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PREAMBLE

In June 2014, two years after the commencement of the uMkhomazi Water Project
Phase 1 Feasibility Study, a new Department of Water and Sanitation was formed by
Cabinet, including the formerly known Department of Water Affairs.

In order to maintain consistent reporting, all reports emanating from Module 1 of the
study will be published under the Department of Water Affairs name.
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Executive summary

The objectives of this report are to describe the results of construction materials and
geotechnical investigations for the proposed Langa Balancing Dam as part of the

uMkhomazi Water Project. The following aspects are dealt with:

¢ Foundations for earth core rockfill or zoned embankment dams both with approach
channel, side spillway with chute and plunge pool on the left flank.

¢ Alternatively, foundations for a concrete faced rockfill dam with approach channel,
side spillway with chute and plunge pool on the left flank.

é Construction material sources for the above dams.

Information from published geological maps was used to describe the general geology
of the area, while the site geology was determined by means of surface mapping, test

pits and rotary core drilling.

The area around the site is underlain by rocks of the Pietermaritzburg Formation of the
Ecca Group, comprising shales and siltstones with subordinate sandstones. One near-
horizontal dolerite sill had intruded concordantly into the sedimentary strata.

Due to the presence of an extensive wetland in the dam basin and of cultivated lands on
the left flank, environmental restrictions were placed on seismic surveys, test pits and

boreholes in certain areas.

Seismic refraction surveys were conducted across the dam centre line. Although the
seismic velocities tended to over-estimate the depth of sound rock, they were useful in
showing the presence of the dolerite sill below a cover of shale and also to identify the

position of a fault.

A Probabilistic Seismic Hazard Analysis (PSHA) for both the Smithfield Dam and Langa
Balancing Dam sites was conducted by Dr A Kijko of the Natural Hazards Assessment
Consultancy and classified the site as of low seismic risk. The Langa Balancing Dam
site is located in the same seismo-tectonic province and the seismic risk is considered

to be similarly low.

Four potential sources for construction materials were investigated, namely (i) spoil from
the tunnel excavation, (ii) material excavated for the tunnel outlet portal, (iii) material
excavated from the spillway approach area, and (iv) material from a quarry located

below FSL in the dam basin.
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It appears that none of the available materials qualify as impervious fill, and that the
available quantity of semi-pervious material is not quite sufficient to provide twice the

required volume for a zoned embankment dam.

A considerable volume of soft rockfill (weathered shale) will have to be removed from
the quarry in order to reach the underlying hard shale and dolerite for rockfill. This soft

material can be used in certain zones of any of the alternative embankment dam types.

There is sufficient hard shale and dolerite rockfill for construction of a Concrete Faced
Rockfill (CFR) Dam or Earth Core Rockfill (ECR) Dam. For any of these dam types,
durable dolerite may have to be imported from a commercial quarry (Pietermaritzburg)
to serve as protective layer above the shale or dolerite/shale mixture from the tunnel
excavation and the quarry. However, it is possible that some or all of this dolerite might
be obtained from the quarry but this will require further investigation.

Spoil from the tunnel excavation is expected to have the properties of G5 gravel and
can be compacted to form part of a rockfill embankment. Due to the absence of
impervious core material, consideration will have to be given to a CFR dam or a CCR
dam with impervious core comprising a mixture of soil and bentonite. The CFR option
appears to be the more feasible, since the available soils contain too much clay to mix

with bentonite.

For the shells of an earth embankment, 0.6 m — 1.5 m organic topsoil and loose
transported soil has to be removed along the centre line and founding will take place on
stiff transported sandy clay or weak completely weathered shale or weak residual

dolerite.

For the shells of a rockfill embankment, between 1.6 m and 5.3 m of colluvium and
residual soil/completely weathered shale has to be removed along most parts of the
centre line. However in an area on the right flank, weak completely weathered shale and
dolerite extend to a depth of over 17 m and will have to be removed.

For the core of an embankment dam the depth of excavation will vary between
3.1 mto 5 m along the centre line. The depth for the plinth of a concrete faced rockfill
dam will be the same or slightly deeper than for a core trench, except in an area on the

right flank where it is much deeper.

Excavation depths for a concrete gravity dam will reach between 5 m and 8.5 m in the

river section and up to 23 m along a section of the right flank.
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It will be necessary to make provision for a grout curtain to a depth of about 66% of the

water head along the centre line.

A spillway control structure and concrete lined return channel can be founded on
moderately weathered shale at an average depth of about 5.5 m. A stilling basin and

apron will have to be provided at the end of the chute.

The risk for slope failures around the rim of the reservoir that might endanger the dam
wall is considered negligible.

As a result of environmental restrictions on the positioning of seismic lines, test pits and
boreholes, this investigation was limited.

Recommendations are made for additional test pitting, core drilling, sampling and
laboratory tests during the design stage to confirm the properties and volumes of
construction materials actually required and to confirm founding conditions for the
selected type of dam and spillway structure.
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1 INTRODUCTION

1.1

The Department of Water Affairs appointed BKS (Pty) Ltd in association with three
sub-consultants Africa Geo-Environmental Services, MM&A and Urban-Econ
with effect from 1 December 2011 to undertake the uMkhomazi Water Project

Phase 1. Module 1: Technical Feasibility Study Raw Water study.

On 1 November 2012, BKS (Pty) Ltd was acquired by AECOM Technology
Corporation. The new entity is a fully-fledged going concern with the same
company registration number as that for BKS. As a result of the change in name
and ownership of the company during the study period, all the final study reports
are published under the AECOM name.

In 2010, the Department of Arts and Culture published a list of name changes in the
Government Gazette (GG No 33584, 1 October 2010). In this list, the Mkomazi
River’s name was changed to the uMkhomazi River. The published spelling will

thus be used throughout this technical feasibility study.

BACKGROUND TO THE PROJECT

The current water resources of the Mgeni system are insufficient to meet the long-
term water demands of the system. The Mgeni System is the main water source
that supplies about five million people and industries in the eThekwini Municipality,
uMgungundlovu District Municipality (DM) and Msunduzi Local Municipality (LM), all

of which comprise the economic powerhouse of the KwaZulu-Natal Province.

The Mgeni System comprises the Midmar, Albert Falls, Nagle and Inanda Dams in
KwaZulu-Natal, a water transfer scheme from the Mooi River including the newly
constructed Spring Grove Dam. The current system (Midmar, Albert Falls, Nagel
and Inanda Dams and the MMTS-1) has a stochastic yield of 334 million m3/annum
(measured at Inanda Dam) at a 99% assurance of supply. The short-term
augmentation measure, Phase 2 of the Mooi Mgeni Transfer Scheme (MMTS-2),
currently being implemented with the construction of Spring Grove Dam, will
increase water supply from the Mgeni system by 60 million m3/year. However, this

will not be sufficient to meet the long-term requirements of the system.
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1.2

Pre-feasibility investigations indicated that Phase 1 of the uMkhomazi Water Project
(UMWP 1), which entails the transfer of water from the undeveloped uMkhomazi
River to the existing Mgeni system, is the scheme most likely to fulfil this
requirement. The uMkhomazi River is the third-largest river in KwaZulu-Natal in

terms of mean annual runoff (MAR).

Eight alternative schemes were initially identified as possible alternatives, and the
Impendle and Smithfield scheme configurations have emerged as suitable for
further investigation. The pre-feasibility investigation, concluded in 1998,
recommended that the Smithfield Scheme be taken to a detailed feasibility-level
investigation as its transfer conveyances would be independent of the existing
Mgeni System, thus reducing the risk of limited or non-supply to eThekwini and
some areas of Pietermaritzburg, and providing a back-up to the Mgeni System.

The Mkomazi-Mgeni Transfer Pre-feasibility Study concluded that the first phase
of the uUMWP would comprise a new dam at Smithfield on the uMkhomazi River near
Richmond, a multi-level intake tower and pump station, a water transfer
pipeline/tunnel to a balancing dam at Baynesfield Dam or a similar in-stream dam, a
water treatment works at Baynesfield in the uMlaza River valley and a gravity
pipeline to the Umgeni bulk distribution reservoir system, below the reservoir at
Umlaas Road. From here, water will be distributed under gravity to eThekwini and
possibly low-lying areas of Pietermaritzburg. Phase two of the uUMWP may be
implemented when needed, and could comprise the construction of a large dam at
Impendle further upstream on the uMkhomazi River to release water to the
downstream Smithfield Dam. Together, these developments have been identified

as having a 99% assured stochastic yield of about 388 million m3/year.

The DWA aims to have this scheme implemented by 2022.

STUDY AREA

The study focus and key objective are related to the feasibility investigation of the
Smithfield Dam and related raw water conveyance infrastructure. However, this is a
multi-disciplinary project with the study area defined as the uMkhomazi River
catchment, stretching to the north to include the uMngeni River catchment, refer to
Figure AL1.1 included in Annexure A. The various tasks have specific focus area,

defined as:
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1.3

¢ Water Resources: uMkhomazi and Mgeni River catchments;

¢ Water requirements: water users in the Mgeni System and the uMkhomazi
River catchment;

¢ Engineering Investigations: proposed dams at Impendle (only for costing
purposes) and Smithfield, and the raw water conveyance infrastructure corridor
between Smithfield Dam and the Water Treatment Plant of Umgeni Water;

¢ Environmental screening as input for the Environmental Impact Assessment;
and

¢ Socio-economic impact assessment: regional, provincial (KwaZulu-Natal (KZN))

and national.

OBJECTIVE OF THE STUDY

According to the Terms of Reference (November 2010), the objective of the study
project is to undertake a feasibility study to finalise the planning of the proposed
uMkhomazi Water Project (UMWP) at a very detailed level for the scheme to be
accurately compared with other possible alternatives and be ready for
implementation (detailed design and construction) on completion of the study.

The feasibility study has been divided into the following modules, which will run

concurrently:

¢ Module 1: Technical Feasibility Raw Water (DWA) (defined below);

é Module 2: Environmental Impact Assessment (DWA); and

¢ Module 3: Technical Feasibility Potable Water (Umgeni Water) (ranging from
the Water Treatment Plant to the tie-in point with the eThekwini distribution

system).

This module, the raw water technical feasibility study considers water resources
aspects, engineering investigations and project planning and scheduling and
implementation tasks, as well as an environmental screening and assessment of

socio-economic impacts of the proposed project.

Some specific objectives for this study, recommended in the Mkomazi-Mgeni

Transfer Scheme Pre-feasibility are listed below:
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1.4

¢ Smithfield Dam (Phase 1) to be investigated to a detailed feasibility level;

¢ Investigate the availability of water from Impendle Dam (Phase 2) as a future
resource to release to Smithfield Dam, and refine the phasing of the selected
schemes;

¢ Optimise the conveyance system between Smithfield Dam and the proposed
Baynesfield Water Treatment Plant;

¢ Undertake a water resources assessment of the uMkhomazi River Catchment,
including water availability to the lower uMkhomazi;

6 Evaluate the use of Baynesfield dam (now Langa Balancing Dam) as a
balancing dam; and

¢ Investigate the social and economic impact of the uMWP.

This one of three studies was undertaken in close collaboration with the DWA,
Umgeni and the PSPs of the other modules.

SCOPE OF THIS REPORT

This report deals exclusively with the construction materials and geotechnical
investigations conducted at the site for the Langa Balancing Dam located on
Baynesfield Estate near the outlet of the conveyance tunnel leading from the
proposed Smithfield Dam. The name Langa has evolved after the field
investigations were completed and the field data records in Annexures B and C

therefore still contain the name Nooitgedacht (after the name of the farm).

A site for a balancing dam, located just upstream of the existing Mbangweni Dam
was initially considered and called the New Mbangweni site. Seismic refraction
surveys were conducted there, but due to poor foundation conditions and a wide
river section, that site was not further investigated. The centre line for the Langa
site was selected where the width of the wetland was the least and where shallow

bedrock was visible on both sides of the river.

The activities specific to the geotechnical and materials task included:

6 Review the available geotechnical information.

¢ Describe the general geology of the area.

6 Conduct seismic refraction surveys along the centre line for the Langa
Balancing Dam site.

6 Consider the seismic risk.
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1.6

¢ Conduct investigations for sources of dam construction materials by means of
test pitting rotary core drilling and laboratory testing,

¢ Undertake geotechnical investigations for the foundations of the dam and
spillway structure by means of rotary core drilling and Lugeon water pressure
testing.

é Assess the stability of slopes around the reservoir rim.

PURPOSE OF THE REPORT

The objectives of this report are to describe the results of construction materials
and geotechnical investigations for the proposed Langa Balancing Dam. The

following components were dealt with:

¢ Foundations for an Earth Core Rockfill or zoned embankment dam with
approach channel and side spillway with chute and plunge pool on the left flank.

¢ Alternatively, foundations for a Concrete Faced Rockfill dam with approach
channel and side spillway with chute and plunge pool on the left flank.

6 Construction material sources for the above dams.

The report presents the site conditions, methodology and results of the geological
and materials investigation task of the study. The information is based on a
desktop study and field investigations conducted between January and April 2013.
The seismic survey report was completed in April 2013 and most of the laboratory
testing was completed in July 2013.

The information from this report is required input into the engineering, financial and
institutional investigations tasks, and this report is thus a supporting report to the

main study report.

CONTENTS OF THE REPORT

This report is the Supporting Document 4 for the main Geotechnical Report and
refers to Supporting Document 1 on the Seismic Hazard Assessment for both the
Smithfield and Langa Dam sites, Supporting Document 2 on the Seismic
Refraction Survey and Supporting Document 3 on the Materials and Geotechnical

Investigation for the Smithfield Dam site.

This report comprises of the following parts:
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Text (Volume 1 of 2);
Annexure A: Figures referred to in the text (Volume 2 of 2);

Annexure B: Test pit profiles and laboratory tests (Volume 2 of 2); and

o o o o

Annexure C: Drilling results (Volume 2 of 2)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

2 PREVIOUS INVESTIGATIONS

No previous investigations had been conducted at sites for a balancing dam.
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3 PRESENT INVESTIGATIONS

3.1

3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

NEED FOR GEOTECHNICAL INVESTIGATIONS

Based on a study of the available information, AECOM identified the need for the

following geotechnical investigations:
Geological mapping

Geological mapping of the Langa Balancing Dam site, based on the observation of

surface outcrops and the results of core drilling and test pitting must be conducted.
Seismic risk analysis

The seismic risk must be assessed.

Seismic refraction survey

Seismic refraction surveys must be conducted along the proposed dam centre line
to ensure that boreholes are drilled at the most appropriate locations and to
interpret geological conditions between boreholes.

Test pitting, soil sampling and laboratory testing

Test pits (up to 5 m deep) must be dug within the dam basin to investigate sources
for embankment material, particularly impervious material for the core. The test pits
must be geotechnically logged and representative samples taken for additional
laboratory testing. Laboratory tests must include Grading and Atterberg Limits. In

addition, samples of rock must be subjected to tests for rockfill.
Core drilling

It was considered necessary to drill boreholes and conduct water pressure tests to
assess the required depths of foundation excavation and to determine the
permeability and need for grouting. The drilling of boreholes to investigate
foundation conditions for a spillway structure was also necessary. Core drilling was
also required to investigate the quantity and quality of material for rockfill. Drilling
and test pit information from the tunnel outlet portal area could be used to assess

the suitability of excavated material for dam construction.
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3.1.6 Reservoir slope stability

3.2

3.3

Slopes within the dam basin must be studied in order to determine the risk of

failures and the effect of such failures on the dam structure.

GEOLOGICAL MAPPING

A regional geological map of the area around the site for the proposed Langa
Balancing Dam was compiled from information on the published Geological Map,

The regional geological map is attached as Figure A4.1 included in Annexure A.

Due to the limited outcrops of rock other than shale, the detailed geological map on
Figure A4.2 included in Annexure A mainly serves to indicate the extent of the
wetland areas and the suspected fault that intersects the dam centre line.

SEISMIC HAZARD ANALYSIS

A Probabilistic Seismic Hazard Analysis (PSHA) for both the Smithfield and Langa
sites was conducted by Dr A Kijko of the Natural Hazards Assessment Consultancy
in Centurion (Report no P WMA 11/U10/00/3312/3/2/1: Supporting document 1:
Probabilistic hazard analysis for Smithfield Dam, Langa Balancing Dam and the

conveyance system).

The PHSA was performed using conventional Cornell-McGuire procedures where
the integration across the uncertainty in the peak ground acceleration (PGA)
prediction equation is an integral part of the methodology.

In accordance with current seismic regulations provided in Bulletin 72 of ICOLD
(1989), Eurocode 8 (2004) and ASCE (2005), three seismic designated levels were
considered namely the Operating Basis Earthquake (OBE), Maximum Design
Earthquake (MDE) and Maximum Credible Earthquake (MCE).

Results for the horizontal component of earthquake acceleration are as follows:

¢ Operating Basis Earthquake (Return period 144 years) =0.016 g
¢ Maximum Design Earthquake (Return Period 475 years) =0.021 g
¢ Maximum Credible Earthquake (Return period 10 000 years) =0.113 g

The above results classify the site as of low seismic risk.
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3.4 SEISMIC REFRACTION SURVEY

3.5

Seismic refraction surveys were undertaken by Open Ground Resources to
determine the succession of seismic velocity layers and depth to sound bedrock at
the following locations (Report no P WMA 11/U10/00/3312/3/2/2: Supporting
document 2: Seismic refraction investigation at the proposed uMkhomazi Water

Project Phase 1):

¢ New Mbangweni dam site - left flank: 160 m
¢ New Mbangweni dam site — right flank: 115m
¢ Tunnel outlet portal area: 475 m
¢ Langa dam site — left flank: 115 m
é Langa dam site — river section: 115 m
¢ Langa dam site — right flank: 235 m

Figure A5.1 included in Annexure A shows the positions of the seismic lines at the

Langa site.

TEST PITS

Test pits were excavated to investigate the subsurface conditions to a maximum
depth of about 5 m. A 20-ton excavator was used (instead of a TLB) to speed up the

work and to penetrate possible zones of hardpan ferricrete.

Large parts of the dam basin are classified as a wetland or contain rare plant
species and could not be investigated (see Figure A4.2 included in Annexure A).
The flat areas just above FSL on the left flank are potential sources for impervious
embankment material but they were under cultivation by maize and could not be
investigated in detail. A few test pits were dug along tracks within and around the

lands.

Table 3.1 provides details of 19 test pits that were excavated along the dam centre

line, the proposed borrow area and the tunnel outlet portal.

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water 3-4

3.6

Table 3.1: Summary of test pits

Project area

BUbeigpilteat Test pit numbers

pits
Langa dam centre line 3 MTP1, MTP2, MTP4
Borrow area 12 MTP5, MTP7-MTP16, MTP18
Tunnel outlet portal 4 TPO1-TP 04

The test pits were excavated to a maximum reach of machine or to partial refusal
(caused by dense/stiff material), whichever occurred first. Test pits were profiled by
an engineering geologist according to the current standards and practice in South
Africa (IAEG/AEG/SAICE-Geotechnical Division, 2002). Representative samples
were taken for laboratory testing.

Immediately after completing the profiling and sampling of each test pit, the
excavated material was placed back into the hole and compacted in layers. Material
from the upper fertile soil layer was kept separate and placed on top of the
backfilled material. The ground surface was restored as near as possible to its

original condition.

Each test pit was positioned using a hand-held GPS. Figure A5.1 included in
Annexure A shows the positions of test pits.

ROTARY CORE DRILLING

Rotary core drilling was undertaken to obtain relatively undisturbed samples of soil
and rock to depths of 20 m - 25 m below ground surface and to conduct packer

permeability tests to these depths along the dam centre line.

Borehole cores were profiled by an engineering geologist according to the current
standards and practice in South Africa (SAIEG/AEG/SAICE-Geotechnical Division,
2002).

Water pressure testing was carried out within the boreholes along the dam
centreline to assess the permeability of the foundation materials. Special provision
was made in the drilling contract for water pressure (Lugeon) testing in weathered
rock conditions where conventional packers cannot be used. In these materials the
packers were seated within a tight-fitted (drilled-in) casing so that packer tests could

be conducted from about 2 m depth.
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3.7

Samples comprising moderately and slightly weathered shale from boreholes in the
proposed quarry were taken for laboratory tests to determine their properties with

respect to use as soft rockfill.

Table 3.2 summarises the distribution of the core-drilled boreholes. Positions of
boreholes were surveyed to an accuracy of 200 mm both horizontally and vertically.

The positions of boreholes are shown on Figure A5.1 included in Annexure A.

Table 3.2: Summary of cored boreholes

Project area ‘ Number of boreholes Borehole No’s
Langa Dam site, left flank 3 NM1, NM2, NM9
Langa Dam site, river section 1 NM3
Langa Dam site, right flank 4 NM4 — NM7
Langa Dam, left spillway 1 NM10
Langa Dam, right spillway 1 NM8
Langa Quarry site 3 NQ1 - NQ3
Tunnel outlet 1 BH8

Borehole cores were profiled by an engineering geologist according to the current
standards and practice in South Africa (SAIEG/AEG/SAICE-Geotechnical Division,
2002).

At the end of the drilling investigation, all the borehole cores were transported to the
DWA offices at Midmar Dam where the core boxes were stacked in a dedicated
carport. The results of the drilling (i.e. driller’'s journals, borehole logs, core

photographs and water test results) are included in Annexure C.

LABORATORY TESTING

Soil samples taken from the cultivated lands on the left flank and from the dam
basin were taken to Geostrada soils laboratory for grading, Atterberg testing and

double hydrometer dispersivity testing.

Samples from the tunnel outlet portal were subjected to the following tests (as part

of the tunnel investigation):

é Grading to minus 0.002 mm and Atterberg Limits
é Mod. AAHSTO Compaction

¢ Chemical dispersion
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6 Shear box

¢ Flexible wall permeability.

Samples of moderately and slightly weathered shale from boreholes in the proposed
quarry area were subjected to the following laboratory tests to determine their

properties with respect to their use as soft rockfill:

Crushing to minus 53 mm
Grading analysis

Determination of the Atterberg Limits, where possible

o & o o

Aggregate Crushing Values (wet and dry)

The results of the laboratory tests are contained in Annexure B of this report.

3.8 RESERVOIR SLOPE STABILITY STUDY

The available contour map of the basin area was used to determine the slope
angles of the area above and below FSL around the rim of the reservoir. From
observations of rock outcrops and overburden along the steeper slopes, an
assessment of the stability of slopes as a result of fluctuating water levels could be

made.
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4 GEOLOGY

The area of interest is underlain by sedimentary strata of the Karoo Supergroup that
were subsequently intruded by younger dolerites in the form of sills and dykes

(Figure A4.1 included in Annexure A)

The dam site is underlain by rocks of the Pietermaritzburg Formation of the Ecca
Group, comprising shales and siltstones with sub-ordinate sandstones. The
sedimentary strata are essentially horizontal, and largely undisturbed. Regional dips
of 3 - 5 degrees were recorded.

Neither the rocks of the Pietermaritzburg Formation nor the intrusive dolerites which
underlie the dam basin are typically associated with economically-important mineral
deposits.

At the dam site the shales had been intruded by at least one near-horizontal dolerite
sill. It varies in thickness between about 5 m and 10 m and occurs along the dam
centre line and in the main quarry area where it is covered by shale. On the left
flank, the sill had been displaced downwards along a fault by about 8 m. This fault
appears to intersect the dam centre line along the lower right flank. The dolerite

does not crop out anywhere on site (Figure A4.2 included in Annexure A).

Bedrock is mostly very shallow and it is only along the lower right flank where there
is a deposit of colluvium overlying the dolerite. The river section is occupied by a

wetland that varies in width between 50 m and 150 m.
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5 CONSTRUCTION MATERIALS INVESTIGATION

During the present feasibility stage of the project, various types of dams are being
considered, and therefore the available quantities and properties of different types
of construction materials were investigated. The aim of the construction materials
investigation was to locate sources of natural construction materials (soil and rock)
in environmentally suitable locations, capable of providing the volumes as shown in
Table 5.1. These quantities include the normal “safety factor” whereby twice the

volume of material required for construction, is proved during the site investigation.

Table 5.1: Approximate volumes of construction material (2 x required)

Type of material (m?)

Structure

Impervious Semi- . A Rock for aggregate,
core pervious Rockfill Rip-rap filters, drains

ggrrfd embankment 350000 | 1020000 - 80 000 200 000
Clay Core

. 250 000 - 800 000 - 110 000
Rockfill dam
Concrete Faced

. - - 1 000 000 - -
Rockfill dam

A typical specification for embankment materials is given in Table 5.2.
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Table 5.2:

Embankment zones

Typical specifications for earth fill materials (Badenhorst, 1988)

Property
Impervious Semi-pervious Pervious

Clay content (%) 10-30 <55 <10
Pl (%) 12-35 <12 <5
LL (%) 30-60 <30 <20
LS (%) 6-10 <7 <2
Standard Proctor MDD (kg/m3) 1450-1880 1750-2000 1700-2100
Standard Proctor OMC (%) 12-25 10-15 6-12
Cohesion (kPa) 12-30 8-15 <10
Friction angle (°) 18-30 28-38 >35
Permeability (m/sec) <1x10® 1x10” — 1x10°® >1x10"

Five potential sources for embankment construction materials were identified,

namely:

o & o o o

5.1

Quarry in the dam basin.

TEST PITS AND BOREHOLES

Borrow area within the dam basin; and

Spoil from the conveyance tunnel excavation;

Excavated material from the tunnel outlet portal;

Excavated material from the spillway approach on the upper left flank;

Test pits were dug by means of a 20 ton tracked excavator with a maximum reach

of about 5 m depth while boreholes were drilled with a rotary core drill. The

positions of test pits and boreholes at the Langa site are shown on Figure A5.1

included in Annexure A.

Material to be excavated for the outlet portal of the conveyance tunnel was
investigated by means of four test pits (TPO 1 — TPO 4) and Borehole BH 8. The

positions of these test pits and borehole are shown on Figure A5.2, while the

position of the portal is shown on Figure A1.1, both included in Annexure A.

The area of the proposed spillway approach cut was under cultivation by maize, and
four test pits (MTP 5, MTP 7, MTP 15 and MTP 18) were dug around the cultivated

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and

geotechnical investigation



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water 5-3

lands and along tracks between the lands. The results from Boreholes NM 9 and

NM 10 are also considered to be representative of conditions in this area.

The proposed borrow area within the dam basin were investigated by means of
eight test pits (MTP 8 — MTP 14 and MTP 16). The positions for test pits had to be

carefully selected to fall outside the extensive wetland within the dam basin.

The only potential quarry site within the dam basin was identified as a spur within
the proposed borrow area. A potential quarry area of about 60 000 m?was identified
(see Figure A5.1 included in Annexure A). Here also, the positions for boreholes
had to be carefully selected to fall outside the extensive wetland within the dam

basin.

The detailed test pit and borehole logs are provided in Annexure B and summaries

of the results are presented in Table 5.3 and Table 5.4.
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Table 5.3: Summary of test pit results

LAYER THICKNESS (m)

Clayey sand/silt
A = Alluvium
C = Colluvium
P = Pedogenic
ferricrete
RD = Residual dolerite
RS = Residual shale

Boulders
TP No.

and clayey silt
C = Colluvium
A = Alluvium

Organic soil

Soft rock
P = pedogenic
S = Shale
D = Dolerite

COMMENTS

DE = Difficult

excavation

MTP 5 0.0-0.4 0.4-1.1(C) 1.1-3.8(S) DE
MTP 7 0.0-0.5 0.5-2.1(C) 2.1-4.0(S) DE
MTP 8 0.0-0.5 0.5-1.5 (C) 1.5 -3.0(S) DE
MTP 9 0.0-0.5 0.5-1.5 (C) 1.5 - 3.5(S) DE
MTP10 | 0.0-0.2 0.2 -2.0(S) DE
MTP11 | 00-05 0.5-1.2 (C) 1.2 - 3.5(S) DE
MTP12 | 00-0.2 0.2 -2.0(S) DE
MTP13 | 0.0-0.2 0.2 - 4.0(S) DE
MTP14 | 00-0.2 0.2 - 2.4(S) DE
MTP15 | 0.0-05 0.2 - 3.5(S) DE
MTP16 | 0.0-0.7 0.7 = 2.4(S) DE
MTP18 | 0.0-0.4 0.4-1.1(A) 1.1 -3.8(S) DE
TPO 1 0.6 — 1.8(RS) 0.0-0.6 (C) 1.8 — 4.6(S) DE
TPO 2 0.0-0.6 2.6 — 5.0(RS) 0.6 —2.6 (C) DE (water 1m)
TPO 3 0.0-0.6 0.6 —1.0 (C) 1.0 — 4.3(S) DE(water 3m)
TPO 4 0.4 — 2.3(RS) 0.0-0.4 (C) 2.3-5.0(S) DE
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Table 5.4:

Summary of results from boreholes in the quarry

TYPE OF MATERIAL/DEGREE OF WEATHERING

Organic soil = O, Sandy clay = SC, Gravel in clay = GC, Gravel in sand = GS

Shale = S; Indurated shale =1, Dolerite = D

LAYER THICKNESS (m)

TRANSPORTED RESIDUAL SOIL/
SoIL COMPLETELY HIGHLY MODERATELY SLIGHTLY UNWEATHERED
WEATHERED
NQ 1 0.0 — 0.55(0) 0.55 - 1.35 (S) 1.35 - 5.16(S) 5.16-11.5 (S) 11.5-20.19(S)
0.0-5.12(S) 5.12-6.57(S)
NQ 2 10.07-10.07(S)
6.57-8.07(S) 8.07-10.07(S)
9.0-10.73(S)
NQ 3 0.0 —2.0(S) 2.0-3.48(S) 3.48-4,35(S) 4.35-9.0(S) 10.73-17.67(D)
17.67-20.18(S)
1.7-3.1(S) 3.1-4.2(S)
NM 9 0.0 - 0.25(0) 0.25-1.7(S) 4.2-5.14)S) 5.14-6.25(S) 9.3-12.0(S) 12.0-20.11(S)
6.25-8.73(S) 8.73-9.30(S)
0.9 - 1.5(S) 0.0 - 0.9(S)
NM 10 5.28-7.4(S) 7.4-20.02(S)
5.14-5.28(S) 1.5-5.14(S)
BH 8* 0.0 —0.26(0) 0.26 — 8.77(S) 8.77 — 11.22(S) 11.22-20.17(S)

*BH8 is located at the tunnel outlet portal
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5.2

The quarry is underlain by a very thin layer of topsoil, followed by 2 m — 3 m of
completely weathered shale. A layer of moderately to highly weathered shale
varies in thickness between 2 m and 10 m and this is underlain by slightly

weathered and unweathered shale.

Borehole NQ 3 in the quarry encountered a 7 m thick dolerite sill that may continue
all the way to the dam centre line (see Figure A5.3 included in Annexure A). This
might provide a considerable volume of unweathered dolerite and needs to be
further investigated by means of deeper boreholes during the design stage
investigation

LABORATORY TESTS ON SOIL SAMPLES

Small samples for foundation indicator tests and duplicate large samples for
compaction and other tests were taken from representative soil horizons
encountered in the test pits.

Geostrada Soils Laboratory in Pretoria conducted three foundation indicator tests
consisting of grading analysis to minus 0.002 mm, and determination of the
Atterberg Limits.

Samples from the tunnel outlet portal were also tested for grading, Atterberg Limits,
Mod. AAHSTO Compaction, CBR, chemical dispersion, shear box and permeability.

The results of the grading and Atterberg tests are summarised in
Table 5.5, and the detailed results are provided in Annexure B. The selection of
samples for laboratory testing was based on the soil type (grain size), which was
visually determined during the soil profiling. Since this determination is a rough
estimate that is affected by the moisture condition of the soil, grain shape, grain
composition and experience of the profiler, both the profile descriptions and the
laboratory results (in italics) for grain sizes are given in the fourth column of
Table 5.5.
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Table 5.5:

Summary of laboratory foundation indicator test

Test Pit
No.

Visual Soil Profile
Description

(Lab result in italics %)

Soil Properties

Atterberg Limits

(%)

Clayey silt

Low to
MTP 7 05-21 Clayey(11) gravelly(15) 47 21 | 85 CL Medium
Silty(29) sand(45)
Shale
MTP 13 1.2-4.0 Clayey(9) silty(23) 42 15 5.5 ML Low
Langa Gravelly(29) sand(39)
borrow
area Clayey silt
Low to
MTP 18 04-11 Gravelly(14) clayey(20) 48 15 6.5 ML Medium
Silty(31) sand(35)
Clayey silt
. Low to
TPO 2 0.6.2.6 Gravelly (12) silty (36) clay 57 27 12 MH medium
(50)
LL = Liquid Limit
PI = Plasticity Index
Legend LS = Linear Shrinkage
PE = Potential Expansiveness
USCS = Unified Soil Classification System

The above samples comply with the specification for impervious core material in

terms of the Atterberg Limits. However, the permeabilities are likely to be too high.

The results of other tests on samples from the tunnel outlet portal are summarised

in Table 5.6. Some of these tests were done for the tunnel investigation and are of

limited use for the dam materials investigation.
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Table 5.6: Summary of other laboratory test results

TPO2 TPO1 MTP7 MTP13

Test pit number,
0.6-2.6m 0.6-4.6m 05-21m 0.2-40m

depth and material
type

Clayey silt Residual and highly Clayey silt Highly
colluvium weathered shale colluvium weathered shale

Mod. AASHTO Density

(ka/m?) 1881 - - -

OMC (%) 16.4 - - -

Chemical Dispersivity dis’[\)lgrs:ive - - -

Double Hydrometer
Dispersivity (%)

Shear box @ (degrees) - 33 - -

Shear box cohesion
(kPa)

Flexible wall

-10
permeability (m/s) . 2x10 - )

5.3 LABORATORY TESTS ON ROCK SAMPLES

Only limited laboratory testing was undertaken since results from similar materials
are available from recent investigations at the conveyance tunnel, the Smithfield
Dam and the Zalu Dam near Lusikisiki.

5.3.1 Unconfined compressive strength and E-Modulus

Core samples of slightly weathered and unweathered shale and dolerite from drilling
along the conveyance tunnel were submitted to Rocklab for various tests.
Some of these results are relevant for tunnel spoil materials earmarked for possible

use as embankment fill (rockfill).The relevant results are given in Table 5.7.
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5.3.2

Table 5.7: Summary of laboratory tests on slightly weathered and unweathered

shale and dolerite

BRAZILIAN
TANGENT E

UCSrange  MODULUS TENSILE | pengiTy

ROCK TYPE (MPa) (kg/m?)

RANGE STRENGTH
RANGE

2 | 5.95-120 | Slightyweathered | 40 500 | 355.348 147 -18.2 2660
indurated shale
3 | 27.0-400 | Slightyweathered | 5,5 5,3 | 5671 384 37-485 2680
indurated shale
387.0- Unweathered
5 SSE neatne 212-349 | 447-636 31.3-41.6 2720

The above strengths and E-moduli are well above the required values of about
50 MPa — 100 MPa for UCS and 15 GPa for E-modulus of rockfill. It must however
be remembered that the shale is prone to rapid deterioration and that these values
are only applicable for the unslaked material.

Samples of material from the TBM excavation are not available for testing, but from
previous experience it is anticipated that the material will be in the form of flaky
shards of rock with average maximum size of about 100 mm and with properties of
a G5 gravel. It is possible to compact these materials in a rockfill embankment to
achieve high density and shear strength.

Tests on slightly weathered and moderately weathered shale

Core samples of slightly weathered and moderately weathered shale from the
drilling at the Langa Dam site were submitted to Geostrada for crushing, grading to
minus 53 mm, Atterberg Limits and ACV (wet and dry) tests. The results are

summarised in Table 5.8.
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Table 5.8: Summary of laboratory test on crushed slightly weathered and

moderately weathered shale

SAMPLE TYPE

Moderately weathered Slightly weathered
PROPERTY
-19 mm (%) 68 81
-4.75 mm (%) 18 24
- 2.36mm (%) 12 14
-0.425 mm (%) 6 5
-0.075 mm (%) 4 2
GM 2.04 2.70
LL (%) 30 24
Pl (%) 8 6
LS (%) 45 25
ACV Dry (%) 333 23.9
ACV Wet (%) 44.2 28.4
Dry/Wet Ratio (%) 75 84

5.3.3 Exposure tests on slightly weathered and moderately weathered shale

The results of Table 5.8 are very similar to the results obtained from the testing of

the Smithfield Dam site samples. The Smithfield Dam site results on exposure tests

are therefore considered relevant, and are described below.

Core samples of unweathered and moderately weathered shale from the drilling at

the Smithfield Dam site were submitted to exposure and other durability tests.

Unweathered to moderately weathered shale can be subdivided into two types,

namely (i) rock that is prone to slaking (carbonaceous shale) and (ii) rock that is

indurated and relatively durable. The following core samples were taken for

laboratory testing:

MW: Moderately weathered shale (not prone to slaking);
MWS: Moderately weathered shale prone to slaking;

SW: Slightly weathered shale (not prone to slaking); and

o & o o

SWS: Slightly weathered shale prone to slaking.

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and

geotechnical investigation



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water 5-11

Each of the above samples was split into two parts. The one part (Part 1) was
crushed to minus 19 mm and the other part (Part B) was placed outside for a period
of 3 weeks where it was exposed to the atmosphere and was sprayed with water

every second day. It was then crushed to a size of minus 19 mm.

Both sets of samples (Part 1 and Part 2) were then graded and subjected to

Atterberg Limit tests. ACV tests (Wet and Dry) were done on the Part 1 samples.

The results of the laboratory tests appear in Annexure B, and summaries are given
in Table 5.9 and Table 5.10.

Table 5.9: Summary of laboratory tests on slightly weathered shale

SAMPLE No SW SW SWS SIS
PROPERTY Part 1 Part 2 Part 1 Part 2
Crushed Exposed Crushed Exposed

-19 mm (%) 100 69 100 82
-4.75 mm (%) 46 15 54 31
- 2mm (%) 21 7 26 13
-0.425 mm (%) 7 3 10 5
-0.075 mm (%) 2 2 4 3
GM 2.7 2.88 2.6 2.79
LL (%) NP! NP 20 20
Pl (%) NP NP 3 5
LS (%) NP NP 1.5 15
ACV Dry (%) 26.7 NT? 35.3 NT
ACV Wet (%) 29.5 NT 46.2 NT
Dry/Wet Ratio (%) 91 NT 76 NT

. Non Plastic

%2 Not Tested
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Table 5.10: Summary of laboratory tests on moderately weathered shale

SAMPLE No MW MW MWS MWS
PROPERTY Part 1 Part 2 Part 1 Part 2
crushed exposed crushed exposed

-19 mm (%) 100 80 100 89
-4.75 mm (%) 48 18 41 34
- 2mm (%) 25 8 17 12
-0.425 mm (%) 9 4 7 4
-0.075 mm (%) 4 3 2 3
GM 2.62 2.85 2.74 2.81
LL (%) NP NP NP NP
Pl (%) NP NP NP NP
LS (%) NP NP NP NP
ACV Dry (%) 33.5 NT 38.3 NT
ACV Wet (%) 42 NT 47.4 NT
Dry/Wet Ratio (%) 80 NT 81 NT

The results of the grading before and after exposure are not as expected since the
percentage fines (-0.425 mm and -2.0 mm) decreased after the samples were
exposed to the atmosphere. This is ascribed to differences in the crushing of Part |
and Part Il samples.

From the above results it appears that slightly weathered shale (that is prone to
slaking) has a clay mineral content large enough to give some plasticity (Pl = 3% —
6%).

The effect of short-term (3 weeks) exposure on the grading of the crushed shale
does not seem to be dramatic (GM = 2.6 — 2.88).

The reduction in strength (ACV) after wetting varies between 24% for the slightly
weathered shale that is prone to slaking to about 9% for the slightly weathered
shale that is not prone to slaking. The latter type of shale meets the ACV
specification for concrete aggregate. For the moderately weathered shale, the

reduction in ACV after wetting is about 20 %.

The overall result of the durability testing is reassuring in that it appears that the

indurated shale (visually not prone to slaking) is strong, most of the decrease in
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534

strength takes place within a short period (days rather than weeks), and that all
slightly weathered and unweathered shale can be considered suitable as hard

rockfill, provided that it is protected by an outer shell of durable rock.
Tests on highly and moderately weathered shale

These materials were not tested during the current investigation, but similar

materials were tested during the investigation for the Zalu Dam site near Lusikisiki.

The samples were subjected to primary crushing to the minus 25 mm size and
subjected to grading, Atterberg, Aggregate Crushing Value (ACV), Standard Proctor
and consolidated undrained triaxial testing.

Since it is not known to what extent the weathered shale will break up during
quarrying, transport, compaction and consolidation in a dam embankment, it was
decided, for the sake of conservatism, to conduct the triaxial tests on the minus D,
fraction. However, after the primary crushing (to minus 25 mm) the minus Do
fraction of the highly weathered and moderately weathered shale produced too little
material and it was then decided to crush the entire sample to minus 0.425 mm for
the triaxial testing. The samples were compacted to 95% of Standard Proctor
density and the moisture content adjusted to about 20% before testing. The results

are shown in Table 5.11.
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Table 5.11: Summary of laboratory tests on crushed rock cores

Sample Origin Highly weathered shale Moderately weathered shale
Laboratory Number 2/4971 2/4972
Grading description (after Silty (11%) sandy (34%) gravel Sandy (22%) gravel (78%)
crushing to minus 25 mm) (51%)
LL (%) 27 Non plastic
Pl (%) 7 Non plastic
LS (%) 2,5 15
PE Low Low
ACV (%) 39,9 29,2
Standard Proctor MDD (kg/m3) 1960 2049
Standard Proctor OMC (%) 13,4 10,3
Cohesion (effective) (kPa) 0 13
Friction angle (effective) 35 35
(degrees)

5.4 AVAILABLE VOLUMES OF VARIOUS MATERIALS

The proposed borrow area in the dam basin has a very thin cover of soil above
weathered shale and it was decided to abandon the idea of a borrow area and to
investigate the rock quarry in the same area. The estimated volumes of the above

materials are given in Table 5.12.
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Table 5.12: Estimated volumes of embankment materials from borrow areas,

tunnel spoil and the tunnel outlet portal

Required (x 1000 m®)

Percentages available are Available (x 1000 m®)
given in brackets.

Type of material For

Tunnel
ror d spoil Portal Spill
zone orta illwa
CCR ; P y Quarry
embank- (outlet excavation approach
Dam .
ment section)
Overburden for
spoil: 0 0 0 0 8 15 20
Organic topsoil
) 250 350
Impervious core 0 0 0 0 0
(0%) (0%)
Semi-pervious fill:
Residual silty clay.ey 230 35 120
sand and sandy silty
clay 1020
0 0 0
(90%)
Semi-pervious fill:
Highly weathered 70 280 180
shale
Soft rockfill:
Moderately 0 50 20 350
weathered shale 280
1000 910
(682%)
(191%) | (210%)
Hard rockfill:
Unweathered shale 250 40 0 1200
and dolerite

5.5 MATERIAL PARAMETERS FOR DESIGN

Based on the information from the drilling and laboratory testing, the various types

of material available from all the sources can be described as follows:
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¢ Residual clayey gravelly silty sand and highly to completely weathered shale
comply with the specification for semi-pervious earthfill.

¢ Moderately weathered shales are generally medium strong rocks in situ, but are
prone to rapid slaking upon exposure to the atmosphere. This shale material
can be considered as soft rockfill, but must be covered by durable (dolerite)
rock outer zones.

¢ Unweathered shale and dolerite (mixture from tunnel excavation and quarry)
are suitable as hard rockfill but must be covered by durable (dolerite) rock outer

zones.

The estimated average properties of the above types of materials are given in
Table 5.13.
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Table 5.13: Estimated material parameters for design

Properties of compacted material
n/p = non-plastic

n/a = not applicable

Material
n/t = not tested

type . .
yp est = estimates based on other projects

Liquid Plasticity Density =~ OMC Permeability Cohesion
Limit (%) Index (%) (kg/m3) (%) (m/s) (CGE))

Semi-pervious fill:
Residual silty clayey 47 18 1730 16 4x 10 nit nit
sand and sandy silty clay
Semi-pervious fill: 2,7 x 1073+
27 7 1960 13.4 1o grxx 33+
Highly weathered shale 2x10
Soft rockfill:
4 0 35
Moderately weathered n/p n/p 2049 10.3 1x107™
(est) (est)
shale
Hard rockfill:
Slightly weathered 2100 0 38
n/p n/p n/a n/t
and unweathered shale, (est) (est) (est)
non-slaking
Hard rockfill:
Slightly weathered 2100 0 36
20 5 n/t n/t
and unweathered shale, (est) (est) (est)
slaking
Hard rockfill :
2200 0 40
Slightly weathered n/p n/p n/a n/t
(est) (est) (est)
and unweathered dolerite

* Permeability based on Hazen’s equation on Do of samples crushed to minus 25 mm.
**  Permeability from flexible wall permeates

***  Shear box test results

From Table 5.12 and Table 5.13 it appears that none of the available materials
qualify as impervious fill. The residual silty clayey sand qualifies as impervious
material in terms of the Atterberg Limits, but its permeability is likely to be too high

and can therefore best be used in semi-pervious zones.

