 0.2-0.4 0.6 None

459 0.0-0.4 0.4-1.2 1.2-1.4 0.1 None

460 0.0-0.7 0.7-0.8 0.8-1.2 0.7 None

461 0.0-0.4 0.6-1.2 0.4-0.6 2.7 None

486 0.0-1.0 1.0-1.2 1.2-2.8 2.8 None

487 0.0-1.0 1.0-1.2 1.2-2.5 2.5 None

488 0.0-1.0 1.0-2.3

2.5-3.1

2.3-2.5 3.1 None

489 0.0-0.2 0.2-0.6 0.6-1.1 1.1 None

490 0.0-0.6 0.6-1.8 1.8-2.5 2.5 None

491 0.0-0.2 0.2-1.5 1.5-2.5 2.5-3.1 3.1 None

492 0.0-0.7 0.7-1.5 1.5 None

493 0.0-0.2 0.2-1.2 1.2 None

494 0.0-0.3 0.3-0.7 0.7 None

495 0.0-0.1 0.1-0.2 0.2 None

496 0.0-0.4 0.4-0.5 0.5 None

497 0.0-0.4 0.4-0.7 0.7 None

498 0.0-2.6 2.6 None

499 0.0-0.8 0.8-1.1 1.1-1.6 1.6 None

500 0.0-0.2 0.2-0.4 0.4-0.5 0.5 None

501 0.0-0.5 0.5-0.7 0.7-0.8 0.8 None

502 0.0-0.5 0.5-0.7 0.7-0.9 0.9 None

503 0.0-0.3 0.3-0.6 0.6 None

504 0.0-0.8 0.8-1.0* 1.0 None

505 0.0-0.5 0.5-0.6* 0.6 None

506 0.0-1.0 1.0-1.9 1.9-2.8 2.8-3.0 3.0 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

507 0.0-0.3 0.3-1.2 1.2-1.7 1.7 None

508 0.0-1.5 1.5-3.0 3.0 None

509 0.0-0.2 0.2-0.9 0.9-2.0 2.0-3.0 3.0 None

510 0.0-0.2 0.2-0.6 3.0-3.2 2.3-3.0 3.2 None

511 0.0-1.4 1.4-2.5 2.5-3.1 3.1 None

512 0.0-0.9 0.9-1.5 1.5-2.0 2.0 None

513 0.0-0.2 0.2-1.2 1.2-1.7 1.7-2.0 2.0-2.3 2.3 None

514 0.0-0.2 0.2-1.5 1.5-2.3 2.3-2.8 2.8-3.0 3.0 None

515 0.0-0.2 0.2-1.4 1.4-1.8 1.8-2.2 2.2-2.4 2.4 None

516 0.0-0.6 0.6-0.7* 0.7 None

517 0.0-0.9 0.9-1.9 1.9-3.0 3.0 None

518 0.0-0.3 0.3-1.3 1.3-1.5 1.5 None

519 0.0-0.1 0.1-0.9 0.9-1.4 1.4-1.7 1.7 None

520 0.0-1.2 3.0 None

521 0.0-0.2 0.2-1.3 1.3-2.6 2.6-3.1 3.1 None

522 0.0-0.2 0.2-0.9 0.9-1.2 1.2-2.8 2.8 None

523 0.0-0.3 0.3-0.8 0.8-1.0 1.0-2.4 2.4 None

524 0.0-0.4 0.4-0.7 0.7-0.9 0.9-3.0 3.0 None

525 0.0-0.4 0.4-1.6 1.6-2.6 2.6 None

526 0.0-0.3 0.3-1.2 1.2-2.2 2.2-3.0 3.0 None

527 0.0-0.3 0.3-1.1 1.1-2.5 2.5-3.0 3.0 None

528 0.0-1.0 1.0 None

529 0.0-0.8 0.8-1.4 1.4-1.6 1.6 None

530 0.0-0.7 0.7-1.8 1.8-2.0 2.0 None

531 0.0-0.8 0.8-3.0 3.0 None

532 0.0-0.7 0.7-3.1 3.1 None

533 0.0-0.5 0.5-0.7 0.7-1.1 1.1-1.4 1.4 None

534 0.0-2.2 2.2-3.0 3.0 None

535 0.0-0.7 0.7-1.0* 1.0 None

536 0.0-0.4 0.4-1.4 1.4-2.8 2.8-3.0 3.0 None

537 0.0-0.3 0.3-1.4 1.4-3.0 3.0 None

538 0.0-0.3 0.3-2.6 2.6 None

539 0.0-0.4 0.4-1.3 1.3-1.5 1.5-2.4* 2.4 1.5

540 0.0-0.4 0.4-1.3 1.3 None

541 0.0-1.7 1.7-2.1 2.1-3.1 3.1 None

542 0.0-1.4 1.4-2.3 2.3-3.1 3.1 None

543 0.0-0.3 0.3-1.5 1.5-3.1 3.1 None

544 0.0-0.7 0.7-1.8 1.8 None

545 0.0-0.9 0.9-1.9 1.9-2.7 2.7 None
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Test point
Pipeline Fill Colluvium Alluvium Pedogenic Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded residual
sandstone/
mudstone

Interbedded
sandstone/
mudstone

Residual
dolerite Dolerite Residual

siltstone
Pavement
layers

Termination
depth Seepage

546 0.0-1.0 1.4-2.7 1.0-1.4 2.7 None

547 0.0-0.9 0.9-2.1 2.1-3.0 3.0 None

548 1.0-1.3 0.0-1.0 1.3-3.0 3.0 None

549 0.0-1.2 1.2-2.0 2.0 None

550 0.0-2.0 2.0-2.7 2.7-3.0* 3.0 None

551 0.0-1.5 1.5-1.7 1.7 None

552 0.0-0.6 0.6-0.8 0.8 None

554 0.0 None

655 0.0-0.5 0.5-1.7 2.8 None

656 0.0-0.1 2.5 None

658 0.0-0.1 3.1 None

659 0.0-0.1 1.1 None

660 0.0-0.3 0.3-1.4 2.5 None

661 0.0-0.5 0.5-0.7 0.7-0.8 3.1 None

662 0.0-2.3 1.5 None

663 0.0-0.3 0.3-0.6 0.6-0.9 1.2 None

664 0.0-0.6 0.6-0.7 0.7-0.8 0.7 None

665 0.0-1.5 1.5-2.1 2.1-2.4 2.4-2.5

666 0.0-0.2 0.2-1.5 1.5-1.7 1.7-2.3 0.5 None

667 0.0-0.3 0.7 None

668 0.0-0.7 0.7-3.0 2.6 None

669 0.0-0.7 0.7-1.4 1.6 None

670 0.0-1.5 0.5 None

674 0.0-0.3 0.3-0.4 0.4 None

675 0.0-1.0 1.0 None

678 0.0-1.7 1.7-1.8 1.8-1.9 1.9 None
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Table 4-2: Summary of boreholes across the proposed pipeline

Borehole
position Topsoil Fill Transported

material Colluvium Alluvium Residual
mudstone Mudstone Residual

sandstone Sandstone
Interbedded
mudstone/
sandstone

Residual
dolerite Dolerite Termination

depth (m) Water level (m)

BH3 0.0-0.3 1.05-2.29 2.29-5.0 0.3-1.05 5.00 0.65

BH4 0.0-0.3 0.3-1.05 1.05-5.18 5.18 0.85

BH6 0.0-0.3 0.3-1.3 1.3-2.3 2.3-5.21 5.21 1.85

BH7 0.0-0.3 0.3-1.6 3.72-5.57

 8.05-9.98

1.6-3.72

5.57-8.05

9.98 0.85

BH9 0.0-0.3 0.3-2.16 2.16-4.56 4.56-5.25 5.25 -

BH10 0.0-0.5 0.5-2.63 6.07-10.15 2.63-6.07 10.15 3.65

BH11 0.0-0.5 3.73-5.21 0.5-1.5 1.5-3.73 5.21 2.25

BH12 0.0-0.4 0.4-2.84 4.09-10.09 2.84-3.3 3.3-4.09 10.09 2.35

BH13 0.0-1.0 1.0-5.07 5.07 2.83

BH14 0.0-0.3 0.3-0.75 0.75-1.47

3.52-5.1

1.47-3.52 5.10 2.28

BH17 0.0-0.5 1.74-5.11 0.5-1.74 5.11 2.50

BH18 0.0-0.7 1.76-5.11 0.7-1.76 5.11 1.87

BH19 0.0-2.9 2.9-10.16 10.16 1.65

BH20 0.0-0.3 0.3-1.95 1.95-5.17 5.17 0.58

BH21 0.0-0.8 0.8-5.13 5.13 0.30

BH22 0.0-1.95 1.95-2.38

3.00-3.54

2.38-3.00

3.54-4.23

4.23-10.08 10.08 1.35

BH23 0.0-0.35 0.35-5.09 5.09 0.25

BH24 0.0-3.0 3.63-7.55 7.55-10.02 3.0-3.63 10.02 3.45

BH25 0.0-0.45 0.45-1.90 1.90-5.21 5.21 1.65

BH26 0.0-0.3 0.3-0.86 0.86-3.71

4.21-6.59

7.83-10.04

3.71-4.21

6.59-7.83

10.04 6.95

BH28 0.0-0.3 0.3-0.88 0.88-5.05 5.05 0.20

BH29 0.0-1.0 1.0-5.07 5.07 1.08

BH30 0.0-0.3 0.3-10.0 10.00 2.15

BH31 0.0-1.72 1.72-5.1 5.1 1.28

BH32 0.0-0.87 0.87-1.64 1.64-6.44 6.44-10.06 10.08 1.38

BH40 0.0-0.7 0.7-4.6 4.6-5.08 5.08 0.85

BH42 0.0-2.17 10.08 10.08 7.90

BH47 0.0-1.0 1.0-1.6 1.6-5.09 5.09 1.25

BH48 0.0-0.9 0.9-2.5 2.5-5.05 5.05 3.20

BH54 0.0-0.3 0.3-3.45 3.45-10.05 10.05 2.35
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4.1.5 Bedrock

Bedrock was typically encountered underlying the residual material along the pipeline route. The
following rock types were noted during the investigation:

Dolerite – dark grey stained reddish brown, moderately to highly weathered, very closely jointed, soft
rock from between 0.1 and 3.5 m below surface.

