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1. Introduction

Knight Piésold (KP) was appointed by Umgeni Water (UW) to perform a geotechnical investigation
for the proposed Umkhomazi Water Project Phase 1 (uUMWP-1). The aim of the project is to transfer
water from the uMkhomazi River to the existing Mgeni water system to further augment water
supply to the Pietermaritzburg and Durban areas. This project deems to provide large volumes of
water to fulfil long term water requirements to the Umgeni system by transferring potable water to
the Umlaas Road/Cato Ridge Reservoir.

The raw water will be sourced from the proposed 80m high Smithfield Dam on the uMkhomazi River
near Boston. The water will be transferred by means of a 34km long tunnel and pipeline to a
balancing dam (Langa Balancing Dam) in the Bayensfield area.

The project falls within the uMkhomazi River Catchment and is located west of Camperdown at the
Midlands of KwaZulu-Natal Province, South-Africa.

The project entails both potable water and raw water components, including the construction of
water treatment works (WTW) in the uMlazi River Valley.

The proposed raw water pipeline will be 2,4m in diameter and will convey water from the
Baynesfield Dam over a distance of approximately 4,980 km to the proposed WTW located at the
Black Wattle Forest (east). An alternative WTA was also investigated and is located towards the
north-eastern portion of Baynesfield.

The objectives of the geotechnical investigation were as follows:

o To determine ground conditions for the design and construction of the raw water
pipeline in the Baynesfield Estate.

o To determine suitability of the materials along the pipeline route for bedding/backfill
purposes.

o To determine the excavatability of the material along the pipeline route.

o Assessment of groundwater conditions.

o To locate possible borrow pits of bedding materials along the pipeline route.

Separate reports were compiled for the potable water pipeline and waste water treatment works

This report deals with the results of the 4,98km long raw water pipeline geotechnical investigation
and contains all supporting documentation.

2. Site Description

The proposed raw water pipeline is situated in the Baynesfield Estate, in the Natal Midlands of the
KwaZulu-Natal Province. The Midlands are characteristic of undulating and hilly terrain intersected
by numerous water courses and river valleys. The steepest area on the pipeline route occurs
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immediately west of the black wattle forest towards the drainage channel located at ch 3700, which
has an approximate slope of 6° towards the water channel.

The locality of the site is indicated in Figure 1 at the back of the report.

Drainage takes place by means of sheetwash towards the numerous waterways in the uMkhomazi
River Catchment. The route is entirely located within the Baynesfield Estate and intersects maize
fields, avocado orchards and a bluegum forest near the Baynesfield Dam. A steep hill occurs on the
western perimeter of the Bayenesfield Dam.

The pipeline intersects five water courses, which vary in width between 60m and 250m. The largest
of these is a floodplain south-west of the Baynesfield Dam containing a wetland and shallow surface
water conditions.

A telephone line intersects the proposed pipeline at the district gravel road located at ch 3200.

3. Regional Geology

According to the 1:250 000 geological map, sheet 2930 DURBAN, the area is underlain by shale,
siltstone and sandstone of the Pietermaritzburg Group, Karoo Supergroup. The shale from the
Pietermaritzburg Group consists of fissile beds that alternate with hard, dense non-fissile beds. The
fissile shale often tends to be more weathered resistant than the non-fissile beds, therefore
weathering along bedding planes has given rise to a thin clay layer. This clay layer often has
relatively low shear strength with potential planes of weakness along which sliding can occur [1] .The
unweathered shale is dark grey, greyish-olive and light olive-brown in colour with mica concentrated
on bedding surfaces. Weathered residues of the shale comprise light yellow or khaki coloured silty
clay.

According to Weinert’s climatic N-value [2], the site falls in an area where the N-value is less than 5,
indicating that the area is associated with more humid regions where chemical weathering is the
predominant rock weathering mode.

4. Method of Investigation
The geotechnical investigation was conducted by the excavation of twenty five test pits (RW1 to
RW23 including RW10A and RW12A) with two Tractor Loaded Backhoes (TLB). Test pits were spaced
on average at 200m intervals and excavated to refusal depth or to the maximum reach of the
machine. The test pits were logged in situ by two engineering geologists and a geotechnologist from
KP according to standard practice [3].

Dynamic Probe Light tests (DPL) were conducted inbetween the test pits to determine the soil
consistencies to a depth of 2m below ground surface or refusal depth. Twenty two DPL tests (DPL1
to DPL22) were conducted on the raw water pipeline.
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The positions of the test pits and DPL tests were recorded with a hand-held GPS instrument with an
accuracy of 5 meters. The coordinates of these positions are in WGS84 Datum and are displayed on
the test pit logs. The approximate positions of the test pits and DPL positions are shown in Figure 2.
The coordinates and chainages of the test pits and DPL tests are provided in Table 1. The summary of
the test pit profiles are contained in Table 2, while the detailed logs are presented in Appendix A.

Soil samples were taken from representative soil horizons and submitted to Geosure in Durban to
determine grading, Atterberg limits and compactability characteristics.

The results of the laboratory tests are summarized in Table 3, while the detailed results are
displayed in Appendix B.

The DPL tests results are displayed in Appendix C while a photographic record of the site occurs in
Appendix D.

5. Subsoil Conditions

5.1 TestPitInvestigation
Two broad geological zones (Zone A and Zone B) were identified and are indicated in Table 2 at the
back of the report. The zones are defined as follows:

e ZoneA: Areas of generally shallow rock, where bedrock and/or residual soils
were encountered within the reach of the TLB (3m)

e ZoneB: Transported soils overlying relatively thick residual shale exceeding
3m in thickness

Zone A and Zone B are equally distributed over the site, while Zone A mostly occurs at the central
portion of the site from ch 1630 to ch 4180. Zone B mostly occurs at the western and eastern
portions of the site at ch 350 to ch 1630 and ch 4180 to ch 4800 respectively. Refer to Figure 2 for
the distribution of the various zones.

The table below provides a breakdown of the test pits and DPL test positions, situated within Zones
A and B.

Geological Setting Test Pits Excavated DPL Tests
Zone A RW02 DPL2 to DPL3
RW04 DPL10 to DPL19
RWO09

RW11 to RWRW16
RW18 to RW20
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Zone B RWO01 DPL1

RWO03 DPL4 to DPL9

RWO05 to RW08 DPL20 to DPL22

RW10 to RW10A

RW17

RW21 to RW23

Zone A generally comprises shale bedrock within 3m below ground surface, although a dolerite dyke

was intersected at RW18. Thirteen of the twenty five test pits (52%) fall within this zone. The soil

profiles derived in Zone A are very similar and is summarized as follows:

5.1.1 The Typical Soil Profile in Zone A

Colluvium covers the entire area to a depth of between 0,2m to 2,3m, but the layer is
usually less than 1m thick. It generally consists of firm or firm to stiff sandy clay or
isolated areas of loose clayey sand with rootlets.

Ferruginous colluvium underlies the colluvium in 38% of the test pits in this zone and
occurs at a depth of between 0,2m and 1,3m below surface. The thickness of this layer
varies between 0,4m and 1,9m. It generally comprises firm sandy clay/silt with ferricrete
nodules, or isolated areas of dense clayey sand, or abundant ferricrete nodules in a
matrix of sandy silt.

Residual shale was encountered in 35% of the test pits and generally comprised soft to
firm or stiff clayey silt, or isolated cases containing abundant very soft shale gravel and
cobbles in a matrix of sandy silt with an overall medium dense to dense or very dense
consistency. In some areas the stiff residual shale transitioned to very soft rock shale.
This layer occurred below the colluvium and ferruginous colluvium and had a thickness
of between 0,8m and 1,6m. It further occurred at depths of between 0,2m and 1m
below surface.

Residual dolerite was only encountered in RW18 between a depth of 0,6m and 1,3m below surface.

The material comprised firm sandy clayey silt with hard dolerite gravel and cobbles.

The residual shale was ferruginized in RW20 between a depth of 1m and 1,9m below surface.

The TLB generally refused at a depth of 0,5m to 2,3m below surface. Refusal occurred in the

following materials: very soft to soft rock shale, very stiff residual shale, very dense/stiff ferruginous

colluvium and on very dense dolerite cobbles and boulders.

No water seepage was encountered in any of the test pits.

Twelve of the twenty five test pits (48%) fall within this zone. Deep weathering (below 3m depth) of

the soil profiles characterises Zone B, which is summarized as follows:
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5.1.2 The Typical Soil Profile in Zone B

. Colluvium covers the entire area to a depth of between 0,2m to 1,2m and is mostly less
than 1m in thickness. It generally consists of firm sandy clay or clayey silt or isolated
areas of loose/medium dense clayey sand with rootlets. Fill was only encountered in
RWO05 from surface to 0,4m depth and comprises firm sandy clay with gravels and
cobbles.

. Ferruginous colluvium comprises the base of the colluvium layer in 30% of the test pits
in this zone and occurs at a depth of between 0,3m and 0,5m below surface. The
thickness varies between 0,6m and 2,7m. This material generally comprises firm sandy
clay/silt with ferricrete nodules or isolated areas of dense clayey sand or abundant
ferricrete nodules in a matrix of sandy silt.

o A pebble marker layer was encountered in RW01 and RWO07 below the colluvium. This
material comprised abundant shale and dolerite gravels, cobbles and boulders in a
matrix of clayey silty sand with a dense overall consistency.

. Residual shale was encountered in all the test pits in this zone, except RW17. This layer
underlies the transported materials and generally comprised firm to stiff clayey silt or
sandy clay with some occurrences of soft soil consistencies. Isolated cases were
encountered where abundant very soft shale gravel and cobbles occurred in a matrix of
sandy silt with an overall dense consistency. This layer had a thickness of between 1,2m
and 3m. It occurred at surface level (in a gravel road) to a depth of 1,6m below surface.

The residual shale was ferruginized in RW18 between a depth of 0,9m and 1,7m below surface.
TLB refusal was only encountered in RWO5 on soft rock shale at a depth of 3,3m below surface.