The available quantity of semi-pervious material is not quite sufficient to provide

twice the required volume for a zoned embankment dam.
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A considerable volume of soft rockfill will have to be removed from the quarry in
order to reach the hard rockfill. This material can be used in certain zones of any of

the alternative embankment dams.

There is sufficient hard rockfill for construction of a CFR or ECR Dam. For any of
these dam types, durable dolerite may have to be imported from a commercial
quarry (Pietermaritzburg) to serve as protective layer above the shale or dolerite
shale mixture. Some or all of this dolerite might be obtained from the quarry, but
will have to be further investigated during the design stage.

Due to the absence of impervious core material, consideration will have to be given
to a Concrete Faced Rockfill or Earth Core Rockfill Dam with impervious core
comprising a mixture of soil and bentonite. The Concrete Faced Rockfill option
appears to be the more feasible, since the available soils contain too much clay to

mix with bentonite.
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6 GEOTECHNICAL INVESTIGATIONS

6.1

Geotechnical investigations were conducted along the proposed dam centre line

and along the proposed spillway return channel on the left flank.

The position of the centre line was selected where the width of the wetland was at a
minimum and where rock outcrops were visible at surface on both sides of the river.
For a dam with FSL at 919 masl, this meant that both flanks run in an upstream
direction to make best use of the topography (see Figure A5.1 included in

Annexure A).

From a topographic point of view, a side spillway could be positioned on either
flank, but the drilling results showed very deep weathering on the right flank and it
was proposed to position the spillway on the left flank (Figure A5.1 included in

Annexure A).

The investigations comprised seismic refraction surveys, test pitting and rotary core
drilling along the dam centre line and drilling for the spillway chute on the left flank.

SEISMIC REFRACTION SURVEYS

Seismic refraction surveys by Open Ground Resources were conducted along the
following lines (Report no P WMA 11/U10/00/3312/3/2/2: Supporting document 2:
Seismic refraction investigation at the proposed uMkhomazi Water Project
Phase 1):

¢ Centre line left flank (Line G1-G2 = 115 m);
¢ Centre line river section (Line G2A-G3A = 115 m); and
¢ Centre line right flank (Line G3B-G4 = 235 m).

The positions of the seismic lines are shown on Figure A5.1 included in

Annexure A.

Due to the presence of cultivated lands on the upper left flank, seismic surveys

could not be conducted there.

The 3 500 m/s seismic velocity line usually represents slightly weathered, medium

to closely jointed dolerite, suitable as foundation for a concrete dam. Lines depicting
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6.2

this velocity have been drawn on sections containing the results of boreholes along
the centre line (Figure A6.1 included in Annexure A).

Seismic line G1-G2 along the lower left flank overestimates the depth to sound rock
dolerite by about 7 m at Borehole NM 1 and by about 4 m at Borehole

NM 2. This might be due to the thick layer of shale above the dolerite in this area.

Seismic line G2A-G3A in the river section and lower right flank shows a deep
seismic low to the left of Borehole NM 5 and this is interpreted as weathering
associated with a suspected fault that displaces the dolerite sill by about 8 m in this

area.

Seismic line G3B-G4 along the right flank shows the 3 500 m/s seismic line to be
very deep (>30 m) along the lower part of the flank and then rises abruptly near
section chainage 600 m, probably as a result of the dolerite sill that becomes
unweathered at that location.

CORE DRILLING AND WATER TESTING

A total of ten cored boreholes with Lugeon water testing were drilled to investigate
the anomalies revealed by the seismic refraction survey and to provide information
on founding conditions and the need for grouting. The positions of the boreholes are

shown on Figure A5.1 included in Annexure A.

On the left flank only Borehole NM 9 could be drilled near the centre line due to the
presence of cultivated lands and environmental restrictions. Borehole NM 10 was
drilled near the left flank tributary to investigate conditions for the proposed spillway

chute.

Boreholes NM 1 — NM 3 were drilled in the river section and Boreholes NM 4 —
NM 7 along the right flank. Borehole NM 8 was drilled closer to the right flank
tributary to investigate conditions for the proposed side spillway. A summary of the

borehole results is given in Table 6.1.
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Table 6.1:

TYPE OF MATERIAL/DEGREE OF WEATHERING
Organic soil = O, Sandy clay = SC, Gravel in clay = GC, Gravel in sand = GS

Summary of boreholes results at the dam site

Shale = S; Indurated shale =1, Dolerite = D
TRANSPORTED RESIDUAL SOIL/
soIL COMPLETELY HIGHLY MODERATELY SLIGHTLY UNWEATHERED
WEATHERED
LAYER THICKNESS (m)
2.15 - 2.39(5) 157 —2.15 (S)
2.39 - 2.79(S)
279-3.1(S)
PR 31-43(S)
536 56309 437-5.29 (S) 10.6- 13.6(S)
NM 1 0.0-05 () 0.5-1.57 (S) : : 5.63 - 5.87 (S) 13.6 — 20.0(D)
5.87 — 5.95(S)
5.95 — 7.14(S) 20.0- 25.16())
7.14 - 7.35(S)
7.35 - 8.61(S)
8.61-9.12(S)
10.2-10.30(S) 912 -10.2(S)
2-10. 10.30- 10.6(S)
3.2-5.0(S) B
NM 2 0.0-0.5 (0) 0.5-3.2(S) 50-6.1(S) 6.1-7.0(S) 183;256 132'360(?8))
7.0-8.2(D) : :
NM 3 0.0 - 2.3(GC) 2.3-3.36(D) 3.36 — 4.42(D) 4.4220.0 (S)
NM 4 0.0-0.2 (0) 0.2 -1.67(S) 1.67 - 2.67(S) 2.67 - 4.6(S) 4.6 —20.0(S)
0.0 -0.24 (O) ] ]
NM 5 050329 (S0) 3.29-5.13(S) 5.13 - 7.1(S) 7.1-10.12 (S) 10.1-11.53(S) 11.53-25.27(S)
B 05-9.76 (S) - 18.2-18.53(D) B
NM 6 0.0-0.5 (0) 075 1750) 17.3-18.2(D) I563150(9) 19.6 — 25.6(S)
132-55(5)
NM 7 0.0 -0.2(0) o2 I—iégé((g)) 12.85-14.1(S) >0 ;_%%?S’) 23.0-25.0(S)
1-18. 18.5-20.2(D) 2-23.
4.0-7.75(S)
NM8 0.0-0.9 () 0.9-4.0(S) 166 - 2008 7.75 - 19.6(S)
1.73.1(S) 3.14.2(S)
NM9 0.0 - 0.25(0) 0.25-1.7(S) 4.2-5.14)3) 5.14-6.25(S) 9.3-12.0(S) 12.0-20.11(S)
6.25-8.73(S) 8.73-9.30(S)
09-15(5) 0.0-0.9(S) ] ]
NM10 5145 3800 o510 5.28-7.4(S) 7.4-20.02(S)
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Water pressure tests were conducted by using single packers in sections of 3 m
length and maximum water pressures of about 15 x D for packers set in soil and
22 x D for packers set in rock (where D is the depth of the packer below ground
surface). Each test section was subjected to five (ascending and descending) water
pressures (each for a period of 10 minutes), and the corresponding water losses
were measured. The Lugeon value for each increment of water pressure was

calculated as follows:

Lugeon = (1000 X WV/(T xL xP)

Where: V = Volume of water pumped in litres
T = Time of water pumped in minutes
L = Length of test section in metres
P = Pumping pressure in kPa

For each test section, five Lugeon values (one for each pressure increment) were
calculated, and the most appropriate Lugeon value was selected from the flow
pattern (laminar, turbulent, dilation, blockage or wash-out) according to the

guidelines produced by Houlsby (1976).

The results of the water pressure tests are presented in Table 6.2.
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Table 6.2: Summary of water pressure test results

LUGEON VALUES (values <0.1 Lugeon not given))

Depth 1.1 - 4 (actual
0.1-1 >4 (actual Lugeons)
untested Lugeons)
Depth in m Depth in m Depth in m
0-2 5-11 11-14 (1.2)
NM 1 2-5 (5.6)
23-25.16 14-20 20-23
2-5
0-2
NM 2 11-14 14-17 (1.5) -
17-20
NM 3 0-2 - - -
NM 4 0-2 - - -
2-5
0-2 5-8 (1.7)
NM 5 8-11 -
23-25.27 11-14 (1.1)
14-23
2-5
0-2 5-8 (1.7)
NM 6 8-11 -
23-26.6 11-14 (1.1
14-23
2-5(1.2
0-2 5-8 2
NM 7 11-14 (2) -
23-25 14-20
20-23 (1.4)
NM 8 0-2 - - -
2-5
NM 9 0-2 11-14 (1.6) 14 — 20 (TOTAL)
8-11

All boreholes along the dam centre line were equipped with standpipe piezometers.
The water level readings are given in Table 6.3.
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6.2.1

Table 6.3: Water rest levels in boreholes

Date Date Water level Water level
completed measured Elevation (masl)
o
NM 3 2013-04-05 2013-04-15 dry
NM 4 2013-03-23 2013-04-15 dry
NM 8 2013-04-15 2013-04-15 dry

It is very unlikely that boreholes drilled within the wetland (Boreholes NM 2 and
NM 3) can be dry at any time. This unfortunately puts a question mark on all the
water level measurements that were done by the drilling contractor. Further
piezometer readings and investigations into the probable cause for this anomaly will
have to be done.

Discussion of drilling results

The results of the seismic survey, the drilling and the interpretation of the geology

are shown on Figure A6.1 included in Annexure A.

Most of the left flank (section chainage 0 — 250 m) is occupied by horizontally
bedded shale under a thin (<0.3 m) cover of transported soil. A 7 m thick horizontal
dolerite sill was encountered in the river section, and is expected to continue at
depth under the left flank.

The shale is completely weathered to a depth of about 2 m and moderately
weathered with layers of highly weathered shale to about 10 m. Deeper down the
shale is slightly weathered or unweathered. The shale is thinly bedded, hence the

borehole cores show moderate to low RQD values.
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6.2.2

The river section (section chainage 250 m — 320 m) is underlain by shale, while
between chainages 320 m and 480 m the underlying horizontal dolerite sill is
covered only by a thin (2 m) layer of transported soil. A fault that intersects the
centre line displaces the dolerite sill by about 8 m so that the dolerite occurs at a

higher level on the right flank.

The shale is completely weathered to a depth of 2 m - 3 m and moderately
weathered with layers of highly weathered shale to between 7 m and 10 m. Deeper
down the shale is slightly weathered or unweathered. The dolerite below the shale
is highly and moderately weathered to about 2 m after which it is slightly weathered.

Weathering conditions along the fault zone are unknown, but according to the
seismic results, poor rock conditions might occur to a depth of 20 m.

The right flank (section chainage 480 m — 660 m) is occupied by horizontally
bedded shale under a thin layer (<0.3 m) of transported soil. The horizontal dolerite
sub-outcrops (outcrop covered by colluvium) between elevations 888 masl and 898

masl and it thins to about 4 m deeper into the flank.

In Borehole NM 6 the shale and the dolerite are completely weathered to 18 m
depth, while in Borehole 7 the shale is completely weathered to the dolerite contact

at about 18 m and the dolerite below is moderately weathered to its base at 23 m.
Founding conditions for alternative dam types
a) Earth embankment shells

The shells of an earth embankment are typically founded on material with low
organic content, low compressibility and with shear strength similar to the dam
wall material. This means that a 0.6 m — 1.5 m thick layer of organic topsoil and
loose transported soil has to be removed along the centre line and that
founding will take place on stiff transported sandy clay or weak completely
weathered shale or weak residual dolerite.

b) Core trench

The clay core of an earthfill or rockfill dam is normally founded on material that
is either sufficiently impervious or can be rendered impervious by means of
grouting. These depths vary between 3.1 m to 5.0 m along the centre line (see

Figure A6.2 included in Annexure A).
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c)

d)

Rockfill embankment shells

The shells of a rockfill embankment are typically founded on material with low
organic content, low compressibility and with shear strength similar to the dam
wall material. Along most of the centre line between 1.6 m and 5.3 m of
colluvium and residual soil/completely weathered shale has to be removed.
However in the area of Borehole NM 6 on the right flank, weak completely
weathered shale and dolerite extend to a depth of over 17 m (see Figure A6.3
included in Annexure A). This excavation will yield a considerable volume of
material, some of which might be suitable as semi-pervious earthfill. The
volume and properties of this material must be further investigated during the
design stage.

Plinth for concrete faced rockfill

In the case of a concrete faced rockfill (CFR) dam, founding of the plinth will
require material with either low permeability or good groutability. The depths
vary between 5 m and 17.5 m (see Figure A6.4 included in Annexure A).

Concrete gravity

A concrete gravity dam is normally founded on good quality rock with a
minimum rock mass rating (RMR) of 50, giving it an E-value of at least 10 GPa
and with shear strength parameters along the most critically orientated

discontinuities of C = 250 kPa and ¢ = 34 degrees.

Due to the presence of closely spaced continuous weak bedding planes in the
highly and moderately weathered shale, and to some extent also in the slightly
weathered and unweathered shale, the above requirement for shear strength
are only marginally met in slightly weathered and unweathered shale. This
means that excavation depths for a concrete dam will extend to between 5 m
and 8.5 m in the river section and up to 23 m along a section of the right flank.

(see Figure A6.3 included in Annexure A).

For concrete structures where shear strength is not critical (e.g. spillway chute),
founding can take place on moderately weathered shale at considerably
shallower depths. The recommended excavation depths at borehole positions

are listed in Table 6.4.
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Table 6.4: Recommended excavation depths at the various borehole positions

BH ELEVATION

No. (masl)

NM9 916.31

Earth shells

EXCAVATION DEPTHS IN METRES (VERTICAL)

Concrete

1.0 2.3 3.1 10.0 5.0
NM1 894.68 0.8 1.6 5.0 12.0 5.0
NM2 888.36 1.0 35 35 8.5 6.2
NM3 882.03 15 3.0 5.5 6.0 5.0
NM4 886.90 1.0 2.6 2.6 5.0 3.0
NM5 891.31 1.0 5.3 5.3 11.0 6.0
NM6 908.24 0.6 17.3 5.0 20.0 17.5
NM7 912.61 0.6 3.0 6.0 23.0 8.0
NM8 919.00 1.0 7.6 5.0 n/a 7.6
NM10 n/a 0.5 2.0 5.5 7.0 5.5

f) Grouting

In most of the boreholes along the centre line water losses of less than 4
Lugeon units were recorded. The only exceptions are Boreholes NM 1 and
NM 6 where 5.6 Lugeons and 17 Lugeons respectively were measured between
2 m and 5 m and in Borehole NM 9 where total water loss occurred below 14 m
depth. There are no indications in the core that high water losses might be

encountered in these intervals, and it is possible that the packers did not seal

properly.

All the boreholes were reported to be dry a few days or weeks after drilling was

completed. These results are considered incorrect.

For a dam of this height, it will be necessary to make provision for a grout
curtain to a depth of about 66% of the water head along the centre line.
Although grout penetration might be small except in local zones, the drilling,
water test and grout records from a grouting operation is very important and
can be considered the final stage of a geotechnical investigation when sub-

surface information is obtained at close intervals below the footprint of the dam.
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6.3 SPILLWAY CONTROL AND RETURN CHANNEL

The layout of the proposed spillway control structure and return channel (chute) is

shown in Figure A5.1 included in Annexure A.

Borehole NM 10 was drilled in the general area for a control structure. It shows an
excavation depth of about 5.5 m for a concrete control structure and concrete lined
chute. This condition is considered representative for the area where the control

structure and chute is presently proposed.
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7/ RESERVOIR RIM STABILITY

7.1 RESERVOIR RIM STABILITY

Slopes around the reservoir rim are generally flatter than 16 degrees and are
underlain by a shallow cover of soil, followed by horizontally bedded shale. Small
scale slumping of the thin soil layer may occur from time to time due to fluctuating

water levels, but the risk for large slope failures that might endanger the dam is

considered negligible.
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8 CONCLUSIONS

8.1

8.2

8.3

8.4

AVAILABLE INFORMATION

Information from published geological maps was used to describe the general geology

of the area.

GENERAL GEOLOGY

The area around the site is underlain by rocks of the Pietermaritzburg Formation of the
Ecca Group, comprising shales (mudrocks) with sub-ordinate sandstones. The
sedimentary strata are essentially horizontal, and largely undisturbed. Regional dips of
3 — 5 degrees are recorded. A near-horizontal dolerite sill had intruded into the
sedimentary strata and occurs below a cover of shale at the dam centre line and the

quarry. A fault with a throw of about 8 m intersects the dam centre line.

SEISMIC REFRACTION SURVEYS

Seismic refraction surveys were conducted along the proposed dam centre line.
Although the seismic velocities tended to over-estimate the depth of sound rock, they
were useful in showing the presence of the dolerite sill below a cover of shale and also

to identify the positions of a fault.

SEISMIC RISK ANALYSIS

A Probabilistic Seismic Hazard Analysis (PSHA) was conducted for the Smithfield and

Langa sites by Dr A Kijko of the Natural Hazards Assessment Consultancy.

Results for the horizontal component of earthquake acceleration are as follows:

¢ Operating Basis Earthquake (Return period 144 years) =0.016 g.
6 Maximum Design Earthquake (Return Period 475 years) =0.021 g.
¢ Maximum Credible Earthquake (MCE (Return period 10 000 years) =0.113 g.
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8.5 MATERIALS INVESTIGATION

An extensive wetland in the dam basin, and cultivated lands on the left flank placed
severe environmental restrictions on the digging of test pits and drilling of boreholes for

the investigation of potential construction material sources.

Four potential sources for construction materials have been investigated, namely (i)
spoil from the tunnel excavation, (ii) material excavated for the tunnel outlet portal, (iii)
material excavated from the spillway approach area and (iv) material from a quarry
located below FSL in the dam basin. The estimated volumes available from these

sources in relation to the required volumes are shown in Table 8.1.

Table 8.1: Estimated volume of embankment materials from borrow areas, tunnel

spoil and the tunnel outlet portal

Required (x 1000 m®)
Percentage of available Available (x 1000 m®)
materials in brackets

Type of material For

For e Tunnel

CCR zoned spoil Portal Spillway
embank- (outlet excavation | approach
ment section)

CFR
Dam Dam

Overburden for spoil:

Organic topsoil

250 350
Impervious core: 0 0 0 0 0
(0%) (0%)

Semi-pervious fill:

Residual silty clayey
sand and sandy silty

230 35 120

1020
Clay 0 0 0
(90%)

Semi-pervious fill:

Highly weathered 70 280 180
shale

Soft rockfill:
Moderately weathered 0 50 20 350
shale 1200 | 900

Hard rockfill: (124%) | (165%) 280

Unweathered shale (532%) 250 40 0 1 200
and dolerite

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water 8-3

8.6

It appears that none of the available materials qualifies as impervious fill and that the
available quantity of semi-pervious material is not quite sufficient to provide twice the

required volume for a zoned embankment dam.

A considerable volume of soft rockfill (weathered shale) will have to be removed from
the quarry in order to reach the hard shale and dolerite rockfill. This soft material can

be used in certain zones of any of the alternative embankment dam types.

There is sufficient hard rockfill for construction of a CFR or ECR Dam. For any of
these dam types, durable dolerite may have to be imported from a commercial quarry
(Pietermaritzburg) to serve as protective layer above the shale or dolerite shale
mixture. Some or all of this dolerite might be obtained from the quarry.

Due to the absence of impervious core material, consideration will have to be given to
a Concrete Faced Rockfill Dam or an Earth Core Rockfill Dam with impervious core
comprising a mixture of soil and bentonite. The Concrete Faced Rockfill option
appears to be the more feasible, since the available soils contain too much clay to be

mixed with bentonite.

GEOTECHNICAL INVESTIGATION

Seismic surveys and core drilling between elevations 900 masl and 919 masl along the
left flank were restricted due to the presence of cultivated lands. Although there is a
gap of about 250 m between boreholes on this flank, the geology is fairly
homogeneous and the interpretation of founding conditions should be reasonably

accurate.

Founding conditions for all types of dams are unfavourable as a result of deep
weathering, especially along the right flank. This will involve in moderate to very deep
excavations for rockfill shell and the plinth of a CFR dam and very deep excavations for

a concrete gravity dam

For the shells of an earth embankment 0.6 m — 1.5 m organic topsoil and loose
transported soil has to be removed along the centre line and founding will take place
on stiff transported sandy clay or weak completely weathered shale or weak residual

dolerite.

For the shells of a rockfill embankment between 1.6 m and 5.3 m of colluvium and

residual soil/completely weathered shale has to be removed along most parts of the
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8.7

centre line. However in an area on the right flank, weak completely weathered shale

and dolerite extend to a depth of over 17 m.

For the core of an embankment dam the depth of excavation will vary between 3 m to
5 m along the centre line. The depth for the plinth of a concrete faced rockfill dam
will in many sections be only slightly deeper than for the core trench, except in an area

on the right flank where it is much deeper.

Excavation depths for a concrete gravity dam will extend between 5 m and 8.5 m in

the river section and up to 23 m along a section of the right flank.

It will be necessary to make provision for a grout curtain to a depth of about 66% of the
water head along the centre line.

A spillway control structure and concrete lined return channel can be founded on
moderately weathered shale at an average depth of about 5.5 m. A stilling basin and
apron will have to be provided at the end of the chute.

STABILITY OF RESERVOIR RIM

Slopes around the reservoir rim are generally flatter than 16 degrees and are underlain
by a shallow cover of soil, followed by horizontally bedded shale. The risk for slope
failures that might endanger the dam wall is considered negligible.

As a result of environmental restrictions on the paositioning of seismic lines, test pits
and boreholes, this investigation was limited. Hence, additional investigations for the

design stage are recommended.
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9 RECOMMENDATIONS

It is recommended that the following additional materials and geotechnical

investigations be conducted during the design stage:

é Test pitting in the spillway approach area, together with soil sampling and
laboratory testing to determine the properties of material to be excavated. These
tests should include grading, Atterberg Limits, Standard Proctor Compaction,
permeability, triaxial shear strength and dispersivity.

¢ Additional test pitting in the tunnel outlet portal area, together with soil sampling
and laboratory testing to determine the properties of material to be excavated.
These tests should include grading, Atterberg Limits, Standard Proctor
Compaction, permeability, triaxial shear strength and dispersivity.

¢ Additional rotary core drilling in the quarry area to determine the extent of the
dolerite sill and its potential use for concrete aggregate, rip-rap and filters.

é Additional rotary core drilling, water testing and SPT testing along the dam centre
line to provide information on founding conditions along the left flank, the
suspected fault zone on the lower right flank and the area of deep weathering on
the right flank.

¢ Additional drilling, soil sampling and testing in the area of Borehole NM 6 to
determine the properties and volume of potential impervious soil from the dam
excavation.

¢ Additional rotary core drilling at the spillway control structure, return channel and
stilling basin to provide information on founding conditions.

¢ Further piezometer readings at existing boreholes and investigations to explain the

anomalous water level observations.
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Annexure A

Figures
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MvS27_2013/101763

A=COM uMKHOMAZI WATER PROJECT PHASE 1: MODULE 1 Section B - B: L o through g IG A
TECHNICAL FEASIBILITY STUDY: RAW WATER (UMWP1-1RW) - LANGA DAM SITE ection B - B: Long section through proposed quarry  FIG A5.3
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A:COM ' UMKHOMAZI WATER PROJECT PHASE 1: MODULE 1

TECHNICAL FEASIBILITY STUDY: RAW WATER (UMWP1-1RW) - LANGA DAM SITE Section C - C: Cross section through proposed quarry  FIG A5.4
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uMKHOMAZI WATER PROJECT PHASE 1: MODULE 1
TECHNICAL FEASIBILITY STUDY: RAW WATER (UMWP1-1RW) - LANGA DAM SITE

Section A - A: Centre line with seismic and geology

FIG A6.1
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AZCOM

uMKHOMAZI WATER PROJECT PHASE 1: MODULE 1
TECHNICAL FEASIBILITY STUDY: RAW WATER (UMWP1-1RW) - LANGA DAM SITE

Section A - A: Centre line with core trench and concrete gravity excavation

FIG A6.2
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ﬂ -COM uMKHOMAZI WATER PROJECT PHASE 1: MODULE 1

TECHNICAL FEASIBILITY STUDY: RAW WATER (UMWP1-1RW) - LANGA DAM SITE Section A - A: Centre line with rockfill shell excavation FIG A6.3
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ﬂ -COM uMKHOMAZI WATER PROJECT PHASE 1: MODULE 1

TECHNICAL FEASIBILITY STUDY: RAW WATER (UMWP1-1RW) - LANGA DAM SITE Section A - A: Centre line with rockfill plinth excavation  FIG A6.4




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Annexure B

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Test pit profiles

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa Dam centre line
(MTP1, MTP2, MTP4)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation



_— Department: Water Affairs HOLE No: MTP 1
New upper Mbalingwe Sheet 1 of 1
Borrow MTP
JOB NUMBER: J01763
Scale [&57]4 0.00
1:204| |7l-
Her Moist reddish brown firm clayey SILT with scattered sub angular soft rock shale gravel
1|4 and roots. COLLUVIUM,
i /O%(
1<
{|fop
%< 0.70
1R
1% Slightly moist reddish brown blotched light brown firm fissured SILT with roots.
1l | r ALLUVIUM.
2%
1% 1.20
Khaki brown highly weathered to moderately weathered laminated jointed (sub vertical
joints closely spaced reddish brown clay infill at joints) soft rock SHALE. Northern face
dip and dip direction; 90/284, 55/305, 70/300,85/035 & 10/341 eastern face 10/305,
65/231, 80/155, 85/214 & 75/149.
2.50
Reddish brown becoming light yellow orange highly weathered laminated jointed (sub
vertical joints closely spaced reddish brown clay infill at joints) soft rock SHALE with
lenses of grey unweathered hard rock shale.
4.00
NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) No samples taken.
4) Difficult excavation at 4.0m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3296981
DRILLED BY : DATE : Y-COORD : 31 YO067498
PROFILED BY : G.Rabodiba DATE : 12/02/2013
HOLE No: MTP 1
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7



_— Department: Water Affairs HOLE No: MTP 2
New upper Mbalingwe Sheet 1 of 1
Borrow MTP
JOB NUMBER: J01763
Scale [&57]4 0.00
1251 [71-
e Moist reddish brown firm clayey SILT with scattered sub angular soft rock shale gravel
1|6 and roots. COLLUVIUM,
[[le
gt
11~ fe] 2
% "Zk 0.80
Khaki brown highly weathered very soft to soft rock SHALE with reddish brown clay infill
at joints.
2.00
Khaki brown highly weathered to moderately weathered laminated jointed (sub vertical
joints closely spaced reddish brown clay infill at joints) soft rock SHALE. Northern face
dip and dip direction; 83/293, 80/100, 85/174,85/353 & 82/104 western face 85/256,
80/159 & 25/002.
3.00
Grey slightly weathered laminated jointed medium hard rock SHALE. Northern face dip
and dip direction; 50/261 & 23/293. Eastern face 85/278 & 82/345.
4.50
NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) No samples taken.
4) Difficult excavation at 4.5m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3296922
DRILLED BY : DATE : Y-COORD : 31 YO067547
PROFILED BY : G.Rabodiba DATE : 12/02/2013
HOLE No: MTP 2
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7




1.0--2.

Scale

Gm‘

AZCOM

Department: Water Affairs
New upper Mbalingwe

HOLE No: MTP 4
Sheet 1 of 1

1:15 |

Borrow MTP
JOB NUMBER: J01763
2 0.00
s Moist reddish brown firm intact SILT with roots. TRANSPORTED.
2
v
2
. 0.40
: . : Moist reddish brown blotched light yellow firm fissured clayey SILT. ALLUVIUM.
AL 1.00
Khaki brown highly weathered thinly bedded soft rock SHALE.
2.60
NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) Bulk and disturbed samples taken 1.0--2.6m.
4) Difficult excavation at 2.6m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3296898
DRILLED BY : DATE : Y-COORD : 31 Y0067849
PROFILED BY : G.Rabodiba DATE : 13/02/2013
HOLE No: MTP 4
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA

dotPLOT 7009 PBp7




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Borrow area
(MTP5, MTP7-MTP18)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation



_— Department: Water Affairs
New upper Mbalingwe

HOLE No: MTP 5
Sheet 1 of 1

Borrow MTP
JOB NUMBER: J01763
Scale || % 0.00
1:20 . ) ) ) .
| [® Moist reddish brown firm intact SILT with roots. TRANSPORTED.
2
F 0.40
: : 4 Moist reddish brown blotched light yellow brown firm fissured clayey SILT. ALLUVIUM.
Al 1.10
: Khaki brown laminated grey highly weathered thinly bedded soft rock SHALE.
3.80
NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) No samples taken.
4) Difficult excavation at 3.8m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3297099
DRILLED BY : DATE : Y-COORD : 31 YO068039
PROFILED BY : G.Rabodiba DATE : 13/02/2013
HOLE No: MTP 5
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA

dotPLOT 7009 PBp7




0.5--2.

_— Department: Water Affairs HOLE No: MTP 7
New upper Mbalingwe Sheet 1 of 1

Scale
1:20

lm._

Borrow MTP
JOB NUMBER: J01763
T 0.00
: |- Moist brown firm intact clayey SILT. TRANSPORTED.
ALl 0.50
: : : Moist reddish brown blotched light brown firm fissured clayey SILT. ALLUVIUM.
g 2.10
Khaki brown highly weathered very soft rock to soft rock SHALE.
4.00

NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) Bulk and disturbed samples taken at 0.5--2.1m.

4) Difficult excavation at 4.0m.

CONTRACTOR
MACHINE

DRILLED BY :

PROFILED BY

TYPE SET BY
SETUP FILE

: Geomechanics INCLINATION : ELEVATION :

: 20 Tonne Excavator DIAM : Trench X-COORD : X3297273
DATE : Y-COORD : 31 Y0068251

: G.Rabodiba DATE : 13/02/2013 HOLE No: MTP 7

: G.Rabodiba DATE : 03/06/2013 14:29

: STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7




AZCOM

Department: Water Affairs
New upper Mbalingwe

HOLE No: MTP 8
Sheet 1 of 1

Borrow MTP
JOB NUMBER: J01763
Scale [[¥% 0.00
1:15 | _ o _
s Moist brown firm intact SILT with roots. TRANSPORTED.
2
v
1%
1 4
% . 0.50
1 : . : Moist reddish brown blotched light brown firm fissured clayey SILT. ALLUVIUM.
A 1.50
1 Khaki brown streaked pink highly weathered thinly bedded soft rock SHALE.
] 3.00
NOTES
| 1) No groundwater seepage encountered.
2) Sidewalls stable.
3) No samples taken.
4) Difficult excavation at 3.0m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3297600
DRILLED BY : DATE : Y-COORD : 31 Y0068100
PROFILED BY : G.Rabodiba DATE : 12/02/2013
HOLE No: MTP 8
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA

dotPLOT 7009 PBp7




_— Department: Water Affairs HOLE No: MTP 9
New upper Mbalingwe Sheet 1 of 1

Borrow MTP
JOB NUMBER: J01763
Scale “’Z'[} 0.00
1:20
”)z iz Abundant (>60%) of khaki brown highly weathered angular soft rock shale COBBLES
i with minor brown silt and roots. TRANSPORTED.
l )E N
I 0.50
PRI . . . .
TS Moist reddish brown laminated grey clayey SILT with abundant angular soft rock shale
7,>5:/ / cobbles (max size. 200mm). Overall consistency is firm. COLLUVIUM.
,’;:: h
,\)’ / 7
,’E:: h
,\‘)’ / -
e
T> i 150
Khaki brown highly weathered with lenses of completely weathered zones (100mm)
thinly bedded soft rock SHALE.
3.50
NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) No samples taken.
4) Difficult excavation at 3.5m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3297800
DRILLED BY : DATE : Y-COORD : 31 Y0068169
PROFILED BY : G.Rabodiba DATE : 12/02/2013
HOLE No: MTP 9
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7




_— Department: Water Affairs HOLE No: MTP 10
New upper Mbalingwe Sheet 1 of 1

Borrow MTP

JOB NUMBER: J01763

Scale [[¥ 0.00
1:10
Moist brown firm intact SILT with roots. TRANSPORTED.

0.20

Khaki brown highly weathered to moderately weathered thinly bedded with lenses of
reddish brown clay infill (200mm) soft rock to medium hard rock SHALE.

2.00

NOTES

1) No groundwater seepage encountered.

2) Sidewalls stable.

3) No samples taken.

4) Difficult excavation at 2.0m.

CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3297829
DRILLED BY : DATE : Y-COORD : 31 Y0068000
PROFILED BY : G.Rabodiba DATE : 12/02/2013
HOLE No: MTP 10
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7




_— Department: Water Affairs HOLE No: MTP 11
New upper Mbalingwe Sheet 1 of 1
Borrow MTP
JOB NUMBER: J01763
Scale || % 0.00
1:20 . ) . .
| [® Moist brown firm intact SILT with roots. TRANSPORTED.
2%
IR
11
0.50
PRI . - .
1l Moist brown firm intact clayey SILT with abundant angular soft rock shale cobbles
1< (max.size 50mm). COLLUVIUM.
05-12m g %P
1 el
,\)’ /
T 1.20
: Khaki brown highly weathered thinly bedded soft rock SHALE.
1.2--3.6m @ :
3.50
NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) Disturbed samples taken at 0.5--1.2m and 1.2--3.5m.
4) Difficult excavation at 3.5m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3297696
DRILLED BY : DATE : Y-COORD : 31 YO067950
PROFILED BY : G.Rabodiba DATE : 12/02/2013
HOLE No: MTP 11
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7



_— Department: Water Affairs HOLE No: MTP 12
New upper Mbalingwe Sheet 1 of 1

Borrow MTP

JOB NUMBER: J01763

Scale [[¥ 0.00
1:10
Moist brown soft SILT with scattered and roots. TRANSPORTED.

0.20

Khaki brown highly weathered to moderately weathered thinly bedded with lenses of
reddish brown clay infill (200mm) soft rock to medium hard rock SHALE with lenses of
grey hard rock shale at 1.2m to 1.4m.

2.00

NOTES

1) No groundwater seepage encountered.

2) Sidewalls stable.

3) No samples taken.

4) Difficult excavation at 2.0m.

CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3297815
DRILLED BY : DATE : Y-COORD : 31 YO067886
PROFILED BY : G.Rabodiba DATE : 12/02/2013
HOLE No: MTP 12
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7




1.2--4.

_— Department: Water Affairs
New upper Mbalingwe

HOLE No: MTP 13

Sheet 1 of 1
Borrow MTP
JOB NUMBER: J01763
Scale || % 0.00
1:20
‘ Moist brown soft SILT with scattered and roots. TRANSPORTED.
0.20
Khaki brown highly weathered to moderately weathered thinly bedded with lenses of
reddish brown clay infill soft rock to medium hard rock SHALE.
Om @ |
4.00
NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) Bulk and disturbed samples taken at 1.2--4.0m.
4) Difficult excavation at 4.0m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X32975634
DRILLED BY : DATE : Y-COORD : 31 YO067865
PROFILED BY : G.Rabodiba DATE : 12/02/2013
HOLE No: MTP 13
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA

dotPLOT 7009 PBp7




_— Department: Water Affairs
New upper Mbalingwe

Scale

1:15 |

HOLE No: MTP 14
Sheet 1 of 1

Borrow MTP
JOB NUMBER: J01763
2 0.00
is Moist brown soft SILT with scattered and roots. TRANSPORTED.
9 0.20
Khaki brown highly weathered to moderately weathered thinly bedded jointed (sub
vertical joints closely spaced reddish brown clay infill at joints) soft rock to medium hard
rock SHALE.
2.40
NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) No samples taken.
4) Difficult excavation at 2.4m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3297509
DRILLED BY : DATE : Y-COORD : 31 YO067849
PROFILED BY : G.Rabodiba DATE : 12/02/2013
HOLE No: MTP 14
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA

dotPLOT 7009 PBp7




_— Department: Water Affairs HOLE No: MTP 15
New upper Mbalingwe Sheet 1 of 1
Borrow MTP
JOB NUMBER: J01763
Scale || % 0.00
1:20
IR Abundant (>60%) of khaki brown highly weathered angular soft rock shale with minor
| Y brown silt and roots tending to soft rock. TRANSPORTED?
T
11
0.50
Khaki brown highly weathered thinly bedded soft rock SHALE.
0.5--3.6m &
3.50
NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) Bulk and disturbed samples taken at 0.5--3.5m.
4) Difficult excavation at 3.5m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3297310
DRILLED BY : DATE : Y-COORD : 31 YO067986
PROFILED BY : G.Rabodiba DATE : 13/02/2013
HOLE No: MTP 15
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7



Scale

1:15 |

_— Department: Water Affairs HOLE No: MTP 16
New upper Mbalingwe Sheet 1 of 1
Borrow MTP
JOB NUMBER: J01763
2 0.00
is Moist brown soft SILT with scattered and roots. TRANSPORTED.
2%
T
2%
T
2%
T
2%
0.70
Khaki brown highly weathered to moderately weathered thinly bedded jointed (sub
vertical joints closely spaced reddish brown clay infill at joints) soft rock to medium hard
rock SHALE.
2.00
Grey unweathered medium hard rock thinly bedded SHALE.
2.40
NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) No samples taken.
4) Difficult excavation at 2.4m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3297335
DRILLED BY : DATE : Y-COORD : 31 YO067803
PROFILED BY : G.Rabodiba DATE : 12/02/2013
HOLE No: MTP 16
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7




0.4--1.

1.1--

_— Department: Water Affairs HOLE No: MTP 18
New upper Mbalingwe Sheet 1 of 1

Borrow MTP
JOB NUMBER: J01763
Scale || % 0.00
1:20 . ) ) ) .
| [® Moist reddish brown firm intact SILT with roots. TRANSPORTED.
2
F 0.40
: : 4 Moist reddish brown blotched light yellow firm fissured clayey SILT. ALLUVIUM.
om "y : : : :
Al 1.10
: Khaki brown highly weathered thinly bedded soft rock SHALE.
3.8 @ :
3.80
NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) Disturbed samples taken 0.4--1.1m and 1.1--3.8.
4) Difficult excavation at 3.8m.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20 Tonne Excavator DIAM : Trench X-COORD : X3297081
DRILLED BY : DATE : Y-COORD : 31 YO067883
PROFILED BY : G.Rabodiba DATE : 13/02/2013
HOLE No: MTP 18
TYPE SET BY : G.Rabodiba DATE : 03/06/2013 14:29
SETUP FILE : STANDARD.SET TEXT : ..eaMTPTestpitprofiles.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Tunnel outlet portal
(TP01-TP04)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation



0.6--4.

Scale

Am l_:

1:25 1

Gml_:

_— Department: Water Affairs HOLE No: TPO1
Baynesfield Sheet 1 of 1

Tunnel Portal-Outlet

JOB NUMBER: J01763

T4 0.00
‘1o Moist brown shattered firm clayey SILT with scattered sub-rounded slightly weathered
1 5?: € soft rock siltstone fine gravel and roots. COLLUVIUM.
[[le
S 0.60
1 : |- Moist light brown mottled red and grey firm to stiff clayey SILT. RESIDUAL SHALE with
Tl relict bedding and lamination.
Ll 1.80
Orange reddish brown grey highly weathered thinly bedded to laminated with subvertical
jointing soft rock SHALE. Clay-infill at 2.7m and 3.4m. Jointing dip and dip directions:
30/323; 65/148; 55/106; 56/310 and 75/260.
4.60

NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.

3) Bulk, disturbed samples taken 0.6--4.6m and undisturbed sample taken at 3.4m.

4) Excavated to refusal at 4.6m.

CONTRACTOR
MACHINE

DRILLED BY :

PROFILED BY

TYPE SET BY
SETUP FILE

: Geomechanics INCLINATION : ELEVATION :

: 20Tonne Excavator DIAM : Trench X-COORD : X3295236
DATE : Y-COORD : 31 Y0067415

: G.Rabodiba DATE : 11/02/2013 HOLE No: TPOL

: G.Rabodiba DATE : 18/06/2013 12:30

: STANDARD.SET TEXT : .\TunnelPortalsOutlet.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7




0.6--2.

2.6--5.

AZCOM

Scale
1:25

Gm‘

'OmO_"

Om‘

Department: Water Affairs
Baynesfield
Tunnel Portal-Outlet

HOLE No: TPO2
Sheet 1 of 1

JOB NUMBER: J01763

T

TFoed v ved v wed

PN IR~ EENE = RS

0.00
Moist brown to reddish brown fissured firm clayey SILT with roots. TRANSPORTED.

0.60
Moist light brown mottled reddish brown fissured clayey SILT with scattered angular
slightly weathered hard rock siltstone and shale cobbles and boulders (max.size
600mm). Overall consistency is firm to stiff. COLLUVIUM.

2.60
Moist light brown blotched red and grey stiff clayey SILT. RESIDUAL SHALE.

5.00

T Y

T T
T T

NOTES
1) Groundwater seepage encountered at 3.0m.
2) Sidewalls unstable.
3) Disturbed samples taken 0.6--2.6m and 2.6--5.0m.

4) Excavated to maximum reach of machine.

CONTRACTOR
MACHINE

DRILLED BY :

PROFILED BY

TYPE SET BY
SETUP FILE

: Geomechanics INCLINATION :
: 20Tonne Excavator DIAM : Trench
DATE :
: G.Rabodiba DATE : 11/02/2013
: G.Rabodiba DATE : 18/06/2013 12:30
: STANDARD.SET TEXT : .\TunnelPortalsOutlet.txt

ELEVATION :
X-COORD : X3295219
Y-COORD : 31 Y0067425

HOLE No: TPO2

D04D AECOM SA (PTY) LTD PRETORIA

dotPLOT 7009 PBp7




=

_— Department: Water Affairs HOLE No: TPO3
Baynesfield Sheet 1 of 1
Tunnel Portal-Outlet
JOB NUMBER: J01763
Scale |[[%7]~ 0.00
1257 |7l ) ] .
1 %/?f Moist brown shattered firm clayey SILT with roots. TRANSPORTED.
15
wl 0.60
: ‘ Moist light brown clayey SILT with scattered angular highly weathered hard rock
om A0l siltstone and shale cobbles. Overall consistency is firm to stiff. COLLUVIUM.
- s B 1.00
Grey highly weathered thinly bedded closely jointed soft rock SHALE. Clay-infill at joints.
Jointing dip and dip directions north face: 60/155; 75/278; south face 89/315; 80/156
and east face 60/160; 74/290; 50/351.
4.60
NOTES
1) Groundwater seepage encountered at 1.0m.
2) Sidewalls unstable.
3) No samples taken.
4) Excavated to refusal at 4.6m on highly weathered soft rock shale.
CONTRACTOR : Geomechanics INCLINATION : ELEVATION :
MACHINE : 20Tonne Excavator DIAM : Trench X-COORD : X3295191
DRILLED BY : DATE : Y-COORD : 31 YO067456
PROFILED BY : G.Rabodiba DATE : 11/02/2013
HOLE No: TPO3
TYPE SET BY : G.Rabodiba DATE : 18/06/2013 12:30
SETUP FILE : STANDARD.SET TEXT : .\TunnelPortalsOutlet.txt

D04D AECOM SA (PTY) LTD PRETORIA

dotPLOT 7009 PBp7




AZCOM

Department: Water Affairs HOLE No: TPO4
Baynesfield Sheet 1 of 1

Tunnel Portal-Outlet

JOB NUMBER: J01763

Scale |[[%7]~ 0.00
1251 [71r
Wl Moist brown intact firm clayey SILT with sub-rounded to subangular highly weathered
1 ?: ’ soft rock shale and roots. TRANSPORTED.
17 0.40
1 : |- Moist reddish brown blotched light brown clayey SILT. RESIDUAL SHALE.
ol 2.30
1 Khaki to light brown highly weathered thinly bedded soft rock SHALE.
| 5.00

NOTES
1) No groundwater seepage encountered.
2) Sidewalls stable.
3) No samples taken.

4) Excavated to maximum reach of the machine.