Mudstone – greenish grey to purplish brown, blotched orange, moderately to highly weathered, fine
grained, thinly bedded, very closely jointed, very soft to soft rock from 0. 3 – 3.0 m below surface.

Sandstone – light grey stained brown, moderately weathered, medium grained, thinly bedded, closely
jointed, soft rock from surface to 3.3 m below surface.

Interbedded sandstone/mudstone – yellow brown blotched off-white and olive brown, highly
weathered, medium grained, thinly bedded, very soft to soft rock from 0.5 – 2.6 m below surface.

A combination of mudstone and sandstone underly the majority of the pipeline, with dolerite encountered
in only 11% of the test pits.

It should be noted that bedrock was not encountered in some of the test pit and borehole profiles. Here
the DPSH tests were used to estimate the local bedrock level and to determine the consistency of the
deeper soil profiles. However, the DPSH sometimes refused on cobbles, boulders or hardpan calcrete.
The bedrock is not described at these points.

None of the bedrock samples were tested, however, based on the rock hardness descriptions, the
Uniaxial Compressive Strength (UCS) of the bedrock can be estimated (after ISRM 1981).

Deere and Miller's research established that the modulus ratio, which is the ratio of Young's Modulus to
UCS, typically falls within the range of 200 to 500 for many rock types. This empirical correlation helps
estimate the stiffness of rock materials based on their compressive strength (Deere and Miller, 1966).

Additionally a case study at Beatrix Mine include rock material properties of the Beaufort Group (Brink,
1983), within which the propose pipeline route is situated.

It is important to note that the mudstone from the Beaufort Group undergoes rapid disintegration after
exposure to air if it is not protected immediately after excavation.

A summary of the anticipated rock properties along the pipeline route is presented in Table 4-3.

Table 4-3: Estimated rock properties along the pipeline route based on the test pit and borehole
descriptions

Rock type Hardness
description

UCS (MPa)
after ISRM,
1981

UCS (MPa),
measured at
Beatrix Mine

Young’s
Modulus
(GPa)
measured
at Beatrix
Mine

Modulus ratio
estimate (after
Deere)

Estimated
Young’s
Modulus
(GPa)

Interbedded
Mudstone
and
Sandstone

Medium hard 25 - 50 25 - 65
(avg 45)

4.17 - 6.96
(avg 5.8)

200 - 500
(consider 200*)

5 - 10

Dolerite Medium hard
to hard

50 - 100 200 - 500
(Consider 300*)

15 - 30

*Conform with estimates published on www.rockmass.net for the respective rock types

http://www.rockmass.net/
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4.2 Ground Profile at Raw Water Pump Station
The encountered ground profile for the proposed raw water pump station is represented in Figure 4-1
and Figure 4-2.

4.2.1 Topsoil

The topsoil was encountered at surface up to 0.3 m in one of the boreholes. The material was described
as clayey sand with minor gravel and grass roots.

4.2.2 Made Ground / Fill

General fill material was occasionally encountered from surface to depths of up to 0.6 m. The fill
occurred as loose to medium dense, intact, gravelly sand with occasional sub-angular cobbles of
dolerite.

4.2.3 Residual Soil

Residual mudstone was encountered from depths ranging from surface to 1.1 m. The material was
described as soft to firm, sandy clay with occasional weathered mudstone gravels and cobbles.

Residual dolerite was up to 0.2 m thick, and the material is described as  sandy gravelly clay.

4.2.4 Bedrock

Mudstone - bedrock is encountered from 0.3 to 1.2 m below surface and is described as pale olive
green, moderately to highly weathered, thinly bedded, soft to medium hard rock.

Dolerite - Bedrock is encountered from surface to 0.6 m below surface and described as dark grey,
moderately weathered, medium grained, very closely jointed, hard rock

Sandstone - Sandstone bedrock was encountered in BH02 from 7 m below surface and is described
as light grey, moderately weathered, very fine grained, medium hard rock.

Figure 4-1: Summary of test pit profiles for the proposed raw water pump station
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Figure 4-2: Summary of borehole profiles for the proposed raw water pump station

4.3 Ground Profile at WTP and High-Lift Pump Station
The ground profile for the proposed WTP and high-lift pump station is represented in Figure 4-3 and
Figure 4-4.

4.3.1 Topsoil

The topsoil was encountered in one of the boreholes from surface up to 0.3 m and is described as silty
clayey sand.

4.3.2 Colluvium

Colluvium material was occasionally encountered from surface to depths of up to 0.8 m. The colluvium
was encountered as loose to medium dense, intact, silty sand.

4.3.3 Residual mudstone

Residual mudstone material was encountered from depths ranging from 0.1 m to 2.0 m. The material
was described as well packed angular, highly weathered mudstone gravels and cobbles, with an overall
consistency of medium dense to dense.

4.3.4 Bedrock

Mudstone - Bedrock is encountered from 0.2 m to 2 m below surface and is described as pale olive
green, moderately to highly weathered, thinly bedded, soft to medium hard rock. Zones with thin
interbedded sandstone beds were also noted.
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Figure 4-3: Summary of test pit profiles for the proposed WTP and high-lift pump station

Figure 4-4: Summary of borehole profiles for the proposed WTP and high-lift pump station

4.4 Ground Profile at Command Reservoir No 1
The ground profile for the proposed Command Reservoir No 1 is represented in Figure 4-5 and Figure
4-6.
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4.4.2 Colluvium

Colluvium material was occasionally encountered from surface to depths of up to 0.8 m. The colluvium
was encountered as loose to very dense, intact, slightly gravelly sand with occasional dolerite cobbles.

4.4.3 Residual materials

Residual sandstone was encountered from depths ranging from 0.6 m to 2.4 m. The material was
described orange brown, dense to very dense, intact, silty sand with occasional cobbles.

Residual dolerite was encountered from 0.0 m to 1.2 m and described as reddish brown, clayey silt.

Interbedded residual sandstone/mudstone was encountered from 0.5 m to 1.2 m and described as
orange brown, dense to very dense, intact, silty clayey sand.

4.4.4 Bedrock

Mudstone - bedrock is encountered from 0.5 - 5.9 m and is described as pale olive green, moderately
to highly weathered, thinly bedded, soft to medium hard rock.

Sandstone - bedrock is encountered in two of the test pits from 1.3 m below surface and is described
as light grey, slightly to moderately weathered, medium grained, thinly bedded, medium to hard rock.

Dolerite - A sill was observed in only one of the boreholes between 1.2 - 5.9 m and is described as olive
green to dark grey, highly weathered, fine grained, highly fractured, very soft to soft rock.

Interbedded mudstone/sandstone - Bedrock is encountered from 0.5 - 1.6 m below surface and is
described as light grey stained black, moderately weathered, very closely to medium jointed, very fine
grained, soft rock

Figure 4-5: Summary of test pit profiles for the proposed Command Reservoir No 1
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Figure 4-6: Summary of borehole profiles for the proposed Command Reservoir No 1

4.5 Ground Profile at the Booster Pump Station and Suction
Reservoir

The encountered ground profile for the booster pump station and suction reservoir is represented in
Figure 4-7 and Figure 4-8.

4.5.1 Colluvium

Colluvium material was encountered from surface to depths of up to 0.3 m. The colluvium was
encountered as medium dense, intact, silty sand with occasional gravels.

4.5.2 Residual mudstone

Residual mudstone material was encountered from depths ranging from 0.2 m to 0.5 m. The material
was described as moderately packed, angular highly weathered mudstone gravel in a clayey sand
matrix, with an overall consistency of medium dense.

4.5.3 Bedrock

Mudstone - Bedrock is encountered from 0.3 m below surface and is described as pale olive green,
moderately to highly weathered, thinly bedded, soft to medium hard rock.

Sandstone - Bedrock is encountered from 0.1 - 0.3 m below surface and is described as pale brown,
moderately weathered, medium grained, very thinly bedded, medium hard rock.

These two rock types are thinly interbedded in places.
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Figure 4-7: Summary of test pit profiles for the proposed booster pump station and suction reservoir

Figure 4-8: Summary of borehole profiles for the proposed booster pump station and suction
reservoir
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Table 4-4: Summary of test pit profiles across the proposed structures

Test point
Structure Fill Colluvium Residual

mudstone Mudstone Residual
sandstone Sandstone

Interbedded
residual
sandstone/
mudstone

Dolerite Shale Interbedded
shale/sandstone

Termination depth
(m) Seepage

Proposed raw water pump station

TP-S01 0.0-0.6 0.6-0.8 0.8-1.0 1.0 None

TP-S02 0.0-0.5 0.5-1.1 1.1-1.2 1.2 None

TP-S03 0.0-0.1 0.1 None

TP-S04 0.0-0.4 0.4-0.9 0.9 None

TP-S05 No access

Proposed WTP and high-lift pump station

TP-S06 0.0-0.2 0.2-0.3 0.3 None

TP-S07 0.0-0.1 0.1-0.3 0.3-0.5 0.5 None

TP-S08 0.0-0.3 0.3-0.4 0.4-0.5 0.5 None

TP-S09 0.0-0.2 0.2-0.3 0.3-0.4 0.4 None

TP-S10 0.0-0.2 0.2-0.3 0.3 None

TP-S11 0.0-0.4 0.4-0.5 0.5-0.6 0.6 None

TP-S12 0.0-0.3 0.3-0.4 0.4 None

TP-S13 0.0-0.3 0.3-0.5 0.5-0.6 0.6 None

TP-S14 0.0-0.8 0.8-1.0 1.0-1.1 1.1 None

TP-S15 0.0-0.1 0.1-0.2 0.2 None

Command Reservoir No 1

TP-S16 0.0-1.3 1.3-1.4 1.4 None

TP-S17 0.0-0.8 0.8-1.3 1.3-1.5 1.5 None

TP-S18 0.0-0.6 0.6-1.7 1.7 None

TP-S19 0.0-0.6 0.6-2.4 2.4 None

TP-S20 0.0-0.5 1.2-1.3 0.5-1.2 1.3 None

Proposed booster pump station and suction reservoir

TP-S21 0.0-0.1 0.1 None

TP-S22 0.0-0.2 0.2-0.5 0.5-0.9 0.9 None

TP-S23 0.0-0.1 0.1-0.2 0.2 None

TP-S24 0.0-0.1 0.1-0.2 0.2 None

TP-S25 0.0-0.3 0.3-0.4 0.4 None

Proposed Command Reservoir No 2

TP-S26 Access not permitted

TP-S27 Access not permitted

TP-S28 Access not permitted

TP-S29 Access not permitted

TP-S29 Access not permitted
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Table 4-5: Summary of borehole profiles encountered across the structures