Water seepage was only encountered in RWO05 at a depth of 3,2m below surface.

5.2 DPL Investigation
Twenty-three DPL tests (DPLO1 to DPL23) were conducted along the proposed raw water pipeline
route.

The DPL test results show stiff and very stiff soils, with some variation. Generally the upper 0,35m to
0,45m of colluvium (sandy clay material) is firm/medium dense where it becomes stiff/dense with
depth. The stiff colluvium extends to an average depth of 0,8m to 1m where it becomes stiff to very
stiff with depth. The stiff to very stiff silty/clayey materials often extends beyond the maximum DPL
test depth of 2m; however the clay frequently becomes stiff to very stiff where it nears refusal
depth. This boundary, where encountered, commonly occurs around 1,5m depth.
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6. Laboratory Test Results

6.1 Transported Material (Geological Zones A and B)
The transported colluvium or ferruginous colluvium soil comprises 10% to 34% gravel, 18% to 25%
sand, 25% to 34% silt and 16% to 38% clay. It has a Plasticity Index (P1) of 10% and a low potential
expansiveness. The Liquid Limit (LL) of the material varies between 42% and 47%. The colluvial or
ferruginous colluvium soil classified as ML (Inorganic silt), with an isolated sample classifying as SM
(silty sand), according to the Unified Soil Classification (USC).

Soil resistivity tests were conducted on colluvium and ferruginous colluvium. The test results for the
colluvium shows a value of 100ohm/m, while the results for the ferruginous colluvium show values
of between 350hm/m to 38ohm/m. According to the table below, the colluvium is mildly corrosive
towards steel, while ferruginous colluvium is corrosive towards steel [4].

Resistivity (ohm/m) Corrosivity
0-20 Very corrosive — cathodic protection required
20-50 Corrosive — cathodic protection recommended
50-100 Mildly corrosive — cathodic protection optional
More than 100 Not corrosive — cathodic protection not required

Compactability tests were conducted on the samples. The compactability factor for the material
tested ranges between 0,20 and 0,28.

6.2 Residual Shale
Residual shale, which alters to ferruginous residual shale depending on the cementing component,
comprises SM (silty sand) with 15% to 50% gravel, 21% to 37% sand, 18% to 47% silt and a clay
content of 6% to 27%. It has a low potential expansiveness and a Pl of between 6% and 11%.The LL
of the material is 37% with an isolated sample having LL of 47%.

Soil resistivity test results show that the residual shale has values of between 68ohm/m to 90ohm/m
(mildly corrosive), while one sample of the ferruginous residual shale tested greater than 499ohm/m
(non-corrosive). The residual shale is therefore generally mildly corrosive towards steel.

Compactability tests on the residual shale showed values of between 0,2 and 0,27.
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7. Geotechnical Evaluation

7.1 Excavatability
The ease of excavation is a critical financial factor when installing underground services and
placement of foundations, since the proposed pipeline floor level is situated at a depth of at least
3m below natural ground surface.

The excavatability of material can be grouped into the following categories, according to SANS
1200D:

. Soft excavation
. Intermediate excavation
. Hard rock excavation

For the required width of the pipe trench (>2,5m), it has been assumed that a large tracked
excavator will be used to excavate the pipe trench rather than a TLB, since an excavator will be able
to excavate harder materials more readily than a TLB. For example, an excavator would be able to
excavate further into a soft rock material whereas a TLB would experience refusal.

Based on the above assumption, the three excavatability categories have been defined as follows:
o Soft Excavation

For non-cohesive soils, a consistency ranges from very loose to dense and for cohesive
materials a consistency ranging from very soft to stiff. This includes all materials that could
be excavated with a TLB.

. Intermediate Excavation

Non-cohesive soils include materials with a consistency in excess of dense (i.e. very dense),
and for cohesive materials a consistency in excess of stiff (i.e. very stiff), including boulders
and well cemented ferruginised soils. Soft to medium hard rock is also included since the
closely to medium spaced joints make it readily rippable with a large excavator.

. Hard Rock Excavation

Rock that would be difficult to excavate with an excavator and may require blasting and/or
the use of rock breaking equipment, typically medium hard to hard rock, or areas where
outcrop was encountered, including hardpan pedogenic soil varieties.

Rock that requires hard ripping with a single ripper, such as a rock bucket on a large
excavator, is considered to be classified as hard rock excavation.

Twenty five tests pits were excavated along the proposed raw water pipeline route. Soft to
intermediate excavations were encountered to an average depth of 3m in Zone B. Soft to
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intermediate excavations were encountered between a depth of 0,8 to 2,3m below surface in Zone
A. The excavatability according to chainage is summarised in Table 4.

Hard rock excavation conditions may be experienced in Zone A where tillite, shale and dolerite
bedrock were encountered from depths of between 0,3m and 2,1m below surface. It could be
possible for a large (30 ton) excavator with a rock bucket to excavate into closely jointed very soft
rock tillite, shale and dolerite, but this will be considered to as “hard rock excavation”. Rock breaking
equipment will be required to break localised zones of harder rock. Rock breaking equipment or
blasting will be required for excavations in medium hard to hard rock.

Due to the relatively shallow rock depth in some areas along the route, rock excavation may be
required below the intermediate zones, indicated in the above table, depending on the depth of the
pipeline. It may be possible to excavate the soft to medium hard rock with a large (30 ton) excavator
with a rock bucket. Rock breaking equipment will be required to break localised zones of harder
rock. Rock breaking equipment or blasting will be required for excavations in medium hard to hard
rock.

7.2 Seepage and Trench Excavation Stability
The in situ materials are generally not expansive and have a low plasticity index.

It was noted from the test pits that the sidewalls, in many of the test pits, of the transported
material (colluvium and ferruginous colluvium) was semi stable. Chunks of clayey and silty material
did collapse in some of the test pits upon excavation. It is therefore recommended that the
temporary sidewalls in the transported materials be excavated at an angle of 1:1 (V:H) for stability,
provided the slopes are kept dry.

The presence of ferruginisation in many of the test pits is an indication that fairly shallow
groundwater conditions may be present at times. Water seepage was encountered in one test pits
(RWO05), at a depth of 3,2m below surface. This may have an influence on the stability of pipe trench
sidewalls and the required precautionary measures should be taken to ensure the safety of workers
in such trenches deeper than 3m, i.e. flatten the slopes to 1V:1,5H or support vertical slopes.

Generally, no serious slope stability problems are foreseen, provided that pipe trench excavations
take place in dry conditions.

7.3 Foundations

Zone A: All pipe trench excavations at 3m depth will be situated mostly in very soft to soft
rock (shale/dolerite/sandstone) or stiff residual soil (clayey and silty materials).
Weathered, very soft to soft rock shale was encountered from depths of between
0,5m and 2,3m below surface. It follows that the trench floor conditions in Zone A

will comprise either stiff soil with a safe bearing capacity of at least 250kPa or very
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soft to soft rock with bearing capacities of at least 500kPa.

Zone B: This zone comprises deposits of transported and thick residual soils and no TLB
refusal was generally encountered in Zone B to a depth of 3m below surface. The
floor of the trench at a depth of 3m and 3,3m will generally consist of stiff silty and
clayey residual soils. Safe bearing capacity at depths of between 3m and 3,3m in
Zone B will amount to between 150kPa and 250kPa.

It follows that no special precautionary measures are required for foundations of structures (e.g.

valve chambers, thrust blocks) or for lying bedding materials.

8. Material Usage

8.1 Spoil from Trench Excavations
The spoil materials from the pipe trench excavations were assessed for possible use for bedding and
normal backfilling. The types of materials include:

. Colluvium
. Residual Shale
. Random residual dolerite

SANS 1200 LB [6] specifies that bedding material will be free-running selected granular material
comprising non-cohesive soil with a grain size distribution of between 0,6mm to 6mm for fine sand
or 6mm to 199mm for medium sand. This requires either manufactured sand, screened sand or a
clean river sand source. Due to the scarcity of such sand, particularly in areas covered by Karoo
strata, Department: Water Affairs (DWA) developed a relaxed bedding specification, as follows [7]:

MATERIAL DESCRIPTION PERCENTAGE BY MASS ATTERBERG LIMITS
PASSING SIEVE SIZE SHALL NOT EXCEED
(mm) (%)
9,5 4,75 0,425 0,002 U PI LS
Finely Graded A 100 100 80 - 100 0-45 30 15 5
Medium Graded B 100 80 - 100 60 - 80 0-40 35 18 7,5
Granular C 100 70 - 100 30- 60 0-35 40 20 10

Due to the predominant presence of fine-grained soils on site, the relaxed bedding specification
above was used to assess the spoil materials.

Based on the laboratory test results, the residual shale, ferruginous colluvium and colluvium are too
plastic for compliance with the specifications (Liquid Limit generally >40%).
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The Compactability Factors of the colluvium, ferruginous colluvium and residual shale were all below
0,5.

Even with the relaxed bedding specification, the material along the pipeline route cannot be used for
bedding in accordance with the relaxed DWA specification. The spoil material comprising
transported material, residual shale and residual dolerite can generally be used as normal backfilling
material, provided that oversized particles are removed.

Therefore the material along the pipeline route cannot be used as bedding material. The spoil
material comprising transported material, residual shale and residual dolerite can generally be used
as normal backfilling material, provided that oversized particles are removed.

8.2 Commercial Sources
The following contact person in the vicinity of the site was identified that may provide material
suitable for bedding:

Name/ Description Contact Person | Contact Number Location

Umlaas Road Cartage Hansel Moodley | 082 4521069 Lot 23, Umlaas Road, Camperdown

It is understood that Umlaas Road Cartage sources sand from nearby rivers, it is not certain whether
they will be able to supply large quantities of bedding material.

Sandop is in the vicinity of Cato Ridge, but unfortunately they have closed down and are no longer
operational.

9. Conclusion and Recommendations

According to the published geological map, 2930 DURBAN (1:250 000 scale), the site is generally
underlain by the Pietermaritzburg Group. This group belongs to the Karoo Supergroup, the most
widespread stratigraphic unit in Africa, with strata made up of mostly shale, siltstone and sandstone.
Dolerite intrusions in the form of sills and dykes are found scattered in the area.