CONTRACTOR
MACHINE

DRILLED BY :

PROFILED BY

TYPE SET BY
SETUP FILE

: Geomechanics INCLINATION : ELEVATION :

: 20Tonne Excavator DIAM : Trench X-COORD : X3295175
DATE : Y-COORD : 31 Y0067405

: G.Rabodiba DATE : 13/02/2013 HOLE No: TPO4

: G.Rabodiba DATE : 18/06/2013 12:30

: STANDARD.SET TEXT : .\TunnelPortalsOutlet.txt

D04D AECOM SA (PTY) LTD PRETORIA dotPLOT 7009 PBp7




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Laboratory test results

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Foundation indicator tests
(borrow area)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation
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sanas

Testing Laboratory

T0023

NSTRADA

engineering materials laboratory

FOUNDATION INDICATOR TEST RESULTS - REP COM 7

Client: Geomechanics Source/Location: Job No: 2013-C-184
Project Name:  J01763: uMkhomazi Samples Layer: Sample No: 3/1361
Project No: Lane: Date: 2013/03/27
Hole/TP No: MTP7 Stabilizing Agent: Test Method: TMH1 A1, A5 & MT1
Depth: Section: Client Ref No:
Description: Upper New Mbalingwe Dam Chainage: GPS X:
Additional Info: Offset: GPSY:
SIEVE ANALYSIS
ATTERBERG LIMITS SOIL CLASSIFICATION
Sieve (mm) % Passing Sieve (mm) % Passing
75.0 100 0.425 7 Liquid Limit (%) 47 % Gravel 15
63.0 100 0.250 70 Plastic Limit (%) 26 % Sand 45
53.0 100 0.150 69 Plasticity Index (%) 21 % Silt 29
375 100 0.075 68 Weighted PI (%) 15 % Clay 1
26.5 100 0.060 40 Linear Shrinkage (%) 8.5 Activity 1.9
19.0 100 0.050 38 Grading Modulus 0.76 Unified Classification CL
13.2 100 0.020 30 Uniformity coefficient 35 TRB Classification A-7-6
9.5 100 0.005 18 Coefficient of curvature 34
4.75 96 0.002 1 Remarks:
2.00 85
PARTICLE SIZE DISTRIBUTION
SILT SAND GRAVEL
CLAY
FINE MEDIUM COARSE FINE MEDIUM COARSE FINE MEDIUM COARSE
100 * *——e
Lo !
» //
g 80 —
= o
|+
a o]
= 60
w
g
=
g 40
=
[N
w//
20
P
|
0
0.001 0.01 0.1 1 10 100
PARTICLE SIZE (mm)
POTENTIAL EXPANSIVENESS CASAGRANDE 'A' LINE
Van der Merwe's Activity Chart
60 60
50 S 5 é 50 /
E T ; / / i CHor OH
w40 i 40
o > x
H a
[ B, Z 3
3 E /
T %)
= = @
5 2 g * CLorOL / I or OH
x Low
q——/ * 10
o CLor ML L or OL
0 0 0 10 20 30 40 50 60 70 80 90 100
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT (LL)
CLAY FRACTION OF WHOLE SAMPLE (< 2 um)

Everything possible is done to ensure that tests are

and are

for any erroneous statement or opinion contained in a report based on such tests. If a test report is published or reproduced by the client, it will be done in full, without any omittance.

and that reports and conclusions are quoted correctly. Geostrada o ts officials can in no way be held liable for consequential damage or loss due to any error made in carrying out the tests, nor




Page: 18 of 19

sanas

Testing Laboratory

~cnSTRADA

T0023 engineering materials laboratory

FOUNDATION INDICATOR TEST RESULTS - REP COM 7

Client: Geomechanics Source/Location: Job No: 2013-C-184
Project Name:  J01763: uMkhomazi Samples Layer: Sample No: 3/1362
Project No: Lane: Date: 2013/03/27
Hole/TP No: MTP13 Stabilizing Agent: Test Method: TMH1 A1, A5 & MT1
Depth: Section: Client Ref No:
Description: Upper New Mbalingwe Dam Chainage: GPS X:
Additional Info: Offset: GPSY:
SIEVE ANALYSIS
ATTERBERG LIMITS SOIL CLASSIFICATION
Sieve (mm) % Passing Sieve (mm) % Passing
75.0 100 0.425 61 Liquid Limit (%) 42 % Gravel 29
63.0 100 0.250 60 Plastic Limit (%) 27 % Sand 39
53.0 100 0.150 59 Plasticity Index (%) 15 % Silt 23
375 100 0.075 58 Weighted PI (%) 9 % Clay 9
26.5 100 0.060 32 Linear Shrinkage (%) 5.5 Activity 1.7
19.0 96 0.050 31 Grading Modulus 1.10 Unified Classification ML or OL
13.2 91 0.020 28 Uniformity coefficient 105 TRB Classification A-7-6
9.5 86 0.005 17 Coefficient of curvature 3.0
4.75 79 0.002 9 Remarks:
2.00 71
PARTICLE SIZE DISTRIBUTION
SILT SAND GRAVEL
CLAY
FINE MEDIUM COARSE FINE MEDIUM COARSE FINE MEDIUM COARSE
100 /./. e
L2
2 LA
s 80 -
>
o
& w"/"/
z 60 1
w
g
=
&
u 40
Z |
20 -
L4
P
|
0
0.001 0.01 0.1 1 10 100
PARTICLE SIZE (mm)
POTENTIAL EXPANSIVENESS CASAGRANDE 'A' LINE
Van der Merwe's Activity Chart
60 60
50 235 5 50 /
al T I or
g E / / i CHor OH
w40 i 40
z > n
H 2
2 s S &
= £
: -
w20 » 20
o CLor OL | or OH
= Low 3 »0/
o * CLor ML L or OL
0
0 0 10 20 30 40 50 60 70 80 90 100
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT (LL)
CLAY FRACTION OF WHOLE SAMPLE (< 2 um)
Everything possible is done to ensure that tests are and are and that reports and conclusions are quoted correctly. Geostrada or its officials can in no way be held liable for consequential damage or loss due to any error made in carrying out the tests, nor

for any erroneous statement or opinion contained in a report based on such tests. If a test report is published or reproduced by the client, it will be done in full, without any omittance.
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Testing Laboratory

n

T0023

STRADA

engineering materials laboratory

FOUNDATION INDICATOR TEST RESULTS - REP COM 7

Client: Geomechanics Source/Location: Job No: 2013-C-184
Project Name:  J01763: uMkhomazi Samples Layer: Sample No: 3/1363
Project No: Lane: Date: 2013/03/27
Hole/TP No: MTP18 Stabilizing Agent: Test Method: TMH1 A1, A5 & MT1
Depth: 04-1.1 Section: Client Ref No:
Description: Upper New Mbalingwe Dam Chainage: GPS X:
Additional Info: Offset: GPSY:
SIEVE ANALYSIS
ATTERBERG LIMITS SOIL CLASSIFICATION
Sieve (mm) % Passing Sieve (mm) % Passing
75.0 100 0.425 77 Liquid Limit (%) 48 % Gravel 14
63.0 100 0.250 76 Plastic Limit (%) 33 % Sand 35
53.0 100 0.150 75 Plasticity Index (%) 15 % Silt 31
375 100 0.075 60 Weighted PI (%) 12 % Clay 20
26.5 100 0.060 51 Linear Shrinkage (%) 6.5 Activity 0.8
19.0 100 0.050 49 Grading Modulus 0.77 Unified Classification ML or OL
13.2 100 0.020 44 Uniformity coefficient 38 TRB Classification A-7-5
9.5 99 0.005 32 Coefficient of curvature 0.1
4.75 97 0.002 20 Remarks:
2.00 86
PARTICLE SIZE DISTRIBUTION
SILT SAND GRAVEL
CLAY
FINE MEDIUM COARSE FINE MEDIUM COARSE FINE MEDIUM COARSE
100 *——e
& |
)| -~
L2
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2 % . ' /‘
> —e—i
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w A
g 60 o
w Vad
3 9
< 4
) |
E o« —
[ L+
¥ P
20
0
0.001 0.01 0.1 1 10 100
PARTICLE SIZE (mm)
POTENTIAL EXPANSIVENESS CASAGRANDE 'A' LINE
Van der Merwe's Activity Chart
60 60
50 235 5 50 /
al T I or
g E / / i CHor OH
w40 i 40
a > x
H a
) ; 30
52 g * CLor OL ° | or OH
z Low o
CLor ML L or OL
0 0 0 10 20 30 40 50 60 70 80 90 100
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT (LL)
CLAY FRACTION OF WHOLE SAMPLE (< 2 um)

Everything possible is done to ensure that tests are

and are

and that reports and conclusions are quoted correctly. Geostrada o ts officials can in no way be held liable for consequential damage or loss due to any error made in carrying out the tests, nor

for any erroneous statement or opinion contained in a report based on such tests. If a test report is published or reproduced by the client, it will be done in full, without any omittance.




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Double hydrometer tests
(borrow area)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation



Double Hydrometer Test Result 3:;2“:
o STRADA

Client Geomechanics Project J01763: uMkhomazi: Smithfield Dam Job no 2013-C-395
Sample no TP A10 + A17 + A19 Depth (m) - Date 10/05/2013
Lab no 3/2838

100.

90.

80.

70.

60.

50.

% Passing

g Dispersed

== Undispersed

40.

20.

10.

0.001 0.01 0.1 1.
Particle Size (mm)

Dispersion: 14%

Everything possible is done to ensure that tests are representative and are performed accurately, and that reports and conclusions are quoted correctly. Geostrada or its officials can in no way be held liable
for consequential damage or loss due to any error made in carrying out the tests, nor for any erroneous statement or opinion contained in a report based on such tests. If a test report is published or
reproduced by the client, it will be done in full, without any omittance.



Double Hydrometer Test Result 3:;2“:
o STRADA

Client Geomechanics Project J01763: uMkhomazi: Smithfield Dam Job no 2013-C-395
Sample no TP A15 + A22 + B9 Depth (m) - Date 10/05/2013
Lab no 3/2839

100.

90.

80.

70.

/

50.
g Dispersed
== Undispersed
40.

% Passing

30.
20.
10.
0. T T i
0.001 0.01 0.1 1.
Particle Size (mm)
Dispersion: 32%

Everything possible is done to ensure that tests are representative and are performed accurately, and that reports and conclusions are quoted correctly. Geostrada or its officials can in no way be held liable
for consequential damage or loss due to any error made in carrying out the tests, nor for any erroneous statement or opinion contained in a report based on such tests. If a test report is published or
reproduced by the client, it will be done in full, without any omittance.



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Various test results
(tunnel outlet portal)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation



Testing Laboratory

fsanas cEOSTRADA

engineering materials laboratory

70023
SUMMARY OF TEST RESULTS ON SOILS - REP COM 2
Client:  Aecom Project: uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Project Number: J01763 Job No:  2013-C-746 Date: 30/07/2013
Percentage Passing Sieve (mm) - TMH1 A1, A5, MT1 selo E el Aﬁ/lr:?ri ;iﬂts N By CBR (Modified AASHTO) TMH1 A8
Sample | Hole No / . . i s E|§ Q| = § &£ ( -A4) Density (kg/m?)
Depth (mm) Description Sieve Analysis s3lp3|PS|Og <0.425 mm 9
No | TPNo O9d|lei|=g|=3 SOMEL) % | 90% | 93% | 95% | 97% | 98% | 100%
29 8 g
530 | 37.5 | 265 [ 19.0 | 132 | 9.5 | 4.75 | 2.00 | 0.425 | 0.250|0.150 | 0.075 | 0.060 | 0.050 | 0.020 | 0.005(0.002| GM | = " | S| S|~ Y[ L | P | LS (TMH1 A7) | Swell
3/5439 TPE1 50 - 500 Clayey Silt with cobbles 100 99 95 81 57 52 49 47 43 42 38 29 24 1.15 19 38 19 24 40 19 75 1795 10.8 0.1 15 24 32 42 48 63
3/5442 TPO2 60 - 260 Clayey Silt with cobbles 100 95 95 93 9 88 87 87 87 86 86 84 73 60 50 0.39 12 2 36 50 57 27 12.0 1881 16.4 0.5 3.1 4.7 6.2 8.4 10 13
3/5443 BH2 175 - 225 Clayey Sand with gravel & cobbles 100 99 92 88 87 87 87 86 85 78 68 62 0.33 8 6 24 62 51 25 9.5
3/5444 BH7 350 - 400 Sandy Clay 100 99 98 98 96 94 91 v 73 67 0.05 0 6 27 67 58 23 12.5

Remarks: * Sample flocculated

Everything possible is done to ensure that tests are representative and are performed accurately, and that reports and conclusions are quoted correctly. Geostrada or its officials can in no way be held liable for consequential damage or loss due to any error in carrying out the tests, nor for any erroneous statement or opinion contained in a report based on such tests. If a test report is published or reproduced by the client, it will be done in full, without any omittance.




£sanas

Testing Laboratory

T0023

~cnSTRADA

engineering materials laboratory

FOUNDATION INDICATOR TEST RESULTS - REP COM 7

Client: Aecom Source/Location: Job No: 2013-C-746
uMkhomazi Water Project Phase 1:
Project Name: Module 1: Technical Feasibility Study Layer: Sample No: 3/5442
Project No: J01763 Lane: Date: 30/07/2013
Hole/TP No: TPO2 Stabilizing Agent: Test Method: TMH1 A1, A5 & MT1
Depth (mm): 60 - 260 Section: Client Ref No:
Description: Clayey Silt with cobbles Chainage: GPS X:
Additional Info: Offset: GPSY:
SIEVE ANALYSIS
ATTERBERG LIMITS SOIL CLASSIFICATION
Sieve (mm) % Passing Sieve (mm) % Passing
75.0 100 0.425 87 Liquid Limit (%) 57 % Gravel 12
63.0 100 0.250 87 Plastic Limit (%) 30 % Sand 2
53.0 100 0.150 87 Plasticity Index (%) 27 % Silt 36
375 100 0.075 86 Weighted PI (%) 23 % Clay 50
26.5 100 0.060 86 Linear Shrinkage (%) 12.0 Activity 0.5
19.0 95 0.050 84 Grading Modulus 0.39 Unified Classification MH or OH
13.2 95 0.020 73 Uniformity coefficient 3 TRB Classification A-7-5
9.5 93 0.005 60 Coefficient of curvature 0.4
4.75 920 0.002 50 Remarks:
2.00 88
PARTICLE SIZE DISTRIBUTION
SILT SAND GRAVEL
CLAY
FINE MEDIUM COARSE FINE MEDIUM COARSE MEDIUM COARSE
100 *—or—o
ﬂ"./o—o/'
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PARTICLE SIZE (mm)
POTENTIAL EXPANSIVENESS CASAGRANDE 'A' LINE
Van der Merwe's Activity Chart
60 60
50 ZH-5 5 50 /
gl =z H or
g : / / g CHor OH
w4 wh 40
a > x
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y I /-’
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I Y o
H h
5 2 < CLor OL I or OH
[ Low o
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CLor ML L or OL
0 0
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LIQUID LIMIT (LL)
CLAY FRACTION OF WHOLE SAMPLE (< 2 um)

Everything possible is done to ensure that tests are

and are

and that reports and conclusions are quoted correctly. Geostrada o ts officials can in no way be held liable for consequential damage or loss due to any error made in carrying out the tests, nor

for any erroneous statement o opinion contained in a report based on such tests. If a test report is published or reproduced by the client, it will be done in full, without any omittance.




SOIL ANALYSIS REPORT

/ w) = TEL: 088 303 2967 FAX: 086 683 7781
d
COMPANY: Geostrada NAME: uMkhomazi
ADRESS: 993 Park street YOUR REF:  2013-C-746
Hatfield EMAIL: gerriej@geostrada.co.za
CODE: 0083 FAX: -
TEL NO: 012 432 0500 Job NO: 10199
DATE: 30/07/2013
Lab No Ref No Position| Depth(mm) pH (H,0) | Conductivity Na Mg CEC ESP EMgP Na Ca Mg SAR
me/100gsoil | me/100gsoil
mS/m (cmol(+)/kg | (cmol(+)/kg | cmol(+)/kg mel/l me/l me/l
4253 3/5439 TPE 1 50 - 500 6.88 3.24 0.16 5.32 12.42 0.01 0.43 0.24 0.80 3.57 0.17
4254 3/5442 TPO 2 60 - 260 6.63 2.46 0.42 6.95 13.99 0.03 0.5 0.25 0.15 0.29 0.53




Normal Stress (kPa)

= SHEAR TESTS: BOX SHEAR KH Head
oceEnSTRNADAN
Client Aecom Project uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study
Sample no TPO1 Depth (m) 0.06 - 0.45 Date 31/07/2013
Lab no 3/5441 Job no 2013-C-746
Test Information
Test Type - Slow Drained, saturated
Sample Condition - Remoulded to estimated OMC
Normal Stresses kPa 50, 100, 150
Rate of Strain mm/min 0.0460
Initial Sample Parameters Unit Test 1 Test 2 Test 3 Remarks
Moisture Content % 28.5 28.5 28.5 Complete test specimen
Dry Density Kg/m? 1601 1601 1601
Void Ratio - 0.711 0.710 0.710
Degree of Saturation % 110.0 109.9 109.9
Relative Density (SG) - 2.738 Determined
Final Sample Parameters Unit Test 1 Test 2 Test 3 Remarks
Moisture Content % 35.5 34.5 34.5
Normal Stress kPa 50 100 150
Shear Stress kPa 41 75 107
Residual Stress kPa Not Tested Not Tested Not Tested
Angle of Internal Friction Deg. 33 Peak
Cohesion kPa 8 Peak
Stress Plot
160
140
120 /
100 /
© 80
£ ~
0
0
2
»n 60
&
o
£
»n
40
20 /
0 -
0 50 100 150 200 250

Everything possible is done to ensure that tests are representative and are performed accurately, and that reports and conclusions are quoted correctly. Geostrada or its officials can in no way be held liable for
consequential damage or loss due to any error made in carrying out the tests, nor for any erroneous statement or opinion contained in a report based on such tests. If a test report is published or reproduced by the
client, it will be done in full, without any omittance.



— SHEAR TESTS: BOX SHEAR KH Head
~cnSTRNADA

Client Aecom Project uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study
Sample no TPO1 Depth (m) 0.06 - 0.45 Date 31/07/2013
Lab no 3/5441 Job no 2013-C-746

Shear Stress

120

—Test 1
—Test 2
—Test 3

80

60

Shear Stress (kPa)

20 7

0 2 4 6 8 10 12
Displacement (mm)

Displacement

-0.30

-0.25

-0.20 "

-0.15

-0.10

-0.05

0.00

K\\ R

0.10 im— .

Vertical Displacement (mm)
o
&

0.15 ——Test 1
—Test 2
—Test 3

0.20

0 2 4 6 8 10 12
Horizontal Displacement (mm)

Everything possible is done to ensure that tests are representative and are performed accurately, and that reports and conclusions are quoted correctly. Geostrada or its officials can in no way be held
liable for consequential damage or loss due to any error made in carrying out the tests, nor for any erroneous statement or opinion contained in a report based on such tests. If a test report is
published or reproduced by the client, it will be done in full, without any omittance.



. - BS 1377
Flexible Wall Permeability Test Part 6
oenSTRADANA
Client Aecom Project uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study
Sample no TPO1 Depth (m) 0.06 - 0.45 Date 31/07/2013
Lab no 3/5441 Job no 2013-C-746

Initial Sample Parameters

Sample Condition - Remoulded to estimated OMC
MDD kg /m? -
OoMC % -
Consolidation Pressure kPa 100
Pressure Difference kPa 10

Test Information

0,
Moisture Content  2e1o" % 213
After % 30.8
Dry Density Kg/m? 1529
Initial Void Ratio - 0.790
Relative Density (SG) - 2.738 - Determined
Final B Parameter - 0.97
. Min. m/s 1.7E-10
Co-efficient of
Permeability Max. m/s 2.5E-10
Ave. m/s 2.0E-10

Everything possible is done to ensure that tests are representative and are performed accurately, and that reports and conclusions are quoted correctly. Geostrada or its officials can in no way be held liable
for consequential damage or loss due to any error made in carrying out the tests, nor for any erroneous statement or opinion contained in a report based on such tests. If a test report is published or
reproduced by the client, it will be done in full, without any omittance.



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Tests on slightly and moderately
weathered shale
(quarry area)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation



Testing Laboratory

(sanas ~cnSTRADA

engineering materials laboratory

TO023
PROPERTIES OF AGGREGATE - REP AGG 3
Project Name: uMkhomazi: 2nd Batch Rock Core Testing Jobno: 2013-C-508
Client: Geomechanics
Project No: - Date : 16-05-2013
) ) ) . . = Atterberg Limits
Sieve Analysis - Percentage Passing Sieve (TMH1 B4) S X
Sample = = (TMH 1 A2 - Ad)
Description Client Ref No = ©
No 75.0 | 63.0 [ 53.0 [ 375 [ 265 [ 19.0 [ 132 | 95 | 67 | 475 | 3.35 | 2.36 | 1.18 | 0.600| 0.425| 0.300| 0.150 | 0.075 a = (-0.075mm)
> >
mm | mm | mm | mm | mm /| mm|mm /| mm|mm| mm | mm| mm | mm | mm | mm | mm | mm [ mm E g 2 LL Pl LS
3/3720 Slightly Weathered Shale 100 | 97 | 81 | 55 | 40 [ 30 | 24 | 18 | 14 9 6 5 4 3 [ 20]270| 239 | 284 | 24 6 25
3/3721 Moderately Weathered Shale 100 | 97 | 89 | 68 [ 43 | 31 | 23 | 18 | 15 [ 12 9 6 6 5 4 | 40]204| 333 | 442 | 30 8 4.5
TMH1 [ TMH1 | TMH1
Test Method B13 B1 B2
Remarks:

Everything possible is done to ensure that tests are representative and are performed accurately, and that reports and conclusions are quoted correctly. Geostrada or its officials can in no way be held liable for consequential damage or loss due to any
error in carrying out the tests, nor for any erroneous statement or opinion contained in a report based on such tests. If a test report is published or reproduced by the client, it will be done in full, without any omittance.




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Aggregate tests on slightly and
moderately weathered shale
(Smithfield quarries)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and geotechnical
investigation



Testing Laboratory

engineering materials laboratory

T0023
SUMMARY OF TEST RESULTS ON SOILS - REP COM 2
Client: Geomechanics Job No: 2013-C-317
Project Name: uMkhomazi: Rock Core Testing
Project Number: _ Date: 08/05/2013
Percentage Passing Sieve (mm) - TMH1 A1 & A5 Atterberg Limits
(TMH1 A2-A4)
Sample No Sample Ref. Additional Info Sieve Analysis <0.425 mm
75.0 63.0 53.0 37.5 26.5 19.0 13.2 9.5 4.75 2.00 0.425 | 0.075 GM LL Pl LS
3/2186 Completely Weathered As received 100 99 91 61 36 21 16 2.27 31 12 6.0
After Weathering 100 98 89 72 57 35 20 11 6 2.63 27 7 3.5
312187 Highly Weathered As received 100 92 81 46 26 12 6 2.56 28 7 3.5
After Weathering 100 98 84 61 44 22 12 6 4 2.78 NP 0
32188 Moderately weathered As received 100 93 81 48 25 9 4 2.62 NP 0.0
After Weathering 100 97 80 53 39 18 8 4 3 2.85 NP 0.0
Moderately weathered - As received 100 85 70 41 17 7 2 2.74 NP 0.0
3/2189 Siaked
After Weathering 100 89 72 58 34 12 4 3 2.81 NP 0.0
32190 Slightly weathered As received 100 90 79 46 21 7 2 2.70 NP 0.0
After Weathering 100 88 69 41 27 15 7 3 2 2.88 NP 0.0
Slightly weathered - As received 100 94 85 54 26 10 4 2.60 20 3 1.5
3/2191 Slaked
After Weathering 100 98 82 62 52 31 13 5 3 2.79 20 5 25
Remarks:

Everything possible is done to ensure that tests are representative and are performed accurately, and that reports and conclusions are quoted correctly. Geostrada or its officials can in no way be held liable for consequential damage or loss due to any error in carrying out the tests, nor for
any erroneous statement or opinion contained in a report based on such tests. If a test report is published or reproduced by the client, it will be done in full, without any omittance.




|

NSTRADA

engineering materials laboratory

Testing Laboratory

£SaNas

T0023

AGGREGATE AND SAND SIEVE ANALYSIS TEST RESULTS - REP AGG 10

Client: Geomechanics Project Name: uMkhomazi: Rock Core Testing Job No: 2013-C-317
Date: 08/03/2013
Sample Ref.: Moderately weathered - Slaked Sample No.: 3/2189
SIEVE ANALYSIS
- - PARTICLE SIZE DISTRIBUTION
As received After weathering
Sieve (mm) % Passing Sieve (mm) % Passing 100
53.0 100 53.0 100 T As Recelved
3 —— Weathered
37.5 100 37.5 100 < a0
26.5 100 26.5 100 &
w
19.0 100 19.0 89 Z 6
w
13.2 85 13.2 72 2
=
9.5 70 95 58 g
5 s
4.75 41 4.75 34 i
20
y
2.00 17 2.00 12 B é‘
0.425 7 0.425 4 . —
0.075 2 0.075 3 0.01 0.1 1 10 100
; i PARTICLE SIZE (mm )
GM 2.74 GM 2.81
Sample Ref.: Slightly Weathered Sample No.: 3/2190
SIEVE ANALYSIS
PARTICLE SIZE DISTRIBUTION
Sieve (mm) % Passing Sieve (mm) % Passing
53.0 100 53.0 100 100 *—e
37.5 100 375 100 - /
7]
265 100 265 88 R o
>
19.0 100 19.0 69 P
4 60
13.2 920 13.2 41 E /
(S}
9.5 79 9.5 27 ; 40
475 46 475 15 g //
w
2.00 21 2.00 7 20
| —1 k//"
0.425 7 0.425 3 . L — .  —
0.075 2 0.075 2 0.01 0.1 1 10 100
PARTICLE SIZE (mm )
GM 2.70 GM 2.88
Sample Ref.: Slightly Weathered - Slaked Sample No.: 3/2191
SIEVE ANALYSIS
PARTICLE SIZE DISTRIBUTION
Sieve (mm) % Passing Sieve (mm) % Passing
53.0 100 53.0 100 100 T o~
375 100 375 100 " /7
(7]
26.5 100 26.5 98 2
>
19.0 100 19.0 82 o
4 60
13.2 94 13.2 62 E / i
9.5 85 9.5 52 E 40
w
4.75 54 4.75 31 g /,/ A
2.00 26 2.00 13 = & ]
0.425 10 0.425 5 2 1
0
0.075 4 0.075 3 0.01 0.1 1 10 100
PARTICLE SIZE (mm )
GM 2.60 GM 2.79

Everything possible is done to ensure that tests are representative and are performed accurately, and that reports and conclusions are quoted correctly. Geostrada or its officials can in no way be held liable for consequential damage or loss due to any error made in carrying out the
tests, nor for any erroneous statement or opinion contained in a report based on such tests. If a test report is published or reproduced by the client, it will be done in full, without any omittance.




Testing Laboratory

=Sanas

ce0STRADA

engineering materials laboratory

T0023
PROPERTIES OF AGGREGATE - REP AGG 3
Project Name: uMkhomazi: Rock Core Testing Job no: 2013-C-317
Client: Geomechanics
Project No: Date : 2013-05-10
—~ % x
Sieve Analysis - Percentage Passing Sieve (TMH1 B4) 9 X |2 S8 3
Sample = = 25| gax o £
Description Client Ref No = 8 |ES| 853 2
No 75.0 | 63.0 | 53.0 [ 375 | 265 | 190 [ 132 | 95 | 6.7 | 475 | 3.35 | 2.36 | 1.18 | 0.600 | 0.425| 0.300| 0.150 | 0.075 [S) S |d S| €9 w o
=133 3252|4252
mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm e 4 < < 6 3 g % ®» e i é
3/2186 Completely Weathered 50.4 | 53.9
3/2187 Highly Weathered 39.1 | 405
3/2188 Moderately Weathered 335 | 42
3/2189 Moderately Weathered - Slaked 38.3 | 47.7
3/2190 Slightly Weathered 26.7 | 29.5
3/2191 Slightly Weathered - Slaked 35.3 | 46.2
TMH1 | TMHT | TMH1 | TMH1 TMH1 [ TMHT | TMH1
Test Method B13 | B1 B2 B2 SABS 839 | B19 |B18(a)| B3
Remarks:

Everything possible is done to ensure that tests are representative and are performed accurately, and that reports and conclusions are quoted correctly. Geostrada or its officials can in no way be held liable for consequential damage or loss due to any

error in carrying out the tests, nor for any erroneous statement or opinion contained in a report based on such tests. If a test report is published or reproduced by the client, it will be done in full, without any omittance.




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Annexure C

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Driller’s Journals

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



DAILY DRILLING REPORT

No.

35766

J >3 / o= I 26 (5| Contract Name: 4.4 ~7 ré‘ HO 7 Zof RigNo: 2 2¢ f Machine Start Hour: | /o8 ©
.
Weather: /,}577 ‘ Client: Inclination: -~y &L 7 /¢ L | Rig Type: Yl & Machine End Hour:  {© /> :?'Q GEOBROUP
o . . & / . i
Contract No: _ / o/ ?éj BH-no: N i Z Directior: ‘/ o) i Pump Type: 47,775 | Diesel Received: 2o L s %ﬁfg&i”&ﬁﬁ;@fﬁ
' Phoca: +27 66 143 6532
Water Used %‘t‘) L Kilometers water Carled Fax: 086 6333 896
WA DECI0UD.C0 23
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 8-S0ILS G-GRAVELS

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC et¢ Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined **? Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - I Water Dritling . Accum bit
from to tength |Recovered| loss lype Depth g ? :Pg § £ § SPT, Orill lutd 1 ot % Colour response FRAWR/B | Rock type | Bit NO. meters
28 Bl B B BRI IR B ) ISIG
Slotiocioci o] oi Undisturbed
. c—- [4 g
006|085 e85 |0 B — |[NxC ebsel o Y Broy J/ss) S |~ wacel p.£
- . - - ~
0. 85|/ SN 07Hp Klp 2P yxe| — RS T B\ lreary SHovs| & MNRE 708 F
)$F 1379 1-32] 0.36|p. 36|Wway| — SN 00| Cranty f | prt | — |42 |94
— = ~ - -
WE rens o /O A s 4 4z o | _AMND WE | DO Chesr? /775
el g R [, oe T . ——
| M E R/~ A-n D A EAU Se7 Y y A&l 2L s A b
&7y WY ‘g{/ /4 Xep ,,4}% = Ve | A veE Bty g mAres
A p%% 2977 I V722 72 Xe P
7 p 444 It AP Gy
==l Fd R /
Lt (,/é,«;/ W7y s R ey
Berehole complete? Yes No £~ Core boxes: J o Corswriler Name: Aﬂ? AN /{/ 2=V ALY Signature: ‘%‘(—‘D‘Z’W
Water level. m  Time: am Water level: m Time: pm Supervisor Name: ,4 /;@6/ &5 Signature: ﬁ)
Instruction by Geologist
Equipment replaced: ; ;
Equipment lost: \ '

(5639}




DAILY DRILLING REPORT

No.

35767

Date: 9’(/53 /,}9 /3 Contract Name: //A7 ,é,//() r7Z/ RigNo: £7.¢ € 1 Machine Start Hour: 0/ LY -
Weather: 6)7{04, Y Ciient; Inctination: /Y& /&7 ¢c#2 k= | RigType: Yo/ € | Machine End Hour: |9/ & agom

Pump Type: A ené

b Diesel Received:

28 Cen'ral Read, Surre¥a A, Lanseria
PO Box 6663, Bryansion, 2021

Contract No:ﬁbl < éi’)

Water Used %@0 L_

BH-no: ﬂ! M Z

Kilometers water Carted

&
Direction: 5/)0
7

Phoe: +27 85 143 6632
Fax: (56 €633 698

C WAW.QRODTOUD.00.ZA

Nature of Core Classification:

FR-FRESH

WR-WEATHERED

B-BOULDERS

S-50ILS

G-GRAVELS

Legend Run [ength: erth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Ooph | popin | Run | oo | Gore | o G T Tg m a8 ] e | 08| o | 900 | rosponee | PRI |Rocktee mino |TECE
c|lo|o]e|o| o] Undisturbed

239\ 437 1. SE| 1 SE| 0200 Nt = crtbsd G0 Y pear o 4P | — | pth | gl
$i 37| Sopl:63 059 0:0i | NiWby| — besso| Gpolireorty flos p| — o8 | i
590 |S.2710:-57 0 Tt 0.0 DY — L A6S Gp 2 Lread] ffpw) /| — |pAD | 14
C. 87 738 1 ugl .2b |0 @RINwDY| — 2650 P Crt T ok /| — |oLb| 4y
7:35|% 0d 0,68|0.63|p, 02 |NWPYH — L 2650| WY\ frea Yo | WP — lodb| 44
§00|2:39 099 9. 58| 0. 27NN H O eS| Jo | peariy{lnd W — oD 4
8.9% 1098 14| 1 0|0s I |NWDY| /- (o ek 50| 90 9| Gue ottt | Wt | — |O0LB| 4
/003 1100|072 0.7/ 0.0 | NP 1- $© Lasse| W0 Grerllfettf W | — |0y 44
et (123 ©.830 84 to-0l|NnPY 4. SO LasSel 90%) bport| 5247 | W | — |OtB] 14
11,23\ 1335 1- 82|/ So o 02| Wy /- SO 1634 T oo Gre M| FEFT P/~ I PR O Y
1338 1y.00] 0:68]0.65| — Wany|l-SO LsSe| o Gre il Wt . [O8D | 1)
2 Pl c g 24 Ll REE M | LoaE 22— S AN 45 AL So

I 1/
Borehofe complate? Yes No Core boxes: j__ of Corawriter Name:!,ﬂ /«.//&fffc”ﬁ’ A/ &V 72 signature: y /j;______.__\__rw
Water levek: m  Time: am Water level: m  Time: pm Supervisor Name: A /@H 2 Signature: %

7 7

Instruction by Geologist

Equipment replaced:

Equipment lost:-

(5639)




DAILY DRILLING REPORT

No. 35768

Date: Q_,é n?2 | O )9 contract Name: /4 77 /c, H o r1 4 2 RigNo:  #2¢ § | Machine StartHour: | /0.8 s

Weather:v (p/L:)M Client: Inclination: q/%ﬁ MY Rig Type: ’)/LJ'&-" Machine End Hour: |9 ’j[). ’ "7 GECRROUP
Contract No,;vq(j‘] '?(, 3 BH-no: N nA / Direction: Pump Typs: ,A,; ,»1¢] Diesel Received: QL_L %%ﬁf&?ﬁﬁﬁiﬁ:ggﬁe‘m
Water Used Kilometefs water Carted ’ P?%;%gﬁ:i&;:z
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-S0ILS G-GRAVELS

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Herizontal, Vertical, Inclined *#*% Direction: Compass reading {or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - I Water Prilling . Accum bit
from to Length jRecovered loss type Depth g B § § g § SPT, Drilf flutd return % Colour response FRIWR/B [Rock lype | Bit NO. meters
2 B B B B 1SIG
ol|locloc| o| ol o | Undisturbed
—_— (_‘ ) . ’ - — —T o=
WE ArenN T N O Ao e 4 dSE | it E | ferd 7
e n 7 |
/oD Y RNl ) I Nots' o 4 8 A When | w¥  fteye i N 2 /S
ey | A N E oyt | lcar e Heoyest] A s, of
Pl ~ 7 — . FA -
byl solren| G |gHs | £olip W 74 g go| oy Viorbiay
/ [ v _|Z /
Boerehole complete? Yes No 1" | Core boxes: 3 of Corewriter Name: /’4#;‘ N eE /[/é;,y”;&/
Water level: m Time: am Water tevel: m Time: pm Supervisor Name: - , A I/Aj@e 5 LI
> S S

Instruction by Geologist
Equipment replaced: { {
Equipment {ost: |




DAILY DRILLING REPORT No. 35768

Date: © | 1 © Y | 914 Contract Name: 4 4 7 LHOMM A2 Rig No:  £22).0<"| Machine Start Hour: /ol
+ t4 L
! . . v . o - . » .
Waeather; k a4 Client: Inclination: 1/ 9/25); s A Rig Type: ’,)/ ¢ € | Machine End Hour: |22 /¢ f b7 EECEROUP
Contract No: r-r@ | 163 |eHne ANM Direction: < ) Pump Type: 7 &#1¢Diesel Received: 0 box o, by, 2001
) Phone: 427 86 143 8692
Water Used Kilometers water Carted Fac 025 6633 835
WAH GEOGIOUP.CO Za
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 8-S0ILS ' G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined “*** Direction: Compass reading (or from Gealogist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing racovered - S Water Drilling . Accum bit
R
from to Length [Recovered] loss type Depth g E g § g § SPT, Drill luid return % Colour response Fljgl}fgf B |Rocktype | Bit NO. meters
o|cd|o}lol|o| o]l Undisturbed

AL, [
AN T Rat 7 OIS

Lot = ’

)
_.ﬁ ql;
’){\;
M
X
11

)

B
A
T 7
:f_‘ Z—J
- ,‘}

c

K

<

A

4

T J Efdi’\t/

11
_ o NA AL
YO ML T

T T [ |

Iz

e
q
{
{'D 4
C

(
g
\ﬁ (
¢ H
l'j

1

e o /M-‘Llf’-(-%
docd Fepg | 17080 lasd

724
Borehole complete? Yes No L1 Core boxes: 9_, of Corewriter Name: m {,dﬂ-?."/ljﬁ e A_) =V Signature:
Water laval: m Time: am Waler level: m  Time; pm Supervisor Name: A;I é,w(*‘ Ve Signature:

/

Instruction by Geologist

Equipment replaced: {

Equipment lost:-

156391




DAILY DRILLING REPORT

No. 357170

Date: M{:/e’ﬂ'f/ 213 | contract Name: Bﬂ/ﬂéxé W//q Rig No: /Qaacff Machine Start Hour: /0:557
-~ , —
Weather; 500% Client: lnclination: VEL7 28 7L Rig Type: juﬂfi Machine End Hour: 49/0,6,4 GEOSROUP
. [4 4 . .
Contract No: ‘:9 / ?é?f)’ 8H-no: N M / Direction: ‘-"/ o Pump Type:mi'ﬁc Diesel Received: %%ﬁfggggﬁﬁﬁ'?ﬁm
’ Phone: +27 86 143 6632
Water Used g,foﬁ? L Kilometers water Carted Fax: 036 6633 695
WA DB0GNOUD.C0 23
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-SOILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Dritling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclingd “** Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - I Water Drilling , Accum bit
from to Length |Recovered loss type Depth g 3 ﬁ § g § SPT, Drill fluid return % Colour response FRIWR/B Rock type|  Bit NO. meters
||| elale ) ISIG
c|lc|ol| o]l o] o] Undistubed
. : * . 4 - . <, - ;
I4e0w| 143% 0-3F 0.68] .9\ wwpel /-So (1pse FO7h rz/‘/ »[Mf Frv OuD |ptd
s - 3 "

(48 (#0023 | D0t 0. 0b|Taw | /o SO creso g0 9%, (fm/ %Mﬁ L oLd | 11

. . - -
[Fe0|20em 300\ 3, 0f |[+0.0/| INW| /S0 (RESP FOY, 4@4/ gf“‘” FAl— |p1d]| 7/
190 (23903 | 2.98 0 02| T /- SO Cabsd g02; zm,c;y;fw’" £l — | OLbl

| .
93:00 3379 0. 34 0. 72| 0 03| T /- S0 bS] FOY 47@7 ﬁﬂ |l — |lpLd]s,
3 " R f’ - R ]
Wi HNE Do MNE 3| PACHERS M—=tF  AND S 7 |20 | ANLD
AdSe |20 23
/" ot /Ma Am,‘_,i-ﬁ
L:L: ﬁ—/ A1) Lf(rgf\/asa

Borehole complete? Yes No v Core boxas: A7£ of Corewriter Name: /ﬁa‘r/é,ﬁ/d CE A/gf/,qyz,/ S:gnature ’
Water level: m Time: am Water level: m Time:, pm Supervisor Name: ,{) @qu/k’ Signalture: 4
Instruction by Geologist
Equipment replaced: ( {
Equipment lost:. '

N

{5639)




DAILY DRILLING REPORT

No.

35771

Date’ ©51 ©Y ] Qp) | Contract Name: 59‘4 Ne § -‘-f);.ez [ C,[ Righo: T 9&S | Machine Start Hour: ookl

Weather: C@@ Lt Client; ' v inclination:  ZYE&/LT 1 i | Rig Type: oo & | Machine End Hour: o [p b -q OWIP
Contract No: ’rf—) [ ?EB BH-no: N ™M I Direction: c] 00 Pump Typ;:r\q pirp | Diesel Received: e zaﬁﬁfggéi”giﬁ:;gfm
Water Used vg ob L‘ Kilometers water Carted P%ﬂﬁ%ﬁﬂ
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-SOILS G-GRAVELS

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC elc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined *=* Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - I Water Drilling - . Accum bit
from o Length |Recovered]  loss typo Depth g o g § E § SPT. brill fluid retuin % Colour respanse FRMWR/B | Rock type| Bit NO. meters
= 1 ) 2 . X ISIG
o|lo]lo|o| oo} Undsturbed :
J | . [ & ;
Mg s o] 2 -di ool inm | v Se crdsol Bo%| Crey ?4&4'5 e oY oD
7 -
h / - ,
W e Qor plete b os.e Lo e oy o2HMST | and/ We ALIO | pet /)
1 N ; / , ! — —
out | Cefig (Aode o 1ps d1¢d Sle | Aitte- | wge A LE | T cioll
o~ L
0o | Naw’ | Sete | Fppt Ll g
— v
Borehole complete? Yes| U7 No Coreboxes: ¢ of o Corewriter Name: Zﬁ/&,//d;’/‘j[,g— AJ v | Signature: / 5
Water level: f¢, p ot Time: @‘W_}wm Water level: Il)(,.-ggm Time: gf)y  pm Supervisor Name: "0 ey Signature:

Instruction by Geologist

Equipment replaced:

Equipment lost:.

{5639)




DAILY DRILLING REPORT

No.

38137

Contract No: C(_a;y = GA'-

BH-no: /Y/ﬂ &
7

Direction: ‘c[mu

Pump Typg:muu-::

Diesel Received:

I
Date: )" //muﬂ L//;w% Contract Name: m Lt RigNo: Poit7~ | Machine Start Hour: | M /rﬁL
Weather: (“,’;.‘,L,J_/ﬁ_ Client: rS / Inclination: U""‘-AL&’ Rig Type: 4405 | Machine End Hour: al 1’4—

Water Used / eveden( .

Kilometers water Carted

egoaroupr
28 Central Road, Survefa A, Lansers
PO Box 65063, Bryansion, 2021
Phone: +27 85 143 6632
Fax 036 6633 695
WAH.GEQIoUD €0 23

Nature of Core Classification:

Inslruction by Geologist

~FR-FRESH WR-WEATHERED B-BOULDERS §-SOLLS G-GRAVELS
Legend Run length: Depth to - Depth from = Run [ength Bit type eg.: NWD4/ TNW/ NQ/ HLMC stc Drilling Response: FAST/ SLOW/ EVENI UNEVEN
Inclination: Horizonla},’.Verlical, Inclingd “#% Direction: Compass reading {or from Geologist)
R SPT Blow Count Sample
Depth Depth Run Core ']  Core Bit Casing recovered - I Water Drilling ) Accum bit
from to Length |Recovered| “‘loss | type Depth rg § ﬁ § g § SPT, il fluid return % Colour response FR:,I;I;I(E_:IB Rock lype. BitNO. melers
i S c|s|o o] o] o Undsturbed
Ofrtrtfrm | fr&i
/ / '_ L 2
-~ P = > N )
//{z, meves’ | pFrer M\éu et &t | S ’Aw AGI1¥|138-€ La Lt ek o ﬂ:-nq 2D / MJ
. I _.. * ™ f— o -
gla, &7‘3 vy M{L ../(,..e_ ()/(/‘-?-76(41._/7-& 314)"“""“""“""" LD oA u;[,:pL ,M e é\_(_)/g M é‘e‘l-%‘é‘? f‘)“—*"w
g . ; o ) R 4 \/ L
’&fea-lre Lo \/cf’f v 4 : ““r ( -/
. LA~
Borehole complete? Yes "y No 7 f Coreboxes: «cw— of ~—— Corewriter Name: A* . - i : &u o | Signature: -
Water lavel: m Time: am Watter level: m Time: pm Supervisor Name: /7) /2 a /\/ - Slgna@; d“r .