Borehole
position Topsoil Fill Transporte

d material Colluvium Alluvium Residual
mudstone Mudstone Residual

sandstone Sandstone

Interbedde
d residual
sandstone/
mudstone

Interbedde
d
mudstone/
sandstone

Residual
dolerite Dolerite Terminatio

n depth (m)
Water level
(m)

Proposed raw water pump station

BH1 0.0-0.3 0.3-0.55 0.55-14.97 14.97 2.65

BH2 0.0-0.3 7.0-15.15 0.3-7.0 15.15 2.25

Proposed Command Reservoir No 1

BH15 5.9-15.0 0.0-1.2 1.2-5.9 15.0 3.89

BH16 0.0-0.4 3.0-12.0 0.4-1.62 1.62-3.0

12.0-15.1

15.1 1.66

Proposed booster pump station and suction reservoir

BH35 0.0-0.3 0.3-2.5 2.5-15.0 15.00 5.90

BH36 0.0-0.3 0.3-15.22 15.22 1.20

Proposed WTP and lift-pump station

BH58 0.0-0.5 6.0-15.17 0.5-6.0 15.17 5.70

BH59 0.0-0.3 0.3-15.0 15.0 1.55

BH60 0.0-2.0 2.0-4.5 4.5-15.1 15.1 1.95

BH61 0.0-0.2 0.2-3.2 3.2-15.01 15.01 2.60
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4.6 Groundwater
Groundwater levels typically vary across the pipeline route, with seepage noted within 2 % of the test
pits, ranging between 0.5 m to 3.8 m below surface. The groundwater seepage is generally found within
bedrock at intersecting stream and river crossings. Water rest levels recorded in the rotary core
boreholes varies between 0.20 m and 7.90 m. Additionally, the occasional presence of pedogenic
material encountered within 3 % of the test pits across pipeline route indicates the seasonal fluctuating
groundwater table. Pedogenic occurrences are generally confined to the northern portion of the route,
with no seepage noted in any of these pits.

4.7 Dynamic Cone Penetrometer (DCP) Test Results
To determine the consistency of the in-situ materials within the upper horizon along the proposed
pipeline, DCP testing was conducted either from surface or within the test pit at a depth of 1.5 m. DCP
results have been tabulated as conventional penetration rate (mm/blow) and are indicated in Table 4-6.
Individual DCP data are attached in Appendix D.

Consistencies according to Brink et al. (1982) with respective DCP values are detailed in Table 4-7 for
cohesionless soils. It should be noted that a degree of caution is prudent when gravels, cobbles and/or
boulders are present within the soil profile as this may result in non-representative results and refusal
may occur prematurely and not necessarily on bedrock.

Due to the extent of the pipeline together with the limited DCP tests conducted and the degree of
variability for the fill material (loose to very dense), colluvium (loose to very dense) and alluvium (loose
to very dense) this information would only be appropriate to determine the consistency at the point at
which the test was conducted.

The DCP data was converted into a N10 value as displayed as blows per 100 mm. This N10 value was
applied to estimate a representative value for the Young’s Modulus, with a conversion of 0.9 and 1.5 for
cohesive and non-cohesive soil respectively based on CIRIA 143 (Clayton, 1995).

Table 4-6: Summary of Dynamic Cone Penetrometer test results along the pipeline

Test Pit Tested
from (m) mm/blow N10

(blows/100mm)

Young’s
Modulus E

(MPa)
Consistency Material

TP40 0.0 2 5 7.5 Very dense Colluvium

TP130 0.0 2 5 7.5 Very dense Fill

TP138 1.5 2 5 7.5 Very dense Alluvium

TP155 1.5 2 5 7.5 Very dense Colluvium

TP160 1.5 1-10 1-10 0.9-9 Very stiff Residual mudstone

TP180 1.5 1-5 2-10 1.8-9 Very stiff Residual sandstone

TP200 1.5 1-24 0-10 0.36-9 Stiff to very stiff Residual shale

TP215 1.5 2 5 7.5 Very dense Colluvium

TP217 1.5 2 5 7.5 Very dense Alluvium

TP218 0 1-18 1-10 0.9-15 Medium dense
to very dense

Fill to colluvium

TP219 0 1-8 1-10 1.95-15 Dense to very
dense

Fill to colluvium

TP220 0 1-16 1-10 0.9-15 Medium dense
to very dense

Fill

TP246 1.5 2 5 7.5 Very dense Colluvium

TP256 1.5 1-2 5-10 4.5-9 Very stiff Residual mudstone
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Test Pit Tested
from (m) mm/blow N10

(blows/100mm)

Young’s
Modulus E

(MPa)
Consistency Material

TP271 1.5 2 5 7.5 Very dense Colluvium

TP278 1.5 15-44 0-1 0.18-0.63 Firm to stiff Residual mudstone

TP280 0 14-44 0-1 0.3-1.05 Medium dense
to loose

Fill

TP284 1.5 1-30 0-10 0.45-15 Medium dense
to very dense

Fill

TP288 0 1-17 1-10 0.9-15 Medium dense
to very dense

Fill

TP292A 0 2-8 1-5 1.95-7.5 Dense to very
dense

Fill

TP292B 0 1-4 3-10 3.75-15 Very dense Fill

TP294 0 8-57 0-1 0.3-1.95 Dense to loose Fill to colluvium

TP296A 0 2-9 1-5 1.65-7.5 Dense to very
dense

Fill

TP296B 0 7-40 0-1 0.45-2.1 Loose to
medium dense

Fill

TP300A 0 3-15 1-3 1.05-4.95 Medium dense
to very dense

Fill

TP300B 0 5-46 0-2 0.3-3 Loose to very
dense

Fill

TP302 0 4-20 1-3 0.75-3.75 Medium dense
to very dense

Fill to residual
mudstone

TP306 1.5 1-24 0-10 0.36-9 Firm to very
stiff

Residual mudstone

TP307 1.5 2 5 4.5 Very stiff Residual mudstone

TP311 1.5 2 5 4.5 Very stiff Residual mudstone

TP315 1.5 2 5 4.5 Very stiff Residual mudstone

TP316 1.5 1-120 0-10 0.15-15 Very loose to
very dense

Colluvium

TP329 1.5 2 5 7.5 Very dense Colluvium

TP344 1.5 2-15 1-5 0.63-4.5 Very stiff Residual dolerite

TP365 1.5 2-36 0-5 0.27-4.5 Firm to very
stiff

Residual mudstone

TP366 1.5 1-24 0-10 0.6-15 Medium dense
to very dense

Alluvium

TP367 1.5 1-16 1-10 0.54-9 Stiff to very stiff Residual mudstone

TP370 0 1-15 1-10 1.05-15 Medium dense
to very dense

Fill to colluvium

TP372 1.5 3-11 1-3 0.81-2.97 Very stiff Residual mudstone

TP380 1.5 1-24 0-10 0.36-9 Very stiff to stiff Residual mudstone

TP387 1.5 1-18 1-10 0.9-15 Medium dense
to very dense

Alluvium

TP402 1.5 4-24 0-3 0.36-2.25 Very stiff to stiff Residual mudstone

TP408 1.5 1-15 1-10 0.63-9 Very stiff Residual mudstone

TP409 1.5 1-37 0-10 0.45-15 Loose to very
dense

Alluvium
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Test Pit Tested
from (m) mm/blow N10

(blows/100mm)

Young’s
Modulus E

(MPa)
Consistency Material

TP410 1.5 1-25 0-10 0.6-15 Medium dense
to very dense

Alluvium

TP413 1.4 1-8 1-10 1.17-9 Very stiff Residual mudstone

TP419 1.5 6-49 0-2 0.18-1.53 Very stiff to
firm

Residual mudstone

TP420 0 1-11 1-10 1.35-15 Dense to very
dense

Fill

TP421A 1.5 1-18 1-10 0.9-15 Medium dense
to very dense

Pedogenic

TP421B 1.5 1-19 1-10 0.75-15 Medium dense
to very dense

Pedogenic

TP422 1.5 1-19 1-10 0.75-15 Medium dense
to very dense

Fill

TP432 0 4-34 0-3 0.45-3.75 Loose to very
dense

Colluvium

TP433 0 1-19 1-10 0.75-15 Medium dense
to very dense

Colluvium

TP434 1.5 4-28 0-3 0.6-3.75 Medium dense
to very dense

Colluvium to residual
mudstone

TP438 0 1-9 1-10 1.65-15 Dense to very
dense

Alluvium

TP439 1.5 9-44 0-1 0.3-1.65 Dense to loose Pedogenic

TP448 1.5 5-28 0-2 0.36-1.8 Stiff to very stiff Residual shale

TP451 0 1-9 1-10 1.65-15 Dense to very
dense

Fill

TP453 1.5 3-29 0-3 0.45-4.95 Medium dense
to very dense

Alluvium

TP454 0 1-9 1-10 1.65-15 Dense to very
dense

Fill to colluvium

TP455 0 4-13 1-3 1.2-3.75 Medium dense
to very dense

Fill to colluvium

TP456 1.5 1-28 0-10 0.36-9 Stiff to very stiff Residual mudstone

TP459 0 4-24 0-3 0.6-3.75 Medium dense
to very dense

Colluvium to residual
sandstone

TP461 0 1-37 0-10 0.45-15 Loose to very
dense

Colluvium

TP486 0 13-36 0-1 0.45-1.2 Loose to
medium dense

Colluvium to
pedogenic

TP488 1.5 12-66 0-1 0.18-0.72 Soft to very
stiff

Residual mudstone

TP490 1.5 4-20 1-3 0.75-3.75 Medium dense
to very dense

Residual interbedded
sandstone/mudstone

TP491 1.5 3-11 1-3 1.35-4.95 Dense to very
dense

Residual mudstone

TP492 0 3-54 0-3 0.3-4.95 Loose to very
dense

Colluvium

TP494 0 1-20 1-10 0.75-15 Medium dense
to very dense

Colluvium
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Test Pit Tested
from (m) mm/blow N10

(blows/100mm)