Two main soils were encountered along the pipeline route, namely colluvial sandy clays and residual
shale. The residual shale weathers to a silty and clayey material with minor occurrences of sand and
gravel.

Two broad geologic zones were identified at the raw water site, Zones A and B. Both Zone A and
Zone B are equally distributed over the area. Zone A is characterized generally shallow rock, where
bedrock and/or residual soils were encountered within the reach of the TLB (3m). Transported soils
overlying relatively thick residual shale exceeding 3m in thickness was encountered in Zone B.
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Slight water seepage was encountered only once along the proposed route at a depth of 3,2m
(RWO05).

Laboratory tests confirmed that the colluvium comprises clay to silty sand and has a low to medium
potential expansiveness. The colluvial soil classified as either sandy clay or clay of low plasticity. The
material has a low potential expansiveness.

The residual shale comprises clay and silt and has a low potential expansiveness.

Zone B can easily be excavated to an average depth of 3m across the entire pipeline route, whereas
Zone A has a refusal depth between 0,5m and 2,3m. Hard and intermediate excavation will be
required occasionally in Zone A.

The material along the pipeline routed was deemed unsuitable for bedding material due to its high
plasticity characteristics.

The soils encountered at the potable water pipeline and alternative pipeline route are generally
corrosive to mildly corrosive towards steel and therefore requires cathodic protection.
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Table 1 Test Pit Coordinates and Chainages

WGS84 D° M’ S”
Test Pit Chainage
SOUTH EAST

RWO01 294626.14 301812.09 0
RWO02 294629.37 301811.18 150
RWO03 294631.32 30189 240
RWO04 294632.78 30186.16 325
RWO5 294635.24 30184.26 425
RWO06 294638.42 301812.79 675
RWOQ7 294632.75 301816.94 880
RWO08 294627.58 301820.93 1075
RWO09 294624.38 301826.76 1275
RW10 294621.14 301838.05 1600
RW10A 294623.92 301832.78 1440
RW11 294622.82 301848.01 1875
RW12 294625.29 301859.55 2200
RW12A 294623.66 301859.67 2200
RW13 294625.25 30195.64 2350
RW14 294622.12 301919.29 2740
RW15 294625.2 301931.07 3060
RW16 294633.49 301934.82 3300
RW17 294632.97 301942.3 3440
RW18 294637.16 301947.76 3640
RW19 294637.8 301955.19 3900
RW20 294632.07 301959.45 4050
RW21 294633.5 30207.5 4260
RW?22 294631.64 302017.15 4520
RW23 294627.66 302022.48 4700




Table 1 Dpl Coordinates and Chainages

WGS84 South African Grid (Lo25)
DPL # Chainage
SOUTH EAST
DPL1 294627.91 301811.81 100
DPL2 294630.2 301810.18 200
DPL3 294632.16 30187.74 280
DPL4 294634.29 30185.1 380
DPL5 294637.94 301810.47 620
DPL6 294635.32 301815.13 800
DPL7 294630.55 301818.73 980
DPL8 294627.53 301823.9 1180
DPL9 294621.85 301832.38 1440
DPL10 294622.62 301843.9 1720
DPL11 294624.89 301854.18 2040
DPL12 294625.75 30192.5 2300
DPL13 294623.84 301912.67 2560
DPL14 294622.48 301923.73 2780
DPL15 294626.37 301931.96 3140
DPL16 294631.36 301939.16 3340
DPL17 294635.98 301944.79 3575
DPL18 294638.29 301953.35 3740
DPL19 294636.09 301957.27 3960
DPL20 294633.65 30204.66 4220
DPL21 294633.76 302012.69 4400
DPL22 294629.92 302020.28 4620




Table 2: Summary of Test Pit Logs

TEsTPIT | GEOLOGICAL | TOTAL DEPTH . TRANSPORT.ED SOILS RESIDUAL SOILS BEDROCK DEP.I-SIZ;FA‘QI:TER
No. ZONE (m) Colluvium Ferruglflous Pebble Shale Dolerite Shale
Colluvium Marker (m)
RWO01 Zone B 3,0 - 0-0,2 - - 1,0-3,0+ - - -
RW02 Zone A 2,3 - 0-23 - - - 2,3+R -
RWO03 Zone B 3,0 - - - - 0-3,0+ - - -
RWO04 Zone A 2,3 - 0-0,9 - - 0,9-2,3 - 2,3+R -
RWO05 Zone B 3,3 0-0,4 04-1,0 - - 1,0-3,3 - 3,3+R 3,2
RWO06 Zone B 3,0 - 0-0,5 05-1,1 - 1,1-3,0%+ - - -
RWO7 Zone B 3,0 - 0-1,2 - 1,2-1,6 1,6-3,0+ - - -
0,9-1,7*

RWO8 Zone B 2,9 - 0-0,9 - - 17-29+ - - -
RW09 Zone A 1,8 - 0-04 04-0,8 - 0,8-1,8+R - - -
RW10 Zone B 2,8 - 0-04 0,4-1,6 - 1,6-2,8+ - - -
RW10A Zone B 3,0 - 0-1,4 - - 1,4-3,0+ -
RW11 Zone A 1,5 - 0-0,5 05-15+ - - - - -
RW12 Zone A 1,1 - 0-0,2 - - - - 0,2-1,1+R -
RW12A Zone A 0,5 - 0-0,3 - - - - 0,3-0,5+R -
RW13 Zone A 2,3 - 0-1,1 1,1-2,3+R - - - - -
RW14 Zone A 1,7 - 0-13 1,3-1,7+R - - - - -
RW15 Zone A 1,4 - 0-0,2 - - 0,2-1,0 - 1,0-1,4+R -
RW16 Zone A 2,3 - 0-0,2 0,2-2,3+R - - - - -
RW17 Zone B 3,0 - 0-0,3 0,3-3,0+ - - - - -
RW18 Zone A 1,3 - 0-0,6 - - - 0,6-1,3+R - -
RW19 Zone A 2,0 - 0-04 - - 0,4-2,0+R - - -
RW20 Zone A 1,9 - 0-1,0 - - 1,0-19*+R - - -
RW21 Zone B 3,0 - 0-0,8 - - 0,8-3,0+ - - -
RW22 Zone B 3,0 - 0-0,5 - - 0,5-3,0+ - - -
RW23 Zone B 3,0 - 0-0,5 - - 0,5-3,0+ - - -




Table 3: Summary Of Laboratory Test Results

GRADING (% PASSING) ATTERBERG LIMITS S;:ggerRRD
SAMPLE SIEVE SIZE (mm) (%)
TEST PIT No. DEPTH COMPACTION GM PE usc COMPACTIBILITY ORIGIN
FACTOR
(m)
LL Pl LS MDD omMmc
19 |13,2|4,75 | 2,0 | 0,425 |0,075 | 0,060 | 0,002 (%) %) o) | wgmy | )
RWO02/1 0,9-2,3 100 | 100 | 97 90 74 72 68 38 47 10 5.0 1587 17.1 0.6 Low ML 0.28 Colluvium
RW11/1 0,5-1,5 100 | 100 | 96 66 45 41 38 16 41 10 5.0 2038 10.5 1.5 Low ML 0.32 Ferruginous colluvium
RW17/1 0,3-3,0 100 | 100 | 100 | 82 65 61 56 30 42 10 5.0 1843 11.3 0.9 Low SM 0.3 Ferruginous colluvium
RW09/1 0,8-1,8 100 | 100 | 92 81 66 58 54 11 37 11 5.5 1815 11.3 1.0 Low SM 0.22 Residual shale
RW23/1 0,5-2,6 95 86 66 50 35 29 27 11 37 6 3.0 1850 114 1.9 Low SM 0.22 Residual shale
RW20/1 1,0-1,9 | 100 | 100 | 100 | 85 | 52 | 48 | 46 | 27 | 47 6 3.0 - - 11 Low M 0.24 Fe"ug'r;f]‘;feres'dual
Notes
LL Liquid Limit CBR California Bearing Ratio
PI Plasticity Index MDD Maximum Dry Density
LS Linear Shrinkage omMC Optimum Moisture Content
GM Grading Modulus SM Poorly graded silty sand mixture
PE Potential Expansiveness

usc

Unified Soil Classification




Table 4: Excavatability

DEPTH TO SOFT AND INTERMEDIATE MATERIAL EXCAVATIBILITY"

CHAINAGE Im-15m 1,5m-2,0m 2,0m-2,5m 2,5m-3m 3,0m-4m GEOZL(;):I;;CAL COMMENTS
000 - 140 Soft Soft Soft Soft Soft Zone A
140-170 Soft Soft Soft Intermediate Intermediate Zone B
- - - - - - Watercourse
170-270 Soft Soft Soft Soft Soft Zone B
270-350 Soft Soft Soft Intermediate Intermediate Zone A
3501230 Soft Soft Soft Soft Soft - Intermediate Zone B Slow ;NVSB? (Z‘?;Ef;ge At
1230-1300 Soft Soft Intermediate Intermediate Intermediate Zone A
1300 - 1630 Soft Soft Soft Soft Soft Zone B
1630 - 2280 Intermediate Intermediate Intermediate - - Zone A
2280 - 2450 Soft Soft Soft Soft Intermediate Zone A
2450 -3200 Intermediate Intermediate Intermediate Intermediate Intermediate Zone A
3200 -3350 Soft Soft Intermediate Intermediate Intermediate Zone A
3350 -3500 Soft Soft Soft Soft Soft Zone B
3500 -3720 Intermediate Intermediate Intermediate - - Zone A
3720-4180 Soft Soft Intermediate Intermediate Intermediate Zone A
4180 - 4800 Soft Soft Soft Soft Soft Zone B
4800 - 4900 Intermediate Intermediate Intermediate - - Zone A




Figure 1: Locality Map
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Figure 2: Raw Water Pipeline Route Showing Test Pit and DPL Positions
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Figure 3: Geology Map
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Appendix A: Soil Profile Logs
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CONSULTING

UMKHOMAZI PIPELINE
RAW WATER PIPELINE
GEOTECHNICAL INVESTIGATION

HOLE No: RWO01
Sheet 1 of 1

Jos: 3030041301

Scale ?/ - 0.00
12047/ ~
' /{ COLLUVIUM.
‘}g Al o020
200 ¢
g p TALUS.
200 ¢
/.O-/
200 ¢
/.O-/
:-8? 1.00
1616 Moist, maroon brown
<P
:-8} RESIDUAL SHALE.
/.Q-/
/.O-/
/.Q-/
/.Q-/
/.O-/
/.Q-/
/.Q-/
/.O-/
i <p
/.Q-/
/.O-/
/.Q-/
/.Q-/
/.O-/
/.Q-/
P 250
RESIDUAL SHALE.
3.00
NOTES
1) No water encountered.
2) Test pit partly profiled from a road cutting.
3) No sample taken.