Equipment replaced:

Equipment lost:-

“f5639)




——— DAILY DRILLING REPORT No. 38138

Date;_ 26 //ﬂa’n 4_ /20 /3 | Contract Name: { 57,_,4’12‘2 ﬁ = /c’ Rig No: /(59/651 Machine Start Hour: | ~—[ -
Weather! - &7+ L leat ~°] Client: U / Inclination: / /[ g—;écp— / Rig Type:&[ag & Machine End Hour: |~ STOEROUP
Oo‘nlracﬁ\lo:/ u / 74-. = BH—noM 2 Direction: (70 PumpGy_pé: m)w Diesel Received: —Ft ? %tgf cﬁ?&fﬁﬁsﬁ étarg;w
7 ) 7 Phone: +27 66 1436632
Water Used /e Kilometers water Carted Fax; 036 6633 895
WAW.QE0Q0UP.CO 22
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-S0ILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined “#**? Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - s Water Drilling , Accum bit
from to Length HRecovered loss lype Depth g E 5 § g § SPT, Bl return % Cusiour response FR:’ISV‘\;'SJ B |Rocktype] Bit NO. meters
co|oc|o|o|o| ol Undisturbed
= . ), ?
o0 /5“0 /SO 0G0 | -0 0| froeC |00 il /2 Z‘JOW /ﬁuuo ¢ r
g{) 3 U ’/_5‘0 [-2O |03 |y /1/5’0 = 67()/0 {w U 7@ w | S
: > P e s 7 AP e :
o0 e /S el WAL Neond' /i O i ‘7‘( )/ e rf))u-u - ;(,_{{)r/l e
o7 7 7 4
Borehole complete? Yes No +——| Core boxes: (% / of Corewriter Name: 5—7{;) o 17 L Signature:
Water level: m Time: am Water level: m Time: _*pm Supervisor Name: - ﬂ, 1, Signature:
N -
Instruction by Geologist
Equipment replaced: [ (
Equipment lost:

{5639)




DAILY DRILLING REPORT

No.

3813¢

Date:03 /ﬁﬁr i/ /50/4

Coniract Name: /j/ypw,) sreld Rig No: 20 /67~ | Machine Start Hour: 7//4}
~ Ll 7
Weather: qﬁa m ;,u R Client: U / Inclination: UO‘);?{” r,.z;k,/ Rig Typeief s & Machine End Hour: /7l / 7
Con!ract/No,, Je/b ?’j’-./ BH-no: Direction: Cﬁ() Pump Tgple/%uo Diesel Received: CA—
p—y N
Water Used Kilometers water Carted

GgoarRouUpP
28 Centrel Road, Surveta A, Lansena
PO Box 66263, Bryansion, 2021
Phone: +27 85 143 6632
Fax: 086 6633 695
WAW.QEOOUP L0 22

Nature of Core Classification:

FR-FRESH

WR-WEATHERED B-BOULDERS 8-SOILS G-GRAVELS
Legend Run [ength: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC sic Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inctination: Horizantal, Verical, Inclined > Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Cors Core Bit Casing recovered - - Water Drilling ) Accurn bit
from to Lenglh |Recovered| loss lype Dapth g 3 ﬁ § fr;: ﬁ SPT, Drllfuid | eturn o | COtoUr response Fﬁg\fgj B | Rocklype) BILNO. melers
olcs]|lolo| ol ol Undisturbed
A PO Ve / 7{9’9() ,‘.f- o % s e ‘—-ﬁ
4
%
Borehole complete? Yes No = | Core boxes: ¢5¢ of Corewriter Name: A HAn (L. (aﬂ@pmwg
. . . ] - 7 s
Water level: m Time: am Water level: m Time: pm Supervisor Name: 4 ) Z”g{’f G/
Instruction by Geologist
Equipment replaced: ( {
Equipment lost:-

ER0)




.;DAlLY DRILLING.REPORT

No. 38140

Date: df"/’,ﬂw"é’/ﬂ@/ 5

Contract Name:“%’%/%m /,l'fca/.o/ s Rig Nb:)of)/ &7 | Machine Start Hour; | ——
- v / ‘7——’ 1Y 7 =
Wealher././{/nfm({r Chent: / Inclination: Ved-,f[f Latn / Rig Type-/'? wrtc Machine End Hour: — GECEROUP
- o) . . .
Contract N,o._ﬁ;/'?c ) 8H-no: /Y72 Direction: ?O Pump Ty}re{mo ~t Diesel Received: By e aamera
: : Phone: +27 65 1436632
Water Usé‘ﬁ’oﬁﬂf Kitometers water Carled Faoc (36 €633 896
VRH.GEOGTOUD.CO Za
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 8-SOILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc DrIIIInQ Response: FAST/ SLOW/! EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined *#* Direction: Compass reading (or from Geologist)
o SPT Blow Count Sample
Depth | Depth Run Core Core Bit Casing recovered - e | Water Drilling ) Accum bit
from to Length |Recovered| loss type Depth g ‘C_) : § :: § SPT, Drill fluid return % Colour response FR/I;\:’(I;UB Rock typs | Bit NO. meters
3|3|s|3]| 3|3 undisturbed L
O
450 |5 00| D SO0 38 |- 0:/S | fiopr| @00 ctesolods wen oo
/ ol : ' / L 01 -
ot 550\ L SO\ O 7R 10 22| o fp| 480 Cpeo|FE L (et (e
=T J 7 G p . e P o < ; .
FSOLS0 [ ST |[:30 [-0139 Mok (i ST (L6501 20/ Emﬂ S12N
Laoe|  moeeial o ‘A"“] szl toades lodtd? (oA J/ 77 02
/ - 4‘ i
7 O o e o
Borehole complete? Yes No ~—., | Core boxes: O [ of Corewriter Name: /e rréﬂ(—?/(r;ﬁt’,mw'e" Signature: W
Water level; m  Time: am Water level: m  Time: pm Supervisor Name: / /q %5 FLC Signatw
Instruction by Geologist
Equipment replaced: o : ( [
Equipmentlost-

5639)




DAILY DRILLING REPORT No. 38141

— /
Date: [\ //gpw‘/,éo/:?' Contract Name; 75@}{.{1«_9{; f‘?_(_a_/{ / Rig No: 70()/29’ Machine Start Hour: /}7(4
/ j / 7 7 [/
Weather: ///A;..fmp/r Client: < / / Inclination: //@gﬁé(,a/ Rig Type:/L»{(uf’:? Machine End Hour: Mﬁ GEOGROUP
v i
Contract N&: Jr&/ 2L BH-no://Y/ﬁ S- Direction: %"’ Pumpglpef | Diesel Received: loXe mﬁg%ﬁ%ﬁ:ﬁﬁm
Phone: +27 66 32
Water Used ~/zZoe>¢5 € Kilometers water Carted Fa: 065 6633 636
/ WNWV.Q20QroUp.Co Za
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS S§-SOILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined “**? Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - aa .| Water Drilling . Accum bit
from to Length |Recovered| loss lype Depth g § g § g § SPT, Bl fluid return % Celour response Fﬁgfgﬁ Rockfype| BILNO. meters
co|cS|o|e|oe| o | Undisturbed
W A ‘—o 3 O |— P ,"() = ;
Lo gco| /< /20 Fonso| oy -5 LT |30/ Aok ffm
— 7 - - % , > o,
2ol ol /80 |).35 | O/Su &Y 450 265V |[5 [ | Blocke| oo
7 e s P et
7). 00\/4.00| 3501270 [-0:30| [HwW |50 CLesOl50Y Rbek [How
V00 i ' -
a . A
= : -
foC | pertgae fept ol S °/°7 :
/ / J
L T : . - ‘ 73
Borehole complete? Yes No Core boxes: O )  of Corewriter Name: ogréir C«Q/giﬁiﬁ@f e | Signature: 4 Mf@_
Water level: m Time: am Water level: m Time: pm Supervisor Name/ 4 lﬁwyg S e Signature: 7\__)/ ﬁ o
rd =
Instruction by Geologist
Equipment replaced: ( (
Equipment lost:

f5R70)




DAILY DRILLING REPORT

No.

38147

oo T2 )V pert B

Contract Name: ? ' ;‘E’i‘ff"’ﬁQ f7 9{9/ L Rig No: /% /C? Machine Start Hour: /%

: / 7 . ’ ’ )
Weather: //%x ey Client; /- < / / Inclination: //&r,,iym / Rig Type ¢t | Machine End Hour: ,{//4— EEOGROUP

&R v o ’ " .
Contract No; Tes/ 2, =, BH-no: X479 Direction: Cf() PumpG;ypé: /GZ"D Diesel Received: m%ﬁf&%ﬁtw

S . & 7 7T Phona: +27 85 1436632
Water Used /ex=ves C Kilometers water Carted Fax: 088 6633 696

7 WAN.QR0GIUP.CY 28

Mature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 5-S0ILS G-GRAVELS

Instruction by Geologist

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response; FASTI.SLOWI EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined*#** Direction: Compass readihg (or from Geologist) R
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - o Water Drilting . Accum bit
from o Length [Recovered| loss type Depth g @ tﬁ § g § SPT, Oril fluid return % Colour response Fﬁf;{lg] B [Rocktype( BitNO, meters
o|ls|o|s| o] o] undistubed -
WP 20pl 3 00| 300 — |0 |psO (Yeso a//Z »ﬁ'éﬁ'@
2= 2 |
! // : /,
Wé’ (%)P’NZ»J )4‘4 ﬁ?(]\-r-o e 1051'“;& co et /‘“f/”"f"ﬁ"g) & é‘-”‘"‘b Co“q/'."/"a“s fd‘o""‘" /OHB:-?) 7O /‘}%; 74/«7&-“(
14 [ d 7 7 7 7 7 ] J 7
ynede ¢ : P
Borehole complete? Yes No - Core boxes: ©_)  of Corewriter Name: écff@' e, M e e, | Signature: %a
% &
Water level: m Time: am Water level: m  Time: pm Supervisor Name: ﬂ} ,@,5679 = SEgnalure:/(gfﬁ"
7 </

Zquipmenit repfaced:

\ipment fost:

FERTMY




DAILY DRILLING REPORT No.

38143

F : " )
s y - - B « K
Dat_e:@/Q m;»mi;//,zofg Contract Name:™ L A‘?e(c/ Rig No: /0 0 /&7 | Machine Sta'Hour: | ™
s 7 = 7 : -
Woeather: / @ £ reqd Client: S Inclination: M;‘d’qlrm / Rig TypeM Machine End Hour: |—
LAt - Z GEOGROUP
ConlractNo: _Le> /7 &% BH-no: /}737 &2 Direction: ?,s) Pump MJ M i~c| Diesel Recalved: I TOR & Bty echylbbiconi i
~JTT 7 7 i Phone: +27 85 143 6632
Water Usad /eenes £ Kilometers water Carted Fax 035 6633 895
7 WAWGEHOUP.CO 28
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 8-801LS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length ‘Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined *** Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Bepth Run Core Core Bit Casing recovered - N Water Drilling - . Accum bit
from to Length |Recoversd| Ioss type Depth g g § § g g) SPT, Drilf fluid rotrn % Colour respanse Fng::fng Rock type| Bit NO, meters
cjld|o|o|o| S| Undisturbed
) - 5 ) 7. :
(ZOVROVOZ OO - FCAD- OS |Jeo SO 2c50 \orh (i5el LAl | o 7E | FS
4e) :
[ frorfomel o
A R N
?] —— R < E . <
Borehole complete? Yes No Core boxes: Q; of 03' Corewriter Name.‘Zﬂ,ﬂ 7 C, ‘fj“_ﬂ? e
Water fevel. g, (pm Tlme:’ SO A STrm Waler level: m  Time: pm Supervisor Namé /Q Y Gyt
instruction by Geologist
Equipmén; replaced: ( (
Equipment lost: o

..




DAILY DRILLING REPORT

No.

33761

Date: 2. & - () 3~ 3-2 | Contract Name: QQ‘-\(‘IC’.;C.. L id Righo: | § &3 Machine Start Hour: |9 771 ¢
Weather: | Client: Inclination: - Rig Type: e Machine End Hour:
W Changing Um(k‘cxsf SR YWE agosRoUr
ContractNo: "3y 342 {BHno: =\ Yy A Direction: ¢y ¥ Pump Type: Diesel Received: 24 Qa%ﬁfg@fmsﬂéﬂ?fm
3 Phone! +27 &5 143 6532
Water Used - Kilometers water Carted Fax; 055 6633 86
a. o l m l/ o ae WA?;Q&."QTMP,WE
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS S-S0OLS G-GRAVELS
lLegend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC elc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Hoerizontal, Vertical, Inglingd = Direction: Compass reading {or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - A Water Dritling ) Accum bit
from o Length |Recovered| loss ype Depth g E § § g § SPT, Dl fluid return % Colour response Fﬁlgyglﬂ Rock type] BiNO. meters
c|d]olc] o] e ] Undistubed -
Qv 1o 90l0.9 | 0BT -OHd dxe| o, v clsol 3% | Brewd & ow
. 2 .
O.90 1t 8¢ | O 60 (ereun 7 ) Y 7 (;r\ej{ ¢y
l.SO |2 «0| 180|098 -0, 55 NuwttH 0, 0 1 % H 0
300 [AnSoll-So | L35 -0 v y 7 i NBracs fagts
H-sol S| 0,800,500 — | 4 | 4 y v v | |ferdwedishisl - GHlos
t Wea mq;t,\m;‘\ For ofuk- pe| Lo o Uati| 12H0P oigon W | mave | jeum ko nefr e HE
T 1
éSE&*&P/ oo S L o) Dt o R 13120
P i
. . . % . .
Borehole complete? Yes (NJ l/ Core boxes: I of Corewriter Name: H Ch -p(il o) Signature: '\;@
Water level: m Time: am Water level: m Time: pm Supervisor Name: A / Signature: %
Instruction by Geologist
Equipment replaced: ;- ;
- t 1
Equipment lost: -




- DAILY DRILLING REPORT No. 39767
Date: 2.6 ~ Q2-172 Conlract Name: %c‘.&u\ ess C, edd RigNo: jl, ¢ Machine Start Hour: |2 -2 §
Weather: QQ, A £ Client: . Inclination: { )G:r"l:v. T A Rig Type: YWuwC Machine End Hour: ELOCROUP
Conlract Ne: ":TQ i 2 BH-no! j\%mg .. Direction: | (_fo Fump Type: Digsel Received; 289:3%?5::&%1?1&'5@3?“
: : R T Phone: +27 85 143 6632
Water Used Kilometers water Carled = Fax 035 6633 8%
WAW GEOJOUD.C0 24
Nature of Core Classification; FR-FRESH WR-WEATHERED B-BOULDERS 8-SOILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined 77 o _ Direction: Compass reading (or from Geologist)
) el SPT Blow Count Sample B
Dapth Depth Run Core Core - Bit Casing recovered - e Water Prilling ) Accum bit
from to Length |Recovered] loss ype Depth g g ﬁ § g § SPT, Drilk fluid return % Colour response F}'\;fg}lgl B |Rocklype] BitNO. meters
clo|lolo]l o] ol Undstubed
o 2
Sevo | bsol L-sol Vose]| - [Haiau| 350 bl I8k | Puege | Lonie
brse |Doo |1 sol pie] 008 " ) " 1 " I
(1 Al
| AW, : B [ = FN
'L.._,{'-’ Corer o "Y\QL\Q e 4
¥ -
Borehole complete? Yes 6]0 y \/ Core boxes: { of Corewriter Name; H o : fef CML‘ Signature:
Water level: m Time; am Water level: m Time: pm Supervisor Name: A zm &, 12 rv Signature;
Instruction by Geologist /
Equipment replaced: ; ‘
Equipment lost: \
(5639




DAILY DRILLING REPORT

No.

39763

Date: © 2 - oM —f2 |ConractName: {2 urese  fead RigNo: | {88 | Machine Start Hour:
~3

Wealher: 32 Clint VG Client: Inclination: \ Jeer wical Rig Type: ﬂ\,u & | Machine End Hour: GEOEROUP
Contract No: T3¢0 4 '-'{-h 2 BH-no: 14y 2, Direction: €% Pump Type: Diesel Received: B B o, Bt o2

: Phone: 427 66 143 £632
Water Used Kilometers water Carted Far: (86 6633 896

WAW GROOM0UP .0 23

Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS S§-80OILS G-GRAVELS

Legend Run fength: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined *** Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - S Water Drilling , Accum bit
from lo Length |Recovered] loss lype Depth g § § § : @ SPT, Drill flutd return % Colour response Fﬁg’fg"B Rock type| Bit NO. meters
Sdle|o]|lo| ol d| Undisturbed
\
\ m b N
Wi b M anage. 2 ®, ap | to S e L Teadd | wes w&% ¢ Sihery
43 =~ = v
\\
| BieIVE
2 tonc] b
. - =
Borehole complete? Yes No Core boxes: of Corewriter Nama: H d,\ fera ; Signature: (\;@G";—’
Water level: m Time: am Water {evel: m  Time: pm Supervisor Name: R A Signature: -
. —

Instruction by Geologist

Equipment replaced:

Equipment lost:

.




DAILY DRILLING REPORT

No.

39764

bate: © H — oW — 12 | Conlract Name: %qq e Cieyd RigNo: | 68 Machine Start Hour: {2,2 2.|9
e o
Weaﬂ.\e.r:‘:__ H o c Client: Inchnau.on: \.‘fdﬂ-u.c/q ' Rig Type: ng Machine End Hour: EEOSROUP .
ContractNo: "3y 3 A % BH-no: vy 2 Direction:  €3,4® Pump Type: Diesel Received: 2ol 2 C;ggf&f’&?ﬁmﬂ?ﬁw
' Phona: +21 86 143 6632
Water Used Kilometers waler Caried Fax 036 €633 695
WAW.GEOJICUD 00 24
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-S0ILS G-GRAVELS
Legend Run langth: Depth to - Depth from = Run length Bit type eg.wTNWI NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizonlal,(genicafﬁlnclined B Direstion: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - e Water Drilting ) Accum bit
: kK
from to Length |Recoveredf loss type Depth g § § § :h: § SPT, Dl fluid return % Colour response Fﬁgyg B [Rocktype| Bit NO. - meters
cld{s| | of ol Undisturbed
B.oo|l 9iso| 150,851 ¥ 08| Awdy br-so clso| P5%| Piauk, ,lf:usl;- Peccel~ 121450 — 2459
Y] P 1.0 SO — ' i b i dl} ‘1 {Aaﬂoe—ﬂlwf 5% —11SHGO
< N
L Ty ﬂnj e 1y o] % e \c:e»j =15 £ TEB D Mkl 12820 '
Lo Cderrt (DY R =% =] tHr e S
Ladnacd | m Fog e Lo
4 1
iz, S el
Borehole complete? Yes @ v Coreboxes: »~»_ of Corewriter Name: . d,’ fejaa, Signature: 3@"—
Water tevel: m Time: am Water level; m  Time: pm Supervisor Name: 'A., g&f/‘fé'&(— Signaturs: ; é i%
Instruction by Géologist
Equipment replaced: f
Equipment lost; {




DAILY DRILLING REPORT

No.

39765

Date: o e, ~O Y- — | 2,

Contract Name: (25. anrs  Bietd
A |

RigNo: | &3

Machine Start Hour:

Wealher: 4 o

Client:

Inclination: \) ar \;}cq |

Rig Type: e
L4

Machine End Hour:

Contract No:p "7y 116 72

BH-no: "‘rﬂ 2

GgoanRour

Direction: ¢y 5 Pump Type: Dieset Received: n%ﬁﬁf&f&mﬂﬂ:ﬁf&m
} Phene: +27 86 143 6832
Water Used Kilometers water Carted Fac (45 6633 6%
o WAW.QS09r0UP 00 73
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 8-S0OILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: WD4J TNW/ NQ/ HLMC etc Drilling Response:FASTISLOW/ EVEN/ UNEVEN
Inclination: Horizomal@l@lnclined ) Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - o Water Drilling . Accum bit
from o Length [Recovered| loss type Depth g @ § § g; § SPT, Diill fiuid return % Cotour fesponse Fnggf B {Rockype|  BiL NO. meters
: o|s|{S|o|o| S| Undisturbed .
2 ' - %
oo 1290l Lsol Lso] — [Hwd H<o Rbso b |Brack. | gast
[
12:50H 0| ool Luso| — L 0 " T " 1 Pecice] gu Hsl- O HWiko
i+ ohtS.sol| .ol V-5~ 1 1t 1y H i 7
15.50|1%F0v| S0} LS50l — |pluar | Bso ] it i Y erdcer| 1o H 30 — 1) 4[2.<
IJ—-O\D 18‘ 50 "50 "SO — 14 I Ny i @rad(_, It
t8:50 (20,00 1.50] ). 50] - ' I (Rbso| F#3%| v | Lo Perjeerfiznow |~ 12 NSS
CHD| of | BH [Nmls
[) < P 20, M
. . s 4 ~ » .
wla Oova | et ™ “\) b o= .003‘ 3]
Borehole complete? ( Yes‘? e No Coreboxes: "  of 7 Coreviiter Name: 4.4 Aferey a ; B Signature: _ @:—‘:7'
—— " -
Water level: m  Time: am @f G;O Water level; m Time: pm Supervisor Name: ﬁ {%@yg‘y P Signature:
R /
instruction by Geologist
Equipment replaced: {

Equipment lost: '




DAILY DRILLING REPORT

No.

39757

Date: 2.¢0— o2 — &

Contract Name: ¢ v .rn.q’?_}\

1323

Rig No:

Machine Start Hour:

Weather: w404

Client:

inclination: \J e v paceq !

Rig Type: Yy €
A

Machine End Hour: '

GHOGROUP

28 Central Road, Sunrefis AH, Lansena

Contract No: % oy H-6 2 BH-no: "‘ w “\’ Direction: < o® 'Pump Type: Diesel Received: PO Box 68063, Bryanston, 2029
Phioce: +27 65 143 €632
Water Used Kilometlers walter Carted Fax: 035 6533 896
WHW.GROJOUP.C0 23
1
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 8-50ILS G-GRAVELS

Instruction by Geologist

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC et Drilling Response: FAST/ SLOWY EVEN/ UNEVEN
Inctination: Horizontal, Vertical, Inclined **** Direction: Compass reading {or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - I Water Drilling , Accurm bit
from to Length JRecovered| Ioss type Depth g § ﬁ § g § SPT, Dril fluid return % Colour response Fngg! B |Rock type [ Bit NO. meters
s|o|lo| o] ol ol Undisturbed
N A L o~ - b~
Loa LI A M‘} 4(:01 AMa e -— toand]l -bAhe YOy (3 e ¢ Tt
|
o e e, hen u_nJr/ \ SN q (Deive. b jep \L\'_J fiee, | e
bl 7 4
O roe A é Sebhrp *
1 % .
b 2us Shat €
j—&)ﬂﬂf‘g—.“ b\ Pkt?fw
. ; . ' \ : .
Borehole complete? Yes No Core boxes: of Corewriter Name: H A1 g€t m. Signature:
Water level: m Time: am Water level: m Time: pm Supervisor Name: /,-_'_:) I'-,:'C:"()/ ey Signature:

Equiprment repfac::é'd;' -

Equipment lost: .




DAILY DRILLING REPORT No. 397589

Date: 2} -« &2 ~ 2 Contract Name: mlcﬂc)mﬂ'?,; Rig No: { £~¢2 Machine Start Hour: o) .
Wealher. Loy Client. Inclination: \] q ¢ tner Rig Type:j Ty Machine End Hour: @goaroup
Contract No: 570 1.3-£,°2 BH-no: | Q H Direction: 5 ob Pump Type: Diesel Received: 20 L zai“bfﬁfggésmﬁﬁ'w
. Phane: +27 86 143 6632
WalerUsed % ¢ DO L. Kilometers water Carted Fax 085 6633 896
WA'W.QE0gIOUD.00 23
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS S-80ILS G-GRAVELS
Legend Run fength: Depth to - Depth from = Run length Bit type eg.:((WDEPTNW/ NQJ HLMC et Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclinad “#** ‘ Direction: Compass reading {or from Geolegis()
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - N Water Brilling ) Accum bit
from to Length |Recovered| loss type Depth g @ ﬁ § :r:: § SPT, Drill fluid return % Colour response Fﬁgygs Rock ype|  BitNO. meters
clolo|o|loc]| ol Undisturbed
- . - . T,
@,lw ©,490 9,90 10 S -~ nE ™ xe (WINZ.Y! LQ&SO ?C) Ol Ryow) <tow
0 f:so 0160 0,80 19,10 ' iy i Y 1 27
IS0 1223 0,84 0.9 -0,32| MOdi o, ) y u s 2
224 12:80 | 112 hoo 02y, 'y . /s 7 ’
2501500 180|1LBS oS z CREs0! 9¢° | Brown| Stow)| Paciedr 184S — o it
S:vv [ 6H.80[1.s0 [ Se ] — [Hudd] VS0 3 ‘s u Gm:j Feef
' \ ~ ]
wuos Ui)ct‘\ﬁﬂcu\ —QJf [Yers 1] = . -C("oﬂ’l OB de o Mk \ (L\‘\"W) t—tiAle
Le ¢ o Sy = &) @al) = e uMegO
™ " i . ¢ 1 ) i .
Borehole complete? Yes @ ) \/ Core boxes: of Corewriter Name: ~ dilescin Signature:
Water level; m Time; am Water feval: m Time: prin Supervisor Name: 'ﬂ é&e;'g A Signature:
Instruction by Geologist
Equipment replaced: ) {
Equipment lost; D




DAILY DRILLING REPORT

No.

39759

Date: 2.2~ 2 -\ %

Contract Name: sk 1060 2 \\

RigNo: | Gy

Machine Start Hour:

o N1

Weather: 40 =

Client:

Inclination: \]a,rtic_c_\i

Machine End Hour:

Rig Type: YL O

EROEROUP

28 Certrel Road, Sunvefa M, Lansena

ContractNo: =3y, 46 ‘2 BH-no: 1~| [Q 14 Direction: &4 4% Pump Type: Diesel Received: PO o 6308, Bryansion, 2621
: T Phone: +£27 €6 141 6532
Water Used Kilometers water Carted Fax: (36 6633 605
WHW.GE0QI0UP.C0 22
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS S-SCOLS G-GRAVELS

Instruction by Geologist

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Verical, Inclined *™" Direction: Compass reading {(or from Geologist)
) . SPT Blow Count Sample
Oeph | Depth L::g"m e By tf;te %ﬁﬁf’ °lzglgls|els 'ecg‘;f{fd " | onnuid | Y | Golour rec::{'::ge FRIWRJS | Rock typo) BINO. Aocum bl
S|s|o| ol ol ol Undisturthed

620 & v iso | 1:50] — Iduwdd] 1hso ceesd| F3Yo| Brack| Fast Parppr 040 10lHgs
S [ S0 t-Sol Vgl -905] s 1y " 1) ‘y ‘,
dco (1.0l So| 2ol s I n ty Y 1y |Qc2_d5f Ve o - 1R 3RS
MO 2 S0V <o) V.80 o v )¢ 1 '
rzSoltHieolt o | VMg~ 008 Nuwdd 3,80 1y Iy ‘s feriel | B[R0 = pSed
tH: o130 V8ol il - Q.08 i 1] ) Lt ¥

Borehole complete? Yes @ L~ |Coreboxes: B of | Corewriter Name: pJ 4, Pery oyt Signature: M
Water fevel: m  Time: am Water level: m Time: pm Supervisor Name: /o /éﬂc“’)“)é _,_-____ Signature: 7%;-‘?—;) T

Equipment replaced;.,

o~

Equipment lost:




DAILY DRILLING REPORT No. 39760

Date: 2.% - )%~ |72 Contract Name: e Y- O rna 2,\ RigNo: j{ & Machine Start Hour. |2 24|
Wealher: b0t Client: Inclination: \)mqﬂcﬁﬂ Rig Type: ,f}""’é Machine End Hour: CECGBOUP
Contract NO: T} .6 2 BH-no: @ - Direction: < o? Pump Type: Diesel Received:  [pes L] G ek a2

) - + Phaone: +27 85 1436632
Water Used { (/W gl Kilometers water Carted Fax 085 6633 896

WNN.GEOQITUP.CO Za
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-SOWS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/Y EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined *#* : Direction: Compass reading (or from Geologist) ‘
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - N Water Drilling . Accum bit
R
from to Length |Recovered| Itoss type Depth g @ 2 § :: @ SPT, DAl | ot 9 | COTOU response H?g;lg] B | Rocktype)  BiLNO. meters
c|lolo|ofo| e | Undisturbed
y : : - My wisd .
1580 [1Fwo] Weo | Lhso)] — |Idwdift {1 S0 clbse| reevd e Foast | Suricgr topy — w013 g8
P g0l 1850 1.S0] jo -0 03] n ' 0 Y b Y
e sol|2owe| | . so | eSO i ) 17 b 4 [, 'DPHCP"VZHG‘U -
€D of| g o\ W4
D&y 20, ’
' \
by 20bs NSOV Bl
Leodard | ra@le Pl
Borehole complete? Yosh No Core boxes: 2 of 9§ Corewriter Name: ,4 D: te wn‘ ~ ’ Signature:
Waler level: m  Time: am Water level: m Time; Pt Supervisor Name: A N7, Signature:
Instruction by Geologist
Equipment replaced: o ’
1

Equipment lost; v ¢




DAILY DRILLING REPORT

No.

42510

Date: ‘2. | MAN.C 4+ 2.0) % | Contract Name: Ibmues Fiech Rig No: on"f Machine Start Hour: | )43t
Weather: Hof . Client: Inclination: q D‘b{' Rig Type: 5320 Machine End Hour:

Contract No: jo 1762 BH-no: MW\ 5 Direction: \) é'ﬂ-Tt':U}L Pump Type: pWA&'N® | Diesel Received: 250
Water Used Z.£70 L Kilometers water Carted

G)

agoaroup

28 Central Road, Sunrea AH, Lanseria

PO Box 6£063, Bryanston, 2021
Phone: +27 85 143 6632
Fax. 086 6633 896
WAW G20groUp.co Za

Nature of Core Classification:

FR-FRESH

WR-WEATHERED

B-BOULDERS §-SOILS G-GRAVELS

Legend Run length: Depth to - Depth from = Run length Bit type eq.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined “***? Direction: Compass reading (or from Geologist)
. ‘ SPT Blow Count Sample -
o | B0 | i o] e | e | S [ 15[ 5[]g] | oo | e, | o | 20, | ko] o e
c|o|oc|o|o| ol Undisturbed
0,00 10,90 (0.90 |0:190 | — [Mxe |— cbso | joof | D pr7 | ¢ |S0/) | i | oub
@90 /.80 0,90 |,90 | — e | attbss | 100 | 2th | T | S | 55) | w0 | o
JeBo |3z2 | 42| [100 | _oyelnwoy| — s | sooflfd |z | S | S | o> | o
X |3 Ji ]S |eod |-048 |Hwoy | — cthco | /OB gy | S | ) orb | o
37 5,00 | .62 |0:90 | 0,20 uiny | — cthso /oo g\ pa> |77 | S | S | o | ow
(& B | JpE | 27| 2+ S| Ak Fior]  N\SHBS| 70| /6 Hs0
WE | /MVE  ThE Rods  Fhow Yore| |6 g | |74 wms| iy | Rowkres |gshr  Shee  To Jop
W, 7l € SETwP | Frem  joper | 7h | Jizdes  Retousel e ol Shrt |BS M e
Jom|, WE| s ot ATER  JFWor | 7l |/3Ho & STA Tl DEM  uuzse | iepde wd wer
Fo- | periip ’
TP, |LoAVIEMLE
‘widerf -
Borehole complete? Yes No [~ | Core boxes: l of Corewriter Name: /f- Hﬁﬂm MAGL Signature;/ \D’
Water level: m Time: am Water level: m Time: pm Supervisor Name: AMm'E?S Jgrb 0\1 £ eﬁ Signature:
Instruction by Geologist /
Equipment replaced:
Equipment lost: - (_

(6639)




DAILY DRILLING REPORT No. 42511

Date: ‘22~ %~ 2¢]3 | Contract Name: B’ﬂ,‘jMES JLEN Rig No: ny/ Machine Start Hour: | » 934~
. = . iation: ot . T Bdo . . '
Weather: pﬁ?’ Client: inclination: ‘aﬁ Rig Type: gwé Machine End Hour: GEOGROU, |
ContractNo: _Ne@ ) 763 |BHne: MM S Direction: \JER T AL Pump Type: JX/10 | Diesel Received: | B oy et a2
Phone: +27 8 1436332
Water Used 7S OL Kilometers water Carted Far 066 6633 636
WAW GO0 OUD.C0 23
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-SOILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQY HLMC elc Drilling Response: FAST/ SLOW/S EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined : Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing _ recovered - I Water Drilling , Accumn bit
from o Length |Recovered| Ioss type Depth g o :2 z g § SPT. Drill fluid return % Colour response FRWR/B | Rock type| Bit NO. meters
= } . 181G
g|co|o|c| o] e | Undisturbed
5. 00 9,67 | 047 0267 — [N | 3e 09 CEbse QM Slow | Lt Hoct .y ou
5,67 |727 | ]6o | [ebo | — oy 2ot et |GRey | St | o & ol low
» - n ~ .

727 | Bro0 | 073 10,50 |- 2Ttk |Rico ahse | Gurdd| Siod | Lot | fok | | 0D
Qur | pin|  Porten | AT sS4 B AN o [ 7o | j e

Gioo|F0o7)| )07 Yo |— WhY |3 oo : A6 CIF'E‘I S o | N ,/20“‘-‘- ot |
9.67 | 1037 he26 [}117 |—042 | 40| 300 ' etbss |[hsek | S1ow| ik ek | oo | 00
10:3]| jl. 60 | 0,63 | 0,560, 07 | uvny| 300 cibso| st | Stov | W [Bac | oop | oup

WE | STofd AB7| [fotlpe  BECAHSE mpeniMe | wag |HeT 1o |/64d¢o ATHALH L

LA jern

Lo Berie
Borehole complete? Yes No f— Core boxes: l of Corewriter Name: ° W[w /YUJELQ Signature: l P
Water level: m  Time: am Water level: m Time: pm Supervisor Name: M%r‘ﬂ ,&;QMM Signature: y

Instruction by Geologist

Equipment replaced:

Equipment lost: (.. ' {..

(5639)




DAILY DRILLING REPORT

No.

42512

Date: 23~073 “9-9[9

Contract Name: ﬁﬂ‘-]a\ﬂfﬁ JFrew)

Rig No: P}u7

Machine Start Hour:

1958

Waeather: }71—()7

Client:

Inclination: ‘1 o

Rig Typs: U

Machine End Hour;

Contract No: :_:3-—0 A763

BH-no:

MM S

Direction: \} Erl7 %0

Diesel Received:

GHOBROUP

28 Central Read, Sunre®a AM, Lansaria

Pump Type: YYl03%

29t~

PO Box 66063, Bryanston, 2021

Water Used ‘2 S»ﬂ P

Kilometers water Carted

Phooe: +27 86 143 6632
Fax: 036 6433 £96

WIN GE0GIOUD.C) Z8

Nature of Core Classification:

FR-FRESH WR-WEATHERED

B-BCULDERS

S-SOILS

G-GRAVELS

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, fnclined *#*® Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - I Water Drilling . Accum bit
from to Length |Recovered loss type Depth g g ﬁ (8) g @ SPT, Dril fluid return % Colour response FFYS\'Y(?/B Rock type| BitNO. meters
clo|c|s| el | Undisturbed
: A Wi
)00 |J)dS|0s9L |gus | | ppy|Fi00 s | 304 | Liger|Sten | ¢ Boocilonn |ow
4 +- [ 1= R _
WE | Dt ba | cAsingg Fdon| | ol  Ts | Gon pree | iane  (Ne g233 THE
Herg
“Tpre o
s
A (L0 ,
C oo
Borehole complete? Yes No L~ | Core boxes: 2. of Corewriter Name: mﬂm Ve (7 | Signature: /ﬁ;ﬂ
Water tevel: m  Time: am Water level: m  Time: pm Supervisor Name: ﬁ)’ljnlz‘;e-j éﬂ"’“ﬁf’/ Signature: . % " [Z*i
Instruction by Geologist y
Equipment replaced:;
Equipment lost: {

(5639)




DAILY DRILLING REPORT

No.

42513

Pate: 26— T —22) 2

Contract Name: &@Me‘ Fierd

Rig No: P)_U“']

Machine Start Hour;

Weather: Coaund

Client:

Inclination:

"

Rig Type: Hu?é °

Machine End Hour:

Confract Nc;: j{) 1‘7&3

BH-no:

MmsS

Direction: Vg—“ﬂﬁm

Pump Type: Mo A0

Diesel Received:

oY 3¢
GEOEROUP
- 28 Certral Road, Sunre?a A, Lansenia
2—£’L— PQ Box 68063, Bryansten, 2021
Phone: +27 86 143 6632
Fax: (56 6633 598

‘ Kilometers water Carted

Water Used '75’@ -

WKW GEOGIOUD. (0 22

Nature of Core Ciassification:

FR-FRESH WR-WEATHERED

B-BOULDERS

$-S0ILs

G-GRAVELS

Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc

Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN

Legend Run length: Depth to - Depth from = Run length
Inclination: Horizontal, Vertical, inclined “**? Direction: Compass reading {or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - s Water Drilling . Accum bit
from to Length |Recovered| loss type Depth "g 3 ﬁ § g § SPT, Dl fruid return % Colour response FRIWR/B | Rock type[ - Bit NO. meters
2B B B B - 181G
clo|o|<¢| S| o | Undisturbed
}}ftl’pg ”Jg @168 0)33 - LAY ?10-0 b ,Blﬁrﬁ __Gwv) ‘.’/A /Zﬂ'.é oy oLl
0163 | )77 | ovza|oyz) |—oe3 [Tt |Feoe fbse) ok | Sow | pwl | fodh | pero60]33,69
U177 w0 | 223 |88 Lo, 2s [Tew | Do ctéso | Bk | Aeow | it | fock o] 392
WE | pio | Pedren | AT | /] —|1em
[l 77 0,77 | )l 2 36,38 [Tne | Dren abi |\ Fro | Glas | ot | Low |pernts|38.69
j4.712|)7r 00| 2,23 | 2100 |- 0,23 T | Froe otlse| PlAc | Stew | (7t |Rotk |fesogp| g, 92
orf | 23|—03-420)3| we| Bl fodpan | g7 —J m ~Tigypelo
IE| w7 Jreg | peptene  LFaom| faSd wZ BT S ] v/ fon
| LA eI
Borehole complete? | : 3 i T . ™ i : ;
pete? Yes No L Core boxes: of Corowriter Name: / WELJ‘ mbftﬁ‘ Signature: lf;,
Water level; m Time: am Water level: m  Time: pm Supervisor Name; ;;M)A/fg-f Eﬁ’ Oyfw Signature: %
Instruction by Geologist
Equipment replaced: {w CoMe ~ S[)/L| MG x|
Equipment lost; ‘ { ‘ {

(5639) /



DAILY DRILLING REPORT

No.

42514

bate: 2-6—0% 21 % | Contract Name: gﬁkﬂﬁ’ﬁ; ﬁb’l/] Rig No: Pj__s'? Machine Start Hour: |y 24
Weather: ﬂ*ﬂ}'ﬂ Client: ' Inclination: 7 C’(H' Rig Type: € Machine End Hour: o

Contract No: j@ 1163 BH-no: HVV’ S Direction: VEAL Pump Type: )yltng | Diesel Received: 29\

Water Used Kilometers water Carted

agoaroup
28 Cenlral Road, Sunre®a AH, Lanseria
PQ Box 6£063, Bryanston, 2021
Phone: +27 86 143 6632
Fax: 086 6633 826
WAW gE0QIOUp.co2a

Nature of Core Classification:

FR-FRESH WR-WEATHERED

B-BOULDERS

§-SOILS

G-GRAVELS

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined *%*? Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - N Water Drilling ) Accum bit
from to Length |Recovered| loss type Depth g S g § g g SPT, BRIl return % Golady response Fﬁgfgm Rock type| Bit NO. meters
c|c|o|c| e | o | Undisturbed
1 ¢ ’
[eiid  an) M | G Jomm
WE | WAIF  Fo I AVES Fedp | @Aplle | |7e  1ofor
- PPy -1 - . . €
!I’;afa T2 | hdo a1 WA TEA| L Ejwedi B Ho 4 vt
e
{
Wifen |
o
LAt LE
=

Borehole complete? Yes No L—| Core boxes: _3 of Corewriter Name: “JHAPELAY N ELA Signature:—" (/*~

Water level: m Time: am Water level: m Time: pm Supervisor Name: ﬁMﬂ”\:’&?f /gt)V"f e Signature: j’%)
Instruciion by Geologist V

Equipment replaced:

Equipment lost:

(5639)




DAILY DRILLING REPORT No. 42515

Date: 05 — o 14 —24}3 | Confract Name: E)}Q\dpf&s' FIEWD Rig No: P)-'Ci7 Machine Start Hour:

weather: K.3,,94 Client: Inclination: ‘1()"’-" Rig Type: M ;1= | Machine End Hour:

Contract No: “Ses | 763 |[BHno: MM S Direction: Ugfsz.r At Pump Type: [Yles%| Diesel Received: s
Waler Used Kilometers water Carted

G&'P

28 Central Road, Sunre?a A, Lansedia

PO Box 85063, Bryanston, 2021
Phane: +27 & 143 €632
Fax: 086 6633 696
WA'W GE010Up.00 23

Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-S0ILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined “**? Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing ] recovered - - Water Drilling . Accum bit
from o | tength [Recovered| loss | wee | Deptn (2B 81812 |F| ser | MMM reumo | OO | responso [FRYIVE | Rockivpe| BINO. I
c|lo|o|le|o| s | Undisturbed
[ 4 - — - i
WE | Oinl|r?7 Qe T Lokl BECL < ofF | R
W
4 &l b )y
)
i

RN,

/ Pwrénge.
Borehole complete? Yes No " | Core boxes: :3 of Corewriter Name: 'ﬂﬂi)(l@ M(,aq Signature:

7
Waler level: «———m Time: am Water level: __— m Time: pm Supervisor Name: ﬂf.mi;l?j }3 colsen Signature:
Instruction by Geologist
Equipment replaced:
Equipment lost: ( {
(5639)

/



DAILY DRILLING REPORT

No.

42516

Dale: (Pid .olp — 2 )3 | Contract Name: B/}j}/ﬁs’ﬁ ELd Rig No: P)..e 7 Machine Start Hour: | o567 241
‘ — S I 7
Weather: /. ¢3-f) Client: inclination: CI (6 R Rig Type: Ywi Machine End Hour:

Contract No: -:S-O 7632 BH-no: T & Direction: VE,(L;T‘\ LA Pump Type: plene | Diesel Received: -

Water Used ‘7 5{:) L

. Kilometers water Carted

GEOEROUP
28 Centrad Road, Sunre¥a AH, Lanseria
PC Box §£063, Bryansion, 2021
Phone: +27 85 143 €632
Fax: (36 6633 665
W'Y GEOgOUD.cO Za

Nature of Core Classification:

FR-FRESH

WR-WEATHERED

B-BOULDERS

§-S0ILS

G-GRAVELS

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NG/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined =™ Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recoverad - e Water Drilling ) Accum bit
from o Length |Recovered] loss type Depth g g § § g g SPT, Drill fluid return % Colour_ response Fng;Ig/B Rock type| Bit NO. melers
s|lo|o|oc| ol o Undisturbed
. 4 He LTATCR . g
Mige ¥7.77 | 0,77 | 0.80 l4e0n |"TAw | Jio0 CL6Se Tuert | Prde. | Slev/ £ )5#1’1 Acsobol 41,67
. . — q /0 VAR .
7,77 Y37 |feo | 1o | | Taw | Froe tse [gm| g | Serd |t |fock \gorage s, oF
o 'y (: 3 £ - el -f - ;X «
197 |2-0.0¢| 0.83| 0.82| — |TFmww | Fros i [Ferun | [Fede| Siow | W | Rock \gesato |43:2,92
: f I F

WEND | gy, A7 JH— 24

WE | GET| upper 47 Aoffoo

A fry o, Z#id| A G | B8y

WE | Nvn | fpedlee 87 1Y — /7w /77«;.&40

s
Wil
| earierneE

Borehole complete? Yes No {_-— | Core boxes: 3 of Corewriter Name:-/!/kq P{/' & “/l o€l 4 Signature: |1
Water level: m Time: am Water level: m Time: pm Supervisor Name: .AMAIL»{"(:?S Buﬁ"‘i e Signature: x“:

Instruction by Geologist

V4

Equipment replaced:

Equipment lost:

r567'




DAILY DRILLING REPORT

No.