Young’s
Modulus E

(MPa)
Consistency Material

TP496 0 1-12 1-10 1.2-15 Dense to very
dense

Colluvium

TP498 1.5 6-22 0-2 0.75-2.55 Medium dense
to dense

Alluvium

TP499 0 4-40 0-3 0.45-3.75 Loose to very
dense

Colluvium

TP501 0.0 1-8 1-10 1.95-15 Dense to very
dense

Colluvium

TP505 0 1-6 2-10 2.55-15 Dense to very
dense

Colluvium

TP506 1.5 6-24 0-2 0.6-2.55 Medium dense
to very dense

Pedogenic

TP507 0 1-6 2-10 2.55-15 Very dense Colluvium

TP508 1.5 4-39 0-3 0.27-2.25 Firm to very
stiff

Residual shale

TP509 1.5 1-8 1-10 1.95-15 Dense to very
dense

Pedogenic

TP510 1.5 4-10 1-3 0.9-2.25 Very stiff Residual shale

TP511 1.5 5-36 0-2 0.27-1.8 Firm to very
stiff

Residual mudstone

TP512 0.0 2-44 0-5 0.3-7.5 Loose to very
dense

Colluvium

TP513 1.5 3-19 1-3 0.75-4.95 Medium dense
to very dense

Pedogenic to residual
mudstone

TP514 1.5 4-24 0-3 0.6-3.75 Medium dense
to very dense

Pedogenic

TP517 1.5 1-9 1-10 1.65-15 Dense to very
dense

Pedogenic

TP520 0 2-42 0-5 0.3-7.5 Loose to very
dense

Colluvium

TP521 1.5 2-18 1-5 0.54-4.5 Stiff to very stiff Residual mudstone

TP523 0.0 4-40 0-3 0.45-3.75 Loose to very
dense

Fill to colluvium

TP525 0.0 4-22 0-3 0.75-3.75 Medium dense
to very dense

Fill to colluvium

TP527 1.5 1-10 1-10 0.9-9 Very stiff Residual mudstone

TP528 0 3-42 0-3 0.3-4.95 Loose to very
dense

Fill

TP531 1.5 1-10 1-10 0.9-9 Very stiff Residual mudstone

TP533 0.0 2-36 0-5 0.45-7.5 Loose to very
dense

Fill to colluvium

TP536 1.5 6-52 0-2 0.18-1.53 Firm to very
stiff

Residual mudstone

TP538 1.5 1-15 1-10 1.05-15 Very dense to
medium dense

Colluvium

TP539 0.0 1-98 0-10 0.15-15 Very loose to
very dense

Fill to colluvium
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Test Pit Tested
from (m) mm/blow N10

(blows/100mm)

Young’s
Modulus E

(MPa)
Consistency Material

TP541 1.5 2-15 1-5 1.05-7.5 Medium dense
to very dense

Alluvium to residual
shale

TP543 1.5 2-40 0-5 0.27-4.5 Firm to very
stiff

Residual mudstone

TP547 1.5 2-50 0-5 0.3-7.5 Loose to very
dense

Alluvium

TP548 1.5 8-72 0-1 0.15-1.95 Loose to dense Pedogenic

TP551 1.5 1-3 3-10 2.97-9 Very stiff Residual mudstone

TP665 1.5 2-78 0-5 0.15-7.5 Very loose to
very dense

Alluvium

TP666 1.5 1-68 0-10 0.09-9 Very stiff to
soft

Residual mudstone

TP669 0 2-16 1-5 0.9-7.5 Medium dense
to very dense

Colluvium

TP670 0 4-74 0-3 0.15-3.75 Loose to very
dense

Fill

Table 4-7: Indications of consistency (Brink et al., 1982)

Soil consistency mm/blow

Cohesive material

Very soft >110

Soft 55 – 110

Firm 30 – 55

Stiff 15 – 30

Very stiff 7 – 15

Non-cohesive material

Very loose >75

Loose 30 – 75

Medium dense 12.5 – 30

Dense 5 – 12.5

Very dense 2 – 5

4.8 Standard Penetration Tests
Standard Penetration Tests (SPT’s) were conducted in selected boreholes at 1.5 m intervals where soil
material was encountered drilled at the site. The SPT is conducted by driving a split spoon sampler into
the ground using a 63.5 kg hammer. The hammer is mechanically lifted and dropped 762 mm. The SPT
spoon is driven 450 mm into the ground and the number of blows required for the final 300 mm of
penetration (referred to as the N-value) is recorded on the borehole profile descriptions. A guideline for
the relationship between the SPT N-values and consistency of the soil is given in Table 4-8.
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Table 4-8: Indications of consistency for both cohesive and non-cohesive soils (Brink et al., 1986)

Cohesive soils

N-Value Material Consistency

<2 Very soft

2-4 Soft

4-8 Firm

8-15 Stiff

15-30 Very stiff

Non-cohesive soils

<5 Very loose

5-10 Loose

10-30 Medium dense

30-50 Dense

>50 Very dense

From the SPT testing conducted on the 15 No. boreholes, the correlated consistencies for the
encountered horizons are presented in Table 4-9. Note should be taken that higher SPT N-values may
have been recorded due to the presence of gravels and cobbles within the soil horizons, and the
consistencies indicated should be viewed with caution.

The SPT-N value may be used to derive representative values for the Young’s Modulus, with a 1.5
conversion factor for non-cohesive soil and 0.9 conversion for cohesive soil respectively based on CIRIA
143 (Clayton, 1995).

Table 4-9: Summary of Standard Penetration Test results

Borehole
Depth (m) SPT N-

value

Youns
Modulus E
(MPa)

Description of material encountered
From To

BH06 1.50 1.95 14 13 Stiff, sandy clay (residual mudstone)

BH10 1.50 1.57 Refusal Very stiff, silty clay (transported material)

BH12
1.50 1.95 20 13 Medium dense, clayey silt (alluvium)

3.00 3.30 Refusal Very dense, clayey sand (residual sandstone)

BH16 1.50 1.62 Refusal Very stiff, (silty clay) residual sandstone

BH18 1.50 1.76 Refusal Very dense, clayey sand (residual dolerite)

BH19 1.50 1.95 24 36 Medium dense, (fine grained gravel) alluvium

BH20 1.50 1.95 35* 32 Very stiff, (sandy clay) residual mudstone

BH22 1.50 1.95 30 27 Very stiff, (sandy clay) alluvium

BH24 1.55 2.00 17 15 Very stiff, (sandy clay) alluvium

BH25 1.50 1.95 20 18 Very stiff, (sandy clay) alluvium

BH30

1.50 1.95 42 38 Very stiff, (sandy clay) alluvium

3.00 3.45 38 34 Very stiff, (sandy clay) alluvium

4.50 4.95 24 22 Very stiff, (sandy clay) alluvium

8.05 8.45 10 9 Stiff, (silty clay) alluvium

9.00 9.45 14 13 Stiff, (silty clay) alluvium

BH32 1.50
1.65 Refusal Very stiff, (sandy clay) residual mudstone

BH37 1.50 1.95 17 26 Medium dense, (clayey sand) alluvium
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Borehole
Depth (m) SPT N-

value

Youns
Modulus E
(MPa)

Description of material encountered
From To

3.00 3.45 9 14 Loose, (clayey sand) alluvium

BH42 1.50 1.95 30 13 Very stiff, (sandy clay) alluvium

BH60 1.50 1.85 Refusal Very stiff, (silty clay) residual mudstone

* = Unreliable or questionable results due to presence of coarser fraction

4.9 Dynamic Probe Super Heavy (DPSH) Results
The DPSH tests were conducted at various locations along the pipeline alignment, at the positions
illustrated in Figure 3-2 and Figure 3-3. The in-situ tests were performed until refusal with a total of 120
No. tests being undertaken to a maximum depth of 12.6 m. The full individual DPSH test results at each
location are attached in Appendix G.

Additionally, the results recorded from the in-situ DPSH tests were converted to an equivalent SPT N-
value using an empirical conversion proposed by MacRobert et al. (2011), using the following equation:

ὉήόὭὺὥὰὩὲὸ ὛὖὝ ὔ
ὔ

πȢπς ὔ + 0.8

The equivalent SPT N-values have been plotted versus depth for each of the DPSH tests conducted.
Figure 4-9 to Figure 4-13 represents the summary of the equivalent SPT N values determined form the
DPSH tests along the proposed pipeline.
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Figure 4-9: Summary of the DPSH test results converted to SPT N values from DPSH 01 to DPSH 21
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Figure 4-10: Summary of the DPSH test results converted to SPT N values from DPSH 22 to DPSH 149
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Figure 4-11: Summary of the DPSH test results converted to SPT N values from DPSH 150 to DPSH 329
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Figure 4-12: Summary of the DPSH test results from converted to SPT N values DPSH 344 to DPSH 514
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Figure 4-13:   Summary of the DPSH test results from converted to SPT N values DPSH 517 to DP 668

4.10 Laboratory Test Results
Representative soil samples from the site were sampled from the test pits and sent to Roadlab in
Bloemfontein for engineering material classification testing, determination of material compaction
properties and chemical testing. The laboratory test results are summarised and discussed below, and
are included in Appendix H.
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4.10.1 Foundation Indicator

4.10.1.1 Pipeline Foundation Indicator Results

The foundation indicator tests which include grading hydrometer analysis, Atterberg Limits and Linear
Shrinkage were undertaken on disturbed samples (including bedrock) and are summarised in Table
4-10.

Table 4-10:  Summary of foundation indicator test results along pipeline

Test Pit
No.