Moist, dark brown, firm, pinhole voided, sandy CLAY with roots.

Moist, orange brown spackled yellow, firm, pinhole voided, sandy clayey
SILT with numerous sub-angular and angular soft shale gravel with roots.

blotched yellow and black, firm to stiff,
micro-shattered sandy clayey SILT with numerous very soft shale gravel.

Moist, yellow blotched maroon and red, stiff to very stiff, intact, SILT.

+ EOH: No refusal of TLB in a stiff to very stiff RESIDUAL SHALE.

CONTRACTOR : Umgeni Water
MACHINE : Bell TLB
DRILLED BY :
PROFILED BY : AvdM / EM

TYPE SET BY : EM1
SETUP FILE : KPTP2.SET

INCLINATION : Vertical
DIAM :
DATE

DATE : 11 March 2014

DATE : 17/04/2014 10:34
TEXT : ..P51\PROFILES\MADAVDM.TXT

COORDINATE SYSTEM : WGS84 (L027)
X-COORD: S 29 46 26.14
Y-cooRD : E 30 18 12.09

HOLE No: RWO01

D079 E Mouton

dotPLOT 7016 PBpH7
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CONSULTING

UMKHOMAZI PIPELINE
RAW WATER PIPELINE
GEOTECHNICAL INVESTIGATION

HOLE No: RW02
Sheet 1 of 1

Jos: 3030041301

Scale @‘/-_O
1207 /7

RWO02/1 @

o e s s e e et e twe ot s tws ot e e twos o s b Y

2.3m &

0.00 Slightly moist, dark brown, stiff, pinhole voided, sandy CLAY with roots
and scattered shale gravel. COLLUVIUM.

0.90
Moist, red, firm, pinhole voided, sandy clayey SILT with isolated termite?s
roots (0,4m). COLLUVIUM.

2.30
EOH: Refusal of TLB in light pink stained orange, thinly bedded, very soft
rock SHALE.
NOTES

1) No water encountered.

2) Disturbed bulk sample RW02/1 taken from 0,9m ? 2,3m depth.

CONTRACTOR : Umgeni Water
MACHINE : Bell TLB
DRILLED BY :
PROFILED BY : AvdM / EM

TYPE SET BY : EM1
SETUP FILE : KPTP2.SET

INCLINATION :
DIAM :
DATE :
DATE : 11 March 2014

DATE : 17/04/2014 10:34

TEXT : ..P51\PROFILES\MADAVDM.TXT

COORDINATE SYSTEM : WGS84 (L027)
X-COORD : S 29 46 29.37
Y-cOORD: E 30 18 11.18

HOLE No: RW02

D079 E Mouton

dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE . RW03
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scale
1:20

T B B b b

0.00 . . . .
Moist, red mottled grey, firm, micro-shattered sandy clayey SILT with

scattered shale gravel. RESIDUAL SHALE.

0.40

Abundant coarse medium and fine angular and sub-angular, very soft
shale GRAVEL and COBBLES in a matrix of sandy clayey SILT. Overall
consistency is dense. RESIDUAL SHALE.

3.00

EOH: No refusal of TLB in very dense RESIDUAL SHALE.

NOTES
1) No water encountered.
2) Test pit excavated at the foot of road cutting 1m below.

3) Semi-stable sidewall..

CONTRACTOR : Umgeni Water
MACHINE : Bell TLB
DRILLED BY :
PROFILED BY : AvdM / EM

TYPE SET BY : EM1
SETUP FILE : KPTP2.SET

INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
DIAM : X-COORD: S 29 46 31.32
DATE Y-cooRD: E 30189

DATE : 11 March 2014

DATE : 17/04/2014 10:34
TEXT : ..P51\PROFILES\MADAVDM.TXT

HOLE No: RWO03

D079 E Mouton

dotPLOT 7016 PBpH7
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CONSULTING

UMKHOMAZI PIPELINE
RAW WATER PIPELINE
GEOTECHNICAL INVESTIGATION

HOLE No: RW04
Sheet 1 of 1

Jos: 3030041301

Scal 7 0.00 . . . .
1%;8 7 Moist, dark brown, firm, micro-shattered sandy CLAY with roots and
s isolated cobbles at the base. COLLUVIUM.
0.90
Very moist, dark grey mottled yellow, soft to firm, slightly slickensided,
clayey SILT. RESIDUAL SHALE.
1.80
Very moist, orange blotched grey, soft to firm, slightly slickensided, clayey
SILT. RESIDUAL SHALE.
2.30

EOH: Refusal of TLB in grey stained black, slightly weathered, thinly
bedded, very soft rock SHALE.

NOTES

1) No water encountered.

CONTRACTOR : Umgeni Water
MACHINE : Bell TLB
DRILLED BY :
PROFILED BY : AvdM / EM

TYPE SET BY : EM1
SETUP FILE : KPTP2.SET

INCLINATION :

DIAM :

DATE
DATE

DATE
TEXT

.11 March 2014

: 17/04/2014 10:34
. ..P51\PROFILES\MADAVDM.TXT

COORDINATE SYSTEM : WGS84 (L027)

X-COORD : S 29 46 32.78
Y-COORD : E 30 18 6.16

HOLE No: RW04

D079 E Mouton

dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE . RWO05
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scal 0.00 . i . .
1%;8 Moist, brown, firm, intact, sandy CLAY with numerous gravels and
cobbles. FILL.
e 0.40
’ Moist, dark brown, firm, micro-shattered sandy CLAY with roots and
0 isolated cobbles at the base. COLLUVIUM.
://{ 1.00
-/:,'-: Very moist, orange blotched grey, soft, pinhole voided, sandy clayey
7Ll SILT. RESIDUAL SHALE.
ans 2.20
: : 2 Very moist, green blotched grey, soft, intact, clayey sandy SILT.
A1 RESIDUAL SHALE.
32my / : :
el 3.30
_ EOH: Refusal of TLB on soft rock SHALE.
NOTES

1) Slightly water seepage encountered. at 3,2m depth.

2) No sample taken.

3) Semi-stable sidewall.

CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD : S 29 46 35.24
DRILLED BY : DATE : Y-COORD: E 30 18 4.26
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW05
TYPE SETBY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..P51\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE . RWO06
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

7, 0.00 Moist, reddish brown, firm, pinhole voided sandy CLAY with roots.
g% COLLUVIUM.
9 050
it Slightly moist, brown, medium dense, pinhole voided, silty clayey SAND
55 with numerous fine ferricrete nodules and fine roots. FERRUGINOUS
COLLUVIUM.
| :/f Slightly moist, orange red blotched yellow with greyish blue band, sandy
{n clayey SILT with numerous fine ferricrete nodules. FERRUGINOUS
4P RESIDUAL SHALE.
AL
[{CH
B lo| 1
[{CHE
3 ’0:1
[{CHE
b ’0:1
fielle
14 ’0:1
1R
14 ’0:1
fielle
:I ’0:1
fielle
iL e 3.00
"' + EOH: No refusal of TLB in firm FERRUGINOUS RESIDUAL SHALE.
1P f .
LINGE il | NOTES
1) No water encountered.
2) No sample taken.
3) Semi-side wall.

CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD: S 29 46 38.42
DRILLED BY : DATE : Y-COORD : E 30 18 12.79
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW06
TYPE SET BY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..P51\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE . RW07
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

\ 30B: 3030041301

Scale [#©: 0.00 . . . .
1%;8 | O-/:_o_:% Slightly moist, brown blotched red and yellow, medium dense, pinhole
fo O% voided, clayey SAND with shale gravels and cobbles (30%) and roots.
o?fgC COLLUVIUM.
o2
g o®
[R50
2o
leel]
2o
[y
biO-?Q 1.20
¥ L o
I "O-'}gg Abundant coarse medium and fine, angular to sub-angular shale and
_ I,C? dolerite GRAVELS, COBBLES and BOULDERS in a matrix of clayey silty
O sand. Overall consistency is dense. PEBBLE MARKER.
23 _::/-O- 1.60
./: : : Slightly moist, reddish yellow speckled grey, firm to stiff, pinhole voided,
Aol sandy clayey SILT. RESIDUAL SHALE.
[ :/: / :: 3.00
: : d EOH: No refusal of TLB in firm to stiff RESIDUAL SHALE.
R NOTES
1) No water encountered.
2) Semi-stable sidewall.
CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD : S 29 46 32.75
DRILLED BY : DATE : Y-COORD: E 30 18 16.94
PROFILED BY : AvdM / EM DATE : 11 March 2014 HOLE No: RWOT
TYPE SET BY : EM1 DATE : 17/04/2014 10:34 '
SETUP FILE : KPTP2.SET TEXT : ..PS1\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE . RWO08
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scale |- 7d
1:20 47

T T L o
T

T T Ty Y Y T Y T T T T Y TN Y T TR TR TN Y Y Y T T T Y Y TN TN Ty T Ty Ty TN

T T e
S R R N s e e

0.00 Slightly moist, reddish brown, medium dense, pinhole voided, clayey
SAND with minor shale gravels and dolerite boulders. COLLUVIUM.
0.90
Slightly moist, reddish brown spackled orange and yellow, firm, pinhole
voided, sandy clayey SILT with inclusion of gravel. FERRUGINOUS
RESIDUAL SHALE.
1.70
Slightly moist, reddish yellow speckled grey, firm to stiff, pinhole voided,
sandy clayey SILT. RESIDUAL SHALE.
2.90
EOH: No refusal of TLB in firm to stiff RESIDUAL SHALE.
NOTES
1) No water encountered.
2) No sample taken.
3) Semi-stable sidewall.