42517

Date:. @5~ Giy.2e 3 | Coniract Name: R,gg MES Fusth Rig No: PZ@7 Machine Start Hour:  [n)14 2 ia

Weather: ¢"psr1 Client: Inclination: (1 O oo Rig Type: ﬂw%qo Machine End Hour: Mﬁ?’
Contract No: '_:S_e, {163 |BHo: T & Direction: YEBT caL Pump Type: miodle | Diesel Received: ) 6'1.. » %’gf g‘:“ms”",;;jgjﬁ ;ﬁ'zﬂfm
WaterUsed S.¢eapl. Kilometers water Carted P%ﬁéﬁgz

Nature of Core Classification:

FR-FRESH WR-WEATHERED

B-BOULDERS

§-S0ILS

G-GRAVELS

Instruction by Geologist

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC elc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined % Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Deplh Run Core Core Bit Casing recovered - T Water Drilling . Accum bit
from to Length |Recovered] loss type Depth g g § § g § SPT, Drill fluid return % Colour response FR;!;\:’(I:/B Rock type| Bit NO. meters
c|8|8|e]| o s Undisturbed
20000 |20, 70| 6,10 lps26 | = [T | Gi00 psrce | OF, | Brga | Slow | put | HtE | geate by, 62|
2070 |20:62| 92| 0,92 — | 7w |Fon watr | O |frar | Stow | P | foik |gczopo |ys,sy
) . ] r ) .
20642300 |38 | )138 | — 7w | Groo woien | Ol | Proce | Gow | tvt | Buck|fesc b0 4,92
7 5 7
2300 | 23,77 077|355 |- 0,22 |aw | Feot et Oﬁ Lasew | Srow | ivR Rk \bezoboe | 47,64
23,7725,27 | [:S0 | [72 |rozz | Taw |Teov vt oF B | Sr0w | it fouk | fezatol 4,19
£ou
WE | For sy 27| [Base |, we Paw| |casiyg s D7 . (ABSE|  THE ¢ PS lasin move
The | STarrr | A4 | badns |70 e |40 | IFee 2 | " gt ) Speel  IWE  WEIT Fot
f&&! e Mre1 71 [0
/“/’. adin
/ [/"J’/ !
2T
[v' g JEMH CE /
Borehole complete? Yes L No Core hoxes: Lf’ of sz Corewriter Name: 'ﬁ—w 2240 ’ M 08-/(.‘; Signature: /(J\- /
Water level: m Time: am Water level: <, g&r m Time: } 2130 pm Supervisor Name: JQH&@J%S 60 gYseN Signature:

Equipment replaced:

Equipment lost:




DAILY DRILLING REPORT

No.

35763

Date: 9.01 93{ 9‘0’3

Contract Name: UMW&V]/{—Z‘ Rig No: 2 on § Machine Start Hour: Jod>
Weather: /\/@uj{/tf Client; ' Inctination: AEAT fes#{. | Rig Typ:a: ~Y € | Machine End Hour: {03 GECEROUP
Conlract NZ:’TO}‘ZI &3 BH-na: N M} é Direction: < ©° PumpType‘: /YIong] Diesel Recelved: BO k| S o e M, e
Water Used Kilomsters water Carted - Phg;:-gggg;g:em
| W E0GrOD 00 23

Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 5-S0ILS G-GRAVELS

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQY HLMC efc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclinad *% Direction: Compass reading (or from Geologist)

| ) . SPT Blow Count Sample -
bepth 1 Depth Lf:g;h lgecore | SO tf;i %fp'af’ SERENE ’ecg‘;ffd' il fuid | Y27 | Colour ret;’ggﬁge FRIWRIE | Rock ype| - BitN. Aceum bl
Slao}lsto]of o} Undisturbed
pop b 750 FS|lpFT |0 Nxc|l - * CréS0| Gpl| pheont JM 3 — |MNxXL | g
0281765 20| pAblpog¢|NAE] ~ (2680 | Do Yl trecry Llrus P Wl il 2 S
LS D 8F| 422 /o 0¢|p 18 Wby T pr6Se | Gp%,|Creand fo| B | = | otb| oL
08T 3¢ /P 1 IS [0 32 NwbF] -~ crbSe | Gpoo | ey Lo | W | T lotd | «1
4§34 Se0lp b6 9'&/ 0. .0F NWDY¥ - crbSo| Fpy, [(reard Lf oo Wl — Lo LA,
S o0 539049 0 40, /2 WHWSF| - 4450|905 ﬁm«/ Yo po2 |~ DD 1
593|737 1230|8390, 17 [WwAY /S A6801%90F e d forsl | — oD | 4
3. 3% 3 000.630, 61/©. WY /- 5 /
a /!
We | wenr | 7p  Wen| 7€l | By | Freol ale € —Aalt] Jy3RM
hropr | OLH  Lfje 10 Nen | BIE] | W& ( 7ari |O0«d  Jaskl Ll /pdo
Ve  WiSo  \Jone b pRYFEN Y U 35| Lrdr 13t zp YotHerls AP [Josd
A7) | by I<% Vo /S0 - T | rdgaton
' /A.'.’? é;’( 7 /a:-ﬁnla,w
Borehole complete? Yes Ne (,/ Core boxes: g' of Corewriter Nama: 4,;, R 11“ %/MMZ// Signature: -‘__‘_(__"__& —t
Waler level: m Time: am Water levek m Time: pm Supervisor Name: A - Signature:
/4

Instruction by Geologist

Equipment replaced: { {

Equipment lost:.




DAILY DRILLING REPORT

No.

351764

Date: Q-I(oglaoﬂ

Contract Name: L/(/VL ktf‘)f"] J-’-I—t‘ I

Rig No: ﬁ QDS"

Machine Start Hour:

inclination: 7V W’;@?‘L

Weather: f & b Client: Rig Type: "Y;JF Machine End Hour:
— & v/ 7 ) ,
Contract No: C:T;D { =1 .2} BH-1n0: N ™M G, Direction: é; F) Pump Type: pdmre) Diesel Received: | B f&?joéiuéﬁﬁsﬁf Lanser
Fhore; #27 6 143 6632
Water Used Kilometers water Carted Fax; 06 6333 6%
[Boe e
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 8-S0ILS G-GRAVELS

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NG/ HLMC etc Drifling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclingd “* Direction: Compass reading (or from Geologist)
) ) SPT Blow Count Sample .
Tom | 0" | congtn [roomercd] e | oo | eptt cls|g|glala] “omr | Pl gy | o | ons PRI | Rock ype| BiLNO, Aoeum b
c|o|o|o|oe| o] Undsturbed
200 2810890 | 0.1 | WwoH 1 3c LS 6 Yo Dol (et ekl | — |0 1| o1
$:87 (1033 11 SO/ #3| .0 7| sl 1+ §C Lebsol ool pandffprl 5 | — |SLB]
p»37 /)00 6. 63|p 6‘4@0/ L ADY c LbSe cf)n‘/’/ react S S| — ||
AVZY WYY 93? WY S0 IR AEE) 7Y YN I Eall 7V NI
21371279, 1. 30\ 1B p- 14| NWEY [ S0 d2456| G0 Bt dloat S | g B0
/2.77| /301 . 240230 0] Wwby ),30 b5 ffm“’/ oYL fppt S| LB | 1
13-0/| f400 0770 65 0 .3YUN WD /- SO ;oSS 07 Dol 3 | — 1AL
<00 /999 098 0- 98| — " wwbd|/r $O 265 gf&/jf;;aw Lhd S | — 2
4981550 52 033|0+/4|uwdy /. $p 28 GO It e Y fow| S | oL 1/
5-80|) 7:69 /7 $o 0'?0 0. 60 WDy //.Cb (/650 GO fready S S | — 10U
3 P
Wz tlove Feonel Gl kb | 9 Vi Lly Ao To Slpsd  pd~ef [//-
14 /14{ /W3 Fo JBHID  pof| VO /4961 144940 Vo | pufpr SO |
(q_! dﬁ‘t_ Matfguﬁ'mqﬁj
Loty [P (049
Borehole complete? Yes No Core boxes: 3 of Corewriter Name: Signature: 4 , , W
Water level: m  Time: am Water level: m  Time: pm Supervisor Name: Signature:
Instruction by Geologist |
Equipment replaced: ('
Equipment lost; R c




DAILY DRILLING REPORT No. 35765

Date: D-Df‘ 03\ 9-0 lG)Contract Name: [ [ 1 ﬁ{‘/@/f‘d A2 ) Rig No: pgDSvMachine Start Hour: ()f@ V(%
Weather: H@D Client: - inclination: ~Y &1 (€| Rig Type: ffoC’ Machine End Hour: | O]
Contract NOAE l\:'-{ (g % BH-no: N M @3 Direction: 0‘00 Pump Type: M{) hDiesel Received: 23mff§§éiugmﬁjﬁfﬁ
Water Used ' ':1"@ © L Kilometers water Carted ‘ Pﬁ?ﬁzwzsggg;;gam
. WAWDR030UP.LO 22
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-80ILS G-GRAVELS
Legend Run length: erth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined = Direction: Compass reading (or from Geologist)
' ) _ SPT Blow Count . Sample -
[f):::ah E’Ezg!h Ls:g;h Regoovr:red ?oosr: t)?f;te (l:;sp;‘l‘r? g f_’. g § E § rec%v;;zd- Dl fluid re\?::::f; Colour r;rggage FF?/SV,\,ICE:IB Rock type| Bit NO. A;C:t::n
) o|lo|o|e|o| o | Undisturbed
{700 198 p %] p 2l &4 NWM ). 50 1Sl G Gearny Koy wi| — LN oA
1289 /939 1250, 1, S3|t-eoved Almps, [ SO L5t 8% Grey | Sfow| oS A T |0 LA | 4y
934 doo0 L4 0:42)p L b/ Sp (0 lsd €0l Gred £aSC| zr| | ol 14
o] 208¥ 0 8% O30 ANWY /6 Sp c Ll 8O Mﬂwr Fe | — loih| 4,
08% 223, SO/ OF |04 3 ANDY /+ S0 CRLSe SOUCreq Sett] Fr| — wib| .y
2023728090, 63| 0.6 Lo bANWIA [+ SO | c4Sh 8O\ Grett Gedt| Frd — Wil | 4
2300(2% 3N p §H 0 A O 113 N wpdl /2 S ps) Bo e \Sad ¢l 72 — lodd | 7
22942504 7. 79| 7.4 — Wwdll/. So eS| DOy re 23 77— |02 | ¢ o
nel Hone | pord € A [ Apchell /N7 —100 | L 0F|S s aelffES pIb
Oiger | o Wicb| &8 [Tipfe] |" KA re 100 + 03| 4 ) Vitteds | /S0 W
CofaeTe  poke |HolE AWD VW [leptl L@l pje wbide 7o | Vel AHols
o0 | Metie/14 <k iAWIASEET Tjeerr | _ntopbarg
T i ’ R sl e
.

Borehole complete? Yes 1 No Core boxes: (74 of (-71 ‘ Corewriter Name,:)/ﬂ_/ o m & /ME’V /7 ﬂ,{ Signature: :/ k/__e_,.-aﬂu—“’
Waler level; m Time; am Waterlevel:}ggwm Fime: ,BHgopm SupervisorNamé: /7) /é@w.yﬁlﬁg ' Signature: o
4 I -

Instruction by Geologist

Equipment replaced: / : ;
s

Equipment iost:.




DAILY DRILLING REPORT

No. 38132

oo/ 7/ [ Tesed 13

I/
Conlract Name: %@_f s 4 75/(—_-/1/
i 4

Rig No: f’_) /€7 | Machine Start Hour:
7

Instruction by Geologist

‘ , ' H . H H - ! H . T H .
Weather: Cf’g .;A_@/ 4 Client: fnclination: Rig Type: “f({0€= | Machine End Hour: GEOEROUP
Contract No: /* 2 ¢ € BH-no: A/ /Y7 Direction: Pump Ty(pe.l/&ﬂmJ Diesef Received: A4 25%§fﬁmﬁﬂ
’ Phana: +27 85 1436632
Water Used / Kilometers waler Carted Fax: (96 6633 858
WAW.LOGOLP 0D 73
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-50ILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQY HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined *#** Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core it Casing recovered - I Water Dritling . Accum bit
from tc | Length |Recovered| Iloss type Deplh g @ ﬁ § g § SPT, Drifl fluid return % Colour response F!“\;g;lgl B |Rocktype| Bt NO. meters
olc|o|o]| ol ol Undisturbed
/ .
éf*‘" !
3 : - - Vil —
fd’o"”‘ ‘)/77’}1 O /’i—‘ “*(7{ < *‘/D‘(? a7 9 9~L«C/ e 97 }")'-"—-'-HEL}-\J[ %O /L-& e do &L“)Lt a,...c/ LOO'WL
[t peeAhrmpedt | oo LT [V Wloo] | ol | S| P| fal td oilld 37 / ¥roo
/ T
J
— _ | Y7
Borehole complete? Yes No Coreboxes: ... of Corewiiter Namé:—Z: e %C;GZ@“ ootz | Signature: 3
Water level: m  Time: am Water level: m Time: pm Supervisor Name: A gg’m\/fﬁ Y Signature: |
V4 /]

Equipment replaced:

Equipment lost:.




DAILY DRILLING REPORT

No.

38133

Date: _Qo /Mo cLA&/é

Contract Name:

Rig No: /”047’

Machine Start Hour:

Weather: //{-/,o [ é{

Client:

%E’Hbvcfé ﬁ/v/a/
T /

inclinalion:/zd-%c‘).:?. /

Rig Type:ef o se=

Machine End Hour:

Con!rac(NoJO / 7{

BH-no: /YM '?’

Direction: <7~

Diesel Received:

Water Used /*Gfgc:-(

Kilometers water Carted

Pump gpé/az 0

GEOEROUP
28 Cenred Road, Survetta A, Lanseria
PO Box 63063, Bryansien, 2021
Prong: +27 85 £43 6632

Fax: 086 6631 695
WAWQe0goUD o 23
Nature of Core Classification;  FR-FRESH WR-WEATHERED B-BOULDERS S-S01.8 G-GRAVELS
Legend Run tength: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC elc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Verical, inclined *¥** Direction: Compass reading {or from Geologist)
SPT Bldw Count Sample
Depth Depth Run Core Core Bit Casing ] recovered - . Water Drilling . Accum bit
from to Length |Recovered| loss type Deph |E|B(8]|8[2]8 SPT, OAIMIE | retum o | COUr | response | FRIWR/B | Rock type| - Bit NO. meters
N9« . 181G
olocjolociol ol Undisturbed
e - px > C
poe |fSO /SO 1/ 59 L _ope e | ecw rreso ‘f’?/ ,%oww i
L] : [/ ’ /
/S50 D80\ /-8O | /-0 |£0/0 o py |0 oo (peso | 98% (oo [l
I ’ 4 . _ - . o o 'ﬂl‘ﬁf“"“
S-S0 (44301 SOV 220 |- /0| ffeopst | e o (esA 04 o
— - (] V" Fezo o -
FFNS 00 |70 |2 E0 -0 /0 Yeotst| o OO (R T0 /e {sgtofe 7%3
" ’ LR L
00600/ OO| L O #0003 N filoov (REST (et Ko
4 o = T

/,ﬁ L/ -

Wl drdd Al | oL A ues.

/ ] . .
//(,/Q/Va o[bHQ O~ Pec‘écwr —A)”Ci/"ﬂ
v / J o
Boreho!e.complete? Yes . . No ~—— | Core boxes::.: of Corewriter Name: .é,—/' Qi ce. z( /e 2, | Signature:
Waler level: m Time: 1 am Water level: | m. Time; pm SupervtsorNarne/ ﬁ / 02 Signature;

Instruction by Geologist

Equipment replaced:

Equipment lost;.




— DAILY DRILLING REPORT

;__.No_._ .38134

Datet;z‘;’ / W csmrt‘A ZJ"J,,@

Contract Name:

Rig No: )Do/ 7

Machine Start Hour:

Fores Fred
7

7]
23 Cenvyal Road, Sunrefa A, Lanseria

Water Used / T5re>(

Kilometers water Carted

LY I ad
Weather A Client: Inclination: (’/err/-rw,/ Rig Type MUOES | Machine End Hour: / /{
Conlracl No("_:rt) /765 BH-no: /YM 7— Direction: qh T Pump T;‘p\eJ Mu@ Diesel Received:

PO Box 68043, Bryanston, 2021
Phone: +27 86 143 6632
Fax (85 6633 8%

. WANGE0GMOUp.C0 2a

Nature of Core Classification:

FR-FRESH

WR-WEATHERED

B-BOULDERS

§-S0ILs8

G-GRAVELS

Legend

Run tength: Depth to - Depth from = Run length

Bit type eg.: NWD4/ TNWI NQ/ HLMGC etc

Drilling Response: FAST/ SLOW/! EVEN/ UNEVEN

Inclination:

Horizontal, Vertical, Inglined *#*2

Direction: Compass reading (or from Geolegist)

SPT Blow Count

Sample .
Deplh Bepth Run Core Core Bit Casing vered - e Waler Drilting - . A bit
from to Length |Recovered loss type Depth g ‘c_) ‘:{,3 § g § recg:'lr',e Dl fluid returne% Colour rasponse FngGR"B Rockype|  Bit NO. gf;li:rsl_
Sfco|lo|o|e] o undisturbed [EE
&-C0| ) WA NG Wi A WHES Y N RoReas (e 7 wm?o”/(,’/;w WE | =7 | gegel}8C
75U R 00189 0157 [t o) | flakd oo UsONGT, § e loes Wk | — |40 s s©
&N GLOY/ 5D Y 97 10 25 /feisy |00 (psO778 Eoct Koelie | = aesidy<©
L))o SOND-70 |- 6ol fiopg O 0T (06501607 (el Rbo (wp | = esgl 5O
/8Os (50 |18 | o flopt DO rpesolz)y Crglew (Wt | = s f-so
F7 7 7 —1
[0 : V. 32:8
peit gor  N\Yokie| Lonede gmor Wplrdr| o] |fomca | AV Joid | 4 At fechioa i
pnitl | o - feemoeite LA Ll o T
Borehole complele? Yes No | << [ Core boxes: of Coreviriter Name: / ot FEF P ;r/ 4}47(41 e é Signature:
Water level: m Time: am “lwatertevel:  © m Time: pm Supew:sorName 4 ngﬁb Signature:
Instruction by Geologist
Equipment replaced: { S
Equipment lost: \




_ DAILY DRILLING REPORT No. 38135

Date: &Q/MQ'CA //52, Contract Name: %eu;neg ;tje./c/ . Rig No: 420 [ ¢ 7— | Machine Start Hour:

Weather: /0f Client: -7 Inclination: Lég—:/-r&m/ RigType;l»{w-E Machine End Hour:

ComraclNQ{TO /763 : BH-no:’ />//37 o At R Direction: E}C)ﬁ PumpTy%é’:Mow Diesel Received: zaﬁgfﬁimﬂ'ﬁfm
Water Used / éoc}(/ . I.'(.Elp.meterfs wéier Qarted ' | P’E%;%%i:gﬂ
Nature of Core Classlflcahon " FR-FRESH WR-WEATHERED B-BOULDERS - 8-80ILs G-GRAVELS
Legend ' Run Iength Dapthto Depth from = Run length Bit type eg.: NWDtiI_TNWI NQ/ HLMC efc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: : Horizontal, Vertical, Inclined Directlon: Compass reading (or from Geolo{;ist)

RE . . ) SPT Blow Count Sample N
P e L?:;h Rocomared| ore 15;;; %Zi;;? elelglelels 'ec‘;“lfT",ed' Drl fluid | W'<7 | Gotour reDs:')':)':ge FRAWRI3 | Rock e | BiLNO, Aocum bl
: c|s|o|lal S]] Undisturbed

1250poo pse | 175 FOgs ony | fso] | Cesd 754 Pt | e | ——|2em | ae
(roycppyso .06 | QL oty |f5© Cresolzel, CAT Ao (W |— |25 |0
) S VA e 2 A Lisosel (kG |G | %o hso
) 20485 /- 5O() S5\~ 0,65| Mot fsT Leolgsh (k- |G | — [E%e Jxo
18.5000-00 /50| 1-O3} pr e flopd fso LLeozle Vo heo |G | — 1o | /v
oo [ | Mo BA/-SO CL6S oeste) o % | 400

1 | feo b (,;/o«.._p "/‘krae lf’efff-“jr

S
B
I

=

/{/A’Je 0[1‘%4’9 J—wo /ﬁertkwr!. }43;45,0/

. «, . \ .
Borehole complete? Yes No Core.b.o.xes. . o 3 of Corewriter Name: ;(? LrERACE 1/@47”1 @ ne Signatur :
Water level: m  Time: am Waler level: m Time: pm Supervisor Nam{: ) @, ,%9’5 P Signm
Instruction by Geologist — — B i : - / '
Equipment replaced: ¢ /
AN t

Equipment lost:.




___DAILY DRILLING REPORT No.

38136

Date:es2™ //%ﬂ[\- /209/3 Conlract Name: @4 neg _t/@/ (;/ L Rig No: 7‘%/ &7Z~| Machine Start Hour:
/ A N T 7
Wealher:/ //4/07 / Client; kJ Inclination: //Qm—/—/c = / Rig Type: Y4 &= | Machine End Hour: GEOGROUP
—/ v 3 .
Contract No;:ag77é"3 BH-no: /}/ m ?—" Direction: %) Pump Ty‘pe]/((}m Diese! Received: £ m%ﬁfg’gg‘gﬁﬂrw
— I 4 N T ‘
Waler Used /o € Kilometers water Carted / l irinatib vt
WAW.GE0GI0UR.00 Za
Nature of Core Classlfication: FR-FRESH WR-WEATHERED B-BOULDERS 8-SCILS G GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.; NWD4/ TNW/ NG HLMC etc Brilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination; Horizontal, Verical, Inclined *=*? Direction: Compass reading (or from Geologist)
. S SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - N Water Drifling . Accum bit
from to Length |Recovered loss type Depth g § ng § g § SPT, Dril fluid return % Qolour response FRII;I;‘(E;I B |Rock ype| - Bit NO. meters
o|lo|o]o]|s| ol Undisturbed
% . (¥ 4 —— R
00O/ S2| 4SO | /30 1,30 | Nag 4SO (265D 308 | Ploel | foce, | WA 2 )50
Pt 50300 £SO/t |oop{ S| 1O CResol T Bloek |Keeo [k | — ¥o%elnso
Q3.0 0|/ L0 I/ 52 -0, /& Mo p g SO O 3% |Bleel | Ko [k | — 13,22l 50
Py p%od 050 @), s o Mokl (5T (£60| 97 |Rlook | Koe. 110 | < 428400
Borehole complete? Yes| —— No Core boxes: OB of Corewriter Name; Z;/ang/v\_ ol e | Signature: e
Water Ievel:/p,?é?m Time: //,(989 am . |water level: ‘m Tme S pm Supervisor Name:” .@ SN STI Signature: W/
Instruction by Geologist
Equipment replaced:; 7 ;
Equipment lost: e '

.




DAILY DRILLING REPORT

No.

38144

vate: F /i 013

Confract Name @h@ .Q /"/e?/ .s/

- . Rig No: 7770/5;1’ Machine Start Hour: -

Weather: /Aumeo— Client; S J Inclination: M-f-dﬁé(\/g / Rig Type’ /b,tw/t:: Machine End Hour:  p—= EeOSROUP
Contract No: e ) RED BH-no: A7 Direction: (&, , Pump Type/ M)uﬁ"—" Diesel Received: | e o e, Lansora
Water Usedwf"" K'rlome’ters water Carted / i dasng

WA o000, 00 78
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS S5-SCILS G GRAVELS
Legend Run length: Depih to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NG/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontat, Vertical, Inclined ***° Direction: Compass reading (or from Geologist)
. ' ] SPT Blow Count Sampl.e o
o | 0" | oo e e | e | oo 2] 8] 8 ][] "t | oenie| | com |27 | o ek oo i
c|d|e| o] o| ol uUndisturbed

Lttt m alp oy e [ ek |navstSthe—r 4, Skao o, 4
[ 73001 _eba  leite| s V28290 K| b | e nels e |50 [Zm S 71t - 7

[ gpter e |&t-|\Cot loxy [q79 | Id VA€l of it o 2] ok bup|_caldJo

peipmiens | o fee | oigtebef) dody| fntl) el szpeip I
- [/ / - I‘t/ I

Borehole complete? Yes Ne | = |Coreboxes: "~ of — | Corewriter Name: /@;fré?fm@ /{a_&_mane_ Signalure:

Water level: m Time: am Water level: m  Time: pm Supervisor Name? _)_ /gt){f'“f €=l Signature:

Instruction by Geologist /

Equipment replaced: S ( {

Equipment lost:. SR




DAILY DRILLING REPORT

No.

39770

Date!'y) — o4 — 12 Contract Name: @a weer < £ \Ud RigNo: | &5 71 | Machine Start Hour:
Weather:  ; aurdu Client: Inclination: \‘ Mb‘C’Q { Rig Type! «qu)E. Machine End Hour: DGROL,
B . . ~ 28 Cen!fggad Surre‘%aM‘-I'Lan' i
Contract No: 55y 462 BH-no: Ny Direction: Gsv Pump Type: Diesel Received: s ) PO Box 5083, Brysmston, 2021
: Phone: +77 66 143 6632
Water Used Kilometers water Carted Fa: 086 6633 695
VN H.0E03100D .00 23
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS $-80ILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQf HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizoptal, Vertical, Inclined *# Direction: Compass reading {or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - A Water Drifling ) Accum bit
from to Length |Recovered| loss te | Depth |R|BIJISIRI8]| spr, Drllfltd - eturn 9% | €U | rosponse Fﬁgyg B|Rockype| BitNO. [ 0iors
c{iocjolo| | S Undisturbed
Qg0 [1.50 [1:5011.23% -0 1< A xe | o709 CE650| 3 <% Peopn| 0w
.50 11.,95]  SQe dp ) CR AR KN K R4 =N T '
LS 1 2¢9]1.0% oo = 0,05 [Mud#-| B, v tr y ' ’r
200 | 3HS] SPE| o [2 2| MM R A S = 18
DHS | A130) 1,dS [ 0,90 [~00S |rlwdir | 0, g C@esol A% [ Brown| Sow
\\
Lo L LGk o £l wdnel | | o O[lo gk 15HSG © wa
N ) Dcfu- R R S
Borehole complete? Yes (Na b | core boxes: ! of Corewriter Name: Y 4 ] e ) N Signature: ,CG———-’
. . N . ] . ’ el N ~
Waler lavel: m  Time: am Water level: m Time: pm Supervisor Name: ,G /é _?.ﬂ/ S B Signature: -
Instruction by Geologist
Equipment replaced: ( i
Equipment iost: ' &




No.

39771

" DAILY DRILLING REPORT

instruction by Geologist

Date: ¥ 2.« {) g4 — 172 | Contract Name: Q)ﬂqﬂch Liead RigNo: ¢ 67 | Machine Start Hour:
Weather: . Cord Client: Inglination: \Ja},b_" el Rig Type: Ywe Machine End Hour: EECUROUP
Contract No: Ty 36,2 BH-no: vy g Direction: 3 of Pump Type: Diesel Received: 20 b, E%ﬁf&ﬁﬁﬁﬁ'ﬁ“
= Phone: +27 85 143 6532
Water Used Kilometers water Carted Fat 036 6633 696
WAH QE0gOUD.C0 22
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 8-S0I.S G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.:(ﬁ_WD@ID! NW/ NQY HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal Inclined *#** Direction: Compass reading (or from Geologlst)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - - Water Drilling , Accum bit
from to Length |Recovered {oss type Depth E 2 § § g g’ SPT, Drill fluid return % Colour response FRAWR/B | Rock type | Bit NO. meters
B { 2 = . 1SIG
o|lo|o|c| ol o Undisturbed
H0 | 1498 CPT3Z 6|6 |HFB || . - Paaicdrion 4o — |1k 29
B 99 6.00 | 1os 108 | — | gwdd ). <o CRbso | ™ Petund Browsn| S1p00
.o | 6oye SpTY S|HHASId =4 C
b-He|F-S0[ 108 | {0 |-0 08 [Mwdt| 150 1w w | 7
F.s50|F.65 SPTE| fesude 91..1 125 Lepase | s Perdatnizusp — 113 Ko
. ’ — ) L 'z‘é{f .-
65! Y 188 (1020 |- Qos|Hudi] b.vv Clbso | Zotoni Browr festtr
oo |1owso| 180 hgo| — " | u " s " v__|feter isnio] = 16w
[} ] M|
’_u 2 b} SH-UCMGI
Leadard |mpheend
\4
. . . ' , : .
Borehole compiete? Yes LE'.?—" v~ | Core boxes: 2 of Corewriter Name: "‘l depen a9 Signature:; gc‘,._.:?:A
Water fevel: m Time: am Water level: m  Time: pm Supervisor Name: A Signalure: g

Equipment replaced:

Equipment lost:




DAILY DRILLING REPORT

No.

39777

Date: § 2, o b -1 2

V61

Rig No:

Machine Start Hour:

Contract Name: (25 yinosec fioid
Client:

inclination: \) g4z e §

RigType: v, ne

Machine End Hour:

Weather: ¢= 44 r, ﬂqu} nj

GEOGROUP

Conlract No: vy 44,3 BH-no: vy g Direction: ey 50 Pump Type: my s o | Diesel Received: » %ﬁfmmﬁsﬂﬁfﬁa
Phone: +27 85 143 6632
Water Used Kilometers water Carted Fax: 086 6633 846
WA GRON0LP.00 23
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS S-80ILS G-GRAVELS

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMCG etc Prilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination; Horizontal, Verlical, Inclingd *** Direction: Compass reading (or from Geologist)
SPT Blow Count Sample :
Depth Depth Run Core Core Bit Casing recovered - o Water Drilling i Accuim bit
Rock
from to Lengih |Recovered| loss ee | Depth |E|1B|8|SIE2|8] spr, BN etum 9 | ©9°U" | response FRgfgf B [Rocklypel BILNO. 1" ters
c|d|otac| ol a| Undisturbed
, Ho eaeed]
PsSoptz v | .80 | tie0 |[~920| Moodd 6.0 (Rhso preeand Browm | Fases
12: 00 |1 2:50] 1260} {08 [~Obs| T Y \Blatte| v ‘/,ﬂe»-ke, O91Hg — 10 oS
1. SolSvolj.so| )28 |-0,25 Nuda [, o 1y 2 vownl Ji
IS tbicogl L. c0 |«Co |2 " 1 5y Je . PPAOEI‘HHH'UD - i\m_ﬁ,t_‘-,
1 \ ;
| Ay} WY Srvufl e
L cyn ol O PP g1,
Borehole complete? Yes 6@0 ) \/ Core boxes: 3 of Corewriter Name: ~ d ,' fei in _ Signature: fg@:“
Water level: m  Time: am Waler level: m Time: pt Supervisor Name: A é’@@/_ 26, BA~

Instruction by Geologist

Signature: =

Equipment replaced:

Equipment lost:




DAILY DRILLING REPORT

No.

39773

Date: 15— o~ 2 Contract Name: {2 -1y~ gc Liead Rig No: ¢ {54 Machine Start Hour:
4 \J M
Weather: -4 ()4:. Client: Inclination: \}t‘bf‘?—-:t’ﬂ\ Rig Type: \‘jwcj Machine End Hour: GEOEROUP
Contrac{No: ryenid-¢,z | BHno -\~ 63 Direction: -G © Pump Type: s.m ¢ | Diesel Received: B o o, pea A, Larseta
: Phone: +27 &6 143 6632
Water Used Kilometers water Carled Fac (036 6633 899
WAW.QB0GIoUp ) 23
Nature of Core Ciassification:  FR-FRESH WR-WEATHERED B-BOULDERS §-30ILs G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NOY HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined ***? Direction: Compass reading {or from Geolagist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - _ Water Drilfing . Accum bit
from to Length |Recovered| loss type Depth g S :tﬁ § 5‘: g SPT, il fluld return % | CO1OUr fgsponse FP;I;’YGRI B |Rockiype] Bit NO. meters
c|d|o|o| S| undisturbed
. Mo wass
16:018.vof L.$0 |\ o | -0, 10 byl (5.0n; GRESO | resurnd Browr| Fack,
8. ol 19.80| V. Sof 1.80 1 i " " ¥ 2 Pericgr toy ez = lhi1-25
!
\9- D0j 200 OO 50| — | A f.po i y 1 "
EHO | of || HAml8
Deepfirt [ 20,0P
B ‘ v
Wa | Seet e b &y ol 9 e g a2} G C [ Sl NN o
L - )
1zied oot gazos | e depp-| | o Brin | oe e o -
Borehole complete? ves) L/ No Core boxes: 2  of = Corewriter Name: ,\l d,' £2)an | Signature: M
Water level: m Time: am Water level: m  Time: pm Supervisor Nama: '/4 I%GW Signalture:
4
Instruction by Geologist
Equipment replaced: { i
Equipment lost: '




DAILY DRILLING REPORT No. 35717

rl
o L
Date! 5 ,0 fJ'/ S 013 contract Name: 5/4"{#’161 ﬁ"’ € /‘7( RigNo: P 05 £ Machine Start Hour: o /086
Weather: Ci? L _ Client: - inclination: A E7L-T 1 ¢l Rig Type: /{fg,d‘g Machine End Hour: |5 fp 4 acoasour
Contract No: ./ o / Q’é 2 | 8Hno: Af M / Direction: & o o Pump Type: s ¢141L) Diesel Recelved: 289:3%?@538,”&?3@::;@?%
Phona: +27 66 143 6532
Water Used Kilometers water Carted Fax 026 6633 596
WAW.EOGIoUp Cr2a
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 5-S0ILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Driliing Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined =% Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Bepth Run Core Core Bit Casing recovered - o Water Drilling . Accum bit
from to Lengih [Recovered loss type Depth E ‘8_ 2 § g § SPT, Drilt fluid return % Colour response FRgfg/ B ] Rock type| Bt NO. meters
s|e|o| | o] o Undisturbed
Wl -t
—— =3 e —— La P v
£ ARNI v E 7 MEW | [l 18] AMA we  HAddE S
S i - y - -l -~ 5] g
/(& AP s RIRAVY 1 o /fzte,w"?.f 2N /f’;/ el err 442G y 0 P i
IV E o T 7
Npsb kNG | Fh porpodl 4,
Z
Borehole complete? Yes No £~ | Core boxes: of Corewriter Name: //ﬂ, WA CE /L[?yé-/z/ Signature: / . st
Water level: m  Time: am Water level m Time: pm - | Supervisor Name: ;/4 @g_ G A Signature:
v
Instruction by Geologist
Equipment replaced: ( (
Equipment lost:.




DAILY DRILLING REPORT No. 357173

i 1
b s A
Date: {0 b l D’-f‘ ] 0 3 Contract Name: ﬁaﬁ{ //Le»f’ 7@1’/# Rig No: FQO § Machine Start Hour: | © JO& F
Weather: O T Client; v A4 inclination: <V ETT 4 R4 e~ € | Machine End Hour 9 /o7 €€0moup
—_— 7 7 v .
ContractNo: 9 FF 63 |BHne: A1 9 Direction: 5/0 : Pump Type: A7p##T} Diesel Received: O Bt s, iy omr
é io ] Phone: +27 £5 143 £832
Water Used £ O Kilometers water Carted Fax 035 6633 695
WAW.QE0)I0UD.00 23
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS $-SOILS G-GRAVELS
Legend Run fength: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Driiling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horlzontal, Vertical, Inclined **? Birection: Compass reading {or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - T Water Drilling ) Aceum bit
from to Length [Recovered| loss typeR Depth g 3 : § g 5 SPT, rill fluid return % Cotour response FRIWR/B | Rock type| - Bit NO. meters
| = N N I /SIG
ololoio]| o| ol Undisturbed
85’ g< 55 — xLC ? oY /j’ B .
lo:o0lp, 08510, N XL CRSO| “1O4| Baney od doil] — | AJZ] pag s
2 | 1 Folp-85 |n>78|p, o VXY credSe| F0Y (mﬂ? Apw| S |~ | pfoed ) e
[ 3010721102/ 08 |4 p ANy £6%| G osglrearigd fous] et] — | oth | 0
D 721422 /- S0| /1§D — [Ny . 26f0| 9 O2) Crenrlydfpns| 2 | — ouk | 7
Y23 Sod o3 0¥ 0 33 vwod ik do | 0% [’remﬁr Aty A OLL| ;4
: o2l 6;7{7 4 v/"y’gq__ﬁ-‘ ./._'f/é,,v. At T p—

—— ) . [~ { - == f'/f.'/ [y
W LT w7/ A =) A FiEZ A CD ST,
L4 [T T 13 - = .

D 7y L EING 5ty A
<) At A a | Z‘a_._‘;*?
L7 ¢
_ Lt Qyﬁf’wéz/wl
/z L // -
Borehole complete? Yes No / Core boxes: / of Corewriter Narne: /M WIAERIE A /.g V2. /| Signature: W
Water level: m Time: am Waler level: m  Time: pm Supervisor Name: Signature:
Instruction by Geologist
Equipment replaced: { ('
Equipment lost: \




DAILY DRILLING REPORT

No.

35774

Dater 'R 4 oY \ 43 Contract Name: Pj M[\) &0 F et D RigNo: P 6 | Machine Start Hour: | /C)'C'Fo
- N
f— . \J NI P . . . . ]
Weather: Hej’ Client: Inclination: /12'/14 /es+i-| Rig Type: ”julf Machine End Hour: | £)/004%F EEOTROUP
Coniract No! ] o \ﬂ@, 3) BH-no: N M C] Direction: 5] O Pump Type: p1 10} Diesel Received: N%ﬁfggﬁ‘g‘f:ﬁsﬁ'%ﬁm
Phone: +27 85 143 6632
t "t Fax: (36 6633 596
Water Used ‘: ng b L, Kilometers water Carted e s
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDE;RS 8-S0ILS G-GRAVELS

Bit type eg.: NWD4/ TNW/ NQf HLMC etc

Drilling Response: FAST/ SLOW! EVEN/ UNEVEN

Legend Run length: D_epth to - Depth from = Run length
Inclination: Horizonlat, Vertical, Inclined *#* Direction: Compass reading (or from Geologist)
‘ . SPT Blow Count Sample -
Jepm | Devtn L::g;h roare | S0 ;;; %15;?3 SEREHE 'e"";‘:f;fd' Dt fuig | W7 | Gotour rezgggge FRIWRIE Rock e BiNO. Aooum bit
o|ad|o|a| o] ol Undsturbed A
5.00| $. 93| 043|083 o I Nway| 1. 45 Cish 6% Lo Jwd] W — | o IDOLS
$:733.33 |39 0-30\p.FAo|Nwed |, & 4S5 Yo%) lreary Ko | | — [0 1B| 1
F:23] 000,430, S3[O: 24 NWDY 7-SE e £6S0| o vireany adt| wil] — |pAb| 1
200 873 0: 4305040, )2 Nwdd |, S6 £ 268 LOVelfears o /M/& — o o
9.43| /033 1, $d |, $2|70.0Nwdy| 1. S0 2454 S0 S Gued Yele — o1kl 14
1099100 p, 79 p. 63 0. ¢ |Nwby 1 5, FAESY S0 Lrreflfal 7| /J/ff — oAl
1100\ #7510- 3| p2 1 o8| AWby ) S d 79 4.5090 Yot 20T ,W/b — e LD
pe 3393 1 30|}, 4y B D O3 Y 14 SO L RLSH 0 7 Gaef 74T Al — | 40 |
/9.08] /4:000. 770,490, OFNWDY 1. SO DI F AP ¢k Wil DY
: £/
Y HrneE , | KeolWe Y | Podlers 32— g ana) SI—-& | al a/
/ 2/ | et aldo | 11— 4H,
» g™
Borehole compiete? Yes No Core boxes: D of Corewriter Namea( 4 M_fﬂ;:d)ﬁé /Uﬁ/%l&gnalure: v i
Water level: m Time: am Water leval: m  Time: pm SuperwsorName ‘_‘j éw\ /9 A Signature: e
N S—

Instruction by Geologist

Equipment replaced: (" {_,-

Equipment lost:




__DAILY DRILLING REPORT

No.

35775

Date: 0‘?’/0'/ /90/,5 Contract Name: j’SfWADE:S, /Z/ LD Rig No: pQ«D}S— Machine Start Hour: ,0/0:77'
Weather: '/#07_ Client: Tod Inclination: Y &7/ C4F.L Rig Typ;: Yo & | Machine End Hour: MF
Contract No: _70/ '7 63 BH-no: /VM C/ Direction: ‘//70@ Pump Type;tdm Diesel Received: %Cﬁﬁﬁfgg&ﬁﬁfﬁ:ﬁfﬁ
Water Used /00 o L Kilometers water Carted e st
. WwHgRgTUp 60 22
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-30ILS G-GRAVELS )
Legend Run length: pepth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Veriical, Inclined *** Direction: Compass reading (or from Geologist)
' ) SPT Blow Count Sample -
fom | o | oo s wve | oo | vomn |E]8|8]8] 2 5] | oonna| 2o | oo | 0 FRIWRIB (Rock tpe | gino. A0 ot
oo lojc|e| | Undstubed
[%00|/6:/2] 2721798 o4 |5 | 1S CHSe| Folo | Grey |dutt | g |~ | o0y 02D
t6/9 117:00]0.22 |0 L]0 22| TAn | /2 So R850|70% | Grert | Yese | pre | — Vory loid
(300 1942 1 13888 Dl 0. 14 TR W]/ SO L2880\ O % Grey) fadty £ — l2-7¢ 1)
f:/2100.4110- 97\ 0-93p . 0g 7w | /- St S0\ O 7 | Greq| Sadtt AR~ | 7274 1.
P W& AL DNV E A/ 2| e — /2 W EA4E
THRE cele GO Tar WWATICK oS | M| 4hSo| - Do e
2l | Spriel e CONNpLeaid ABORE Yoy ag | HNB | NE pAIvE
7ol Twe | wve| Bbez A Ledy W g LoSEAw,S, AND| Zp
Fulideh | vy |owel Kk Sortrtgrtlo ) L0 Gl VS g L.
. ) "‘/i}hﬁ ) Ve 79! - bl <] €
et Qﬂ vty
Borehole complete? Yes [t No Core boxes: P‘j’ of 3 Corewriter Name: A? Fns . /e /(/g:-y,% y, Signature: 7 -
Water level: m Time: am Water levet: 4 7%¢m Time: IBMM - Supervisor Name: /4 4}6% 1L Signalure: % ,}
Vd R
Instruction by Geologist -
Equipment replaced: { {
Equipment lost; s ]




DAILY DRILLING REPORT

No.

39764

Dais: v G - o —1 2 Contract Name:! 42, qy nae Cy'e ) d RigNo: 16, & Machine Start Hour:
4 1
Weather: Client: Inclination: | \ Rig Type: . | Machine End Hour:
ContractNo: ~5yy4- @2 [BHno e 1 0 Direcion: G o Pump Type: Diese] Received: % Cen Bofgés,é‘:ﬁs?mfzoagﬁa
‘ Phocie: +27 85 143 €532
Water Used Kilometers water Carted Fax: 086 6633 95
WA QEOQIOUD £0 23

Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 8-50I.8 G-GRAVELS

Legend Run length: Depth to - Depth from = Run fength Bit type eg.: NWD4/ TNW/ NQf HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, fnclined ** Direction: Compass reading (or from Geologist)

SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - I Water brilling . Accum bit
Kk t
from to Length [Recovered loss type Depth g § ﬁ § g § 8PT, Dril fluid return % Colour response Fﬁgﬁ!g B [Rocktype]  BitNO. melers
S|ladloflao]cio] Undisturbed
A}
. N A
Wiz SR O =1 g, frc,rf\ Il oD u._wu:: \ Oy end C,:, g}aﬂ:ﬂ.f\-f/\
]
Loy [woate .
' . y \
Li2uby Tiluaedacu
Leong red al el (e

Borehole complete? Yes No Core boxes: of Corewriter Name: ?\‘ d%:@e rern Signature: St
Water level: m Time: am Water level: m Time: pm Supervisor Name: Signalure:

Instruction by Geclogist

Equipment replaced:

Equipment lost:

ot




DAILY DRILLING REPORT

No.