Depth
(m)

Material type

G
ra

ve
l %

S
an

d
 %

S
ilt

 %

C
la

y 
%

Atterberg Limits GM* USCS /
ActivityLL

(%)
PI
(%)

LS
(%)

Fill

TP 5 0.0-1.2 Fill 6.2 78.7 14.2 0.9 28 7 4.1 0.65 SC-
SM/Low

TP 7 0.0-0.8 Fill 23.3 68.9 6.4 1.3 15 19 21.6 1.32 SP-
SC/Low

TP 9 0.2-0.5 Fill 2.9 74.9 18.7 3.5 36 12 6.7 0.36 SC/Low

TP 12 0.0-0.3 Fill 2.6 70.7 21.6 5.1 53 30 14.6 0.42 SC/Low

Colluvium

TP 9 0.0-0.2 Colluvium 2.8 86.8 9.6 0.8 20 3 1.9 0.79 SP-
SM/Low

TP 81 0.0-0.7 Colluvium 3.3 74.7 18.0 3.9 36 18 8.7 0.47 SC/Low

TP 81 0.7-0.9 Colluvium 6.2 80.9 11.9 0.9 21 6 2.8 0.7 SC-
SM/Low

TP 92 0.1-0.7 Colluvium 3.3 75.6 18.3 2.9 36 14 8.0 0.43 SC/Low

TP98 0.2-0.5 Colluvium 2.9 74.9 18.7 3.5 36 12 6.7 0.36 SC/
Low

TP 114 0.8-1.6 Colluvium 5.9 78 15.3 0.8 32 11 5.9 0.66 SC/Low

TP126 0.2-2.5 Colluvium 1.9 76.8 19.3 2.0 34 13 6.0 0.40 SC /
Low

TP128 0.3-0.6 Colluvium 1.3 75.9 19.2 3.6 39 16 8.0 0.32 SC/
Low

TP 154 0.6-1.7 Colluvium 0.4 83.6 13.8 2.1 22 3 1.8 0.41 SM/Low

TP 172 0.5 Colluvium 2.0 77.9 16.9 3.2 42 14 7.1 0.54 SM/Low

TP 196 0.7 Colluvium 4.4 77.5 9.0 9.1 52 26 13.8 0.77 SC/Low

TP 197 0.2-0.6 Colluvium 1.5 71.8 17.3 9.4 44 21 9.6 0.45 SC/Low

TP 210 0.4-1.0 Colluvium 4.4 76.3 13.9 5.4 40 17 9.2 0.62 SC/Low

TP214 0.5-2.7 Colluvium 4.3 70.6 18.7 6.4 40 22 10.1 0.43 SC/
Low

TP 214 2.7-3.5 Colluvium 1.4 76.4 18.9 3.3 36 18 4.6 0.41 SC/Low

TP 216 0.7-3.1 Colluvium 5.9 80.0 13.2 0.9 26 9 4.7 0.71 SC/Low

TP233 0.4-0.8 Colluvium 3.9 78.1 10.1 7.9 55 24 12.9 0.71 SM/
Low

TP 260 0.3-0.8 Colluvium 3.6 68.0 17.9 10.4 58 32 16.7 0.41 SC/Low

TP 271 0.6-1.4 Colluvium 4.5 79.8 14.8 0.9 30 8 5.4 0.60 SC/Low

TP 277 1.4-3.2 Colluvium 1.4 72.9 19.1 6.5 45 18 10.2 0.36 SM/Low

TP 293 0.2-0.7 Colluvium 2.4 72.1 20.0 5.4 52 28 13.5 0.41 SC/Low
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Test Pit
No.

Depth
(m)

Material type

G
ra

ve
l %

S
an

d
 %

S
ilt

 %

C
la

y 
%

Atterberg Limits GM* USCS /
ActivityLL

(%)
PI
(%)

LS
(%)

TP 315 0.5-1.4 Colluvium 0.2 71.0 23.9 4.8 53 28 13.3 0.23 SC/Low

TP 329 0.5-1.7 Colluvium 1.2 68.4 25.7 4.7 53 24 12.9 0.21 SM/Low

Alluvium

TP138 1.6-3.0 Alluvium 10.0 73.4 15.3 1.3 37 13 6.9 0.78 SC/
Low

TP 158 1.1-3.0 Alluvium 5.2 69.2 19.2 6.4 41 24 11.5 0.48 SC/Low

TP411 1.5-2.7 Alluvium 5.6 70.1 17.9 6.4 42 24 11.5 0.48 SC/Low

TP 541 0.5 Alluvium 1.5 73.7 20.1 4.7 45 17 9.4 0.31 SM/Low

TP 548 1.0-1.2 Alluvium 1.2 82.1 11.3 5.4 44 18 9.8 0.64 SC/Low

Pedogenic

TP421 1.4-2.5 Pedogenic 14.2 65.7 18.8 1.3 34 13 6.6 0.75 SC/
Low

Residual dolerite

TP14 0.6-3.0 Residual dolerite 7.9 78.3 12.4 1.4 29 10 4.9 0.90 SC/
Low

TP 66 0.7-1.2 Residual Dolerite 2.9 83.4 10.8 2.9 38 11 6.4 0.72 SM/Low

TP184 1.3-1.7 Residual dolerite 16.6 73.1 9.6 0.7 38 16 8.1 1.30 SP-
SC/Low

TP 218 2.2 Residual dolerite 1.7 71.9 17.6 8.8 53 27 13.6 0.35 SC/Low

TP343 0.8-1.4 Residual dolerite 5.0 84.5 9.3 1.2 28 6 3.3 1.04 SP-SC /
Low

TP 344 1.4-2.2 Residual dolerite 9.2 72.9 14.9 3.0 33 14 6.8 0.73 SC/Low

TP 454 1.5 Residual dolerite 18.2 71.7 9.1 1.0 31 11 5.9 1.27 SP-
SC/Low

TP 499 0.8-1.1 Residual dolerite 2.4 82.6 13.5 1.5 37 10 5.4 0.64 SM/Low

Residual mudstone

TP 16 0.4-0.8 Residual mudstone 1.1 76.8 16.5 5.6 41 17 9.2 0.35 SC/Low

TP 35 0.6-1.1 Residual mudstone 1.0 72.3 21.1 6.6 43 18 10.3 0.33 SC/Low

TP 37 0.9-1.2 Residual mudstone 44.9 43.0 9.4 2.7 39 14 7.8 1.57 GC/Low

TP41 0.4-1.2 Residual mudstone 5.1 81.9 9.5 3.5 33 9 5.0 0.81 SM /
Low

TP 43 0.4-1.3 Residual mudstone 11.8 79.1 7.8 1.3 32 6 3.2 1.22 SP-
SM/Low

TP45 0.5-1.3 Residual mudstone 10.0 82.4 6.8 0.8 25 5 2.6 1.04 SP-SC /
Low

TP71 0.3-1.0 Residual mudstone 11 78.3 9.4 1.3 32 12 6.4 1.12 SP-SC/
Low

TP103 1.1-1.4 Residual mudstone 10.9 74.5 12.3 2.3 34 14 8.0 0.94 SC /
Low

TP105 1.2-1.4 Residual mudstone 3.4 70.5 19.4 6.7 45 21 11.0 0.41 SC /
Low

TP 112 1.4-2.9 Residual mudstone 1.1 73.1 20.2 5.6 40 17 9.2 0.3 SC/Low

TP118 2.6-3.2 Residual mudstone 5.6 73.4 15.4 5.6 51 19 10.1 0.59 SM/
Low

TP 160 0.7-1.3 Residual mudstone 3.3 79.2 16.9 0.6 26 9 5.0 0.5 SC/Low
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Test Pit
No.

Depth
(m)

Material type

G
ra

ve
l %

S
an

d
 %
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 %

C
la
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%

Atterberg Limits GM* USCS /
ActivityLL

(%)
PI
(%)

LS
(%)

TP 191 1.0 Residual mudstone 2.9 72.7 18.9 5.5 40 18 9.2 0.39 SC/Low

TP 199 1.2 Residual mudstone 4.6 77.7 15.9 1.9 30 11 5.5 0.55 SC/Low

TP214 2.7-3.5 Residual mudstone 1.4 76.4 18.9 3.3 36 18 4.6 0.41 SC/
Low

TP 234 0.5-1.6 Residual mudstone 56.5 38.9 3.8 0.8 33 5 2.6 2.15 GP/Low

TP 244 0.8-3.2 Residual mudstone 42.4 55.0 2.2 0.4 37 13 7.1 2.16 SP/Low

TP 254 0.8-3.0 Residual mudstone 6.9 64.7 14.1 14.3 56 31 16.5 0.59 SC/Low

TP 256 1.1-2.6 Residual mudstone 6.5 71.9 16.9 4.7 46 14 8.3 0.59 SM/Low

TP 311 1.0-2.5 Residual mudstone 86.6 12.2 1.2 0.1 35 12 6.0 2.75 GP/Low

TP 318 1.4-2.8 Residual mudstone 22.0 58.2 18.5 1.3 28 11 5.2 0.77 SC/Low

TP 337 1.0 Residual mudstone 4.7 73.0 16.1 6.2 49 27 13.1 0.59 SC/Low

TP 346 0.9-1.2 Residual mudstone 2.0 72.4 19.9 5.7 40 20 9.6 0.35 SC/Low

TP 358 1.0 Residual mudstone 6.9 76.9 14.3 2.0 35 16 8.1 0.72 SC/Low

TP 364 0.5 Residual mudstone 2.0 69.6 20.8 7.6 57 28 16.0 0.33 SC/Low

TP365 1.4-3.0 Residual mudstone 3.0 76.2 16.7 4.0 35 13 6.9 0.40 SC /
Low

TP 367 1.5 Residual mudstone 4.6 79.2 12.6 3.6 33 9 5.0 0.66 SM/Low

TP 380 1.4-3.0 Residual mudstone 1.9 70.4 21.7 6.0 51 27 14.0 0.31 SC/Low

TP394 0.7-1.3 Residual mudstone 2.5 70.8 21.6 5.1 50 25 12.4 0.38 SC/
Low

TP 402 1.2-3.0 Residual mudstone 6.6 72.7 18.1 2.6 37 12 6.9 0.56 SM/Low

TP408 0.6-3.1 Residual mudstone 6.4 75.3 16.6 1.7 38 18 10 0.67 SC /
Low

TP 413 1.4 Residual mudstone 3.6 78.1 14.8 3.5 41 13 6.5 0.56 SM/Low

TP 511 1.5 Residual mudstone 3.3 69.0 19 8.8 50 26 11.7 0.39 SC/Low

TP 545 1.2 Residual mudstone 2.3 67.6 23.0 7.1 50 26 10.7 0.32 SC/Low

Residual sandstone

TP 115 1.0-2.8 Residual sandstone 10.3 78.2 10.7 0.8 30 6 3.5 0.87 SP-
SM/Low

TP 177 1.0 Residual sandstone 12.9 70.4 13.8 2.9 34 15 7.6 0.85 SC/Low

TP180 0.7-1.5 Residual sandstone 2.1 74.8 20.0 3.1 45 14 7.3 0.32 SM/
Low

TP 186 0.7-1.4 Residual sandstone 30.8 57.9 10.5 0.8 29 6 3.0 1.44 SP-
SM/Low

TP 264 0.8-1.3 Residual sandstone 2.6 70.6 20.3 6.6 46 24 11.7 0.33 SC/Low

TP 396 0.5 Residual sandstone 37.9 57.1 4.2 0.8 27 5 3.0 1.79 SP-
SM/Low

TP 419 0.6-1.1 Residual sandstone 2.3 76.0 15.0 6.7 63 35 17.2 0.54 SC/Low

TP 655 0.5-1.7 Residual sandstone 3.4 81.1 14.7 0.9 26 6 3.3 0.56 SC-
SM/Low

Residual shale

TP 507 0.7 Residual shale 3.8 76.6 11.4 8.2 47 17 9.2 0.68 SM/Low

TP 510 1.0-2.0 Residual shale 11.4 69.0 14.5 5.1 55 20 10.1 0.73 SM/Low
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Test Pit
No.