CONTRACTOR : Umgeni Water
MACHINE : Bell TLB
DRILLED BY :
PROFILED BY : AvdM / EM

TYPE SET BY : EM1
SETUP FILE : KPTP2.SET

INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
DIAM : X-COORD: S 29 46 27.58
DATE Y-COORD: E 30 18 20.93

DATE : 11 March 2014

DATE : 17/04/2014 10:34
TEXT : ..P51\PROFILES\MADAVDM.TXT

HOLE No: RW08

D079 E Mouton

dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE . RW09
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scale [ %77 0.00 . . . . . .
1%;8 Slightly moist, reddish brown, loose, pinhole voided, clayey SAND with
roots. COLLUVIUM.
S Slightly moist, reddish brown with grey bends, medium dense, pinhole
oY% voided, sandy CLAY with patches of silt and roots. FERRUGINOUS
% COLLUVIUM.
L 0.80
|, : Slightly moist, grey yellow red band, stiff, intact, clayey SILT. RESIDUAL
A7 SHALE tending to completely weathered very soft rock shale.
RWo9/L g [||.|
an 1.80
Ve EOH: Refusal of TLB in very stiff RESIDUAL SHALE tending to
1eE : ’ completely weathered very soft rock shale.
NOTES
1) No water encountered.
2) Disturbed bulk sample RWQ09/1 taken from 0,8m--1,8m.
3) Semi-stable sidewall.
CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD : S 29 46 24.38
DRILLED BY : DATE : Y-COORD: E 30 18 26.76
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW09
TYPE SETBY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..P51\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




Knight Piésold

CONSULTING

UMKHOMAZI PIPELINE
RAW WATER PIPELINE
GEOTECHNICAL INVESTIGATION

HOLE No: RW10
Sheet 1 of 1

Jos: 3030041301

Scale | - ¢ i
1:204 7

s w e Tt tw s Mwe ot e e tws e s ot s e o .
N N N NN

T T L L .

e e

E R

0.00 . . . . . .
Slightly moist, reddish brown, loose, pinhole voided, clayey SAND with
roots. COLLUVIUM.

0.40
Slightly moist, red, medium dense, pinhole voided, relict jointed with
numerous FERRICRETE NODULES and minor roots. FERRUGINOUS
COLLUVIUM.

1.60
Slightly moist, reddish brown orange blotched yellow, dense, relict jointed,
slightly pinhole voided, sandy clayey SILT. RESIDUAL SHALE.

2.80

EOH: No refusal of TLB in dense RESIDUAL SHALE.

NOTES
1) No water encountered.

2) Stable side wall.

CONTRACTOR : Umgeni Water
MACHINE : Bell TLB
DRILLED BY :
PROFILED BY : AvdM / EM

TYPE SET BY : EM1
SETUP FILE : KPTP2.SET

INCLINATION :
DIAM :
DATE :
DATE : 11 March 2014

DATE : 17/04/2014 10:34

TEXT : ..P51\PROFILES\MADAVDM.TXT

COORDINATE SYSTEM : WGS84 (L027)
X-COORD: S 29 46 21.14
Y-COORD : E 30 18 38.05

HOLE No: RW10

D079 E Mouton

dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE . RW10A
Knlght PleSOId RAW WATER PIPELINE " et of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scale ?c/
1204/

0.00 . i . .
Moist, dark brown, firm, micro-shattered, sandy CLAY with roots.
COLLUVIUM.
0.40
Moist, red, soft, pinhole voided, sandy SILT with roots. COLLUVIUM.
1.40
Moist, red blotched black and yellow, firm, slightly pinhole voided, sandy
clayey SILT with numerous ferricrete nodules and completely weathered
shale. RESIDUAL SHALE.
3.00
EOH: No refusal of TLB in firm RESIDUAL SHALE.
NOTES
1) No water encountered.
2) No sample taken.
3) Stable sidewalls.

CONTRACTOR : Umgeni Water
MACHINE : Bell TLB
DRILLED BY :
PROFILED BY : AvdM / EM

TYPE SET BY : EM1
SETUP FILE : KPTP2.SET

INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
DIAM : X-COORD : S 29 46 23.92
DATE Y-COORD : E 30 18 32.78

DATE : 11 March 2014

DATE : 17/04/2014 10:34
TEXT : ..P51\PROFILES\MADAVDM.TXT

HOLE No: RW10A

D079 E Mouton

dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE 'RW11
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scal _ 0.00 . . . . .
1%;8 / Moist, dark brown, firm, pinhole voided, sandy CLAY with roots.
COLLUVIUM.
0.50
Moist, orange brown mottled black and yellow, dense, pinhole voided,
silty clayey SAND with numerous fine ferricrete nodules. FERRUGINOUS
COLLUVIUM.
RW1L/1 g
150
EOH: Excavation becomes very difficult in very dense FERRUGINOUS
COLLUVIUM.
NOTES

1) No water encountered.
2) Disturbed bulk sample RW11/1 taken from 0,5m--1,5m.

3) Stable sidewall.

CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD: S 29 46 22.82
DRILLED BY : DATE : Y-COORD : E 30 18 48.01
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW11
TYPE SET BY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..P51\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE ' RW12
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scal % 0.00 . i . . .
1%;8 &//{ Moist, dark brown, firm, pinhole voided, sandy CLAY with roots.
e COLLUVIUM.
L 020
Moist, grey and yellow stained black, moderately weathered, thinly
bedded, soft rock to very soft rock SHALE.
1.10
— EOH: Refusal of TLB on soft to very soft rock SHALE.
NOTES
1) No water encountered.
2) No sample taken.
3) Semi-stable side walls
CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD : S 29 46 25.29
DRILLED BY : DATE : Y-COORD : E30 18 59.55
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW12
TYPE SETBY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..P51\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE . RWI12A
Knlght PleSOId RAW WATER PIPELINE " et of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scal % 0.00 . i . . .
1%;8 &//{ Moist, dark brown, firm, pinhole voided, sandy CLAY with roots.
e COLLUVIUM.
L 020
Moist, grey and yellow stained black, moderately weathered, thinly
bedded, soft to very soft rock SHALE.
1.10
— EOH: Refusal of TLB on soft rock to very soft rock SHALE.
NOTES
1) No water encountered.
2) No sample taken.
CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD : S 29 46 23.66
DRILLED BY : DATE : Y-COORD : E 30 18 59.67
PROFILED BY : AvdM / EM DATE : 11 March 2014 HOLE No: RW12A
TYPE SETBY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..P51\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE 'RW13
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

7 0.00 . . . . .
L Moist, dark brown, firm, pinhole voided, sandy CLAY with roots.
i COLLUVIUM.
v 0.30
-8: Moist, red, soft to firm, slightly pinhole voided, sandy clayey SILT with fine
lor ferricrete gravel. COLLUVIUM.
1o
o
10/
1o
o
10/
1o
o
1AL 1.10
IHHERE Moist, orange brown mottled red, stiff to firm, slightly pinhole voided,
e sandy SILT with numerous fine ferricrete nodules. FERRUGINOUS
s |- COLLUVIUM.
B e o
o o
JEtimt
o o
JEtimt
o o
b |ef |9
o |o
JEL L 230
e EOH: Refusal of TLB in stiff FERRUGINOUS COLLUVIUM.
LIE Ji]
o |o
NOTES
1) No water encountered.
2) Stable sidewall.
CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD : S 29 46 25.25
DRILLED BY : DATE : Y-COORD: E 30 19 5.64
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW13
TYPE SET BY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..PS1\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE .RW14
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

7 0.00 . . . . .
L Moist, dark brown, firm, pinhole voided, sandy CLAY with roots.
i COLLUVIUM.
v 0.30

-8: Moist, red, soft to firm, slightly pinhole voided, sandy clayey SILT with fine
lor ferricrete gravel. COLLUVIUM.

1o

el

o[

10

el

o[

10

el

o[

10

o

lof 1.30

bl Abundant fine ferricrete GRAVEL, clast supported in a matrix as above.
'8. Overall consistency is dense. FERRUGINOUS COLLUVIUM.

1o

:8 1.70

of EOH: Gradual refusal of TLB in very dense FERRUGINOUS COLLUVIUM.
o

10

K

NOTES
1) No water encountered.
2) No sample taken.

3) Stable sidewall.

CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD: S 29 46 22.12
DRILLED BY : DATE : Y-COORD : E 30 19 19.29
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW14
TYPE SET BY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..P51\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




Knight Piésold

CONSULTING

UMKHOMAZI PIPELINE
RAW WATER PIPELINE
GEOTECHNICAL INVESTIGATION

HOLE No: RW15
Sheet 1 of 1

Jos: 3030041301

Scale
1:20

N

S e e e e e e e e e
QOO0 COOOO00O0OJ0

S o R e e

0.00 Moist, brown, firm, pinhole voided, sandy CLAY with roots. COLLUVIUM.
0.20
Abundant and completely weathered, very soft shale GRAVEL, clast
supported in a matrix of clayey SILT. RESIDUAL SHALE.
1.00
Moist, khaki brown stained red and black, highly to completely weathered,
thinly bedded, very soft rock SHALE.
1.40

EOH: Gradual refusal of TLB on very soft rock SHALE.

NOTES

1) No water encountered.

2) No sample taken.

3) Stable sidewalls

4) Test pit shifted 150m towards the???