39767

Dals. gy, — o ;.,o._ 1 "¢ | :Conlract Name: QC’LIL(\J!'\CLC;“\ Liesd RigNo: 1 68 Machine Start Hour: 19 Jrp |-

Wealh.er: Mo *| Client: . inclination: \)Gw.l;; el Rig Type: (IYNTC Machine End Hour: CEOBROUP

ContractNo: 5o +62 BH-no: e\ VO Direction; 24 0% Pump Type: Digsel Received: e L 23%@5&@”&?@%;@;‘?&3
Water Used Kilomelers water Carted Phg:égg;gg;;g?z

WHGEOJOUp 00 28

Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS S-S0LS G-GRAVELS

Legend Run [ength: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQY HLMC elc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Hoﬁzohlal, Vertical, Inclingd “*** Direction: Compass reading (or from Geologist)

. ) SPT Blow Count Sample -
tom | "o | o oo o | ope | Con | £] 8] 5] 5[] 5] “hert | o | s | oo | e, FRANRSS | Rock ype - sitwo. (P00
o|lo|ololoio| Undisturbed

O |9 9| 0,900t -0, s0|Hxc O, 0 Ao F5% |(Zsevn| 10w
090 _|1.50 |0.60 19, 720]|-0,70] X " h /s v
(rSo |eFdF | teF |l 2F — IMwanl J.%0 " " 1 T
2 3G 135,52 10,9< | O,¢0| 0; A t M 7 ), i —’:Q_s &

B3o2| 9028009570, ' (Lo | 29| 7, "

502 1 652]]1.50 '-1_5 0,25 twddH 1.¢ L i ' f’blm(,k, W
6'52 .02 |'~SO i 0] -O,10) o i 1 fr s )

o2 il1:02 3-(/0 'Z'BQ 0,20 '-I-HUO i . fe 't H

- 3
W | ioedteing | fewr|  apelist | aief lpdoet  gicn | unbh s (21 g_\ L) @
| S th Sy ac | Jodzfo : :
. o Ly 24 S—_Ju)cz»tq
Lewmm~hrd h? herPlw
Borehole complete? Yes (E(-J) / Core boxes: 2, of Corewriter Name: ~ O" € e : _ Signature:
Water level: m  Time: am Waler level; m Time: pm Supervisor Name: e Signature;
/4

Instruction by Geologist

Equipment replaced: ( (

Equipment lost: I'

IEoAnl




DAILY DRILLING REPORT

No. 39769

Instruction by Geologist

Date: o9 — O}~ — 32 Conlract Name: Qdd nege 4aedd RigNo: | 6& Machine Start Hour: 2}.}-6’ ¢
F
Weather: Yoyt Client: Inclination: Vaxbic.q' Rig Type: gwue Machine End Hour: GEOTROUP
Contract No: Tyes1 4862 |BHno: 1 dnip Direction: & 5% Pump Type: Diesel Received: B s o i Laseta
; Phona: +27 &6 143 6632
Water Used Kilometers water Carted Fax 026 6633 896
WAW.GE0GIOLP.CO 22

Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-S0ILS G-GRAVELS

Legend Run length: Depth to - Depth frem = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/! EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined *%* Direction: Compass reading {or from Geologist)

SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing _ recovered - I Water Drilling . Accum bit
from to Lenglh |Recovered| loss type Depth 21881881 SPT, Orill fluid return % Colour response FRIWR/B [Rack type | Bit NO. meters
QloiNieial X ISIG
oldjofs|ol| 3| Undisturbed

o2 |12.52] 1.So0] 43S -9 1] Tnlw] 1 4o c6se | 1% | Gradd Fagt
12: 526213 o '24‘:'/& —2,e5 " fi " ¥ 1 '

1o g2V A 2es| 228 — T tw 'y ) P 17 /s
13- 34 18:52] 35[0 — Hu:ul-}— 1 ‘y 7 } /1

18.c2 (2000 V.20l V.Sl — " '’ -/ 3 ¥ 7

erp|l of | M [ Heht]o
Neepyw =, o e
A '
Lay2wl Sswpela
Leocagled  mMipne é'bu
Borehole complete? (Yes / No Core boxes: 3 of 3 Corewriler Name: \ \ Signalure: ’W
Adsferery ‘
Water lavek: m Time: am Waterfevel: (5 m Time: j O}/ ¢\2pm Supervisor Name: A /46(}7 P Signature:

Equipment replaced:

Equipment ilost:




DAILY DRILLING REPORT

No.

357789

Date: !7) i @‘-{’ 7 0 {5 Contract Name: 'ﬁ AL MNVES Fleld RigNo: {90 & | Machine Start Hour: | ) /47 -
o . 3 ! — ;

weather: (0 (D | Client: Inclination: Y EFLT? e4¥L | Rig Type: ~YvJSE | Machine End Hour: | ¢ /&) 1é

Contract No: jo ] :l—é,'d") 8H-no: N & 1 Direction: 57 (:7” Pump Type: /910! Diesel Received:

28 Cenral Road, Surretia AM, Lansera
PO Box 68063, Bryanston, 2023

Phone: +27 &5 143 6632

Water Used qDQ b Kilometers water Carted Fa 065 6633 69
. WAHgROJOUD.cO 2
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS S-SOILS G-GRAVELS
Legend Run length; peplh to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined =¥ Direction: Compass reading (or from Geolagist)
) ' SPT Blow Count Sample N
o | o | Lonain [Rocovrod tes | e | oem | €| 8|5 |8 [ ]| oot | o] o | Goour | 209 FRIWRIB | Rock ype| - aito, |00
c|lco|o]|o|o]| a| Undisturbed
000 | 055 083 D32 o, 03 |NXe | — (RS V0% | Brown] Stow| 52+ — N a:9$
FE 3 p-dblp, o 03| N — 2650 T0 T\ Crearylow| S| — e [, 3y
'/0"31 291 S111.3010.81 Wwad 1+ S RSS9 Vysapi S o] T | — |t | LD
2214301/ 500 /1 36\p . 4 Wit /» So e f6Sh LOBY reariy Slev| W | — loLb |t
¢} »329 5931 $C 4/ o, 32wy | /- Se o 480 PO, &zdﬂ:j%/aaf W | — lod]
W# — WENT |70 | wolsf | Py | [ Fd> W We | pole. oy |[Fopdprc
wC| Tl Tt  Wew| BoNE modf| | Dofnl  Jolt wpd  |adf Aferte ATl o
Mt@ ' 4Je  HaveE Lo\ & /27/"‘;}-, ! P —Z;;U'-W ¥
// / é' %é » /14;3_« 7 J w&\
g st}
Borehole complete? Yes No L~ | core boxes: !l o Corewriter Name: l Bos LEAS nE /b/gz/m Signature: /%MJ_’_,
Water level; m Time: am Water fevel: m Time: pm SupervisorName:' '0 /42;«». S A e Signature: i T
- 7 /A
instruction by Geologist
Equipment repaced: ( '
Equipment lost:-




DAILY DRILLING REPORT

No.

357806

Date: /S /0 7] /‘;)0 /.3 | Contract Name: RM MCS H E’LZ) Rig No: f)a") c){ Machine Start Hour: O/C) Qé

Weather:  LAD T Cllent: Inclination: /yef277&#7 b | Rig Type: /)’[.\/‘ £ | Machine End Hour: QLQG?? ELOGROUP
Contract No: 'fe ] F3 |BHo N B j, Direction: (7@0 Pump Type: &40 77(} Diesel Receivad: ‘ B o, Lt
Water Used 5/29 O Kilorneters water Carted Phgﬁagﬁggggaz

| WENGEOTUP.SD 2a

Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS §-80ILs G-GRAVELS

Legend Run length: pepth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC elc Drilling Response: FAST/ SLOW/! EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined *#¥ Direction: Compass reading (or from Geologist)

. ) SPT Blow Count Sample N
o | 0| ] S| oo | S a8 ] o [t | Mo | come | 28| commn ok s, e
slo{o|s|o] s undstubed | ) ’

$5213-3214-SO| |- 200 . 30 NiDy| ¢-So s Fo Dlfneary Stows| pi2e| — | pad oD
332292 1- 501, (20 38| Ayl 4t S¢ RS RO N zoser df}m Wl lowd| re
922110.321- 80| 1-31 |0, 19| awdd @50 ol SO G et g el w7 — | (R] 14

0:32| 11 B2 4+ Sol/r 30 (0 20 Nyl 4t - £O C b S 3’0/ 4«%4 %’mﬂ M| — | BLA| A
(18210330 I'SO| | 39 |0, I3 [NWby 4 S CAESH 0% [,f,'w, 9;{,,;,;3 W — |odd] e
13320992 ). S0/ S¥|40.08|Anvdy 450 (RS ¥p Creafloaiti e | — dd ]
#:821/6:39|1- SO | 137 . 13 |NWDY| 1) -Sp3 2456 O G e Gast | Fre | — 04D,
16:32116:39 |0 Splp. wulo -pb|Tam | 450 cf/ZéinS’O”/é'wvf//%’?ff Fre| — |94b)|,,
(:521/8:30\/: SOV #$ 1p1 oS (N ot S G658 Ve preg @adt| Fo | — DI\ |1y
Y2.521/9.82 /- Sp| /- 4Flo.03 | uwby) y-So 26580 Tplire (92 s 2| — oLl sy
/7. 82| 20:19) £:3H O 47|40 ol wDH| ¢SO N 2080 77 A /;,W;f ﬁﬁv g2 | — |oZ D i

el Conpple g psere | gon | By A0S [pwel ALSd P/

£/ 4 (NG| TG | T | folath oo dosds Jerk ~aplia . af,

Lecdfes o] Lo |
Borghole complete? Yes ~ No Coreboxes: ‘3 of 3 Corewriter Name ../.F? ng/’/(,g WW% Signaturs: MP&_—‘B
Water level; m Time: am Water level: /8% Time; /}'_}"&ppm Supervisor Name: g ) 1009 G 2 Signature: m)
. | 4 /e

Instruction by Geologist

Equipment replaced: { ' {

Equipment lost:.

FEa2Y




DAILY DRILLING REPORT

No.

35781

Date: | (b \ 0"{’

aol3

i e o)

Rig No: pao S—

Machine Start Hour:

Conlract Name: %Mﬂ\g\'ﬁ's 4

] — [4
Weathet: HOT Client: Inclination; ~VEATIC P+ | RigType: “JWE | Machine End Hour: efomcoup
— ", [ d " i
Contract No:™ | €2 { :,lé 2 | BH-no: M & ’ Direction: (’/'0 Pump Type: /70+71] Diesel Received: za%gfggéﬁ;’yﬁsﬂ'zﬁfw
~7 Phone: +27 £6 143 €632
Water Used Kilometers water Carfed Fax 035 G433 695
WAW.JROGIOUP.C0 23
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS S-30IL.S G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined = Direction: Compass reading {or from Geologist)
SPT Blow Count Sample
Depth Bepth Run Cors Core Bit Casing recovered - I Water Drilling , Accum bitl
R
from to Length [Recovered| loss type Depth E 5 ﬁ § g § SPT, DA otum o | COOUr fesponse Fﬁ;fgyg! 8| Rockype| BitNO. meters
oo |cio|oc|e} Undisturbed
L o - , ™~ jrr " ’ e
W4 WeE N 7 Shie AN wWE | ~OD JE NG| | o TPETZ
¥ | . — . e |- e
£G4 e T 7o | JmE Ve Vo e} bdy 1Ay 0
/A ! /
& - .
Borehole complete? Yes L/ No Core boxes: 2 of _3 Corewriter Name: W}L@Udf /L[gyﬁﬁ,/ Signature;'/ . TR
Waler level: m  Time: am Water levet: m Time: pm Supervisor Name: Signature:

Instruction by Geologist

' @*W’/ F SN A

Equipment replaced:

Equipment lost:.

FESTAY




DAILY DRILLING REPORT

No.

39774

Date: p &5, == ¢) 4 — +2

ContractName: {2, -\ hevss chrend
o

RigNo: { &8

Machine Start Hour:

Weather: p4orb— Client: Inclination: \}&r,\:.: e Rig Typeiwy i (=, | Machine End Hour:
Contract No: —gaoy1 4 42 BH-no: |~l (oA Direction: qo") Pump Type: g Diesel Received:

GEoOEROUP
28 Central Road, Surretia AMH, Lanseria

Water Used

‘ Kilometers water Carted

PO Box 65063, Bryansten, 2021
Phone: +27 85 143 6532
Far 096 6633 895

WaW.ge0300Up.00 23

Nature of Core Classification:

FR-FRESH

WR-WEATHERED B-BOULDERS 8-S0ILS G-GRAVELS
Legend Run [ength: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined *** Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - N Water Drifling . Accum bit
from to Lenath [Recovered loss type Depth g S ﬁ § g § SPT, rill fluid return % Colour response FRgfgj B {Rocklype [ Bit NO. meters
acg|lo|o|o|o| ol Undsturbed
o
O, v O Y0 | 0,98 |€9, 85| ~0,86] Hoer | 00w cLlso| FS% |Aroum |S 10w
(42 c‘70 ’ *.SO h 60 0. ;'{"0 ’0, 20 " 4] r i ) /4
.80 |2-0F 0 S H 0,350,722 A ' Ir It v ‘Faﬂt
. a
2. 0F2.8H . S0| L 43 |- o8] Hudi] IS0 P ca w4 I S
RV \
Lilzwl Siulety
Legagrd e hae @il
( N . . . L . .
Borehole complete? Yes No > ./ Core boxes: } of Corewriter Name; H Jl ey ans Signature:
Water leve!: m  Time: am Water level: m Time: pm Supervisor Name; A /4@@)43;%. Signature: —>
7 V4
Instruction by Geologist
Equipment replaced: ( {
Equipment lost: ' &

FELIO




DAILY DRILLING REPORT No.

39775

Date: 16-»-. M - 1%

Contract Name: {2, exx nEss £re)d RigNo: Y {5 [ Machine Start Hour:
-t
Wealhei. ‘—Hjt: Client: Inclination: \)&m et Rig Type: Y tJ & | Machine End Hour: BEOGROUP |
Contract No: "3y -6 2 BH-no: ) @3, 2 Direstion: &y Pump Type: Diesel Received: 20 L zaﬁgﬁfg@mﬁﬁggw
Prong; +27 66 143 8632

Water Used Kilometers water Carted rg:cuaa 6633696
WAN.GEOQIOUP.C0 23

Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 8-80ILs G-GRAVELS

Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQf HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined ***® Direction: Compass reading {or from Geologist)

) . SPT Blow Count Sample -

Tom | 6" | Lonain [rasoed e | oo | oom | 8] 8[8[8]e]g| omt | omia| gt | oo | s, FRINRIB |Rookype | o |00 !
S|l o o]o] Undisturbed
2.54| S0H tso|l L So|  — | Wudd 1.c0 C@fco| 1% |Rryun| Fesi-
ed | H-SH| tso| 1eS0] — T " i 7l i "
6L <] 8o ViS50l Viesi—0,us It Yy P ) . 3
8.oF| 9 e Lso| Vieo| ~Ord dwda] Lo | ash|l  w o w
‘:.-5'-'-1' w.oH \Sol LW3o | —0,2, iy e N T B\qg)(, 1
weodiiz.ef 1hsol| 1Lsg - 1 f Z y 7 Zi
2.4 w0t V.50 L RS[-Y08 (#éso 2<% Rrace] fase
0 {1559 V80| ViGo| — |Hwda| 1 S0 f n ? !
15,9140 1 Sol \.S0| — N 'y Chbso | "o Rrech  fest
130187 1LSo ] V25 O8] 7] i Ly ty W,
185200 1.So| Vhgdotd | |y TR
eErld of R e
DEUJ(TH 2.0y 04'
Borehole complete? ‘;;s' v’ No Core boxes: ° 2 of 2 Corewriter Name: r‘\d‘!ﬁ’ ) C"'T‘ ..‘ Signature: P
Water level: m Time: am Water level: ’:}-‘!"1 m Time: ) 3. 34pm Supervisor Name: ~ 5 34— | Signature: #
7

Instruction by Geologist

Equipment replaced:

Equipment lost:

f5AR39)




_ DAILY DRILLING REPORT No. 35776
Date: ,{,(9[ O 41:,:/”1 2013 contract Name: Lgaé}{ﬁ\)f%& 'éﬁf@{ A RigNo: D § | Machine start Hour: 0/0p

Weather: Client: Inclination: /l/ Q/f‘{',—(r y !’Rig Type: ,L/W*é;‘—: Machine End Hour: £ / 57

Contract No: J @I L:t()o 3 BH-no: N (,Q ‘% Direction: q{ ,@ﬁ Pump Typg:j Mg)/i-‘,Diese! Received: Q S qupegg Egsa@joé as‘uar:ye:ﬁsﬂ:;gﬁm

Water Used w- Kilometers water Carted, i . -‘P'”‘éﬁ*oﬂﬁﬁeffgif”
T WWWOSIIeUp Co2a
!
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS 8-80ILS G-GRAVELS
l.egend Run [ength: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC stc Drilling Response: FAST/ SLOW/ EVEN/ UNE»VE"_E'I
Inclination: Horizontal, Verlical, Inclined #** ' Direction: Compass reading (or from GGZJ].OgiSt)
N ) SPT Blow Count Sample

Undisturbed

Y P Y e / — =T % - ‘
"szh—,‘a b(gl:f | ,{K . 22/ é/(f;“i A O ,(_)/éljff,é AL A ”ng)%g' AL E
Taat  PED Med | AloVeS | A 0| fAE244/ N | s
WIHERE | Rt N |G Ml || Wy |\ WE| Je | fid c frb72 V702
90 Cp | 7280 pn| it (lddl | Fbvielcd | pol " Arceyd o &7
Jg | o P !
| YAV el
Barehole complete? Yes v No [V Core boxes: .ﬁ, of Corewriter Name: [#t,_//g,ﬁz/(g /C/ﬁ’?/ 2424 Sig;'tature: B 2 g ]
Water level: m  Time: am Waler fevel: m Time: pm Supervisor Name: ;/9 ,%ég/f;/L Signatggg:"
7 /4 L0

Instruction by Geoclogist

Equipment replaced: ( : {4--

- Equipment lost:

TERIG) i



DAILY DRILLING REPORT

No.

35777

Dale! ///04/3—/0 /3

Contract Name: %{MW/J 737 “e// 9‘ Rig No: ﬂ}zr Machine Start Hour: 16} f& ?,
Weather; /7 0.0 Z Client: // inclination: /)/{K,/ (€ A4L Rig Type: /1/5.»”.// Machine End Hour:  }2 /1 | d/ EECEROUP
Contract No: ],{9 / 74 3 BH-no: N ({j‘) 8 Direction: {’7() Pump Type. 1 3 te)| Diesel Received: za%egﬁfggém;lﬂ:;&sm
= A Phane: +27 £5 143 6632
Water Used I 6 U/O Kilometers water Carted Fax 046 6633 695
Wa'W.Oe0groUp 00 78
Nature of Core Classification; FR-FRESH WR-WEATHERED B-BOULDERS $-50IL.8 G-GRAVELS

Legend Run length: erth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drifling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, Inclined *#* Direction: Compass reading (or from Geologist)
SPT Blow Count Sample
Gom | o | o rasmared e | ope | oeon |£]8]5]5 [ [5] oo [ ommie| i | oo | cipncs | e rockype| o, e
S|c|oc|d|S| 3| Undisturbed
Doo0b 88085 pFolp. ) S|Ne CrhS0| oY Lrzardy Yoss| il — A 34 0 DS
@535’ f40 | p S8 p. S0 oI N e CAbSp | 0% (reary e WA | |p)req /- ¥4
[ 40| 951 /,f'-ff /33 00 FINWh ¥  Lifo | <) 04 (roar M| W | — | p 2 o1 P
N3 w3850 /- 3000, Jelywdi] /- S0 EAE32| 90D\ ponory { frnd M| — | D 4
Y38 15,83 149 /. a1l p. 2ANmwIY 4. 5p CLEA Y byad A frd | — |odB],
K3 NGBS/ 21 ) SElrooW\ pwhy 1450 1288 BoA & adf|\ Ao #7| — [ o2d ]| 1
338 -85 /- S0|/. 3 Slo- ) Yvmwdl] o (/89 20T Gorep A [ | — (02D 4
.98 | [oe37 /1 S2 /- S5\ 40 DANWAY e c Ly FOY Gre | | A — | 2LB
- = Pl / P - a
We | Ao D bz yo ol | gdof dtert | LAl Ly
TV I 7 7 7 !
(o] H ¢ £ /|
Fopr | tafglo~y
/ » rf’//éybl ' Ma,.é/.x/m
Borehole complete? Yes No L/ Core boxes: ‘j_ of Corewriter Name: A//ﬂ: y J?foﬂf Vo za W»IE{"/M{ Signature M / . o
Water lavel: m  Time: am Water level: m Time: pm SupervisorName:r J /g VO GE L Signature:
7 @—7 =

Instruction by Geologist

Equipment replaced:

Equipment lost:

TRAG}




DAILY DRILLING REPORT

No.

35778

Date: [9— o a0 3 | Contract Name: j% ﬂ;"‘ }\)"C‘S k Q/{(-( Rig No: /990 5" | Machine Start Hour: | £7 /d“ 7
Weather: l@\z&.d’l‘[ Client: inclination: ,’/gﬂ,‘;'/c,/?‘i_ Rig Type: -~ gr-& | Machine End Hour: | /g ‘7l GECEROUP
— ; paS ’ [J . . )
Contract No: ‘]B’l 163 | BHano: N & 3 Direction: ¢/ ¢” < Pump Type: ptgpag) Diesel Received: 0 54 Nfgﬁfgﬁgwﬁsﬂﬁfﬂa
hone: +27 86 143 6532
Water Used 9—' O ff) ” Kilometers water Carted ’ Fai;oa;ss:zag;ss
| WKAGEOFOUD£023
Nature of Core Classification: FR-FRESH WR-WEATHERED B-BOULDERS S-S0ILS G-GRAVELS
Legend Run length: Depth to - Depth from = Run length Bit type eg.: NWD4/ TNW/ NQ/ HLMC etc Drilling Response: FAST/ SLOW/ EVEN/ UNEVEN
Inclination: Horizontal, Vertical, inclined *#*® Direction: Compass reading (or from Gealogist)
SPT Blow Count Sample
Depth Depth Run Core Core Bit Casing recovered - o Waler Drilting . Accum bit
from to Length [Recovered| loss type Depth g L?_) § § g § SPT, Drif fluid return % Colour response Fﬁgygj B [Rocklype| BitNO meters
Sl|leo|o|ol|o| o] Undsturbed
[0:3F 11/ 8F| /50| /.43 | 0.0 Nwo 4| 4SO ¢ RSY Foe (,M ;euf s |~ |obE] orh
133 16t 2 - T 28 \pp.0bo |7V | ¢ 2SO o Se| 9ol é//my bpast| A | — o ZP|old
/f,i 26| /776 3-00]9.99|0 63 ;-ZVW i, So Q/léfwgaﬁ Gue\odatel Fe | —~ [ 1) 1/
(326|079 2. £ 2 S |ro el T | .80 S Bola gred| Pl A7 — 110 |, 1
e/ 7 To PV v /{ 4 | T oo matd D owa ST
7 Fay ' - ’ i y — 2 - g
D/’Z;//m;} by | oG so Qeleadlo | e gurerz | ol gl ork  Apdo
V7 ey o - oF — 1 -k ' ks A - *
Lol g dLEAE" BRaARE | prollie | | DAL 74 -2 g Jo- | foind | oy A pesff
MEANT | To| THE NN Z& RBEFLG At Lo SIS /Y
Tane| plajobangy
(et fead & ol oAy
=7
Z : ) _ v |
Berehole complete? Yes v Ne Coreboxes: /% of .3 Corevwiter Name: A/ 74 U/Zf/‘[ >4 /(/;_:W;./z/ Signature: W,M
Waler level: m Time: am Water level: /g,./g:m Time: | ST / & pm Supervisor Name:v ; A. /%)e ’_:,_Iq 5 Signature: ” T35
‘ 7 7]
Instruction by Geologist ——
Equipment replaced: I (
4
Equipment lost:- o

¥4




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Water test results

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



FIELD DATA FROM LUGEQN TESTS
Drilihole No... Nm .Inclination:... qﬂf.........‘_..“.Test No: /
Date of Test: . Q—S/ & 3{ 9’0 [’3 ... | Test Section from.... M0 T
Packer Type: .. I’)J ’ «Z/ e | PACKeET Pressure |, / 9‘
Bottom of Casing: .. ... m | Water Level ..
Base of Hole: g‘ m | Hole@ at test level .. Wb (7’ S GEO”’ECHQI'”CS
Pressure gauge height above collar: ... 9-- ...... é—’ ........................................................................................... m Explo,aﬁor? g°é"§;22ﬂﬁi§°(;om,acm,
Details of test equipment: ‘ 1;08%??‘8:%23:%3%%;2833
Cafbration Curve Nos s AR
FIRST STAGE 2 -5 Ty Ga%gceSPressure)/g, 3 o 17
Time (Minutes) | & ! | ¢ /o 16 Av Fiow
Flowmeter Reading I§70f)'/ g H O 1€ 1 9 [/587-) 9 1gE 3 g q
Dipstick (Litres) 921, O 198 \ ~'} of 1?8 S\ e }63 S\ ( IS'SS 0 {Litres/Minute)
Water intake (Litres) . 3. O <] 0’, / é‘ O? /rj 2
(’ "OND STAGE 4. & ?@ Gau%egressurer-[@ 2,0 70
Time (Minutes) i o | o | o [6 /@ ) Av Flow
Flowmieter Reading ['$¥5)0 |¢¢5 JY §8 6L 39/ Y Tid ZS/ q )
Dipstick (ves) g, ), lig (Lo lgd Ty st 7,9 lgt g/ - ._(.Ef_..i:t__r_e_s..:_"ﬂﬁinﬁte)
Water Intake (Litres) O 4 . g { i 0. ¢ o o
THIRD STAGE g_ U l}« ' Gag:@e Pressurﬂ o go ' u{g
Time (Minutes) | © [ s | /o sy AV Flow
Flowmeter Reading [ggg) v |[leg <, 7 180§ Meas )2 l?‘ﬂ{ b q _
Dipstick wives) oee, T el B |iet2,2 181, b |85, (| Liresnte)
Water Intake (Litres) 0O S B J =X {'f /e {_/ - . @/ \
FOURTH STAGE sGauge Pressure . _
Time {Minutes) - © AV Flow.__- '
( wmeter Reading g _
Dipstick (Litres) (LitreslMir;L.l.té').
Water Intake {Litres)
FIFTH STAGE Gauge Pressure
Time (Minutes) Av Flow
Flowmeter Reading |
Dipstick (Litres) (Litres/Minute)
Water intake {Litres)
SIXTH STAGE Gauge Pressure
Time (Minutesj ' Av Flow
Flowmeter Reading q
Dipstick {Litres) (Litres/Minute)
Water Intake (Litres)

GEOMECHANICScc Reg No: CK80/21732/23
Member: Dave Rossiter
Member of
Drilling Association of SA
Borehole Water Association of SA

(5379)




FIELD DATA FROM LUGEON TESTS

1670

Drilthole No... N f‘/l ) ...Inclination: QDU ..festNo: ... (-gi' .......................
Date of Test: . 9.(;, ! 0.3 | 2’0 3. | Test Section from.. / I L4 . m
Packer Type: .. 51 ‘\-tj{ Zoooore. | Packer Pressure . 6{ q .. kPa
Botlom of Casing: },é m | Water Level .. SRR 4
Base of Hole: .. R . m | Hole@ at test level . 1 N ‘N SN ' GEOIIIECHHI?ICS
Pressure gauge height above collar: ....... ‘a. é M Exp,maﬁof ;@:ﬂ;}lﬁ;ﬁc&mmmr
Details of test equipment: Eosé%idsagz}%%}j é‘r;%nss;gi.dgg;eis
Tel: +27 87 808-1501/2
Calibration Curve No: e‘mai!f%;ggegn?cigrﬁi;.mza
FIRSTSTAGE ,, _, ¢ q4 Gfmpé Pressure,) {5 "7 A o 9
Time {Minutes) {5 1D (D O (2 Av Flow
Flowmeter Reading |(&15, | 1€ 6 A0 ) & WYty L A ”ﬁ)f q
Dipstick (Litres) 104 .7} b 110 L \ @ C’(@ “/} ‘; ’(T 0%5) F{ 6 g" o (Litres/Minute)
Water Intake (Litres) ) [ 4 L,L -). S n <3.<
| YONDSTAGE gy 7 2.4 Ggi& ﬁressure;og ;'3 b 2b
Time (Minutes) l\(‘? i @ ”‘ o {& o Av Flow
Flowmeter Reading [\ 90 Q)g EV 1'7 le“l{‘i\r] 1 l‘]} Y [77”)} q _ :
Dipstick tires) o}y, qagyeg (D [1a0,3 i 3,0 | LiresMinue))
Water intake {Litres) o f[ - 3 ’ L/-,?’ I R /l e : i
THIRD STAGE |79 ) 157 Gefgfaj{‘essu%g T arfa 157 o
Time (Minutes) o o |o X, {o , A.V:EIOW
Flowmeter Reading 92 3) o lq}. '7', "L 113 z)l7 1135/) , 16”4‘1}‘7 " q
Pipstiok (ives) g2, 193277 138 1 ylem, o N 6
Water Intake (Litres) /_,} . 3_ 5‘ . S’ S‘ , L{' Y g 5 , q,
Time (Minutes) " | { o [ e [o /o /a Av Flow
F ‘meter Reading 7‘1 Y éf} 4 ]‘l~3‘b q a4 ‘3\;3 l‘f€’5l_5 2000,5 q
Dipstick (Litres) Ic( 5(,' c{ i "[ 2 2 14¢ él; 1.0 00,5 lop;? j (Litres/Minute)
Water Intake (Litres) | (3 . Q ;1 Y /-'1"’ o) { ,_f’ , «; g
FIETH STAGE " Gauge Pressure ' '
Time {Minutes) Av Flow
Flowmeter Reading q
Dipstick {Litres) (Litres/Minute)
Water Intake {Litres)
SIXTH STAGE ) Gauge Pressure {
Time (Minutes) “ I AvFlow
Flowmeter Reading _ q
Dipstick (Litres) (Litres/Minute)
Water Intake {Litres) :'
GEOMECHANICScc Reg No: CK80/21732/23
Member: Davi (I;\‘fossiler
Drilling ﬂ:;nog&%ﬁon' of SA
Borehale Water Association of SA
/ (6379)




FIELD DATA FROM LUGEON TESTS
<77 o L%’dev/—r b"\{-‘/‘*/

....... g i
#//#Fﬂ/ .:.Q..‘.’/TTest Sechon from .oooiviineniis M 10 e, m
,3 }/P ! Packer Pressure .ooveee v, kPa

B : N m GEOMECHANICS

............................. m! Hole (7 at test level ..oooovovivecreeeroeernmim
! Geotechnical & Civil Contractors
= gnt abo P e m 33 Woburn Street, Chartwell
gni above colid PO. Box 68063, Bryanston, 2021
e s a1+ | OO ORI Tel: 460-0280 or 460-0202
s : Fax: 460-0281
o2 e R Cell: 082 772 3910
RN Jy) Gauge Pressure

Winutes) ‘ el = DK P R | /L | AvFow
Fezding ATAY 55 3. b oj“ & q
ares 55 S 4 ¢ QO O [Litres/Minute)
7 _rres /- 3_- A5 e . O?‘ O 4}?"5
S5 50 Gauge Pressure
nemutes) R O 50 s CD ! fS‘C) B0 Av Flow
; i ,\ g : Ex SR

e fa
“res ; [ & i SO ,\ O {Litres/Minute)
19 Q;Sf (il e 1.0

Sy /9,0,:,-?, & /'/ Gauge Pressure

wonates) , = i /C})}fﬁ | /[ 7L } /"f“) X A 7«‘; i AvFlow

idng ) O /s Cns (s /e q

. s (S S s OrS | ives/Minute)
.

e O /0 OO0 /T ]
: ' A /% Vot Gouge Pressure .
S nees (:7 9 i /7é‘ = Lf’n}* ,/ 7'6” gjcf Av Flow
fzod g Of . ‘ /D & j/é’ ‘ ﬁ i O f’gﬁ‘é
e W B g9l g5 @ g ¥
e O3 ISK 6.0 150 K8
N : oyfden Gauge Pressure

s 267 9Fey Gty SO0 B LEG  AFlow

|

q
{Litres/Minute)

q

LTeE {Litres/Minute)

e _ |

e Gauge Pressure
7 e - Av Flow
Femmes . q

|

T o o {Litres/Minute)
— CEOLECHANCScc g Hia CRFQ2173223

s LozzorToos et Repoo Foror Sheet bool 2 ) HEMEER QA ROSSTER

Moo of
Dring Raste ghon of S A
Borhoia Wired Ao ar on ol S A




=20 DATA FROM LUGEON TESTS

g' 7 :Q Inclination:. {13 ©afreea/ Test No: 5

:5/@’4%’%}5’% Test Section from ............m fo..ccoaa. m
s .{t..’. ................. Packer Pressure .ooooveeeeeeeeeeeeeeeeeenvenea s kPa
;\l ST e mi Water Level ............ e m
........................... m| Hole () of test level 7—/7t"mm
=z oze —2gat above collar m
S TMENEL e
=& g P O SO PR

GEOMECHANICS

Geotechnical & Civil Contractors
33 Woburn Street, Chartwell
PO. Box 68063, Bryanston, 2021
Tel: 460-0280 or 460-0202
Fax: 460-0281
Cell; 082 772 39210

Gauge Pressure

tinutes) WAQ@ C;f., fe ;ﬁ@ 0,2@2/7" /(_;l Es Av Flow
v T /2 Fs /720 B .
Ltres) —,,ll 3_51 | /?O /5”/:' 763 {Litres/Minute)
Litres) £ 6 ;2139 /J) ) i 36 5:5)
Gauge Pressure
Minules) : : Av Flow
Reading | ‘ ; g
~ itres) . %____ | {Litres/Minute)
& flites) |
Gauge Pressure
[Minutes) | | '" Av Flow
Reading f g
{Litres) | ) {Litres/Minute)
{Litres) E
Gauge Pressure Y
{Minutes) i - o o Av Flow
Reading , q
(Litres) ‘ . (Litres/Minute)
{Litres) . o
Gauge Pressure
(Minutes) - | Av Flow
Reading q
© {Litres} B L {Litres/Minute)
(Litres) L
Gauge Prassurs
Av Flow
q
_ {Litres/Minute)
z

GEOLECHNCSZE Peg N CR9G21232723
NELEET DAVE ROSSTER

s of
Dring AL N of S A
Borsnoe Wites ASSOE T ON O S A




... FiELD DATA FROM LUGEON TESTS
e ) -/Li)JrJ/I (" . I

.......... Inclination: L.&27, 710 €400 TestNow Lo,
7 s I
’ @(//g?tlfz’ i Test Section from ..oveeeennn m fo. .m
' /‘“‘] 5= } Packer Pressure ..o..covvceevevvvviecneeccnnnienne, kPa / -
R U m] Water Level ..o, m GEOMECHANICS
.......................... m! Hole 7 at test level . LA b oo mim —
| - Geotechnical & Civil Contractors
.................................................................. m 33 Woburn Street, Chartwell
P.O. Box 68063, Bryanston, 2021
.................................................................. Tel: 460-0280 or 460-0202
Fax: 460-0281
T s Coll: 082 772 3910
~ Gauge Pressure
* 7 & [ 3‘? Vi L o e /E; 3 Av Flow
= T . ) i s D J
7 1 3(5 ; /X / Er €2 q
= 1 | : 2o - )
e & i !‘/};( /(,'C 4 /rﬁ) £ |(Litres/Minute)
7 CL o - T
! L,%'{') 6!?% p‘fv'(&
Gauge Pressure
| i Av Flow
z i
E : {Litres/Minute)!
|
Gauge Pressure
E L ! Av Flow
|
| B
i ~itres/Minute)
]
Gauge Pressure ’
th : Av Flow
q
N [Litres/Minute)i
; i
Gauge Pressure
! Av Flow !
q
) {Litres/Minute}E
Gauge Pressure i
- - Av Flow E
q
(Litres/Minute}i
E
GEDVECHAN S eo Rog o CRFN 2173223
- O" 2 LENEER DAT RORTEY

FASTO OF
Drirg Asso RON GF B A
Boatze Wo'er AOC P on of S A




FIELD DATA FROM LUGEON TESTS

1616

Drillhole Not Tl 2 Inclination:..ygrc!?i.%.!.. v TESTNOT .
Dale of Test: OH’_OH*"IE ................. Tost Section from........2.42.m to... Eﬁ 2. m
Packer Type: %!ﬂ fL £ creeenemeennes | PBCKeET Pressure | H‘&kPa
Bottom of Casing: ..... N, 5 D e M| Water Level .. o oM
Base of Hole: ... ?5 ........................................... m | Hote@ al test level . H u)ﬂl*P mm
. GEOMECHANICS
Pressure gauge height above collar: qu E,p,maEOS§°3‘§$ach"',$ca?%macmr
12 Broadacres Drive, Broadacres
Details of test equipment: PO Box 68063, Bryanston, 2021
Tel: +27 87 808-1501/2
Calibration Curve No: e-mailfianxf;g;egmtg:r?ii;_co,za
FIRST STAGE Sua = Q. wY Ga%qg Pressure "o © 0 ey
Time (Minutes) ro (6 P " 1o Av Flow
Flowmeter Reading ©Jo | 8730 o o MY &3e 9 o q
Dipstick (Litres) VIl 830 L 1o <7 Tf-o 8:{7@ {Litres/Minute)
Water Intake (Litres) O O 3 O P,
| k-.COND STAGE G~ viwa 2 G?L%g% Pressure (36 128 Sy
Time (Minutes) 1O 1O FO e e Av Flow
Flowmeter Reading | €1© FFo Ve g4o &EJo q
Dipstick {Litres) o &0 | e Fo & 7 &30 (Litres/Minute)
Water Intake (Litres}) O O o O O
D STAGE :
THRDSTAGE _ e 99 C]HETWSoh2 154 9.9
Time (Minutes) /0 D 10 D io Av Flow
Flowmeter Reading 8 Fo ® Jo g 3o 2 Jo B Fo q
Dipstick (Litres) 8 Jo 8 710 8 7o 8 10 © U | (LitresiMinute)
| Water Intake {Litres) o o o (D) O
FOURTH STAGEEP_!_ 3. 1k G%lge’_?ressure_)jog - 2 b 2L
Time (Minutes) ) ! o) i 6 5] ' o Av Flow
[ vmeter Reading 2‘7—(} i?':f'@ 8O ) d o 8 1o q
Dipstick {Litres) SIc g | O ) 30 2] dJo| 36 (Litres/Minute)
Water Intake (Litres) O O 3 o O
FIFTHSTAGE, 4 _ ~ ,, ) 62 (iiqgefgessure%qr% ' > TN
Time (Minutes) 1 O 1O 10 1o - Av Flow
Flowmeter . Reading 43".(/(;) 2 1 g+0 % 3o B o q
Dipstick {Litres) gfﬁo g ;‘f'o 370 g “Fe 9 FO | (Litres/Minute)
Water Intake (Litres) o O & (@) O
SIXTH STAGE Gauge Pressure
Time ¢ | (Minutes) Av Flow
Flowmeter = Reading q
Dipstick {Litres) {Litres/Minute)
Water Intake (Litres)
. GEOMECHAN!CSCG Reg No: CK90/21732/23
™~ Member: Dave Rossiter

Member of
Drilling Association of SA
Borehole Water Associaticn of SA

(5379)




FIELD DATA FROM LUGEON TESTS

Drillhote Nonﬂ?; ..... i, 1nclinalion:....\1.:14:-3?.‘\..%..!..........Test NO oY

Date of Test: 2’.’43""0";‘”13 .................. Tost SECHON fOM ... Roros T 10 T m

ST T R S AL LTI —— Packer Pressure ...t e kP

Bottom of Casing: L3 7/00% O ¢ (T -1 =T -1 O M

Base of Hole: ........ e m | Hole@ al test lovei '\hﬂd*mm GEOMECHADICS

Pressure gauge height above collar: Zq’m Exp,o,aﬁofg"g‘;(f{;‘gﬂﬁiaﬁ"mmradw
12 Broadacres Drive, Broadacres

Details of test equipment: PO E—}Z’&i‘i‘%ﬁ{;’%%?;’}?g?iz”“

Calibration Curve No: e_mai,fﬁ,xf;z@zgegmiiggﬁigmza

FIRST STAGE (2. Gé:l%;e Pressure > 8 ~ 6 |7

Time (Minutes) t 1o 16 s 1 o Av Flow

Flowmeter Reading S T S Fo gFv| 8o | B o I q

Dipstick {Litres) 8 -0 & 7_0 871 O & o £ ’7»(’) {Litres/Minute)

Water Intake {Litres) o O C) o &2

E‘_’JOND STAGE Gauge Pressure

Time (Minutes) Av Flow

Flowmeter Reading ' q

Dipstick {Litres) ‘ (Litres/Minute)

Water Intake (Litres)

THIRD STAGE Gauge Pressure

Time {Minutes) Av Flow

Flowmeter Reading q

Dipstick (Litres) {Litres/Minute)

Water intake (Litres)

FOURTH STAGE Gauge Pressure

Time {Minutes) ' Av Flow

(‘” ‘wmeter Reading q

Dipstick (Litres) {Litres/Minute}

Water intake {Litres)

FIFTH STAGE Gauge Pressure

Time {Minutes) Av Flow

Flowmeter . Reading q

Dipstick (Lilres) (Litres/Minute)

Water Intake (Litres)

SIXTH STAGE Gauge Pressure

Time ' {Minutes) Av Flow

Flowmeter Reading q

Dipstick (Litres) (Litres/Minute)

Water Intake (Litres)

GEOMECHANICSce Reg No: CK90/21732/23
Member: Dave Rossiter
Member of
Drilling Association of SA
Borehole Water Association of SA
(5379)




M4 FIELD DATA FROM LUGEON TESTS

Drilthole No: Yl 2 o inglination:. Varar et TestNo: ot
Date of Test: 24 =0 = V% e Test Section from... 2'm Lo T m
Packer Type: %ms\b Packer Pressure .. ‘7-kPa
Bottom of Casing: .85 8o M | Water Level .. .m

Base of Hole: ... = S m | Hole@ at test level .. Hu.n D H‘ .mm GEOMECHBNICS
Pressure gauge height above collar: ..."2..... e o OO m| Exp,mauor? zoé“:cﬁgiﬂ;ﬁscaﬁc&m"acmr
12 Broadacres Drive, Broadacres

Details of test equipment: PO BTc;T ?82‘%63}%‘3';‘1%‘32‘;22"2‘
CaliDrAON CUIVE NOT oo i e e‘mailf;);;g;eynfeg}agr%?s.m.za
FIRST STAGE I G%u%e Pressurezg 50 1.