Depth
(m)

Material type

G
ra

ve
l %

S
an

d
 %

S
ilt

 %

C
la

y 
%

Atterberg Limits GM* USCS /
ActivityLL

(%)
PI
(%)

LS
(%)

Mudstone

TP 52 0.6-0.8 Mudstone 60.5 32.6 5.2 1.7 50 20 9.7 2.16 GP-GM
/ Low

TP 179 2.0 Mudstone 3.9 73.0 17.1 5.9 50 25 14.0 0.53 SC/Low

TP 195 0.9-1.2 Mudstone 8.2 77.0 13.9 0.9 28 7 4.5 0.69 SC-
SM/Low

TP 224 1.1-1.3 Mudstone 19.2 72.9 7.0 0.9 24 3 2.2 1.1 SP-
SM/Low

TP 299 0.8-1.7 Mudstone 53.4 41.6 4.6 0.3 32 10 5.4 2.07 GP/Low

TP 372 2.4-2.5 Mudstone 1.9 71.1 20.3 6.7 53 30 14.5 0.35 SC/Low

Sandstone

TP272 2.5-3.1 Sandstone 1.1 76.2 16.4 6.2 54 26 13 0.46 SC /
Low

Interbedded sandstone/mudstone

TP524 1.6-2.0 Interbedded
sandstone/mudstone

2.9 72.5 23.2 1.5 46 13 6.2 0.33 SM /
Low

Where:
LL = Liquid Limit SC = Clayey sand
LS = Linear Shrinkage SM = Silty sand
PI = Plastic Index SP = Poorly graded sand
GM = Grading Modulus GP = Poorly graded gravel
Activity  = expansion potential according to Van der Merwe (1964)

The fill material generally comprised 0.9 - 5.1% clay, silt in the range of 6.4 - 21.6%, sand in the range
of 68.9 - 78.7% and gravels ranged from 2.6 - 23.3%. The Atterberg limits indicate that the material has
a low to high liquid limit of 15 - 53% and a low to high plastic index of 7 - 30%. The linear shrinkage
ranges from 4.1 - 21.6% (low to very high). The material has a low activity in accordance with Van der
Merwe (1964).

The colluvium shows to have a grade comprising of 0.8 - 10.4% clay and 10.1 - 25.7% silt. Sand
accounts for between 68.4 - 83.6% and gravel 0.2 - 6.2%. The Atterberg limits indicate that the material
has a liquid limit which classifies as low to high of 21 - 58% and very low to very high plastic index of 3
- 32%. The linear shrinkage ranges form 1.8 - 16.7% (very low to very high). The material has a low
activity in accordance with Van der Merwe (1964).

The alluvium comprised 1.3 - 6.4% clay, silt ranged from 15.3 - 19.2%, sand ranged from 69.2 - 73.4%,
whilst gravel comprised of 5.2 - 10.0%. The Atterberg limits indicate that the alluvium has a moderate
liquid limit in the range of 37 - 42% and a moderate to high plastic index ranging between 13 - 24%. The
linear shrinkage ranges from 6.9 - 11.5% (moderate to high). The material has a low activity in
accordance with Van der Merwe (1964).

The pedogenic material shows to have a grade comprising 1.3% clay, 18.8% silt, 65.7% sand and
14.2% gravel. The Atterberg limits indicate that the material has a moderate liquid limit of 34% whilst
the plastic index is at 13% classifying as moderate. The linear shrinkage of the material is 6.6%
(moderate). The material has a low activity in accordance with Van der Merwe (1964).

The residual dolerite comprised 0.7 - 3.0% clay and 9.3 - 14.9% silt. Sand comprised 72.9 - 84.5%
whilst gravel comprised 2.4 - 16.6%. The Atterberg limits indicate that the residual dolerite has a
moderate liquid limit in the range of 29 - 38% and a low to moderate plastic index of 6 - 16%. The linear
shrinkage ranges from 3.3 - 13.6% (low to high). The material has a low activity in accordance with Van
der Merwe (1964).
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The residual mudstone generally comprised 0.1 - 14.3% clay, silt in the range of 1.2 - 21.7%, sand in
the range of 12.2 - 82.4% and gravel at 1.0 - 86.6%. The Atterberg limits indicate that the material has
a low to high liquid limit ranging between 25 - 56% and a low to very high plastic index of 5 - 31%. The
linear shrinkage ranges from 2.6 - 16.5% (low to very high). The material has a low activity in accordance
with Van der Merwe (1964).

The residual sandstone shows to have a grade comprising of 0.8 - 6.7% clay, 10.5 - 20.3% silt, 57.9 -
81.1% sand and 2.1 - 30.8% gravel. The Atterberg limits indicate that the residual sandstone has a
moderate to high liquid limit of 26 - 63% and a low to very high plastic index of 6 - 35%. The linear
shrinkage ranges from 3.0 - 17.2% (low to very high). The material has a low activity in accordance with
Van der Merwe (1964).

The residual shale comprised 5.1% clay, 14.5% silt, 69.0% sand and 11.4% gravel. The Atterberg limits
indicate that the material has a high liquid limit of 55% and a moderate plastic index of 20%. The linear
shrinkage ranges from 9.2 - 10.1% (moderate to high). The material has a low activity in accordance
with Van der Merwe (1964).

The mudstone comprises 0.3 - 6.7% clay, 4.6 - 20.3% silt, 32.6 - 77.0% sand and 1.9 - 60.5% gravel.
The Atterberg limits indicate that the material has a low to high liquid limit of 24 - 53% and a very low to
high plastic index of 3 - 30%. The linear shrinkage ranges from 2.2 – 14.5 % (low to high). The material
has a low activity in accordance with Van der Merwe (1964).

The sandstone comprises 6.2% clay, 16.4% silt, 76.2% sand and 1.1% gravel. The Atterberg limits
indicate that the material has a high liquid limit of 54% and high plastic index of 26%. The linear
shrinkage of the material is 13.0% (high). The material has a low activity in accordance with Van der
Merwe (1964).

The interbedded sandstone/mudstone comprises 1.5% clay, 23.25 silt, 72.5% sand and 2.9% gravel.
The Atterberg limits indicate that the material has ahigh liquid limit of 46% and moderate plastic index
of 13%. The linear shrinkage of the material is 6.2% (moderate). The material has a low activity in
accordance with Van der Merwe (1964).

The material composition and engineering properties of all tested bedrock (mudstone, sandstone and
interbedded sandstone/mudstone) is directly depended on the manner in which the material is
excavated and the degree of crushing of the rock fragments. Thus, the presented values are an
indication of the potential classification for the ripped material.
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4.10.1.2 Proposed Structures Foundation Indicator Results

Table 4-11:   Summary of foundation indicator test results at the proposed structures

Test
Pit No.

Depth
(m)

Material
type

G
ra

ve
l %

S
an

d
 %

S
ilt

 %

C
la

y 
%

Atterberg Limits GM* USCS /
ActivityLL

(%)
PI
(%)

LS
(%)

Colluvium at Xhariep WTW and high lift pumpstation

TP S9 0.0-0.2 Colluvium 2.8 86.8 9.6 0.8 20 3 1.9 0.79 SP-SM/Low

TP S12 0.0-0.3 Colluvium 4.9 82.7 11.5 0.9 39 11 5.9 0.76 SM/Low

TP S13 0.0-0.3 Colluvium 2.1 71.2 22.4 4.2 50 27 12.5 0.39 SC/Low

Residual mudstone at Low Lift Pump Station

TP S2 0.5-1.1 Residual
mudstone

6.3 68.0 20.2 5.5 45 26 10.8 0.51 SC/Low

Where:

LL = Liquid Limit SC = Clayey sand

LS = Linear Shrinkage SM = Silty sand

PI = Plastic Index SP = Poorly graded sand

GM = Grading Modulus SC = Clayey sand

Activity  = expansion potential according to Van der Merwe (1964)

The colluvium material shows to have a grade comprising of 0.8 - 4.2% clay and 9.6-22.4% silt. Sand
accounts for between 71.2 - 86.8% and gravel 2.1 - 4.9%. The Atterberg limits indicate that the material
has a liquid limit which classifies as low to high of 20 - 50% and very low to high plastic index of 3 - 27%.
The linear shrinkage ranges from 1.9 - 12.5% (very low to high). The material has a low activity in
accordance with Van der Merwe (1964).

The residual mudstone generally comprised 5.5% clay, silt accounts for 20.2%, sand 68.0% and gravel
at 6.3%. The Atterberg limits indicate that the material has a moderate liquid limit at 45% and a high
plastic index of 26%. The linear shrinkage of the material is 10.8% (high). The material has a low activity
in accordance with Van der Merwe (1964).

4.10.2 California Bearing ratio and Compaction Test Results

To determine the suitability of the in-situ soils and excavated rock material for re-use as construction
materials, samples of the representative materials were taken and subjected to compaction tests,
including moisture-density relationships and California Bearing ratio (CBR) tests. The results are
summarised in Table 4-12.

Table 4-12:  Summary of CBR and compaction test results

Test
point

Depth
(m)

Material type PI GM Mod AASHTO CBR (%)

S
w

el
l

(%
)

C
O

L
TO

cl
as

s.