CONTRACTOR : Umgeni Water
MACHINE : Bell TLB
DRILLED BY :
PROFILED BY : AvdM / EM

TYPE SET BY : EM1
SETUP FILE : KPTP2.SET

INCLINATION :

DIAM :

DATE
DATE

DATE
TEXT

.11 March 2014

: 17/04/2014 10:34
. ..P51\PROFILES\MADAVDM.TXT

COORDINATE SYSTEM : WGS84 (L027)

X-COORD : S 29 46 25.2
Y-CcOORD : E 30 19 31.07

HOLE No: RW15

D079 E Mouton

dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE .RW16
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Sff‘z'g &//{ 0.00 Moist, dark brown, firm, pinhole voided, sandy CLAY with roots.
e COLLUVIUM.
SlTd L o020
| -/6-: Moist, red speckled black, soft to firm, pinhole voided, sandy clayey SILT
1 3: : B with scattered ferricrete gravel. COLLUVIUM.
1M
1ol
1ol
ol
et
ol
(8
o[l
(g8
ol
(g8
ol
(g8
ol
{lef.
0l
[l
.'(: é::r 2.30
i <P ‘ EOH: Gradual refusal of TLB in abundant, fine ferricrete GRAVEL, clast
SO supported in matrix of sandy clayey silt. Overall consistency is very
Eﬁé dense. FERRUGINOUS COLLUVIUM.

NOTES
1) No water encountered.
2) No sample taken.
3) Stable sidewall.

4) Position of test pit shifted 170m to the west.

CONTRACTOR : Umgeni Water
MACHINE : Bell TLB
DRILLED BY :
PROFILED BY : AvdM / EM

TYPE SET BY : EM1
SETUP FILE : KPTP2.SET

INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
DIAM : X-COORD : S 29 46 33.49
DATE Y-COORD : E 30 19 34.82

DATE : 11 March 2014

DATE : 17/04/2014 10:34
TEXT : ..P51\PROFILES\MADAVDM.TXT

HOLE No: RW16

D079 E Mouton

dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE ' RW17
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Sff‘z'g 7 : 0.00 Moist, dark brown, firm, pinhole voided, sandy CLAY with roots.
i COLLUVIUM.
S 0.30
:-C/.’?- Moist, red spackled black, soft to firm, pinhole voided, sandy clayey SILT
> |G with scattered ferricrete gravel. COLLUVIUM.
“lof.
5]
“lof.
5]
11l
5]
“lof.
5]
“lof.
5]
(g8
RW17/L g ¢ ?c
“lof.
5]
11l
5]
“lof.
5]
“lof.
5]
“lof.
5]
“lof.
5 4
1%)N 3.00
3: : :fc: EOH: No refusal of TLB in soft to firm FERRUGINOUS COLLUVIUM.
ol
s NOTES
1) No water encountered.
2) Disturbed bulk sample RW17/1 taken from 0,3m--3m.
CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD : S 29 46 32.97
DRILLED BY : DATE : Y-COORD: E 30 19 42.3
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW17
TYPE SET BY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..PS1\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




Knight Piésold

CONSULTING

UMKHOMAZI PIPELINE HOLE No: RW18
RAW WATER PIPELINE Sheet 1 of 1
GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scale ?c/
1204/

TR

I I L I
R A . T L e
(_‘_‘_} P VY RN MR

0.00

0.60

1.30

Moist, dark brown, firm, micro-shattered sandy CLAY with roots.
COLLUVIUM.

Moist, orange brown blotched black, firm, intact, sandy clayey SILT with
scattered hard dolerite cobbles. RESIDUAL DOLERITE.

EOH: Refusal of TLB on hard dolerite COBBLES. RESIDUAL DOLERITE.

NOTES
1) No water encountered.
2) Semi-stable sidewall.

3) Test pit excavated next to a water course.

CONTRACTOR : Umgeni Water
MACHINE : Bell TLB
DRILLED BY :
PROFILED BY : AvdM / EM

TYPE SET BY : EM1
SETUP FILE : KPTP2.SET

INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
DIAM : X-COORD: S 29 46 37.16
DATE Y-COORD: E 30 19 47.76

DATE : 11 March 2014

DATE : 17/04/2014 10:34
TEXT : ..P51\PROFILES\MADAVDM.TXT

HOLE No: RW18

D079 E Mouton

dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE 'RW19
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scal % 0.00 . . i . .
1%;8 L Moist, dark brown, stiff to firm, micro-shattered, sandy CLAY with roots.

i COLLUVIUM.

o 0.40

:Q- Abundant (70 to 80%) coarse medium and fine, soft shale GRAVEL

© and COBBLES, clast supported in a matrix of sandy clayey SILT.

-8_ Overall consistency is dense to very dense. RESIDUAL SHALE.

o

10

ol

el

10

ol

el

10

ol

el

10

ol

el

10

ol

el

10

ol

ol 2.00

EOH: Refusal of TLB in very soft rock SHALE.

NOTES
1) No water encountered.
2) Semi-stable side walls

3) No sample taken.

CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD: S 29 46 37.8
DRILLED BY : DATE : Y-COORD : E 30 19 55.19
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW19
TYPE SET BY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..P51\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE ' RW20
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scal % 0.00 . . i . .
1%;8 L Moist, dark brown, stiff to firm, micro-shattered, sandy CLAY with roots.
i COLLUVIUM.
# '. 4 0.60
1T : Moist, red, firm, pinhole voided, sandy SILT roots. COLLUVIUM.
R
|
| R 1.00
1% :C Moist, red, speckled yellow and black, stiff, sandy clayey SILT with
Lol numerous fine ferricrete gravel. FERRUGINOUS RESIDUAL SHALE.
LIS
RW20/1 @ | e
® 1ol
| ./-C._)./-
RIS
] ./-C._)./-
e I
i :/.c'_>:,. EOH: Refusal of TLB in very stiff FERUGINOUS RESIDUAL SHALE.
A NOTES
1) No water encountered.
2) Disturbed sample RW20/1 taken from 1m--1,9m.
3) Test pit excavated in close proximity 200m north due to maize meal????
CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD : S 29 46 32.07
DRILLED BY : DATE : Y-COORD: E 30 19 59.45
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW20
TYPE SETBY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..P51\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE . RW21
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scal % 0.00 . . . . .
1%;8 7 Moist, dark brown, stiff to firm, micro-shattered, sandy CLAY with roots.
V% COLLUVIUM.
://{ 0.80
ns Moist, red, firm to stiff, slightly pinhole voided, sandy clayey SILT.
Ll RESIDUAL SHALE.
_/-/:'/-: 3.00
: : d EOH: No refusal of TLB in firm to stiff RESIDUAL SHALE.

NOTES
1) No water encountered.
2) No sample taken.

3) Stable sidewall.

CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD: S 29 46 33.5
DRILLED BY : DATE : Y-cOORD: E 3020 7.5
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW21
TYPE SET BY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..P51\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE ' RW22
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scale F[%7]~ 0.00 . . . . e .
1%;8 Al Slightly moist to moist, dark brown, firm to stiff, pinhole voided, sandy
| % 45 clayey SILT with roots. COLLUVIUM.
1|~

Ll 0.50

EBE Moist, red, firm, slightly pinhole voided, sandy SILT. RESIDUAL SHALE.
L 2.60

: : - Moist, red blotched orange, firm, pinhole voided, sandy clayey SILT.
r RESIDUAL SHALE.

_,:/: / :: 3.00

: : d EOH: No refusal of TLB in firm RESIDUAL SHALE.

R NOTES

1) No water encountered.
CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD : S 29 46 31.64
DRILLED BY : DATE : Y-COORD: E 30 20 17.15
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW22
TYPE SET BY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..PS1\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




. . 7 UMKHOMAZI PIPELINE ' RW23
Knlght PleSOId RAW WATER PIPELINE " et 1of1

CONSULTING GEOTECHNICAL INVESTIGATION

Jos: 3030041301

Scale F[%7]~ 0.00 . . . . e .
1%;8 1111 Slightly moist to moist, dark brown, firm to stiff, pinhole voided, sandy
% 45 clayey SILT with roots. COLLUVIUM.
ot
ans 0.50
: : - Moist, red, stiff, slightly pinhole voided, sandy clayey SILT with isolated
. : completely weathered dolerite cobbles. RESIDUAL SHALE.
i’ : - 2.70
| : Moist, red mottled yellow, firm, slightly pinhole voided, sandy clayey SILT.
| RESIDUAL SHALE.
[l . z 3.00
-,:- d EOH: No refusal of TLB in firm RESIDUAL DOLERITE.
R NOTES
1) No water encountered.
2) No sample taken.
3) Semi-stable sidewall.
CONTRACTOR : Umgeni Water INCLINATION : COORDINATE SYSTEM : WGS84 (L027)
MACHINE : Bell TLB DIAM : X-COORD : S 29 46 27.66
DRILLED BY : DATE : Y-COORD : E 30 20 22.48
PROFILED BY : AvdM / EM DATE : 11 March 2014
HOLE No: RW23
TYPE SET BY : EM1 DATE : 17/04/2014 10:34
SETUP FILE : KPTP2.SET TEXT : ..PS1\PROFILES\MADAVDM.TXT

D079 E Mouton dotPLOT 7016 PBpH7




Appendix B: Laboratory Test Results



consuliing Engineering Geologists, Gaotechnical Engineers,
Geotechniclans & Geatechnical Quality Assurance Speciallsis

OSLURE

™\

a

anas
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— ———

-

70483

(Pty) Ltd
CLIENT : Knight Pie Sold (Pty) Ltd
ADDRESS :N/A
ATTENTION : Umkhomazi Water Pipeline
PROJECT : Mr A.VanderMerwe
TEST REPORT REFERENCE NUMBER: 17168
Dear Sir/Madam,
Enclosed herewith, please find the original reports pertaining to the above-mentioned project.
Date Received 24.03.2014
Date Tested 24.03.2014 to 08.04.2014
Sample Location Refer to Report
Sampling Method N/A
Sample Condition Moist
Sampling Environmental Condition N/A
Sampler(s) Name Client
Total Number of Pages 51
Test Carried Out
TMHI Method Al, B4, AS | | TMHI Method C3
TMIHI Method A2, A3, Ad 7| | TMHI Method C4a
TMHI1 Method A7 | | TMHI Method B6
TMHI1 Method A8, A9 Hydrometer Analysis - ASTM D422 [Qy
TMHI1 Method A10(b) SANS 5863
TMHI1 Method A13T + Aldapp SANS 5862-1
TMHI Method Al5d SANS 5860, 5861-1, 5861-2, 5861-3
TMHI Method A13T + A16T TMHI1 Method B9

l“‘_//ﬁl - Tick denotes tests that were carried out.