Time {Minutes) /O 'o 10 ‘o 'O Av Flow
Flowmeter Reading 30 &30 SFO| sFO B30 q .
Dipstick {Litres) = SO © Tf{) &40 & F-o (Litres/Minute) |
Water Intake (Litres) O O ) O O

{  COND STAGE PR 2.0 G%lg)e Prr-,'ssurg_z,_,)‘_O <o 20

Time {Minutes) Vo ' O 'O o o Av Flow
Flowmeter Reading SO gto 8 Fo g Fo 3 323 q
Dipstick (Litres) 2F0 2 Q7o gFo 8: (Litres/Minute)
Water Intake (Litres) 1oL5Y, 06 O aUT ol SO0

THIRD STAGE g _ vy ) G%uge Pressure _— g

Time {Minutes) 1o J o ro (9 1O Av Flow
Flowmeter Reading < 30 3 e €Fo g {FO q
Dipstick (Litres) gt &0 |&F EFe> |BFC | (LivesMinute)
Water Intake (Litres) VG VO T o | QS0

FOURTH STAGE",_ bl q ¢ Ciaq%‘Pressuri (FL ‘3_6‘ qlq

Time (Minutes) O © o Te fo Av Flow

( wmeter Reading | GFC 810 &re gte g ¥ q
Dipstick (Lites) | SF& gto ¥ 87O g4 (Litres/Minute)
Water Intake (Litres) I rle, o0 0 o0 O IS O

FIFTH STAGE - Gauge Pressure

Time (Minutes) Av Flow
Flowmeter . Reading q
Dipstick {Litres) (Litres/Minute)
Water Intake (Litres)

SIXTH STAGE Gauge Pressure

Time (Minutes) Av Flow
Flowmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake {Litres)

GEOMECHANICScc Reg No: CK90.’21732/23; G
Member: Dave Rossiter \h "y
‘Member of
Briliing Assoclation of SA
Borehole Water Association of SA

(5379)
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FIELD DATA FROM LUGEON TESTS
Drillhofe Now.. V) B Inclination: et TA | TestNo: . S2
Date of Test: %2 0% L3 .. Test Section from....L. 5. mto...t: . m
Packer Type: C—:—':"‘ LI A Packer Pressure ...........! e N kPa
Boltom of Casing: ... 4258 e M | Water LeVel ...
Base of Hoig: ............ (e m | Hole@ at test tevel "’UJ H')mm GEOMECHOPICS
Pressure gauge height above collar: ......... 2/-:"'0 ..................................................................................... m Exp,maﬁof ;"g‘;ﬂiﬂi‘;}iﬁmmacmr
12 Broadacres Diive, Broadacres

Details of test equipment: PO BT%T:iggﬁg%%rggqsgg?bZOM
Galibration Curve No: e-mal Ino@geomechanics o022
FIRST STA(;EE' - & A Gaqgeﬁ;gssureao g 22 L
Time {Minutes) ™ o Jo | o | D Av Flow
Flowmeter Reading e Fe | BIlo |(odo &80 & 1o q
Dipstick (Litres) < 3o [ R W & o & Fo =P BN {Litres/Minule)
Water Intake (Litres) o) O &) < o

{ COND ST%Q‘E"@M 1Sy &%E%? Pressur%% 212 1532
Time (Minutes) FOon O s 16 j & Av Flow
Flowmeter Reading 1o 'f:“;g?@ &3O o QIO q
Dipstick Lires) | &t <o A (4 CEC | 2FD | (LitresMinute)
Water Intake (Litres) oo SO SUO oo DOQ
THIRD STAGE Gauge Pressure
Time (Minutes) Av Flow
Flowmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake (Litres)
FOURTH STAGE (Gauge Pressure
Time (Minutes) Av Flow

T. wmeter Reading q
Dipstick (Litres) {Litres/Minute)
Water Intake (Litres)
FIFTH STAGE Gauge Pressure
Time (Minutes) Av Flow
Flowmeter . Reading q
Dipstick (Litres) (Litres/Minute)
Waier Intake (Litres)
SIXTH STAGE Gauge Pressure
Time (Minutes) Av Flow
Flowmeter Reading 4
Dipstick (Litres) - (Litres/Minute)
Water Intake (Litres)

GECQMECHANICSce Reg No: CK80/21732/23
Member: Dave Rossiter
Member of
Drilling Association of SA
Borehole Water Assaciation of SA
{6379)




FIELD DATA FROM LUGEON TESTS 1 7 O 9
Drilihole Noﬁmﬂlncimattonqlﬁ"%mst NO o ‘
Date of Test: .2=). 703 = 23 .. | Test Section from....... P m 105 m
Packer Type: ... 5;/‘4&1-5 Packer Pressure ... KPA
Bottom of Gasing: ... M| Water Level ... ZL L@ i
Base of Hole: ... 2o M | HolelD at test level ﬂWWmm GEOMECHOIICS
Pressure gauge height above COlEI ... s s e m Exp,maﬁonG ;"g‘;;*;i;“nﬁigfmmmdw
Details of test equipment: goséﬁdg%%%Péiéi'niiﬁﬂf’gﬁ?f
Tel; +27 87 808-1501/2
Calibration Curve No: e_mailf;’;;gge&iﬁffﬂmza
FIRST STAGE 2-5 = G% Pressure .., o se
Time (Minutes) /O /O o /G /o Av Flow
Flowmeter Reading \.f«‘j Y L)/?, g | 5o,y 51,7 2.5 | 4
Dipstick {Litres) 49,8 5o, Cf’ ). ”'7 52.9 |53.3 {Litres/Minute)
Water Intake {Litres) 0: Y 0.4 ] 3 I o8
_(““")OND STAGE ¢ ¢4 30 . GaygPressure  , So 2
Time (Minutes) 2 o /¢ |l) ] o Av Flow
Flowmeter Readng | 596 | @2y | 68 | 72> | 73y q
Dipstick {Litres) 6?, S 6St/ 72:3 73,4 | 749 (Litres/Minute)
Water Intake {Litres) 2, 4,7 i 2 ) ) e s
THIRD STAGE g -1} L8 %E}ge Pressur?} 2. a0 g
Time (Minutes) /o /0 /D [o /’0 Av Fiow
Flowmneter Reading | 749 758 762 773 7 78 q
Dipstick (Lites) | 75, ¢ 7612 777 [77.¢ 78,/ (Litres/Minute)
Walter intake {Litres) o, g Oy 1) S s oS
FOURTH STAGE 1 _ sy 94 Bayge Pressurey . Ab ' 99
Time {Minutes) [0 /€ /b Lo [ & Av Flow
[ wmeter Reading ‘76’;.'3 g7 9z 05%:5 a3 q
Dipstick (Lites)  |Zy, 7 93.v |[0B& |o7:3 Je, 6 (Litres/Minute)
Water Intake (Litres) b g7 3.9 )8 2,3
FIFTH STAGE Gauge Pressure
Time {Minutes) : Av Flow
Flowmeter Reading q
Dipstick (Lilres) (Litres/Minute)
Water Intake (Litres)
SIXTH STAGE ~ Gauge Pressure
Time (Minutes) : ' Av Flow
Flowmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake (Litres)

GEOMECHANICSce Reg No: CK80/21732/23
Member: Dave Rossiter
Member of
Drilling Associalion of SA
Borehole Water Association of SA
{5379)




FIELD DATA FROM LUGEON TESTS

1710

Drillhole NoT’IMS ................. Incfination:.........f?.Qﬁf.'.....................Test NO! B
Date of Test: .25 = QL+ —2al 3. | Test Section from... Lyt .....mto..lZ......m
Packer Type: ....=2.0.22 763- Packer Pressure ..., kPa
Bottom of Casing: ..... V8.0 Water Level /252’“’ ................................... m
Base of Hole: ... f.oZt. @B T Hole) at test tevel .....7 7, |2 A mm GEOME rIcs
Pressure gauge height above COMaT: ... e d T Exmwa&fgfg%ﬁ;ﬁccmmm
12 Broadacres Drive, Broadacres

Details of test equipment; PO BTc;T i&gﬁg,? %’3’;’_"1%‘35‘;2202‘
Calibration Curve No: e_maHfﬁ";;ggeym‘;g:ﬁfclmza
FIRST STAGE )C'f' -7 ! A Giug,e\_{liressugo S) ?? "}, / A
Time (Minutes) 1o } 4] /0 /O [ o Av Flow
Flowmeter Reading /6 J 18:8 Ty 28,5 24, 8 q
Dipstick (Litres) J 57‘ ['4 Iy 29,8 2 ‘j: 4 3),5 (Litres/Minute)
Water Intake (Litres) Q‘ ;’7 ‘3 b b ) J13 ) .7

_( "JOND STAGE /‘7_ 90 j 53 Ga)li%efressur%vw 102_ /S
Time (Minutes) /o [ /e /o /o Av Flow
Flowmeter Reading 21,5 24 & BY:IN Lp"l,? L2 8 q
Dipstick (Litres) 3 6 37, L "] 2% ,-__[,_5,,5‘ (Litres/Minute)
Water Intake (Litres) & 2, ) 35 2 g I (7 2,7
THIRD STAGE Gauge Pressure
Time (Minutes) Av Flow
Flowmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake (Litres)
FOURTH STAGE (Gauge Pressure
Time (Minutes) Av Flow
(' ‘wmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake (Litres)
FIFTH STAGE Gauge Pressure
Time (Minutes) Av Flow
Flowmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake {Litres)
SIXTH STAGE Gauge Presstre
Time {(Minutes) Av Flow
Flowmeter Reading q
Dipstick {Litres) {Litres/Minute)
Water Intake (Litres)

GECMECHANICScc Reg No: CK80/21732/23
Membar: Dave Rossiter
Member of
Drilling Association of SA
Borehole Water Association of SA
(5379)




FIELD DATA FROM LUGEON TESTS

1711

Drilthole NOHMSMCIInatIOH(qo)LT&!St No: 7 ...............................

Date of Test: 05"0“"‘?-“-"13 Test Section from...2-9.. ..M 10.. %3 ... m

Packer Type: ..... $ SNGIE Packer Pressure ..o KPA

Bottorn of Casing: ........... ( RS m | Water Leval ......... "‘1"{50 ........ RO — m

Base of Hole: ........! P D08 m | Hole at test level 44”"‘/ .mm GEOMECHOIICS
Pressure gauge height above collar ... T Exp,(,,aﬁm??é“:;';g‘;;;ﬁ“COn,,am,
Details of test equipment: 1l308é%idg§roeass.n g:y%n%;gﬁ.dgggs

Tel: +27 87 808-1501/2

Calibration Gurve No: o mail o@aormachaniesc02a
FIRST STAGE 7, _ 23 | 2o Q%e Pressurwo )20 /90

Time (Minutes) 10 /0 r[o /O /7 Av Flow
Flowmeter Reading | 4$:.5 4-b) %493 Gy £ | sy 7 q
Dipstick (Litres) v 6 / 73 5415 Bery7 55,8 | (LitresiMinute)
Water intake (Litres) 0,6 3‘7, .7 o, 2 /‘ /

5" ~SOND STAGE Gauge Pressure

Time {Minutes) Av Flow
Flowmeter Reading q
Dipstick (Litres) {Litres/Minute)
Water Intake {Litres) -
THIRD STAGE Gauge Pressure
-Time {Minutes) Av Flow
Flowmeter Reading q
Dipstick {Litres) {Litres/Minute)
Water Intake {Litres)

FOURTH STAGE Gauge Pressure

Time (Minutes) ' Av Flow

r " wmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake {Litres)

FIFTH STAGE Gauge Pressure

Time {Minutes) Av Flow
Flowmeter Reading g
Dipstick {Litres) {Litres/Minute)
Water Intake (Litres)

SIXTH STAGE Gauge Pressure

Time {(Minutes) Av Flow
Flowmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake (Litres)

GEOMECHANICScc Reg No: CK90/21732/23
Member: Dave Rossiter
Member of
Drilling Association of SA
Borehole Water Association of SA
(6379)




Nty st
FIELD DATA FROM LUGEON TESTS L66 7
Drillhole No:.....M.m.f:......................Inclination: ..... f’.{O ................................. Test No: ...... 4 ................................
Date of Test: 919,} ..... e 3‘%\3 ........ Test Section from...... Tk ... M10.... S M
Packer Type: G R | PaCKer Pressure ...} 0@ kPa
Bottom of Casing: ........ d ................................. m || Water Leva) ....conmmmmmmssamsacmmmed m
Base of Hole: .......... = m I-_Iole@ at test level ... ANLMDAY .mm GE’"DCS
Pressure gauge height above collar: ......... :}kc‘Q ....................................................................................... m Exp,o,aﬁo,? §°§:§‘;§2'§i§°@mm
Details-of teSt@GUIDIEIE i s e i o s EOBg:;dg;)%ssP gr‘;gn?.-:gﬁ.d;grze1s
Tel: +27 87 808-1501/2
CaliDrAtion CUIVE ND: oot sesees s seses s s sessses s e esser ettt s e sensees e_manf;’;;ggé%ﬁ:ﬁgmza
FIRST STAGE 9 - § [ Q Galzﬁeopressure K 5y ) 7Y
Time (Minutes) /0O /o O / ‘CFD - } D) Av Flow
Flowmeter Reading |L579,5 [Isal,9 [l6o3,5 |l6l 75 |W3hS q
Dipstick (Litres) 15 9 ] % 502;5 1b17,.8 63,5 Ly, (Litres/Minute)
Water Intake (Litres) /9 ' L/‘ ) /’? ' /' ¢ { ¢4 / #Jr“‘lf
7; JONDSTAGE ¥ — 8 20 Gaugfdressure ‘:}’@ 5@ v ed C)
Time (Minutes) /o /0O J o /o b~ Av Flow
Flowmeter Reading |1 6% 7 1575 Lf leb3.y 1673,5 16T, q
Dipstick | (L?tres) !é%_?] i ! I 2 ' [ !613_ 5 'él1 1} dl lé %01 O | (Litres/Minute)
Water Intake (Litres) ‘5 O [ O / é X C/ q /
THIRD STAGE g‘ T ,h' ( _Gag@ Pressure,‘ | 2- o L
Time (Minutes) | v |O (6 (0 (O Av Flow
Flowmeter Reading J65 1,0 e 39,0 [Ty g ‘f q 4
Dipstick ‘ (Litres) 17921, 2 !‘1"36}. 6 L‘q r)\‘ L{— .!"Iq?r; I.; 9 52 (Litres;fMinute)
Water Intake (Litres) D 2 O, g "Z.I, U{ 972 oy
FOURTH STAGE 1 - 1Y kb GeluPPgPressurE, L 16 @6
| Time . (Minu'tes)’ i [ 8- /'0 - '{ O' f o f ) Av Flow
F vmeter Reading "161931 u’tcxg’)c) lg&o) g/ \(07')‘7 (80[;, ) q
Dipstick (Litres) r/q '4 0 ', £O00) g; £0%5.7 li€ob,1 90+7) y | (LiresMinute)
Water Intake [+, (I__itres') }‘é il '2,8'1 i 7—;’[} 2 0L {“g "
FIFTH STAGE N ' uge Prossyee 1 .
, TN L (T I /7
Time - (Minutes) PO ( & | & | & 16 Av Flow
Flowmeter Reading [} ¢ 6”)," Qfo“ijé l%i/}) 3 [ &l '7/ 7 &0 2 q
Dipstick w0l b \813,2 g1 €20, 192, S | Giresminie
Water Intake (Litres) 2 = k ¢ ' :
SIXTH STAGE Gauge Pressure
Time (Minutes) ' Av Flow
Flowmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake (Litres)

GEOMECHANICScc Reg No: CK90/21732/23

Member: Dave Rossiter
Member of
Drilling Association of SA
Borehole Water Association of SA

(5379)




FIELD DATA FROM LUGEON TESTS

Drillhole No......... N M6 ................ Inclination...

L9405

Calibration Curve No:

Details of test equipment:

.Test No: .
Date of Test: . 9’2'051 ..... QU(E Test Section from.... { r:{Lm to... (;} L.m
Packer Type: ... 4“1}16 ..................... Packer Pressure .. I L:)D— ............................... kPa
Bottom of Casmg. ' (5 2 evereneerasesennenes TN | WRLEE LEVE oo sssessssae s m
Base of HOle: ..o, m | Hole@ at test level . NWD ............. mm
Pressure gauge height above collar: .......... g‘ ‘OI ......................................................................................... m

1668

GEOMECHRANIES
Geomechanics cc
Exploration & Geotechnical Contractor
12 Broadacres Drive, Broadacres
PO Box 68063, Bryanston, 2021
Tel: +27 87 808-1501/2
Fax: +27 11 467 9221
e-mail: info@geomechanics.co.za

FIRST STAGE [7-2.0 Jon ?P}J&e F’ress.urel 3% |7 © J oL
Time (Minutes) [1 o (O (& [ o ) o Av Flow
Flowmeter Reading |25  [1§2v¥,4 |1€>%) € |19z  |l§he)] q
Dipstick (Litres) C v i (Litres/Minute)

_Water Intake (Litres) K?/ﬁ(}él‘r lg/?lf:i ([9 ,%Z l.hf_)—_,_ ”h’( O’) Lif 'ng{ .
(  ZOND STAGE 20— "22 |Fo Gaugggrgfsure U e 394'9 ‘[ 20
Time (Minutes) e e & = > JO Av Flow
Flowmeter Reading IQLF Lf’ ) l';(l}?)] ng"bﬁ L6 r// o |18 ”J ° q
Dipstick (Litres) f@U S’ A Ws7,5 |1t s7‘ o lic7). grzg} 9 | (Litres/Minute)
Water Intake (Litres) L,l- f g,/ﬁ, Q/, ‘e ¢} ‘/57 ' é s
THIRD STAGE Gauge Pressure -y
Time (Minutes) Av Flow
Flowmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake (Litres)
FOURTH STAGE Gauge Pressure
Time (Minutes) Av Flow

_f smeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake (Litres)
FIFTH STAGE Gauge Pressure
Time (Minutes) Av Flow
Flowmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake (Litres)
SIXTH STAGE Gauge Pressure
Time (Minutes) Av Flow
Flowmeter Reading q
Dipstick (Litres) (Litres/Minute)
Water Intake (Litres)

GEOMECHANICScc Reg No: CK90/21732/23

Member: Dave Rossiter
Member of

Drilling Association of SA
Borehole Water Association of SA

(5379)




FIELD DATA FROM LUGEON TESTS

< //J//"TCI"/)g Test Section from .22 £8m to..ﬁ?..f.’.tj
o=t ‘!" ........ Packer Pressure ..o....coevniiniiine s kPa
> )
/‘/z) ( FEH L Water Level o m
Hole: ““\'fj"""““/ufakm Hole () at fest leval .. /IAQ N omm
:.re gauge height above collor: m

15 of lest equipment:

GEOMECHAN!CS

Geotechnical & Civil Contractors
33 Woburn Street, Chartwell
PO. Box 68063, Bryanston, 2021
Tel: 460-0280 or 460-0202
Fax: 460-0281
Cell: 082 772 3910

Gauge Pressure

] (Minutes) / o ﬁ;?c: Y = O /&2 Av Flow
ster i Reading /sg = C)‘ = 2 % \-_% < 5 0 q
_ . {Litres) f(_;}'o:) =0 3G 8 S ltitres/Minute)
C = rtake | (Litres) AS) C ﬁx / O : ()0 o Gﬁ
oD STAGE 2/ /c,j,' /:520! D Mo Lo ‘é” _— 2 Gauge Pressure
(Miéutes{ 2T e e =0 30 Av Flow
fter | Reading T Dt s s & -3 q
- {Litres) A A PRy e Bl f” 1R = {Litres/Minute)
= ~1ake : (Litres) ’"'3 D ) f’{u Dg l [ C—’ C";;
TAGE 9 174 Gauge Pressure
(Minutes) 79 ; | /(98 ; / 7 () / & (S) "7 (--;)—7 Av Flow
e Reading -5 /"C) //7/4 / & /'— & 4
{Litres) /“C) /% 3 /é» / I, / () (Litres/Minute)
ke | (Litres) 7S N/ a2 [0

—>TAGE //,.,// L)a/tl:ks/cpo/%

Gauge Pressure

Minutes) /A L9 Q42 | /76 .| AvFlow

Reading / % | C?"‘? . 7 & QO £ /d) Vi q

(Litres) ?d\) | 78 !,}'C)-.S:' |/;§ 7 1O S| (Litres/Minute)
e {Litres) })‘X A O /,2 7:2" l / ¢ ' X7 ]

t GE /¢ [P ) Gauge Pressure

{Minutes) /(;2() KR A2F 8O ‘ w?.-eéfv Sl 6 Av Flow

Reading //5?‘ g ; ?’g /%7 | /;’LC) /géj . q

(Litres) 7‘&’ /z;& 20 /5 -G - 5 (Litres/Minute)
Tz (Litres] 1‘/?/ (.2"‘/ C>)' ol / “’? é é’ T/“) 5(?

S DZCJW}

Gouge Pressure

A

/573

IMinutes) / ,Z :7 o) ) 40 { Av Flow
Reading Z/ Y X //’j’ 6 g

Litres) 5 zj’ K S £ | S Litres/Minute)
X S AR [ S 2 A V)

L water Acceptance Test Reporl Form [Sheet 1 of 2)

GEDUVECHAM 52 feg B CRT32173223
ELEET DEVE ROSSTER

Rbevldr of
Pring hsoo o ol SA
Boreron Woret Asos N o S A




FIELD DATA FROM LUGEON TESTS

Test Section from 0‘)0 ....... m fo:.-;zl. ...... m
3 Packer Pressure oo ieeeoveeeeeeeeeeeeneeas kPa
mi Water Level oo m
218 e m! Hole (/) at test level ..J. ""’hq“ ............... mm
]
.................................................................. m

GEOMECHANICS

R e RN T e e

Geotechnical & Civil Contractors
33 Woburn Street, Chariwell
PO. Box 68063, Bryanston, 2021
Tel: 460-0280 or 460-0202
Fax: 460-0281
Cell: 082 772 3910

Gauge Pressure
(Minutes) 23S FoO | YO m"S’\;D L/ 8C | AvFow
Reading ] L/ IO& r [6- 2 190 (4 q
{Litres) Ho® e | RO |4 D 6B |(Litres/Minute)
lires) | D& 54 Gl L od 17
Gavge Pressure
(Minutes) L ) | Av Flow
Reading g
{Litres) (Litres/Minute)
{Litres) ’ ‘
Gouge Pressure
{Minutes) 7 ~ | ) h Av Flow
Reading j ‘ q
(Litres) e | | (Litres/Minute)
(Litres) ! m,‘_,gﬂ__
Gauge Pressure ‘
[Minutes) ] :' , Av Flow
Reading | l q
(Litres) - i {Litres/Minute)
[Litres) i - _i__ i
Gouge Pressure
{Minutes) i ) 1 ! Av Flow
Reading | . q
(Litres} {Litres/Minute)
__{Litres) : - ‘
Gauge Pressure
 iMindtes) - Av Flow
Reading q
{Lifres) ; {Litres/Minute)
{Lires) -

+/ater Acceptance Test Report Form {Sheet 1 of 2)

GECVECHANC Soc Peg No Cid 2113223
RENEET DAE ROSSTER

Merier of
Ol Fosnsgmon of 5 A
Bothor Vidler Assot ron of SA

gy




FIELD DATA FROM LUGEON TESTS

:
Drillhole No:..... S B Inclination:.. M. TrcCal..... Test No: ............  —

Date of Test: . X229 M T8 5
'

| Packer Type: %mgla«

Bottom of Casing: ... 2. &N oo

m | Water Level

Test Section from................?, ........
Packer Pressure ......... L

Details of test equipment:

Calibration Curve No:

Base of Hole: ........ W'L}’CIS ................. m | Hole@ at test level .5 usch B mm ——
GEOMECHANICS
Pressure gauge height above collar: ......... e m Expgoraﬁof ;"g“;ﬁ';i,’;‘rﬁscaﬁc%mfacmr

12 Broadacres Drive, Broadacres
PO Box 68063, Bryanston, 2021
Tel: +27 87 808-1501/2
Fax: +27 11 467 9221
e-mail: info@geomechanics,.co.za

FIRST STAGE 3 s B |2 %agge Pressure -8 e v 5
Time (Minutes) o '6 1o ‘o lo Av Flow
Flowmeter Reading 370 Q Fo g74o | 83Fo 840 q
Dipstick (Litres) 2 Fo 8 o 8 Jo 8 10 8765 (Litres/Minute)
Water Intake (Litres) O O ) S )
§ TONDSTAGE g, _gh'¢% .  GaygePressuy, % 26
Time (Minutes) VO o We) lo Lo Av Flow
Flowmeter Reading 8F0O BT FO R+ O 8t q
Dipstick (Litres) &+o Ko - $to LYo o (Litres/Minute)
Water Intake (Litres) O C) @) @ O
THIRDSTAGE;'GS; 10,20 Hs 9e %gé?{fssurelu b Tl S W50
Time (Minutes) /& IO | O i o i) Av Flow
Flowmeter Reading | &+C 8 O 8O 89D Qe to q
Dipstick (Litres) QFO b7 o AT | ¢70 4= (Litres/Minute)
Water Intake (Litres) O O O O (@)
FOURTH STAGE e A == 1 BIS O[S Gau‘%eé?ressure I ¢ e 61
Time (Minutes) é JO \o - 10 o Av Flow
[ wmeter Reading |30 < 0 &g Fo 8 Fo 87 o q
Dipstick (Litres) 9 1o < Jo “ 0O & 40 9 Fo | (Litres/Minute)
Water Intake (Litres) (&) ) o O (@]
FIFTH STAGE, 5\« — 16,4 O 121,80 GagygiPressure 297% AR 121,80
Time (Minutes) o \O |1 & e} o Av Flow
Flowmeter . Reading 8 Fo 930 SH40 | gFo 8 o q
Dipstick (Litres) 8 3o 8 Fo S0 m 3 F0 & Fo | (Litres/Minute)
Water Intake (Litres) O @) o (o) O
SIXTHSTAGE, . ¢, 0 - 19 -50 | #8150 G%ekﬁressure‘a (2 <> ¢ W J N8, S &
Time (Minutes) ;0 ;O T rQ /O Av Flow
Flowmeter Reading QA0 gdo S Fo o g +O q
Dipstick (Litres) gto | 8F0 | ¢po g &0 (Litres/Minute)
Water Intake (Litres) 53 O O I O

GEOMECHANICScc Reg No: CK90/21732/23

Member: Dave Rossiter
Member of

Drilling Association of SA
Borehole Water Association of SA

(5379)
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FIELD DATA FROM LUGEON TESTS
va &
Drillhole NONM/ ......................... Inclination:........... f[@ ............................. Test No: ............. l ...........................
Date of Test: 03‘3|9“r\99\3 ................. Test Section from......... o= m to..... S ................ m
Packer Type: ....224 ¥ a\ef .................................... Packer Pressure ... kP
Bottom of Casing: ..., m | Water Level pi .......................................... m / JEERN
Base of Hole: .. 5¢®9 O ... ... m | Hole@ at test level ........ "™ Nb(‘f’ ..................... mm
GEOIIIECHHI‘IICS
Pressure gauge height above collar: ........ ;)'% .............................................................................................. m Exp,o,a“o,? g"ge“;,‘i’;i;',ﬁi;“&,n,,am,
12 Broadacres Drive, Broadacres
Details of test eQUIDIMEBNE: i sms e st sa s sttt PO Box 68063, Bryanston, 2021
Tel: +27 87 808-1501/2
S . Fax: +27 11 467 9221
Callbration QUIVENDE  ©  smmosmmamumsommsssinsisossiiss s sss o555 5885655088553 0SS s o-hall: info@gsomechanies.co:za

FIRST STAGE = " 1D Gajﬁe Pressure; Q 875 Y

Time (Minutes) 1o lo | © 1O (O Av Flow

Flowmeter Reading “ZO ’3/ S Y 'é)*’ 9—0/ é)q 9’@’6/4 910 lé)ﬁ' q

opsick | @) 1014, 1 | Duaifye] 2016)L| 20169 | g, |Ciresminie

Water Intake (Litres) px é ) ’% 5% 2 03 'Q ’,’Q

[ SOND STAGE 5.9 20 Gatgecgressure i By Lo <D

Time (Minutes) 1o } / O /© [ O Av Flow

Flowmeter Reading | 2-© I::b ] ‘7—'0’7)'7 >O1§)T oz ‘3‘), 2020,)¥ q

Dipstick (Lires) 0@ ) 7 | 20 'g’) f] 2 02.0)1 | 52.0) €| 262.0 ] LiresiMinute)

Water Intake (Litres) 0. & / /. 3 0. + 0 &

THIRD STAGE 2 .l 148 GRygs Pressure 19 - 20D Y

Time (Minutes) /0 /6 ) /D [ O Av Flow

Flowmeter Reading [P+ g [E220) ¥ 2o | Lor2)| 20023 q

Dipstick. (Litres) )odo,¢ |lrede )g 26 2212|162 '3))2! 262344 (Litres/Minute)

Water Intake | (Litres) 7 @ 2 O == | “-*f"/ / 5 —é , I——jf‘ ‘

FOURTHSTAGEN yJ — 1% 49 G Pressurey ,, 0, / 20 g9

Time - (Minutes) - (O /0O /O {0 L O Av Flow
vmeter Reading 023,629 H7T LIS 2630,% '1033'J9 T

Dipstick : (Lfitres) 20V Uy f)_ax 7)3 yo30. 4 2033 ulro3s, | (Litres/Minute)

Water Intake (Litres) DJJE = .J 3 ;,J/' 3 ik Lf o J;_ ;.-

FIFTH STAGE 1y - [ F- 1 FE G rpssure g @3 034 / 7

Time (Minutes) /0 V&, r / O £ 8 [ O Av Flow

Flowmeter Reading 2828, ) |2 obl/'} TOTAL WHHEL. OS5 S g

Dipstick (Litres) 20613 ); -fﬂ'&g*slf‘lﬁ.’f/ 87 Laipot o itres/Minute)

Water Intake (Litres) 4 ? | 4

SIXTHSTAGE /# ~ Q. D /S 3  GauggPrepsure 2t} ;7_’} N 3y

Time (Minutes) £, /O /Q/ Y, 7 O : Av Flow

Flowmeter Reading P< 72,6 79 / '}4‘ wW A7 € (Lo ,c .

Dipstick (Litres) pnesse TEST (1267 Y %lnute)

Water. Intake (Litres)

GEOMECHANICSce Reg No: CK90/21732/23
Member: Dave Rossiter

Member of
Drilling Association of SA

- Borehole Water Association of SA
(5379)

o O L . "



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Borehole core logs

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa Dam site, left flank
(NM1, NM2, NM9)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



HOLE No: NM 1
Sheet 1 of 2

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE

MF -massive
BF -bedded
FF -foliated
CF -cleaved
SF -schistose
GF -gneissose
LF -laminated

FG -fine grained
MG -medium grain
CG -coarse grain

JOINT SPACING

VCJ-very close spacg

CJ -close spacing

MJ -medium spacing

WJ -wide spacing

JOINT ROUGHNESS ROCK HARDNESS

SLJ-slickensided
SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear
PLA-planar
UND-undulating
STE-stepped

EHR-extremely hard rock
VHR-very hard rock

HR -hard rock
MHR-medium hard rock
SR -soft rock

VSR-very soft rock

VWJ-very wide spacng IRR-irregular

Department of Water Affairs
uMkhomazi Water Project

HOLE No: NM 1
Sheet 1 of 2

AZCOM

JOB NUMBER: J01763

- - - - - - - - - - r Scale ] 0.00
91 0 0 NXC E 1:100 ]
F1 351© L Dark reddish brown CLAY with roots. TOPSOIL.
64 0 0 NXC ) ) ) ) ) ) ) ) ) ) ] 8 0.50
67 38 0 NWD4 = ] Yellowish brown SILT with traces of very soft to soft
E shale GRAVEL. RESIDUAL SHALE.
3 1.57
) B 0 10-20 | SJ silt 0-5 20 g
% % 21 NWD4 FG LF <1 1 45 >500 S S!:t 1 2 F a4 E Highly to completely weathered highly fractured
2 90 >500 SJ silt 1 2 g greenish brown to reddish brown fine grained
86 86 0 NWD4 E laminated soft to very soft rock SHALE. Completely
= E weathered zones at 2.15m to 2.39m, 2.99m to 3.09m,
100 100 17 NWD4 g 4.30m to 4.37m and 5.29m to 5.63m.
‘6 E L 563
4 4 9 NWD4 0 7 Moderately weathered highly fractured brownish grey
3 E fine grained laminated soft to medium hard rock
92 92 54 NWD4 ] g SHALE with highly to completely weathered zones at
F6 | LF | <1 | B 0 |10-150) SJ | sit | <1 | 15 -8 1 5.87m to 5.95m, 7.14m to 7.35m, 8.61m to 9.12m and
64 64 17 NWD4 1 45 | >500 | SJ |stained stained 2 g 10.18m to 10.30m.
9 E
84 84 0 NwD4 | 1 i
- 10 E
96 96 0 NWD4 o 1059
100 100 0 NWD4 Slightly weathered highly fractured grey fine grained
G LF <1 B 0 10-300| SJ |stained|stained| 12 F12 E laminated medium hard rock SHALE.
1 85-90 - SJ |stained |stained - g
97 97 8 NwD4 | 1 i
£ 13 E
80 | 89 | 34 NWD4 . | 1360
FT142m ¥
82 82 32 NWD4 2 = 1 Slightly to moderately weathered medium fractured
£ 15 * light grey medium grained hard rock DOLERITE.
C 3
0 E *
99 99 56 TNW 16 E
£ 3
1 0 <300 RJ |stained |stained| 8 : X
FG-MG| MF ) 2 | 80-90 - RJ | stained|stained| - 1 1
F *
F18 E!
100 | 100 | 72 N |1 g )
19 E/
£ %
E *
- 20 1 20.00
é21 E Slightly weathered highly fractured grey fine grained
g laminated medium hard rock slightly baked SHALE.
99 99 51 TNW 2 g
F 22 E
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH -
recov recov METHOD | VALUES Size Fabric | Spacing of incl spacing rough type thick Freq Scale
(mm) Joints (deg) (mm) & (mm) (m) 1:100
sets Shape




HOLE No: NM 1
Sheet 2 of 2

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE

MF -massive FG -fine grained
BF -bedded MG -medium grain
FF -foliated CG -coarse grain
CF -cleaved

SF -schistose
GF -gneissose
LF -laminated

JOINT SPACING
VCJ-very close spacg
CJ -close spacing

MJ -medium spacing
WJ -wide spacing

JOINT ROUGHNESS ROCK HARDNESS

SLJ-slickensided

SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear

PLA-planar

UND-undulating
STE-stepped

EHR-extremely hard rock

VHR-very hard rock

HR -hard rock
MHR-medium hard rock
SR -soft rock

VSR-very soft rock

AZCOM

Department of Water Affairs
uMkhomazi Water Project

HOLE No: NM 1

Sheet 2 of 2

JOB NUMBER: J01763

- VWJ-very wide spacng IRR-irregular B _
B 0 10-300| SJ | stainedstained E :
< . . £ ]
FG LF 1 1 85-90 - SJ |stained|stained F 23 E
97 97 84 TNW ]
L 24 E
99 99 85 TNW ]
= E 25.16
NOTES
1) Water table at 14.2m.
2) Poor material recovery is attributed to washing out of
fines.
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Joints Fill Fill DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD | VALUES Size Fabric | Spacing qf incl spacing rough type thick Scale MACHINE : YWE DIAM : X-COORD : X3296840
(mm) J:;T;S (deg) | (mm) Shﬁ . (mm) 1:100 DRILLED BY : Jan Kiri DATE : 2013/03/23  Y-cOORD : 31 Y0067796
2 PROFILED BY : JJ Ehlers DATE : 2013/04/08
HOLE No: NM 1
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:54
SETUP FILE : Borehole.SET TEXT : ..HOLES\Notepads\N116:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




HOLE No: NM 2
Sheet 1 of 1

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE

MF -massive
BF -bedded
FF -foliated
CF -cleaved
SF -schistose
GF -gneissose

FG -fine grained
MG -medium grain
CG -coarse grain

JOINT SPACING

VCJ-very close spacg

JOINT ROUGHNESS ROCK HARDNESS

SLJ-slickensided
SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear

EHR-extremely hard rock
VHR-very hard rock

HR -hard rock
MHR-medium hard rock
SR -soft rock

VSR-very soft rock

Department of Water Affairs
uMkhomazi Water Project

AZCOM

HOLE No: NM 2
Sheet 1 of 1

JOB NUMBER: J01763

LF -laminated ~ CJ -close spacing PLA-planar
MJ -medium spacing UND-undulating
WJ -wide spacing STE-stepped
VWJ-very wide spacng IRR-irregular
- - - - - - - - - - F Scale }7¢ ~ 0.00
g 1:100 ??/'o . .
56 0 0 NXC F1 ij/O L Reddish brown sandy CLAY with roots. TOPSOIL.
: 100 0.50
i i i i i i i } i i -, 1959
a E (o¥dse! ; ;
1 Reddish brown CLAY with angular soft shale gravel.
0 | 0 0 NWD4 — 12 }/8 RESIDUAL SHALE.
E3 é (@) (9 3.05
3 g ]
87 83 0 NWD4 FG LE <1 B 0 <40 SJ silt <1 30 4 Moderately weathered highly fractured light brown to
1 80-90 - SJ silt <1 - g ] grey fine grained laminated soft rock SHALE.
64 64 0 NWD4 5 ] 5.00
45 32 0 NWD4 ) ) ) ) ) ) ) ) ) ) o E Dark brown sandy SILT with angular shale gravel.
i B 1 HIGHLY WEATHERED SHALE.
1o Fe W D gy US w | a Y L o
- - - - -
85 85 13 NWD4 Ix% : :
g §<:§ Moderately weathered highly fractured light brown to
FG-MG| MF - - - - - - - - -8 ,:x: grey fine grained laminated medium hard rock SHALE.
E 1x; L 7.00
£ k%
77 | 17| 35 NWD4 9 ES.
i3 Moderately to highly weathered highly fractured light
0 o 1 grey fine to medium grained medium hard rock
89 | 89 | 31 NWD4 - 1% DOLERITE.
-
: . :x: 8.69
- {x:
FG-MG| MF i 1 0 <100 RJ i i 10 E :x: Unweathered medium fractured grey fine to medium
F 12 EN grained hard to very hard rock DOLERITE with a
g £<:>j: moderately weathered zone at 9.40m to 10.36m.
90 90 60 TNW 2 g E:
£13 X
: ERe
: f ol 13.56
=z E
1 Unweathered highly fractured dark grey fine grained
F 15 E laminated medium hard rock SHALE.
98 98 61 TNW 1 ;
16 £
B 0 |10-200| SJ : : 15 : ]
FG | LF | <1 1 |80-90 - SJ : : ) 17 ]
;18 20.00
98 98 45 TNW | 0 1 NOTES
g 1) Water table measured at 6.5m.
- 20 1
2) Poor material recovery is attributed to washing out of
fines.
%Mater | %Core %RQD SPT |DRILLING| LUGEON G(ain Rc;)cl_( Fabr_ic No. innlts Joints Joints Fill r'1:‘i”|< Frac DEP'er CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD | VALUES Size Fabric | Spacing , qft (Ian spacing rotég type thic Freq fclesg MACHINE : YWE DIAM : X-COORD : X3296827
(mm) oots. (deg) | (mm) Shane (mm) (m) ‘ DRILLED BY : Jacson DATE : 2013/03/26  Y-cooRrD : 31 Y0067760
2 PROFILED BY : JJ Ehlers DATE : 2013/04/08
HOLE No: NM 2
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:54
SETUP FILE : Borehole.SET TEXT : ..HOLES\Notepads\N116:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




HOLE No: NM 9
Sheet 1 of 1

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE
MF -massive
BF -bedded
FF -foliated

CF -cleaved

SF -schistose
GF -gneissose

FG -fine grained
MG -medium grain
CG -coarse grain

JOINT SPACING
VCJ-very close spacg

JOINT ROUGHNESS ROCK HARDNESS

SLJ-slickensided
SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear

EHR-extremely hard rock
VHR-very hard rock
HR -hard rock
MHR-medium hard rock
SR -soft rock
VSR-very soft rock

AZCOM

Department of Water Affairs

HOLE No: NM 9

uMkhomazi Water Project Sheet 1 of 1

JOB NUMBER: J01763

LF -laminated ~ CJ -close spacing PLA-planar
MJ -medium spacing UND-undulating
WJ -wide spacing STE-stepped
VWJ-very wide spacng IRR-irregular
98 0 0 NXC - - I - - - I - M1 - I - M1 - I - I é fia(;gg ?C/):g 0.00 .
- - - - T T T F1 HJK© Dark brown clayey SAND with roots. TOPSOIL.
87 0 0 NXC i 0.25
100 0 0 NWD4 - - - - - - - - - - = Reddish brown clayey SILT with shale GRAVEL.
E 1 RESIDUAL SHALE.
3 ] 0.90
95 75 29 NWD4 | 1 g ] .
Fa E Yellowish brown mottled red SILT. RESIDUAL SHALE.
] 1.70
46 38 0 NWD4 E ]
= E Highly to moderately weathered highly fractured light
100 95 16 NWDA4 i ] brown fine grained soft rock SHALE.
FG LF <1 B 0 <100 SJ silt 0-2 20 L6 E
51 51 0 NWD4 0 g 1
F7 E
68 52 0 NWD4 g .
100 | 100 19 NWD4 g : 8.53
9 E
B 0 <100 SJ silt <1 25 1 Moderately to slightly weathered highly fractured dark
100 100 7 NWD4 0 FG LF <1 . g 1 . . ) .
1 80 - SJ silt <0.5 - - 10 E grey to brown fine grained laminated medium hard
g 1 rock SHALE.
75 75 0 NWD4 1 1 10.45
100 | 100 33 NWD4 Slightly weathered highly fractured grey fine grained
F12 E laminated hard rock SHALE.
99 99 23 NWD4 | 1 i :
13 ]
87 87 17 NWD4 g
14 E
15
93 93 31 TNW- | Total | LF <1 B 0 10-150| SJ |stained|stained| 15 g ]
water . 158m_¥ ]
loss ;16 o=
76 | 76 | 50 TNW ; ]
17 E
100 | 100 | 58 TNW | Total 18 2041
water g 1
loss 7 19 NOTES
92 92 55 TNW g ] 1) Water table at 15.8m.
20 1
2) Poor material recovery is attributed to washing out of
fines.
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD | VALUES Size Fabric | Spacing qf incl spacing rough type thick Freq Scale MACHINE YWE DIAM X-COORD X3296887
(mm) J:;T;S (deg) | (mm) Shﬁ . (mm) (m) 1:100 DRILLED BY : Jan Kiri DATE : 2013/04/06  Y-coORD : 31 Y0068039
2 PROFILED BY : JJ Ehlers DATE : 2013/04/11
HOLE No: NM 9
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:54
SETUP FILE : Borehole.SET TEXT : ..HOLES\Notepads\N116:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




f— Department of Water Affairs LEGEND
A COM uMkhomazi Water Project Sheet 1 of 1

JOB NUMBER: J01763 ‘

o0
203 GRAVEL {SA02}
00
SAND {SA04}
SANDY {SA05}
SILT {SA06}
N SILTY {SA07}
| : | !
CLAY {SA08}
. CLAYEY {SA09}
SHALE {SA12}
DOLERITE {SA18}{SA42}
05 Y PERMANENT WATER TABLE {SA35}
v ROOTS {SA40}
2
CONTRACTOR : INCLINATION : ELEVATION :
MACHINE : DIAM : X-COORD :
DRILLED BY : DATE : Y-COORD :
PROFILED BY : DATE : LEGEND
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:54 SUMMARY OF SYMBOLS
SETUP FILE : Borehole.SET TEXT : ..HOLES\Notepads\NM116:txt

D04D AECOM SA (Pty) Ltd dotPLOT 7009 PBp7




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa Dam site, river section
(NM3)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



ROCK FABRIC GRAIN SIZE JOINT ROUGHNESS ROCK HARDNESS

roLENoNM 3 | METmeee  fOnegrned | Shlsicended b e e ok A=C Department of Water Affars HOLE No: NM 3
Sheet 1 of 1 FF -foliated CG -coarse grain RJ -rough HR -hard rock OM uMkhomazi Water Project Sheet 1 of 1
CF -cleaved MHR-medium hard rock
SF -schistose ~ JOINT SPACING JOINT SHAPE SR -soft rock
JOB NUMBER: J01763 GF -gneissose  VCJ-very close spacg  CUR-curvilinear VSR-very soft rock JOB NUMBER: J01763
LF -laminated ~ CJ -close spacing PLA-planar
MJ -medium spacing UND-undulating
WJ -wide spacing STE-stepped
VWJ-very wide spacng IRR-irregular
E Scale ] 0.00
59 0 0 NXC g 1:100 ;XG 8
r1 0om ¥ 4202 Dark brown CLAY with sub angular dolerite and shale
10 0 0 NXC - - - - - - - - - - g B e ¥eZ ) gravel. TRANSPORTED.
g E (eYpege)
£2 30 %
57 53 53 NWD4 0 i it 2.30
MG | MF - 1 |8090 | - RJ | sand | <1 - 3 FoZuts , ,
3 ’;‘:’;‘ Highly to completely weathered highly fractured brown
i T to grey speckled black medium grained soft to medium
88 88 27 NWD4 MG | MF - 1 0 >20 RJ |stained|stained 8 4 ERe t hard rock DOLERITE.
i 1 3.36
100 | 100 0 NWD4 FG LF <1 B 0 <10 SJ |stained |stained| 40 5 E
g 1 Moderately weathered medium fractured light grey
89 89 0 NWD4 76 7 . speckled black medium grained hard rock DOLERITE.
0 g 1
-7 E Slightly weathered very highly fractured grey soft to
96 96 49 NWD4 g ] hard rock SHALE.
g ] 5.26
£8 E
100 100 31 NWD4 o Slightly weathered dark grey fine grained laminated
3 E hard rock SHALE.
0 i ]
- 10 E
97 97 11 NWD4 g 1
== ]
99 | 99 | 35 NWD4 12 E
B 0 >20 SJ |stained stained| 10 g ]
O I F6 | LF | « 1 | 45 | >500 | SJ |stained stained| 2 L ]
9% 9% 35 NWD4 2 70 >400 SJ |stained|stained| 2-3 * *
=z E
97 97 7 NWD4 s ]
0 ; ]
- 16 E
98 98 37 NWD4 g ]
100 | 100 | 49 NWD4 18 ] 2000
0 o NOTES
100 100 23 NWD4 g 1
g 1 1) Water table measured at 0.9m.
F 20 ]
2) Poor material recovery is attributed to washing out of
fines.
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD | VALUES Size Fabric | Spacing qf incl spacing rough type thick Freq Scale MACHINE YWE DIAM X-COORD X3296829
(mm) J:;T;S (deg) | (mm) Shﬁ . (mm) (m) 1:100 DRILLED BY : Polite DATE : 2013/03/25  v-COORD : 31 YO067717
b PROFILED BY : JJ Ehlers DATE : 2013/04/08
HOLE No: NM 3
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:54
SETUP FILE : Borehole.SET TEXT : ..HOLES\Notepads\N116:txt