OMC
(%)

MDD
(kg/m3)

100
%

98
%

95
%

93
%

Colluvium

TP114 0.8-1.6 Colluvium 11 0.66 14.4 1658 20 18 15 13 2.00 <G9

TP126 0.2-2.5 Colluvium 13
*

0.40
*

14.4 1725 38 27 24 21 0.24 <G9

TP197 0.2-0.6 Colluvium 18 0.60 14.5 1658 16 12 7 6 0.95 <G9

TP210 0.4-1.0 Colluvium 8 0.77 11.1 1793 29 26 22 20 0.22 G7

TP277 1.4-3.2 Colluvium 34 0.34 12.3 1681 17 15 13 11 0.45 <G9

Alluvium



Document number P WMA 06/D00/00/3423/7, Revision number A, Date 2025/02/27 4-44

Test
point

Depth
(m)

Material type PI GM Mod AASHTO CBR (%)

S
w

el
l

(%
)

C
O

L
TO

cl
as

s.

OMC
(%)

MDD
(kg/m3)

100
%

98
%

95
%

93
%

TP411 1.5-2.9 Alluvium 24 0.51 11.7 1810 34 30 24 21 0.20 <G9

Pedogenic

TP421 1.4-2.5 Pedogenic 13 0.75 12.2 1935 37 33 29 26 0.12 <G9

Residual dolerite

TP66 0.7-1.2 Residual
dolerite

11 0.72 12.6 1785 50 47 32 25 - <G9

TP184 1.3-1.7 Residual
dolerite

13 1.05 12.6 1785 50 47 32 25 0.28 G7

TP343 0.8-1.4 Residual
dolerite

6 1.04 10.4 1947 30 27 24 22 0.25 G7

TP344 1.4-2.2 Residual
dolerite

14 0.73 13.7 1888 26 24 21 19 0.20 <G9

TP346 0.9-1.2 Residual
dolerite

20 0.34 14.4 1765 26 23 21 19 1.60 <G9

TP499 0.8-1.1 Residual
dolerite

10 1.30 11.2 1949 38 34 29 27 0.12 G7

Residual mudstone

TP35 0.6-1.1 Residual
mudstone

18 0.33 13.4 1658 12 9 3 6 1.50 <G9

TP37 0.9-1.2 Residual
mudstone

14 0.80 10.6 1829 50 47 32 25 0.60 <G9

TP43 0.4-1.3 Residual
mudstone

6 1.21 9.3 1957 38 34 29 27 0.50 G6

TP52 0.6-0.8 Residual
mudstone

20 2.16 7.1 1919 33 29 24 22 0.30 <G9

TP103 1.1-1.4 Residual
mudstone

14
*

0.94 12.0 1771 16 14 11 9 0.44 <G9

TP105 1.2-1.4 Residual
mudstone

21
*

0.41
*

12.2 1685 17 14 11 9 0.50 <G9

TP121 0.6-1.1 Residual
mudstone

22
*

0.45
*

13.8 1624 20 18 15 14 0.35 <G9

TP160 0.7-1.3 Residual
mudstone

11 0.56 9.8 1738 15 11 7 6 1.20 <G9

TP234 0.5-1.6 Residual
mudstone

5 2.33 9.7 1924 36 32 27 24 0.24 G6

TP244 0.8-3.2 Residual
mudstone

13 2.16 7.4 1882 32 28 23 20 0.24

TP256 1.1-2.6 Residual
mudstone

5 0.59 9.1 2035 48 41 28 21 0.40 <G9

TP311 1.0-2.5 Residual
mudstone

12 1.24 16.3 1913 30 27 23 21 0.20 G7

TP346 0.9-1.2 Residual
mudstone

20 0.34 14.4 1765 26 23 21 19 1.60 <G9

TP365 1.4-3.0 Residual
mudstone

13 0.41 12.6 1804 31 27 21 18 0.31 <G9

TP380 1.4-3.0 Residual
mudstone

27 0.30 12.7 1593 12 10 7 6 0.57 <G9
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Test
point

Depth
(m)

Material type PI GM Mod AASHTO CBR (%)

S
w

el
l

(%
)

C
O

L
TO

cl
as

s.

OMC
(%)

MDD
(kg/m3)

100
%

98
%

95
%

93
%

TP394 0.7-1.3 Residual
mudstone

13 2.16 7.4 1882 32 28 23 20 1.60 <G9

TP394 1.3-1.5 Residual
mudstone

25 0.38 16.4 1705 12 11 6 4 1.50 <G9

TP402 1.2-3.0 Residual
mudstone

12 0.56 13.6 1822 13 11 7 5 1.30 <G9

TP408 0.6-2.1 Residual
mudstone

18 0.67 14.6 1762 25 22 18 15 0.24 <G9

Residual sandstone

TP164 0.9-1.7 Residual
sandstone

10 1.17 11.6 1855 17 14 9 7 0.95 <G9

TP180 0.7-1.5 Residual
sandstone

14 0.33 11.3 1897 27 24 21 19 0.21 <G9

TP186 0.7-1.4 Residual
sandstone

NP 1.80 11.3 1904 46 38 28 23 0.22 G6

TP419 0.6-1.1 Residual
sandstone

35 0.53 14.9 1644 26 22 17 14 0.39 <G9

Residual shale

TP510 1.0-2.0 Residual shale 20 0.72 15.1 1756 36 30 23 19 2.20 <G9

Interbedded residual sandstone/mudstone

TP490 0.6-1.8 Interbedded
residual
sandstone/muds
tone

23 0.28 13.2 1816 16 13 7 5 1.20 <G9

Dolerite

TP220 1.8-2.8 Dolerite 8 0.77 12.5 1866 22 17 13 11 0.24 G8

Mudstone

TP195 0.9-1.2 Mudstone 9 1.05 12.5 1896 22 17 13 11 0.80 G8

TP224 1.1-1.3 Mudstone 3 1.10 7.7 1992 34 31 26 24 0.60 <G7

TP299 0.8-1.7 Mudstone 9 2.5 9.7 1942 37 33 28 24 0.20 -

TP372 2.4-2.5 Mudstone 30 0.34 11.3 1904 46 38 28 23 - <G9

Sandstone

TP272 2.5-3.1 Sandstone 26 0.46 10.2 1724 23 20 16 14 0.24 <G9

Shale

TP220 0.8-1.8 Shale 8 0.77 17.6 1693 22 19 15 13 0.38 G8

Interbedded sandstone/mudstone

TP524 1.6-2.0 Interbedded
sandstone/muds
tone

13 0.35 16.5 1662 19 16 13 11 0.39 <G9

*Material classifications are limited by their grading modulus. If these horizons were to undergo further crushing, a
lower grading modulus may be achieved, resulting in a more competent (COTO) classification

GM = Grading modulus PI = Plastic index

OMC  = Optimum moisture content MDD  = Maximum dry density

CBR  = California Bearing Ration at different degrees of compaction relative to MDD

COLTO  = Committee of Land Transport Officials (2009)
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The colluvium material, according to the COLTO specification, generally classifies as worse than G9
(<G9) material, with exception to one sample which classified as G7. The maximum Dry Density (MDD)
ranges between 1658 kg/m3 and 1793 kg/m3 (low) and has a moderate to high Optimum Moisture
Content (OMC) ranging between 11.1% to 14.5%.The swell of the material ranged from very low to high
at 0.22 - 2.0%.

The alluvium material classifies as <G9, where the MDD is 1810 kg/m3 is classified as being moderate
with a moderate OMC of 11.7%. The swell of the material was 0.20% (very low).

The pedogenic material classifies as <G9, where the MDD is classified as being moderate at
1935 kg/m3 and the OMC is 12.2% classifying as high. The swell of the pedogenic material was 0.12%
(very low).

The residual dolerite tested across the site was noted to classify as either G7 or <G9 (in equal
proportions). The MDD of the material ranged from 1765 kg/m3 to 1949 kg/m3 (low to moderate) with a
moderate to high OMC of 10.4% to 14.4%. The swell of the material ranged from very low to high at
0.12 – 1.6%.

The residual mudstone tested across the site was noted to classify as <G9 with a few samples
classifying as G6 to G7. The MDD of the material ranged from 1593 kg/m3 to 2035 kg/m3 (very low to
high) with a low to very high OMC of 7.1% to 16.4%. The swell of the material ranged from very low to
high at 0.24 – 1.60%.

The residual sandstone material tested across the site was noted as <G9 with a one sample classifying
as G6. The MDD of the material ranged from 1644 kg/m3 to 1904 kg/m3 (very low to moderate) with a
moderate to high OMC of 11.3% to 14.9%. The swell of the material ranged from very low to moderate
at 0.21 – 0.95%.

The residual shale classifies as <G9, where the MDD is 1756 kg/m3 classifying as low and the OMC
is 15.1% classifying as high. The swell of the material was 2.20% (very high).

The interbedded residual sandstone/mudstone material classifies as <G9, where the MDD is
1816 kg/m3 classifying as moderate and the OMC is 13.2% classifying as high. The swell of the material
was 1.20% (high).

The dolerite material classifies as G8, where the MDD is 1866 kg/m3 classifying as moderate and the
OMC is 12.5% classifying as high. The swell of the material was 0.24% (very low).

The mudstone material tested across the site was noted to classifying as either <G7, G8 or <G9, where
the MDD ranged from 1896 kg/m3 to 1992 kg/m3 (moderate to high) with a low to high OMC of 7.7% to
12.5%. The swell of the material ranged from very low to moderate at 0.2 – 0.8%.

The sandstone material classifies as <G9, where the MDD is 1724 kg/m3 classifying as low, and the
OMC is 10.2% classifying as moderate. The swell of the material was 0.24% (very low).

The shale material classifies as G8, where the MDD is 1693 kg/m3 classifying as low, and the OMC is
17.6% classifying as very high. The swell of the material was 0.38% (low).

The interbedded sandstone/mudstone material classifies as <G9, where the MDD is 1662 kg/m3

(low), and the OMC is 16.5% classifying as very high. The swell of the material was 0.39% (low).

As discussed above, the bedrock material (dolerite, mudstone, sandstone, shale and interbedded
sandstone/mudstone) were ripped from the ground and thus the grading modulus and material
proportions are impacted by the ripping mechanism implemented and degree of crushing. Therefore,
the classifications according to COLTO will vary based on these aspects.

4.10.3 pH and Conductivity Test Results

The pH and conductivity of the soil has a profound influence on the rate of corrosion of buried metallic
objects and is typically considered as an indicator of potential corrosivity. The rate of corrosion is
dependent on the pH of the soil. A soil with a pH above 7 is considered to be alkaline whereas a soil
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with a pH below 7 is considered to be acidic. According to Powell et. al (1995), the corrosion rate
increases with decreasing pH value. The acidic environment with pH lower than 6 is more corrosive
compared to a pH from 6–8 or alkaline pH higher than 8 (Bradford, 1993). Based on significance of soil
resistivity on corrosiveness, Duligal (1996) provides Table 4-13 to evaluate conductivity of soils.