We would like to take this opportunity of thanking you for your continued support.
Should you have any queries please do not hesitate to contact me.

Yours faithfully

Technical Signatory,
Kris Veeran for Geosure (Pty) Ltd.

This report may not be reproduced except in full, without written permission from Geosure (Pty) Ltd. While every care is taken to
ensure the correctness ofall tests and reports, neither Geosure (Pty) Ltd or its employees shall be liable in any way whatsoever for any
error made in the execution or reporting of tests or any erroneous conclusions drawn there from or any consequence thereol. This

report relates only to the sample/s tested.

Head Office

122 Intersite Avenue, Umgeni Business Park, Durban
4091, South Africa

PO Box 1461, Weshille, 3630, South Africa

Tel.: +27 (0)861 GEOSURE / 0861 436 7873
Fax +27 (0)86 689 5506
Mobile: +27 (0)82 784 0544

E-mail: geosure@iahica.com

Civil Engineering Laboratory

122 Intersite Avenue, Umgeni Business Park,
Durban, 4091, South Africa

PO Box 1461, Weslville, 3630, South Africa

Tel: 031701 9732
Fax +27 (0) B6 684 9785
Mobile: 072 870 2621

E-mail: lab@geosure.co.za

Gauleng Branch
P. 0. Box 32381, Kyalami 1684

ITel.: 0861 GEOSURE / 0861 436 7873
Fax: 086 689 8327

Mobile: 083 377 6559

Email: auleng@qgeosure.co.za

Page 1 of 51



Consnting Egliveving Qeabp'its, Oealpchodval Fnglorers,
Drofrctnichny & Oastrchnien Qs

iy Arparance Speclavyte

OSURE

(Ply) Ltd

LABORATCRY AND HEAD OFFICE ADDRESS:
LABORATORY CONTACT RIFO.:

Re.

g.No.: 920314507

122 Intersite Avenue, Umgeni Business Park, Durban, 4091

Tel.: +27(0) 31 701 8732

Mobile: +27(0) 72 870 2621

Fax: 086 684 9785
e-mail: Jab@geosure.coza

HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 e-mail:geosureTialrica.com
WEBSITE: WOi.ge0sUre.cOZa
Client : Knight Pie Sold (Pty) Ltd Qur Ref. : 17168
Project : Umkhomazi Water Pipeline Your Ref. : -
Date Tested : 08.04.2014
Attention ¢ Mr AVanderMerwe Date Reported : 08.04.2014
Sample No. 28055 28056 28057 28058 28059
Field No. PL 09/ PL 1411 PL 1511
Position in Field A
Depth (m) 1.7-3.0 0.8-1.4 1.5-2.9 0.3-09 06-1.9
Material, Residual Shale Ferginote Residual Sha'e Colluvium Residual Tillite
Description Colluvium
Sieve Analysis ( ASTM - D422 )
63.0 mm 100 100 100 100 100
53.0 mm 100 100 100 100 100
37.5 mm 100 100 100 100 100
g %56 mm 100 100 100 100 100 |
@ | 190 mm 100 100 100 100 100
& - 132 mm 100 100 100 100 100
2 4.15 mm 100 95 100 100 o4
2,00 mm 98 56 o3 93 81
0.425 mm 95 32 % ] 93 66 ]
0.075 mm 91 30 84 88 53
Hydrometer Analysis ( ASTM - D422)
0.060 mm &6 28 81 82 49
: 0.050 mm 82 26 77 75 45
0.040 mm 75 25 72 71 42
g’ 0.026 mm 71 22 63 66 35
2 0.015 mm 66 20 61 60 3
S 0010 mm 60 19 59 55 8 |
= 0.0074 mm 60 19 52 53 25
0.0036 mm 49 16 41 46 19
0.0020 mm 48 15 36 44 17
0.0015 mm 46 15 298 40 16
Soil Mortar Analysis
Coarse Sand % 3 42 3 5 19
Coarse Fine Sand % 1 1 2 1 5
Medium Fine Sand % 2 1 5 1 6
Fine Fine Sand % 1 2 5 2 5
Silt & Clay % 93 53 85 90 66 i
Grading Modulus 02 1.8 0.2 0.2 1.0
Atterberg Limits and Classification
Liquid Limit % 43 38 42 37 23
Plasticity Index % 16 1" 13 7 7
Linear Shrinkage % 8.0 55 6.5 35 35
AASHTO Classification (Group Index)* A-T-6(17) A-2-4(0) A-T-6(12) A-4(8) A-4(1)
Unified Classificalion* oL SM ML ML cL
Moisture Content % 18.6 71.2 30.5 271 82
Remarks:
‘Opinions expressed herein fall oulside the scope of SANAS accredilation.

Ths reporl relates only o sampie(s) received. This report shal not be reproduced, except in ful, wihout the prior consent of GEOSURE (PTY) LTD.

Version 20/02/2014

Page 2 of 51



opists, Gaotachnical Engineers,

OSURE

(Pty) Ltd

auuaam.- & ﬂuhcﬁﬂd mumy.lumﬂ Spaciafists

fsanas

T8

LABORATORY AND HEAD OFFICE ADDRESS:

LABORATORY CONTACT INFO.:

HEAD OFFICE CONTACT INFO.:

Reg.No.: 92/03145/07
122 Intersite Avenue, Umgeni Business Park, Durban, 409

Tel.: #27(0) 31 701 9732
Mobile: +27(0) 72 870 2621

Tel.: +27(0) 31 266 0458

1
Fax: 086 684 9785
e-mail: lab@geosure.co.za
Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.co
WEBSITE: WWW.geosure.co.za
Client Knight Pie Sold (Pty) Ltd Job No. : 17168
Project Umkhomazi Water Pipeline Your Ref.No. : -
Date Tested 08.04.2014
Attention : MrA.VanderMerwe Date Reported : 08.04.2014
Sample Number 28055
Field No. PL 02/1
Sample Description Residual Shale
Equivalent Pl :[15__] Clay fraction of whole sample (% <)
POTENTIAL EXPANSIVENESS GRAPH
=
:
a
&
o 5 10 15 0 25 30 35 40 45 S0 55 ) 6.5 70
Clay fraction of whole sample ( % <2p)
PARTICLE SIZE DISTRIBUTION CHART
e A
110.0 T T T T T T TTIT
1000 ' v i I:::::\ I vhen
%0 RIS ey
500 R YT B B T R
_ o T T T
2 eno e B e
2 @ e
® 400 YT TR R
300 T B o BT
200 -
100 T
80 3 Aot B0 EME) LG g
000 0100 1.000 10009 100.000
N J
FNE MEDUM FQ:HSE FavE MEDALM [COARSE FINE mepLy FOMRSE
CLAY FRACTION SLT FRACTION SAND FRACTION GRAVEL FRACTION

This report relates only to sample(s) received. This report shall not be reproduced, except in full, wilhout the prior consent of GEOSURE (PTY) LTD.

Version 20/02/2014

Page 3 of 51




Consulting Enginseriag Osclogists, Geolechn/cal Enplneers, e S a n a S
ammm:m.; & deatechniesl Qually Assurance Spacialisls

(Pty) Ltd

1823

Reg.No,: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.com
WEBSITE: .ge 0.z
Client : Knight Pie Sold (Ply) Ltd Job No. : 17168
Project ¢ Umkhomazi Water Pipeline Your Ref.No. : -

Date Tested : 08.04.2014

Attention : Mr A VanderMerwe Date Reported : 08.04.2014
Sample Number : 28056
Field No. : PL05/M
Sample Description : Ferriginous Colluvium

Equivalent PI : | 4] clay fraction of whole sample (% <) : |I|

POTENTIAL EXPANSIVENESS GRAPH
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Clay fraction of whole sample ( % <2p)
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Fne MEDIM COMASE | FINE VEDLM FOSRSE FihE MEDLM [OARSE

CLAY FRECTION SLT FRACTION SAND FRACTION GRAVEL FRACTION

This report relates only to sample(s) received. This report shall not be reproduced, excepl in full, withoul the pricr consent of GEOSURE (PTY) LTD.

Version 20/02/2014 Page 4 of 51



Consuiting Engineering Osclogists, Gestachnical Enpinsers,
gactechnielsns & reehnieal Qually Ass Spaciailats

O5URE

fsanas

TEE

3

(Pty) Ltd

Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.co
WEBSITE: WWW.(eosure,co.za
Client : Knight Pie Sold (Ply) Lid Job No.
Project : Umkhomazi Water Pipeline Your Ref.No.

Attention : MrA.VanderMerwe

Date Tested
Date Reported

Sample Number 1 28057
Field No. : PL 0971
Sample Description : Residual Shale

Equivalent PI : E Clay fraction of whole sample (% <)

POTENTIAL EXPANSIVENESS GRAPH

Equivalent P1

Clay fraction of whole sample ( % <2p)

PARTICLE SIZE DISTRIBUTION CHART
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CLAY FRACTION ST FRACTION SAND FRACTION GRAVEL FRACTION

This report relates only to sample(s) received. This report shall not be reproduced, except in full, without the prior consent of GEOSURE (PTY) LTD.