D04D AECOM SA (Pty) Ltd dotPLOT 7009 PBp7




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa Dam site, right flank
(NM4 — NM7)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



HOLE No: NM 4
Sheet 1 of 1

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE

MF -massive
BF -bedded
FF -foliated
CF -cleaved

SF -schistose
GF -gneissose
LF -laminated

FG -fine grained
MG -medium grain
CG -coarse grain

JOINT SPACING

VCJ-very close spacg

CJ -close spacing
MJ -medium spacing
WJ -wide spacing

JOINT ROUGHNESS ROCK HARDNESS

SLJ-slickensided
SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear
PLA-planar
UND-undulating
STE-stepped

VWJ-very wide spacng IRR-irregular

EHR-extremely hard rock
VHR-very hard rock

HR -hard rock
MHR-medium hard rock
SR -soft rock

VSR-very soft rock

AZCOM

Department of Water Affairs
uMkhomazi Water Project

HOLE No: NM 4
Sheet 1 of 1

JOB NUMBER: J01763

n - - Il - - Il - Il - M - Il - m - - £ Scale 30 0.00
0 0 0 NXC g 1:100 ]
} } } } } } } } } } F1 E Reddish brown SAND with roots. TOPSOIL.
0 0 0 NXC i 0.20
64 23 0 NWD4 FG LE <1 B 0 <10 SJ silt <1 40 = Reddish  brown becoming light brown SILT.
0 E RESIDUAL SHALE.
85 85 0 NWD4 -3 167
G LE <1 B 0 10-80 SJ silt <0.5 30 g . .
1 80 - sJ silt <05 - Fa E Highly to completely weathered highly fractured
85 85 7 NWD4 g reddish yellowish brown fine grained laminated soft
g rock SHALE.
o E L 267
96 96 41 NWD4 ;6 E Highly to moderately weathered highly fractured
0 2 brownish grey to reddish brown fine grained laminated
F7 E soft rock SHALE. Highly weathered at 3.30m to 3.60m.
100 | 100 | 12 NWD4 : 460
-8 E Slightly weathered highly fractured dark grey fine
E grained medium hard rock SHALE.
98 98 17 NWD4 9 E
0 g
£ 10 E
100 100 9 NWD4 g
P11 E
99 99 36 NWD4 B 0 60-180| SJ |stained|stained| 15 ;12 E
0 FG LF <1 1 30 >1000 SJ | stained |stained 1 g
2 70 >500 | SJ |stained|stained| 2 F 13 E
95 95 37 NWD4 g
95 | 95 | 11 NWD4 s ]
0 .
F 16 E
100 100 26 NWD4 g
217
95 95 43 NWD4 218 20.00
0 1o NOTES
100 100 28 NWD4 g
g 1) No water table measured.
F 20
2) Poor material recovery is attributed to washing out of
fines.
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD | VALUES Size Fabric | Spacing qf incl spacing rough type thick Freq Scale MACHINE YWE DIAM X-COORD X3296879
(mm) J:;T;S (deg) | (mm) Shﬁ . (mm) (m) 1:100 DRILLED BY : Polite DATE : 2013/03/21  Y-cooRrD : 31 Y0067686
2 PROFILED BY : JJ Ehlers DATE : 2013/03/25
HOLE No: NM 4
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:54
SETUP FILE : Borehole.SET TEXT : ..HOLES\Notepads\N116:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




ROCK FABRIC GRAIN SIZE JOINT ROUGHNESS ROCK HARDNESS

HOLENGNM S | e e e e S R o A=C Department of Water Afairs HOLE No: NM 5
Sheet 1 of 2 FF -foliated CG -coarse grain RJ -rough HR -hard rock OM uMkhomazi Water Project Sheet 1 of 2
CF -cleaved MHR-medium hard rock
SF -schistose ~ JOINT SPACING JOINT SHAPE SR -soft rock
JOB NUMBER: J01763 GF -gneissose  VCJ-very close spacg  CUR-curvilinear VSR-very soft rock JOB NUMBER: J01763
LF -laminated ~ CJ -close spacing PLA-planar
MJ -medium spacing UND-undulating
WJ -wide spacing STE-stepped
VWJ-very wide spacng IRR-irregular
I - ML - inpl - inpl - inpl - inpl - M - inpl - ML - inpl - I E Scale E/?D/ 000
100 0 0 NXC F 1:100 ]
F1 E Dark reddish brown CLAY. TOPSOIL with roots.
94 0 0 NXC : 024
] ] ] ] ] ] ] ] ] ] *2 * Reddish  brown CLAY with traces of roots.
68 0 0 NWD4 g ] TRANSPORTED.
F3 E
g 3.29
1 F O
84 0 0 NWD4 4 Eiqe .
. . . . . . . - - - g te! Orange brown SILT with traces of very soft shale
100 0 0 NWD4 ] ] 8 gravel. RESIDUAL SHALE.
s = 5.13
99 57 0 NWD4 ;
FG LF <1 B 0 <20 | SJ silt <1 30 -6 E Highly weathered highly fractured greenish brown fine
97 97 0 NWD4 ) 1 45 >500 SJ silt <1 2 grained laminated very soft rock SHALE.
7 = 7.10
71 71 0 NWD4 g ] . .
£8 E Moderately weathered highly fractured brown to light
B 0 <20 | SJ-RJ| silt <0.5 20 E 1 grey fine grained laminated soft rock SHALE with
100 100 22 NWD4 FG LF <1 1 70 >500 | SJ-RJ | silt <05 2 9 E highly to completely weathered zone at 9.00m to
g 1 9.47m.
89 89 11 nwo4 | O F 0 985m Y
E = 10.12
92 92 27 NWD4 g ]
i i Y YY1 -1l E Slightly weathered moderately fractured grey to dark
100 100 0 NWD4 grey fine grained laminated hard rock SHALE. Highly
| &0 [ &0 I @ | NI 0 E weathered joint at 20.08m to 20.13m.
1 ;
84 84 33 TNW - 13 E
1 E
100 | 100 75 TNW g
1 g ]
91 91 44 TNW F16 E
217
75 75 47 TNW B 0 20-300 SJ - - 7 i
FG LF <1 1 70 >500 SJ - - 2 F s
2 80-90 | >500 SJ - - 2 3
100 100 45 TNW 0 g
F19
95 95 0 TNW g
- 20 E
99 99 99 TNW g
P21 E
95 95 32 TNW 0 g
§22 E
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH -
recov recov METHOD | VALUES Size Fabric | Spacing of incl spacing rough type thick Freq Scale
(mm) Joints (deg) (mm) & (mm) (m) 1:100
sets Shape




ROCK FABRIC GRAIN SIZE JOINT ROUGHNESS ROCK HARDNESS

. MF -massive FG -fine grained SLJ-slickensided EHR-extremely hard rock ; .
HOLE No: NM 5 BF -bedded MG -medium grain SJ -smooth VHR-very hard rock [} Departmen.t of Water AffaII’S HOLE No: NM 5
Sheet 2 of 2 FF -foliated CG -coarse grain RJ -rough HR -hard rock uMkhomazi Water Project Sheet 2 of 2
CF -cleaved MHR-medium hard rock
SF -schistose  JOINT SPACING JOINT SHAPE SR -soft rock
JOB NUMBER: J01763 GF -gneissose  VCJ-very close spacg  CUR-curvilinear VSR-very soft rock JOB NUMBER: J01763
LF -laminated ~ CJ -close spacing PLA-planar
MJ -medium spacing UND-undulating
WJ -wide spacing STE-stepped
- VWJ-very wide spacng IRR-irregular B B _
99 99 15 TNW g ]
2 E
73 73 29 TNW ]
L 24 E
100 | 100 | 65 TNW ]
F25 E
F E 25.27
NOTES
1) Water table measured at 9.85m.
2) Poor material recovery is attributed to washing out of
fines.
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD | VALUES Size Fabric | Spacing of incl spacing rough type thick Freq Scale MACHINE : YWE DIAM : X-COORD : X3296866
(mm) | Joints | (deg) | (mm) & (mm) (m) 1:100 DRILLED BY : Wilson DATE: 2013/03/21  Yv-coorp: 31 Y0067658
sets Shape
PROFILED BY : JJ Ehlers DATE : 2013/04/08
HOLE No: NM 5
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:54
SETUP FILE : Borehole.SET TEXT : ..HOLES\Notepads\N116:txt

D04D AECOM SA (Pty) Ltd dotPLOT 7009 PBp7



HOLE No: NM 6

Sheet 1 of 2

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE

MF -massive
BF -bedded
FF -foliated
CF -cleaved
SF -schistose
GF -gneissose
LF -laminated

FG -fine grained
MG -medium grain
CG -coarse grain

JOINT SPACING

VCJ-very close spacg

CJ -close spacing

MJ -medium spacing

WJ -wide spacing

JOINT ROUGHNESS
SLJ-slickensided

SJ -smooth

RJ -rough

JOINT SHAPE
CUR-curvilinear
PLA-planar
UND-undulating
STE-stepped

VWJ-very wide spacng IRR-irregular

ROCK HARDNESS
EHR-extremely hard rock
VHR-very hard rock

HR -hard rock
MHR-medium hard rock
SR -soft rock

VSR-very soft rock

Department of Water Affairs
uMkhomazi Water Project

HOLE No: NM 6
Sheet 1 of 2

JOB NUMBER: J01763

92 0 0 NXC - - - - - - - - - -
94 0 0 NXC i i i i i i i i i i
82 18 0 NWD4
[ 49 0 Nwoa | 17 g <1 B 0 <10 | SJ sit | >1 | >50
95 76 0 NWD4
86 86 0 NWD4
90 90 9 Nwps4 | 10
100 100 0 NWD4 FG LF <1 B 0 <20 SJ silt 1 40
49 23 0 NWD4
94 48 0 NwD4| 6 | s il i
n - m - n - m - n - n - - - m - -
100 0 0 NWD4
93 0 0 HNWD4
88 0 0 NWD4
1
92 0 0 NWD4
66 NWD4
100 0 0 NWD4
67 0 0 NWD4 1
53 0 0 NWD4
48 0 0 NWD4
FG-MG| MF - - - - - - - -
100 91 21 NWD4 1 TFG-MGFT MF m - m - m - m - - - m - -
FG MF - B 0 <80 SJ silt >1 30
86 86 0 NWD4
100 100 0 NWD4
69 69 0 Nwp4 | 1 , ,
1 0 <100 SJ |stained|stained| 15
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac
recov recov METHOD | VALUES Size Fabric | Spacing of incl spacing rough type thick Freq
(mm) Joints (deg) (mm) & (mm) (m)
sets Shape

Scale ]

0.00

1:100

LO.SO

L 1.38

1.80

5.67

9.76

- 10
§11

F12

F14
£ 15
F 16

F17

513 s
S T1320m Y Y

L 9.93

17.61

- 18

- 19

;zo

P21

22

DEPTH

Scale

1:100

18.21

L 1853

Reddish brown CLAY with roots. TOPSOIL.

Yellowish brown SILT. RESIDUAL SHALE.

Grey SILT. RESIDUAL SHALE.

Completely weathered very highly fractured grey fine
grained laminated very soft rock SHALE.

Completely weathered highly fractured reddish brown
fine grained laminated very soft to soft rock SHALE.

Yellowish brown SILT. RESIDUAL SHALE.

Reddish brown to vyellowish brown sandy CLAY.
RESIDUAL DOLERITE.

Highly to completely weathered grey fine to medium
grained hard rock DOLERITE with reddish brown
clayey sand zones (10cm).

Moderately weathered moderately jointed grey fine to
medium grained very hard rock DOLERITE.




HOLE No: NM 6
Sheet 2 of 2

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE

MF -massive FG -fine grained
BF -bedded MG -medium grain
FF -foliated CG -coarse grain
CF -cleaved

SF -schistose
GF -gneissose

JOINT SPACING
VCJ-very close spacg

JOINT ROUGHNESS

SLJ-slickensided

SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear

ROCK HARDNESS

EHR-extremely hard rock

VHR-very hard rock

HR -hard rock
MHR-medium hard rock
SR -soft rock

VSR-very soft rock

AZCOM

Department of Water Affairs
uMkhomazi Water Project

HOLE No: NM 6
Sheet 2 of 2

JOB NUMBER: J01763

LF -laminated ~ CJ -close spacing PLA-planar
MJ -medium spacing UND-undulating
WJ -wide spacing STE-stepped
- VWJ-very wide spacng IRR-irregular B _
FG MF <1 2 60 300 SJ |stained|stained 3 g ]
100 100 NWD4 i i g ] . ,
3 45 100 SJ  |stained stained| 10 23 = Moderately weathered highly fractured dark grey fine
84 84 29 NWD4 g 1 grained laminated soft rock SHALE.
2 E 1960
95 97 43 NWD4 ’s Slightly weathered highly fractured dark grey fine
a - grained laminated hard rock SHALE with a very highly
fractured zone between 22.00m and 22.23m.
25.06
NOTES
1) Water table at 13.20m.
2) Poor material recovery is attributed to washing out of
fines.
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD | VALUES Size Fabric | Spacing qf incl spacing rough type thick Freq Scale MACHINE : YWE DIAM : X-COORD : X3296909
(mm) J:;T;S (deg) | (mm) Shﬁ (mm) (m) 1:100 DRILLED BY : Jan Kiri DATE : 2013/03/20  v-COORD : 31 Y0067563
pe
PROFILED BY : JJ Ehlers DATE : 2013/03/23
HOLE No: NM 6
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:54
SETUP FILE : Borehole.SET TEXT : ..HOLES\Notepads\N116:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




HOLE No: NM 7
Sheet 1 of 2

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE

MF -massive FG -fine grained
BF -bedded MG -medium grain
FF -foliated CG -coarse grain
CF -cleaved

SF -schistose
GF -gneissose
LF -laminated

JOINT SPACING

VCJ-very close spacg

CJ -close spacing

MJ -medium spacing

WJ -wide spacing

JOINT ROUGHNESS ROCK HARDNESS

SLJ-slickensided
SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear
PLA-planar
UND-undulating
STE-stepped

VWJ-very wide spacng IRR-irregular

EHR-extremely hard rock

VHR-very hard rock
HR -hard rock

MHR-medium hard rock

SR -soft rock
VSR-very soft rock

AZCOM

Department of Water Affairs
uMkhomazi Water Project

HOLE No: NM 7
Sheet 1 of 2

JOB NUMBER: J01763

83 0 0 NXC - - - - - - - -
100 0 0 NWD4 ) ) ) ) ) ) ) )
93 93 0 NwWD4 6
84 8 0 NWD4
99 70 0 NWD4 FG LF <1 B 0 SJ silt 30
1
85 85 0 NWD4
100 100 0 NWD4
FG LF <1 SJ ilt 30
80 | 80 | O NWD4 8
FG LF <1 B SJ silt 30
0
57 57 8 NWD4 FG LF <1 B 0 SJ silt 30
63 63 0 NwWD4 FG LF <1 B 0 SJ silt 30
2 "FG | LF | <4 | B 0 SJ | it 30
73 36 0 NWD4 i i i i i i i i
73 0 0 NWD4
1
67 0 0 NWD4 - - - - - - - -
54 0 0 NWD4
1
60 23 0 NwWD4
79 79 13 NWD4 FG-MG| MF - - - - - -
1
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Fill Frac
recov recov METHOD | VALUES Size Fabric | Spacing of incl rough type Freq
(mm) Joints (deg) & (m)
sets Shape

E Scale 0.00
g 1:100
Pl E
g 0.20
2 E L
g 1.32
£3
E 2.80
-5 E
6 E
L7 E
F8 E
: 8.27
;9 7 L
F 10 E 8.70
© 10.78m ¥ ]
11 =
E 9.50
F12 E
F13 E
E L 11.00
F14 E
£ 15 E | 1250
L 16 E
E 12.85
- 17 E
- 18 ER
2 ER L 1410
E x
19 E
E 1
£ * L 1850
20 E
£ x
E 1
21 E
2 *
E *
}22 _ K

DEPTH k

Scale k

1:100 -

Dark brown sandy CLAY with roots. TOPSOIL.

Reddish brown SILT. RESIDUAL SHALE.

Yellowish brown SILT with very soft completely
weathered brown to yellowish brown fine grained
laminated very soft rock shale. Residual shale.

Highly to completely weathered brown to yellowish
brown fine grained laminated very soft rock SHALE.

Moderately weathered highly fractured brown fine
grained laminated soft rock SHALE.

Moderately weathered brown to yellowish brown fine
grained laminated very soft rock SHALE.

Moderately weathered highly fractured brown fine
grained laminated soft rock SHALE.

Moderately weathered brown to yellowish brown fine
grained laminated very soft rock SHALE.

Moderately weathered highly fractured brown fine
grained laminated soft rock SHALE.

Yellowish brown to dark brown SILT with black soft
shale gravel at the bottom. RESIDUAL SHALE.

Orange brown SANDY CLAY. RESIDUAL DOLERITE.

Highly to completely weathered highly fractured grey
with dark brown infill fine to medium grained hard rock
DOLERITE.




HOLE No: NM 7
Sheet 2 of 2

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE
MF -massive
BF -bedded
FF -foliated

CF -cleaved

SF -schistose
GF -gneissose
LF -laminated

FG -fine grained
MG -medium grain
CG -coarse grain

JOINT SPACING
VCJ-very close spacg
CJ -close spacing

MJ -medium spacing
WJ -wide spacing

JOINT ROUGHNESS

SLJ-slickensided

SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear

PLA-planar

UND-undulating
STE-stepped

ROCK HARDNESS

EHR-extremely hard rock

VHR-very hard rock

HR -hard rock
MHR-medium hard rock
SR -soft rock

VSR-very soft rock

AZCOM

Department of Water Affairs
uMkhomazi Water Project

HOLE No: NM 7
Sheet 2 of 2

JOB NUMBER: J01763

VWJ-very wide spacng IRR-irregular
[ 91 91 NWD4 g E *
- 23 ) 23.00
100 | 100 | 44 NWD4 . . ] . . . .
G LE <1 B 0 <200 SJ |stained |stained| 20 F 24 E Slightly weathered highly fractured light grey fine
1 90 - SJ |stained |stained - g 1 grained laminated hard rock SHALE.
80 80 NWD4 E E
25 g 25.00
NOTES
1) Water table at 10.78m.
2) Poor material recovery is attributed to washing out of
fines.
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD | VALUES Size Fabric | Spacing qf incl spacing rough type thick Freq Scale MACHINE : YWE DIAM : X-COORD : X3296926
(mm) J;’;?;S (deg) | (mm) Shﬁ (mm) (m) 1:100 DRILLED BY : Jacson DATE : 2013/03/20  Y-COORD : 31 Y0067530
pe
PROFILED BY : JJ Ehlers DATE : 2013/03/25
HOLE No: NM 7
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:54
SETUP FILE : Borehole.SET TEXT : ..HOLES\Notepads\N116:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa Dam, left spillway
(NM10)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



HOLE No: NM 10

Sheet 1 of 1

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE

MF -massive

BF -bedded
FF -foliated

CF -cleaved

SF -schistose
GF -gneissose

FG -fine grained
MG -medium grain
CG -coarse grain

JOINT SPACING
VCJ-very close spacg

JOINT ROUGHNESS ROCK HARDNESS

SLJ-slickensided

SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear

EHR-extremely hard rock
VHR-very hard rock

HR -hard rock
MHR-medium hard rock
SR -soft rock

VSR-very soft rock

AZCOM

Department of Water Affairs
uMkhomazi Water Project

HOLE No: NM 10
Sheet 1 of 1

JOB NUMBER: J01763

LF -laminated ~ CJ -close spacing PLA-planar
MJ -medium spacing UND-undulating
WJ -wide spacing STE-stepped
VWJ-very wide spacng IRR-irregular
F Scale {5 [© 0.00
33 9 0 NXC g 1:10045 [
F1 1510 Light brown shale GRAVEL with SILT. COMPLETELY
53 0 0 NXC ) ) ] . ) ] ] ] ] i g 1Pl WEATHERED SHALE.
g 2 I o
99 0 0 NWD4 E 15
g 3 1 © 2.77
92 92 0 NWD4 s -
g Highly to completely weathered very highly fractured
47 47 0 NwDa | FG LF <1 B 0 <50 SJ silt <2 30 -4 = light brown to grey fine grianed laminated soft to very
E ] soft rock SHALE.
F5  5.0m_¥ ]
S I S N S N S R :
73 73 15 NWD4 ‘6 1 ] ) .
3 E Slightly weathered becoming unweathered grey fine
2 1 grained laminated medium hard rock SHALE. Highly
L7 E fractured with a thin silt infill at 10.80m to 11.02m and
95 95 9 NWD4 i highly fractured at 16.37m to 19.80m.
8 E
"9 E
88 88 32 TNW i ]
F10 E
u E
85 85 0 TNW ;12 7
B 0 20-150 SJ stained | stained 20
FG LF <1 1 80-90 0 SJ | stained | stained - £ 13 E
87 87 19 TNW -1 £
15
100 | 100 | 22 TNW L
100 | 100 0 NWD4 18 20.02
1o ] NOTES
90 90 24 NWD4 a2 ]
g ] 1) Water table at 5.0m.
F 20 ]
2) Poor material recovery is attributed to washing out of
fines.
%Mater %Core %RQD SPT DRILLING | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD Size Fabric Spacing qf incl spacing rough type thick Freq Scale MACHINE YWE DIAM X-COORD X3296672
(mm) J;’gt';s (deg) (mm) Sh‘;‘ . (mm) (m) 1:100 DRILLED BY : Polite DATE : 2013/04/06  Y-COORD : 31 Y0068163
b PROFILED BY : JJ Ehlers DATE : 2013/04/11
HOLE No: NM 10
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:54
SETUP FILE : Borehole.SET TEXT : ..HOLES\Notepads\N116:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa Dam, right spillway
(NM8)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



HOLE No: NM 8
Sheet 1 of 1

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE

MF -massive
BF -bedded
FF -foliated
CF -cleaved
SF -schistose
GF -gneissose
LF -laminated

FG -fine grained
MG -medium grain
CG -coarse grain

JOINT SPACING
VCJ-very close spacg
CJ -close spacing

MJ -medium spacing
WJ -wide spacing

JOINT ROUGHNESS ROCK HARDNESS

SLJ-slickensided
SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear
PLA-planar
UND-undulating
STE-stepped

VWJ-very wide spacng IRR-irregular

EHR-extremely hard rock
VHR-very hard rock

HR -hard rock
MHR-medium hard rock
SR -soft rock

VSR-very soft rock

AZCOM

Department of Water Affairs
uMkhomazi Water Project

HOLE No: NM 8
Sheet 1 of 1

JOB NUMBER: J01763

B Scale | 0.00
- - - - - - - - - - g 1:100 3
90 0 0 NXC 1 1 Red silty CLAY with roots. TRANSPORTED.
3 E 8 [ 090
73 0 0 12 | SPT , o .
2 1L lo Reddish brown mottled yellow, orange and grey SILT
90 0 0 NWD4 g O with minor angular soft shale gravel. RESIDUAL
3 15P° SHALE.
64 0 0 17 | SPT g ©
0 g O
81 0 0 NWD4 -4 © 4.00
89 0 0 30 SPT 15 E Highly weathered highly fractured light brown fine
E ] grained laminated soft rock SHALE. 20.00
100 0 0 NWD4 g 6 Highly weathered highly fractured light brown fine
30 0 0 20 SPT 0 * E grained laminated soft rock SHALE.
95 0 0 NWD4 7 =
£ 100 - 0 & 0 REFUSAL SPT | 7.75
96 89 42 NWD4 NOTES
0 1) Water table at 10.8m.
99 99 7 NWD4 B 0 10-150| SJ silt 0-3 20
FG LF <1 1 45 >500 SJ silt 1 1 2) Poor material recovery is attributed to washing out of
2 45 >500 SJ silt 1 1 108m_¥_ fines.
67 53 10 NWD4 '
0
71 71 11 NWD4
B 0 30-150| SJ silt <1 18
FG L LF b <11 4 | 70 | >s00 | SJ | st | <1 | 1
83 83 0 NWD4 B 0 |10-150| SJ | st | 03 | 20
0 FG LF <1 1 45 >500 SJ silt 1 1
2 45 >500 SJ silt 1 1
100 100 0 NWD4
95 95 0 NWD4 B 0 [30-150| SJ silt <1 18
. FG L LF b <l 4 | 70 | >500 | SJ | st | <1 | 1
98 98 11 NWD4
100 22 0 NWD4 - - - - - - - - - -
%Mater | %Core %RQD SPT |DRILLING| LUGEON | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD | VALUES Size Fabric | Spacing qf incl spacing rough type thick Freq Scale MACHINE YWE DIAM X-COORD X3296906
(mm) J:;T;S (deg) Shﬁ . (mm) (m) 1:100 DRILLED BY : Polite DATE : 2013/04/11  v-COORD : 31 Y0067415
b PROFILED BY : JJ Ehlers DATE : 2013/04/16
HOLE No: NM 8
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:54
SETUP FILE : Borehole.SET TEXT : ..HOLES\Notepads\N116:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa quarry site
(NQ1 - NQ3)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



HOLE No: NQ 1
Sheet 1 of 1

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE

MF -massive
BF -bedded
FF -foliated

CF -cleaved

SF -schistose
GF -gneissose

FG -fine grained
MG -medium grain
CG -coarse grain

JOINT SPACING
VCJ-very close spacg

JOINT ROUGHNESS ROCK HARDNESS
EHR-extremely hard rock

SLJ-slickensided

SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear

VHR-very hard rock
HR -hard rock
MHR-medium hard rock
SR -soft rock
VSR-very soft rock

AZCOM

Department of Water Affairs

HOLE No: NQ 1

uMkhomazi Water Project Sheet 1 of 1

JOB NUMBER: J01763

LF -laminated ~ CJ -close spacing PLA-planar
MJ -medium spacing UND-undulating
WJ -wide spacing STE-stepped
VWJ-very wide spacng IRR-irregular
- - - - - . . . . . F Scale ﬁ/ 0.00
96 0 0 NXC g 1:100 ]
} } } } } } } } } } F1 7§ < § L Dark brown CLAY with roots. TOPSOIL.
100 0 0 NXC g 159 0.55
84 0 0 NWD4 - - - - - - - - - - = Light reddish brown SILT with angular shale gravel.
g 1 RESIDUAL SHALE.
3 E 1.35
88 82 9 NWD4 FG LF <1 B 0 <100 sJ silt 0-3 17 ;4 E Highly weathered highly fractured light brown fine
g 1 grained laminated soft rock SHALE. Completely
g s 50 _Y_E weathered at 4.25m to 4.45m.
77 65 40 NWD4 2O > 5.16
6 7 Moderately weathered highly fractured brown to grey
79 79 0 NWD4 g 1 fine grained laminated medium hard rock SHALE.
7 E
B 0 |20150] sy | St < | g5 : 5
FG LF <1 silt E 1
75 75 0 NWD4 1 809 - S - - E
"9 E
89 89 15 NWD4 .
3 E 10.32
1 ]
84 84 9 NWD4 3 E Unweathered highly fractured grey fine grained
g ] laminated hard rock SHALE. Highly weathered zone at
12 = 10.95m to 11.57m.
91 91 62 NWD4 g 1
- 13 -
100 | 100 | 61 NWD4 -1 £
B 0 <200 SJ stained | stained 10 §15 7
FG LF <1 1 70 >1000 | SJ | stained | stained - E 1
89 89 35 NWD4 2 80-90 - SJ | stained | stained | - 6 ]
90 90 0 TNW g
17 f
97 97 81 NWD4 z ]
F18 E 20.19
1o NOTES
99 99 73 NWD4 3 1
g ] 1) Water table at 5.0m.
100 | 100 57 NWD4 20 -
2) Poor material recovery is attributed to washing out of
fines.
%Mater %Core %RQD SPT DRILLING | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD Size Fabric Spacing qf incl spacing rough type thick Freq Scale MACHINE YWE DIAM X-COORD X3297827
(mm) J;’gt';s (deg) (mm) Sh‘;‘ . (mm) (m) 1:100 DRILLED BY : Jan Kiri DATE : 2013/04/13  Y-cooRrD : 31 Y0068121
2 PROFILED BY : JJ Ehlers DATE : 2013/04/16
HOLE No: NQ 1
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:55
SETUP FILE : Borehole.SET TEXT : ..OLES\Notepads\NQ12&3:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




HOLE No: NQ 2
Sheet 1 of 1

JOB NUMBER: J01763

ROCK FABRIC
MF -massive
BF -bedded

FF -foliated

CF -cleaved
SF -schistose
GF -gneissose
LF -laminated

GRAIN SIZE

FG -fine grained
MG -medium grain
CG -coarse grain

JOINT SPACING

VCJ-very close spacg

CJ -close spacing
MJ -medium spacing
WJ -wide spacing

JOINT ROUGHNESS ROCK HARDNESS

SLJ-slickensided
SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear
PLA-planar
UND-undulating
STE-stepped

VWJ-very wide spacng IRR-irregular

EHR-extremely hard rock
VHR-very hard rock

HR -hard rock
MHR-medium hard rock
SR -soft rock

VSR-very soft rock

AZCOM

Department of Water Affairs
uMkhomazi Water Project

HOLE No: NQ 2
Sheet 1 of 1

JOB NUMBER: J01763

F Scale § 0.00
33 10 0 NXC g 1:100 ]
F1 E Highly weathered highly fractured reddish brown to
72 35 NXC i i i i i i i i i i i brown fine grained laminated very soft to soft rock
61 18 NXC P SHALE.
94 94 0 NWD4 3
FG LF <1 B 0 <100 | SJ silt 0-2 23 § .
99 99 0 NWD4 :
o E 5.12
100 | 100 53 NWD4 | FG LF <1 B 0 <150 | SJ silt <2 14 -6 E Moderately weathered highly fractured brown layered
g fine grained laminated medium hard rock SHALE.
£ E 6.57
59 59 0 NWD4 1 . .
FG LF <1 B 0 <50 SJ silt 0.5 40 g 79m Y ] ngh]y to completely weath'ered highly fractured
3 = ] reddish brown fine grained laminated soft rock SHALE.
77 77 0 NWD4 "9 E 8.93
B 0 <20 SJ silt <1 >50 %10 Moderately weathered very highly fractured grey fine
83 83 83 NWD4 FG LF <1 1 80-90 - SJ silt <1 - 7 E grained laminated medium hard rock SHALE.
;11 E 11.05
97 97 22 NWD4 ;12 E Slightly weathered moderately fractured grey fine
i grained laminated hard rock SHALE.
£ 13 E
98 98 69 NWD4 g
=z E
100 100 71 NWD4 . i 215 E
B 0 >50 SJ | stained | stained 8 g 1
FG LF <1 1 70 >1000 SJ | stained | stained 1 E
2 80-90 - SJ | stained | stained 16 E
98 98 49 NWD4 g
P17
84 84 36 NWD4 18 2007
;19 NOTES
100 100 53 NWD4 g 1) Water table at 7.9m.
F 20 E
2) Poor material recovery is attributed to washing out of
fines.
%Mater %Core %RQD SPT DRILLING | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD Size Fabric Spacing qf incl spacing rough type thick Freq Scale MACHINE YWE DIAM X-COORD X3297649
(mm) J;’gt';s (deg) (mm) Sh‘;‘ (mm) (m) 1:100 DRILLED BY : Polite DATE : 2013/04/15  Y-coorD : 31 Y0068037
pe
PROFILED BY : JJ Ehlers DATE : 2013/04/17
HOLE No: NQ 2
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:55
SETUP FILE : Borehole.SET TEXT : ..OLES\Notepads\NQ12&3:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




ROCK FABRIC GRAIN SIZE

. MF -massive FG -fine grained
HOLE No: NQ 3 BF -bedded MG -medium grain
Sheet 1 of 1 FF -foliated CG -coarse grain
CF -cleaved

SF -schistose ~ JOINT SPACING

JOB NUMBER: J01763 GF -gneissose

VCJ-very close spacg

JOINT ROUGHNESS ROCK HARDNESS
EHR-extremely hard rock

SLJ-slickensided

SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear

VHR-very hard rock
HR -hard rock
MHR-medium hard rock
SR -soft rock
VSR-very soft rock

Department of Water Affairs
uMkhomazi Water Project

HOLE No: NQ 3
Sheet 1 of 1

JOB NUMBER: J01763

LF -laminated ~ CJ -close spacing PLA-planar
MJ -medium spacing UND-undulating
WJ -wide spacing STE-stepped
VWJ-very wide spacng IRR-irregular
F Scale {5 [9] 0.00
82 0 0 NXC - - - - - - - - - - g 1100{5
F1 150 Light brown to brown SILT with abundant soft shale
100 0 0 NXC | . : : : : : : : : : : % 0 % t gravel. RESIDUAL SHALE.
g 1 0.90
) 4L
88 81 34 NWD4 1
FG LF <1 B 0 <100 SJ silt 0-2 30 g ] Soft light brown to brown shale GRAVEL with minor
3 1 brown SILT. RESIDUAL SHALE.
g 1 2.00
| ¥ ! WO s | LE 1 B 0 100 | SJ it = 02 | 25 4 5
< < Sl - £ ]
g 1 Highly weathered highly fractured light brown to dark
g 1 grey fine grained laminated soft rock SHALE.
80 80 7 NWD4 =° E 3.48
;6 , Moderately weathered highly fractured grey fine
g ] grained laminated medium hard rock SHALE.
100 100 34 NWD4 s 1 435
B 0 10-400 SJ stained | stained 20 3 E
FG LF <1 1 70 >1000 SJ | stained | stained 1 g 1 Slightly weathered to unweathered highly fractured
90 90 0 NWD4 2 80-90 - SJ stained | stained - 8 E dark grey hard rock SHALE.
"9 E
99 | 99 | 25 NWD4 o
g ] _ 10.73
F11 X
100 94 19 NWD4 ;<:g 4
g R Slightly weathered highly fractured grey fine to
12 121m W [ medium grained very hard rock DOLERITE.
* B
13 Ew
100 100 96 TNW i :x: :
F14 Ec:x a
FG-MG| MF - 1 0-10 | 10-500 | RJ | stained | stained 8 g E L
C X x 3
15 ES.
: e
;16 éc:x a
100 100 7 TNW E Ky —— 1767
C E ¥,
E 41X :
= ERe Slightly weathered to unweathered highly fractured
g 8 R dark grey hard rock SHALE.
- 18 1 20.18
B 0 10-400 SJ stained | stained 20 NOTES
100 100 55 TNW FG LF <1 1 70 >1000 SJ | stained | stained 1 -19
2 80-90 ) SJ | stained | stained ) g 1) Water table at 12.1m.
F20 E
| 2) Poor material recovery is attributed to washing out of
fines.
%Mater %Core %RQD SPT DRILLING G(ain Rc;)cl_( Fabr_ic No. innlts .]oinlts .]ointrs,1 Fill r'1:‘i”|< Frac DEP'er CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD Size Fabric Spacing , qft (Ian spacing rotég type thic Freq fclesg MACHINE : YWE DIAM : X-COORD : X3297477
(mm) cots. (deg) (mm) Shane (mm) (m) : DRILLED BY : Jan Kiri DATE : 2013/04/11  Y-coorp: 31 Y0067933
2 PROFILED BY : JJ Ehlers DATE : 2013/04/15
HOLE No: NQ 3
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:55
SETUP FILE : Borehole.SET TEXT : ..OLES\Notepads\NQ12&3:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




f— Department of Water Affairs
A COM uMkhomazi Water Project

LEGEND
Sheet 1 of 1

JOB NUMBER: J01763 ‘

oY0
° 8 ° GRAVEL {SA02}
SILT {SA06}
CLAY {SA08}
SHALE {SA12}
DOLERITE {SA18H{SA42}
55 ¥ PERMANENT WATER TABLE {SA35}
v ROOTS {SA40}
T
CONTRACTOR : INCLINATION : ELEVATION :
MACHINE : DIAM : X-COORD :
DRILLED BY : DATE : Y-COORD :
PROFILED BY : DATE : LEGEND
TYPE SET BY : JJ Ehlers DATE : 11/10/2013 15:55 SUMMARY OF SYMBOLS
SETUP FILE : Borehole.SET TEXT : ..OLES\Notepads\NQ12&3:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Tunnel outlet
(BHS8)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



HOLE No: BH 8
Sheet 1 of 1

JOB NUMBER: J01763

ROCK FABRIC GRAIN SIZE

MF -massive
BF -bedded
FF -foliated
CF -cleaved
SF -schistose
GF -gneissose
LF -laminated

FG -fine grained
MG -medium grain
CG -coarse grain

JOINT SPACING

VCJ-very close spacg

CJ -close spacing

MJ -medium spacing

WJ -wide spacing

JOINT ROUGHNESS ROCK HARDNESS
EHR-extremely hard rock
VHR-very hard rock

SLJ-slickensided

SJ -smooth
RJ -rough

JOINT SHAPE
CUR-curvilinear

PLA-planar

UND-undulating

STE-stepped

VWJ-very wide spacng IRR-irregular

HR -hard rock

MHR-medium hard rock
SR -soft rock
VSR-very soft rock

Department of Water Affairs
uMkhomazi Water Project

HOLE No: BH 8
Sheet 1 of 1

JOB NUMBER: J01763

h - h - h - - - - - - - - F Scale 3/ ./~ 0.00
70 0 0 NXC g 1:100 1519
F1 1500 Moist dark brown sandy CLAY with roots. TOPSOIL.
87 0 0 NXC g -8: 0.26
60 0 0 8 SPT ) ) ) ) ) ) ) ) ) ) o :C'_>' _ _ _
3 Edgel Moist yellowish brown soft sandy SILT with soft sub
100 0 0 NWD4 : -8: angular shale GRAVEL. RESIDUAL SHALE.
3 1C 3.00
43 23 0 NWD4 ) ) ) ) ) ) ) ) ) ) ;4 E y Moist reddish brown stiff clayey SILT with soft shale
| 100 0 0 NWD4 | : . BOULDERS. RESIDUAL SHALE.
51 0 0 15 SPT Fs E 4.95
L, 100 0 0 NWD4 || g 1
92 0 0 NWD4 ‘6 ; Moist light brownish grey SILT. RESIDUAL SHALE.
35 3 {7l | 6.00
L 89 0 0 SPT | . - - - - - - - - - g ENdeD
93 0 0 NWD4 -7 46 Moist reddish brown very stiff clayey SILT with soft
49 0 0 55 SPT g L shale GRAVEL. RESIDUAL SHALE.
- - - - - - - - - - r8 E 6.95
54 0 0 NWD4 :
g Moist light brownish grey very stiff SILT. RESIDUAL
100 100 0 NWD4 3 E SHALE.
r 8.77
100 100 60 NWD4 G LE <1 B 0 10-150 SJ Silt <0.5 11 £ 10 E
100 100 22 NWD4 1 70 ) SJ silt <05 ) Moderately to highly weathered highly fractured
P11 E greenish brown to greenish grey fine grained
laminated medium hard rock SHALE. 13.27
96 96 14 NWD4 ' ' F 1o Slightly weathered highly fractured dark grey fine
FG LF <1 B 0 <100 | SJ | stained | stained 13 3 E grained laminated hard rock SHALE.
1 45 >200 SJ | stained | stained 4 g 1 11.22
100 100 45 NWD4 F13 1
E7 132m ¥ i )
= Slightly to moderately weathered very highly fractured
87 87 0 NWD4 14 E dark grey fine grained laminated hard rock SHALE.
G LE <1 B 0 <100 SJ | stained | stained 30 £ 10 E
78 78 0 NWD4 1 45 <200 SJ stained | stained 8 g
F 16 E
g R & 7
95 95 0 NWD4 i Slightly weathered highly fractured dark grey fine
g grained laminated hard to very hard rock SHALE.
- 18 20.17
81 81 21 NWD4 B 0 <100 SJ | stained | stained 13 g
g NOTES
FG LF <1 1 45 >200 | SJ | stained |stained | 4 -19
g 1) Water table at 13.2m.
67 | 67 | 60 NWD4 20 F )
| 2) Poor material recovery is attributed to washing out of
fines during drilling.
%Mater %Core %RQD SPT DRILLING | Grain Rock Fabric No. Joints Joints Joints Fill Fill Frac DEPTH CONTRACTOR : Geomech INCLINATION : VERTICAL  ELEVATION :
recov recov METHOD Size Fabric Spacing , qft (ijncl spacing rot;gh type thick Freq fclegg MACHINE YWE DIAM X-COORD X3295219
(mm) cots. (deg) Shane (mm) (m) : DRILLED BY : Wilson DATE : 2013/03/16  Y-COORD: 31 Y 067426
2 PROFILED BY : JJ Ehlers DATE : 2013/03/22
HOLE No: BH 8
TYPE SET BY : JJ Ehlers DATE : 06/11/2013 15:16
SETUP FILE : Borehole.SET TEXT : ..REHOLES\Notepads\BH8:txt

D04D AECOM SA (Pty) Ltd

dotPLOT 7009 PBp7




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Borehole core photographs

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa Dam site, left flank
(NM1, NM2, NM9)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



BOREHOLE: NM 1 LENGTH: 25.16m INCLINATION: VERTICAL

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 15
Jo e
)

ok Lo o

Box 1of 4

0.00m to 7.61m

Box 2 of 4

7.61m to 15.08m

Box 3 of 4

15.08m to 22.08m

NM 1
Page 1 of 2
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108l01d J91eA\ ISBWOUNAIN




e e -,
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BOREHOLE: NM 2

LENGTH: 20.00m

INCLINATION: VERTICAL

,‘ we -'u:";"‘

G DR iy .,

Box 1 of 3

0.00m to 9.50m

Box 2 of 3

9.50m to 17.00m

Box 3 of 3

17.00m to 20.00m

NM 2
Page 1 of 1
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BOREHOLE: NM 9

LENGTH: 20.11m

INCLINATION: VERTICAL
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The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa Dam site, river section
(NM3)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation
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The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa Dam site, right flank
(NM4 — NM7)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation
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BOREHOLE: NM 5 LENGTH: 25.27m INCLINATION: VERTICAL

15
Jo e

B SRS
‘.

i r-m&m“‘w m:. Mﬂ-hv i ;@lﬁiﬁ' .

Box 1 of 4

0.00m to 7.17m

Farre

o i T

Box 2 of 4

7.17m to 14.60m

Box 3 of 4

14.60m to 21.20m

NM 5
Page 1 of 2

SNOILVYOILSIANI TVIINHOILO3D

108l01d J91eA\ ISBWOUNAIN




BOREHOLE: NM 6 LENGTH: 25.11m INCLINATION: VERTICAL
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BOREHOLE: NM 7 LENGTH: 25.00m INCLINATION: VERTICAL
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The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa Dam, left spillway
(NM10)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



BOREHOLE: NM 10 LENGTH: 20.02m INCLINATION: VERTICAL
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The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa Dam, right spillway
(NM8)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation
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The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Langa quarry site
(NQ1 - NQ3)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation



BOREHOLE: NQ 1

LENGTH: 20.19m INCLINATION: VERTICAL
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BOREHOLE: NQ 2

LENGTH: 20.07m

INCLINATION: VERTICAL
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BOREHOLE: NQ 3

LENGTH: 20.18m

INCLINATION: VERTICAL

0.8 0.9 1 1.1 1.2 1.3 1.4 15
Jo e

nea

R o WL o O

Box 1 of 3

0.00m to 7.44m

Box 2 of 3

7.44m to 14.71m

gl T G TN T ]

Box 3 of 3

14.71m to 20.18m

NQ 3
Page 1 of 1

SNOILVYOILSIANI TVIINHOILO3D

108l01d J91eA\ ISBWOUNAIN




The uMkhomazi Water Project Phase 1: Module 1: Technical Feasibility Study Raw Water

Tunnel outlet
(BHS8)

P WMA 11/U10/00/3312/3/2/4 — Geotechnical report: Supporting document 4: Langa Balancing Dam: Materials and
geotechnical investigation
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