Table 4-13: Guideline values for interpretation of soil conductivity

Soil conductivity
 (mS/m)

Soil resistivity
(Ohm.cm)

Corrosivity Classification

More than 50 0-2000 Extremely corrosive

25-50 2000-4000 Very corrosive

20-25 4000-5000 Corrosive

10-20 5000-10000 Mildly corrosive

Less than 10 >10000 Not generally corrosive

Table 4-14: pH and conductivity results

Test Pit Material Depth(m) pH
Soil
Conductivity
(mS/m)

Corrosivity
classification

Fill

TP05 Fill 0.0-1.2 6.9 220 Extremely corrosive

TP68 Fill 0.7-1.2 6.9 204 Extremely corrosive

TP210 Fill 0.4-1.0 6.9 210 Extremely corrosive

TP271 Fill 0.6-1.4 6.6 168 Extremely corrosive

Colluvium

TP9 Colluvium 0.0-0.2 6.8 132 Extremely corrosive

TP12 Colluvium 0.0-0.3 6.6 145 Extremely corrosive

TP13 Colluvium 0.0-0.3 6.3 168 Extremely corrosive

TP114 Colluvium 0.8-1.6 7.2 168 Extremely corrosive

TP154 Colluvium 0.6-1.7 7.3 208 Extremely corrosive

TP196 Colluvium 0.7 6.9 220 Extremely corrosive

TP197 Colluvium 0.2-0.6 7.3 188 Extremely corrosive

TP204 Colluvium 0.0-0.8 6.8 124 Extremely corrosive

TP277 Colluvium 1.4-3.2 6.7 204 Extremely corrosive

TP246 Colluvium 0.6-2.4 6.8 128 Extremely corrosive

TP254 Colluvium 0.8-3.0 6.9 144 Extremely corrosive

TP293 Colluvium 0.2-0.7 6.3 138 Extremely corrosive

TP419 Colluvium 0.6-1.1 6.9 175 Extremely corrosive

TP548 Colluvium 1.2 7.3 196 Extremely corrosive

Alluvium



Document number P WMA 06/D00/00/3423/7, Revision number A, Date 2025/02/27 4-48

Test Pit Material Depth(m) pH
Soil
Conductivity
(mS/m)

Corrosivity
classification

TP158 Alluvium 1.1-3.0 7.6 196 Extremely corrosive

TP411 Alluvium 1.5-2.9 6.8 208 Extremely corrosive

TP541 Alluvium 1.0 7.6 186 Extremely corrosive

TP548 Alluvium 1.0 7.1 128 Extremely corrosive

Residual dolerite

TP14 Residual dolerite 0.6-1.3 6.9 138 Extremely corrosive

TP66 Residual dolerite 0.7-1.2 6.4 191 Extremely corrosive

TP166 Residual dolerite 0.9-2.6 6.9 230 Extremely corrosive

TP184 Residual dolerite 1.3-1.7 6.8 190 Extremely corrosive

TP218 Residual dolerite 2.2 7.1 155 Extremely corrosive

TP344 Residual dolerite 1.4-2.2 6.9 176 Extremely corrosive

TP499 Residual dolerite 0.8-1.1 7.2 168 Extremely corrosive

Residual mudstone

TP16 Residual mudstone 0.4-0.8 7.2 130 Extremely corrosive

TP21 Residual mudstone 0.5-1.1 6.6 206 Extremely corrosive

TP35 Residual mudstone 0.6-1.1 6.8 166 Extremely corrosive

TP112 Residual mudstone 1.4-2.9 7.3 185 Extremely corrosive

TP118 Residual mudstone 1.2-2.6 6.8 148 Extremely corrosive

TP147 Residual mudstone 1.0-1.4 7.1 164 Extremely corrosive

TP179 Residual mudstone 2.00 6.8 185 Extremely corrosive

TP188 Residual mudstone 1.10 6.9 155 Extremely corrosive

TP191 Residual mudstone 1.00 6.4 163 Extremely corrosive

TP199 Residual mudstone 1.2 7.2 128 Extremely corrosive

TP256 Residual mudstone 1.1-2.6 7.6 136 Extremely corrosive

TP264 Residual mudstone 0.8-1.3 7.1 148 Extremely corrosive

TP364 Residual mudstone 0.5 6.6 158 Extremely corrosive

TP380 Residual mudstone 0.8-2.2 7.1 202 Extremely corrosive

TP390 Residual mudstone 1.5 7.3 196 Extremely corrosive

TP413 Residual mudstone 1.6 6.4 168 Extremely corrosive

TP452 Residual mudstone 1.5-2.5 6.9 186 Extremely corrosive

TP511 Residual mudstone 1.5 6.8 194 Extremely corrosive

TP545 Residual mudstone 1.2 6.9 133 Extremely corrosive

Residual sandstone
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Test Pit Material Depth(m) pH
Soil
Conductivity
(mS/m)

Corrosivity
classification

TP130 Residual sandstone 0.9-1.1 7.6 168 Extremely corrosive

TP164 Residual sandstone 0.9-1.7 6.9 176 Extremely corrosive

TP177 Residual sandstone 1.00 7.1 138 Extremely corrosive

TP186 Residual sandstone 0.7-1.4 6.4 162 Extremely corrosive

TP655 Residual sandstone 0.0-0.5 6.4 196 Extremely corrosive

Weathered dolerite

TP220 Weathered dolerite 1.8-2.8 7.1 230 Extremely corrosive

TP296 Weathered dolerite 1.7-2.5 7.2 208 Extremely corrosive

Weathered mudstone

TP21 Weathered
mudstone

0.4-0.5 7.6 196 Extremely corrosive

TP224 Weathered
mudstone

1.1-1.3 7.2 111 Extremely corrosive

TP234 Weathered
mudstone

0.5-1.6 7.2 138 Extremely corrosive

TP244 Weathered
mudstone

0.8-3.2 7.3 196 Extremely corrosive

TP311 Weathered
mudstone

1.0-2.5 7.6 190 Extremely corrosive

Weathered sandstone

TP195 Weathered
sandstone

0.9-1.2 6.6 128 Extremely corrosive

TP396 Weathered
Sandstone

0.5 6.3 168 Extremely corrosive

Weathered shale

TP220 Weathered shale 0.8-1.8 6.8 204 Extremely corrosive

Interbedded sandstone/mudstone

TP490 Interbedded
sandstone/mudstone

0.6-1.8 7.3 220 Extremely corrosive

The chemical test results were analysed and interpreted based on the pH and soil conductivity results.

The results from the material sampled at various depths along the proposed pipeline alignment indicate
a pH range of 6.3 and 7.6, with the soil conductivity for all tested material being extremely corrosive.
Based on the chemical results, it is recommended that protective measures be put in place to protect
buried metal along the entire proposed pipeline route.

Given the corrosivity of the soil, it is highly recommended that BRE/DIN chemical testing be done during
the detailed design phase to be more accurate in determining the corrosivity of the soil towards steel
and aggressiveness towards buried concrete.  These tests are very time-consuming and should
therefore be undertaken as soon as the detailed design commences.
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4.11 Soil Electrical Resistivity Results
The tests conducted to determine the soil resistivity along the pipeline at nominal 200 m intervals are
represented in Figure 4-13 to Figure 4-25, Gariep Dam to Brandkop Reservoir. The tabulated data with
GPS co-ordinates may be found in Appendix I.

Figure 4-14: Map showing soil electrical resistivity results along pipeline route from -30.624732,
25.500546 to -30.48534, 25.58875.

-30.624732, 25.500546

-30.48534, 25.58875

Gariep Dam
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Figure 4-15: Map showing soil electrical resistivity results along pipeline route from -30.48534,
25.58875 to -30.34559, 25.69454

Figure 4-16: Map showing soil electrical resistivity results along pipeline route from -30.34559,
25.69454 to -30.198814, 25.724697.

-30.48534, 25.58875

-30.34559, 25.69454

-30.34559, 25.69454

-30.198814, 25.724697
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Figure 4-17: Map showing soil electrical resistivity results along pipeline route from -30.198814,
25.724697 to -30.06626, 25.78149

Figure 4-18: Map showing soil electrical resistivity results along pipeline route from -30.06626,
25.78149 to -29.922633, 25.844434

-30.198814, 25.724697

-30.06626, 25.78149

-30.06626, 25.78149

-29.922633, 25.844434
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Figure 4-19: Map showing soil electrical resistivity results along pipeline route from -29.922633,
25.844434 to -29.79558, 25.93755

Figure 4-20: Map showing soil electrical resistivity results along pipeline route from -29.79558,
25.93755 to -29.65577, 25.99465

-29.922633, 25.844434

-29.79558, 25.93755

-29.79558, 25.93755

-29.65577, 25.99465
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Figure 4-21: Map showing soil electrical resistivity results along pipeline route from -29.65577,
25.99465 to -29.51380, 26.08949

Figure 4-22: Map showing soil electrical resistivity results along pipeline route from -29.51380,
26.08949 to -29.43475, 26.27890

-29.65577, 25.99465

-29.51380, 26.08949

-29.51380, 26.08949

-29.43475, 26.27890
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Figure 4-23: Map showing soil electrical resistivity results along pipeline route from -29.43475,
26.27890 to -29.32734, 26.36845

Figure 4-24: Map showing soil electrical resistivity results along pipeline route from -29.32734,
26.36845 to -29.21280, 26.21425

-29.43475, 26.27890

-29.32734, 26.36845

-29.32734, 26.36845

-29.21280, 26.21425

No Access
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Figure 4-25: Map showing soil electrical resistivity results along pipeline route from -29.21280,
26.21425 to -29.14515, 26.15514

The analysis indicates that the ground conditions are generally not corrosive in the south and becomes
more aggressive towards the north. Approximately 83% of the surveyed sections along the pipeline
route traverse soils which range from mildly corrosive to extremely corrosive to buried steel, therefore
cathodic protection will be required (Table 4-15). Regions classified as 'not generally corrosive' exhibit
significant variations in resistivity, which may lead to localized corrosion.

Table 4-15:   Classification of soil resistivity with cathodic protection requirements

-29.21280, 26.21425

-29.14515, 26.15514

Brandkop Reservoir
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