Version 20/02/2014

Page 5 of 51




Consziting Enginsering Gealopists, Geotechnical Eaginasrs, S a n a S
a‘larubﬂklﬂu & anfm Duality Assurancs Spaeialists

OSURE

T Te

(Pty) Lid

Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mobile: +27(0) 72 870 2621 e-mail: Jab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:gecsure@iafrica.com
WEBSITE: WWW.geosure.co.za
Client : Knight Pie Sold (Pty) Ltd Joh No. : 17168
Project 1 Umkhomazi Water Pipeline Your Ref.No. : -

Date Tested : 08.04.2014

Attention : MrA.VanderMerwe Date Reported : 08.04.2014
Sample Numbher 1 28058
Field No. : PL 14N
Sample Description : Colluvium

Equivalent Pl s Clay fraction of whole sample (% <)
POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI

Clay fraction of whole sample ( % <2p)

PARTICLE SIZE DISTRIBUTION CHART
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CLAY FRACTION SILT FRACTION SAND FRACTION GRAVEL FRACTION

This report relates only to sample(s) received. This report shall not be reproduced, exceptin full, without the prior consent of GEOSURE (PTY) LTD.

Version 20/02/2014 Page 6 of 51



Consulting Englneeting Gaologlats, Gootechnical Englneers,
Gaotachniclans & Geotachnteal Quaiily Assuranca Spaclalizta

OSURE

(Piy) Lid

Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091

LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785
Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za

HEAD OFFICE CONTACT INFO.: Tel.; +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.co

WEBSITE: WWW.Jeosure.co.za

Sample Number . 28059
Field No. : PL15/1
Sample Description : Residual Tillite

Equivalent Pl : E Clay fraction of whole sample (% <)
POTENTIAL EXPANSIVENESS GRAPH
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This report relates only to sample(s) received. This report shall not be reproduced, except in full, without the prior consent of GEOSURE (PTY) LTD.

Version 20/02/2014 Page 7 of 51



Crantvng Fgnivering Gealglits, Oesfredncal Bogloeees,
drafe &G G 5

OSIIRE

(Ply) Ltd

wetv

(sanas

LABORATORY AND HEAD OFFICE ADDRESS:
LABORATORY CONTACT INFO.:

HEAD OFFICE CONTACT INFO.:

Reg No.: 920314507
122 Intersite Avenue, Umgeni Business Park, Durban, 4091

Fax: 086 684 9785

Tel.: +27(0) 31 701 9732

Mobile: +27(0) 72 870 2621

Tel.: +27(0) 31 266 0458

e-mail: labTgeosure.coza

Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosureT@ialricacom
WEBSITE: VIWYW.0205U2.0.2
Client : Knight Pie Sold (Pty) Ltd Our Ref. : 17168
Project : Umkhomazi Water Pipeline Your Ref. : -
Date Tested : 08.04.2014
Attention : Mr AVanderMerwe Date Reported : 08.04.2014
Sample No. 28060 28081 28062 28083 28064
Field No. PL 201 PL 25/1 PL 28/1 PL 301 PL 3372
Position in Field
Depth (m) 1.1-20 1.0-3.0
gl:;?::'i;lﬁon DE'VMR:‘;:‘SESM“&I Residual Tillite Residual Tillite De:.‘ork;q‘::‘ties:dual Residual Tillite
Sieve Analysis ( ASTM - D422)
63.0 mm 100 100 100 100 100
53.0 mm 100 100 100 100 100
315 mm 100 100 100 100 100
> | 265 mm 100 100 100 100 100 |
e 19.0 mm 100 100 100 100 100
& 13.2 mm 100 100 100 100 100
52 4.75 mm 100 i 99 26 92 99
2.00 mm 99 92 86 73 a7
0.425 mm 96 70 79 56 88
0.075 mm 84 57 65 43 70
Hydrometer Analysis ( ASTM - D422)
0.060 mm i 50 61 39 64
0.050 mm 73 45 56 34 57
[ 0040 mm 68 27 a7 30 50
2 0026  mm 64 25 42 28 a4
a 0.015 mm 60 23 38 26 42
& 0010 mm 57 20 37 23 37
2 0.0074 mm 53 18 35 21 35
00036 mm 44 - 14 28 18 26
0.0020 mm 38 9 23 15 22
0.0015 mm 31 7 21 14 20
Soil Mortar Analysis
Coarse Sand % 3 24 9 24 9
Coarse Fine Sand % 2 3 3 4 5 |
| Medium Fine Sand % 4 6 4 6 6
Fine Fine Sand % 6 6 9 9 7
Silt & Clay % 85 61 75 58 73
Grading Modulus 02 08 0.7 1.3 05
Atterberg Limits and Classification
Liquid Limit % 45 28 32 23 35
Plasticity Index % 24 10 9 7] "
Linear Shrinkage % 12 50 45 35 i 55 |
AASHTO Classification (Group Index)* A-T-6(21) A-4(3) A-4(4) A-4(0) AT-68(7)
Unified Classification* CL CL CL SC CL
Moisture Content % 404 13.1 96 342 25.7
Remarks:
“Opinions expressed herein fall oulside lhe scope of SANAS accreditalion.

This report relates on'y to sample(s) received. This report shal not be reproduced, except in ful, without the prior consent of GEOSURE (PTY) LTD.

Version 20/02/2014

Page 8 of 51



Coasuiting g Osclogists, Geotechnieal Englneors, -San as
auuam & aunaﬁm’eﬂ Quanty Assuranca Spaelaljsts !

O5URE

THED

(Pty) Lid

Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.co
WEBSITE: WwWw.geosure.co.za
Client 1 Knight Pie Sold (Pty) Ltd Job No. : 17168
Project : Umkhomazi Water Pipeline Your Ref.No. : -

Date Tested : 08.04.2014

Attention : Mr A VanderMerwe Date Reported : 08.04.2014
Sample Number 1 28060
Field No. : PL20M
Sample Description : Deworked Residual Tillite

Equivalent Pl : Clay fraction of whole sample (% <2) :
POTENTIAL EXPANSIVENESS GRAPH

Equivalent P1
&

Clay fraction of whole sample ( % <2n)

PARTICLE SIZE DISTRIBUTION CHART
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This report relates only to sample(s) received. This report shall not be reproduced, excepl in full, without the prior consent of GEOSURE (PTY)LTD.

Version 20/02/2014 Page 9 of 51




Coasulting Engincering Geclogists, Geotechnical Engineers, . S a n a S
Aeatechniclans & Qeotechiies! Dualily Assuranca Spaclaljats

(Pty) Ltd

THEd

Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 -mail:geosure@iafrica.co
WEBSITE: A ©.0.Z
Client 1 Knight Pie Sold (Pty) Ltd Job No. : 17168
Project : Umkhomazi Water Pipeline Your Ref.No. : -

Date Tested : 08.04.2014

Attention : MrA.VanderMerwe Date Reported : 08.04.2014
Sample Number 1 28061
Field No. : PL25/1
Sample Description : Residual Tillite

Equivalent Pl : Clay fraction of whole sample (% <) :[___9 |

POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI
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Clay fraction of whole sample ( % <2p)

PARTICLE SIZE DISTRIBUTION CHART
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This report relales only to sample(s) received. This report shall not be reproduced, except in full, without the prior consent of GEOSURE (PTY) LTD.
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(Pty) Ltd

TeLs

Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091

LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.co
WEBSITE: WWW.(eosure.co.za
Client : Knight Pie Sold (Pty) Lid Job No.
Project : Umkhomazi Water Pipeline Your Ref.No.

Date Tested

Attention : MrAVanderMerwe Date Reported
Sample Number . 28062
Field No. : PL28M
Sample Description : Residual Tilite

Equivalent PI : Clay fraction of whole sample (% <2x)
POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI

Clay fraction of whole sample ( % <2p)

PARTICLE SIZE DISTRIBUTION CHART
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This report relates only to sample(s) received. This report shall not be reproduced, except in full, withoul the prior consent of GEOSURE (PTY) LTD.
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Consuitng Enpinsecing Gealogists, Geotechnical Enpinasrs, a Sa n a S
auruhdc.rlﬁl & Oeotochnlesl Oualily Assurance Spagialists : y

OSURE

ToLd

(Pty) Ltd
Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785
Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO,: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 e- :geosure(@iafrica.co
WEBSITE: wWw' 0SUre.co.z:
Client ¢ Knight Pie Sold (Pty) Ltd Job No, : 17168
Project : Umkhomazi Water Pipeline Your Ref.No. : -
Date Tested : 08.04.2014
Attention : MrA.VanderMerwe Date Reported : 08.04.2014
Sample Number : 28063
Field No. : PL 30/
Sample Description : Deworked Residual Tillite

Equivalent PI : E Clay fraction of whole sample (% <2;) II

POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI

Clay fraction of whole sample ( % <2p)

PARTICLE SIZE DISTRIBUTION CHART
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This report relates only to sample(s) received. This report shall not be reproduced, excepl in full, without the prior consent of GEOSURE (PTY) LTD.
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Consulling Engineering Geologlals, Gaotochnical Englineers, o S an a S
Osotachnicliens & Geotechnical Qualily Assuranco Spactalists - d CA

OSURE

(Pty) Lid
Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785
Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.co
WEBSITE: WWW.Geosure.co.za
Sample Number : 28064
Field No. : PL33/2
Sample Description : Residual Tillite

Equivalent Pl : Clay fraction of whole sample (% <2p)
POTENTIAL EXPANSIVENESS GRAPH
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This report relates only to sample(s) received. This report shall not be reproduced, except in full, without the prior consent of GEOSURE (PTY) LTD.
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Grotechietians & GoeteonoN s Pusbly Arocrains Sprcimr f sanas

OSURE

(Piy) Ltd
Reg.No.: 920314507
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: #27(0) 31 701 9732 Fax: 086 684 9785
Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.coza
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 e-mail;geosure@iafrica.com
WEBSITE: MOMM.QEOSUIS.COZT
Client : Knight Pie Sold (Pty) Ltd Our Ref. : 17168
Project : Umkhomazi Water Pipeline Your Ref. : -
Date Tested : 08.04.2014
Attention ¢ Mr AVanderMerwe Date Reported : 08.04.2014
Sample No. 28065 28066 28087 28068 28069
Field No. PL 35/1 PL 68/ PL72/1 PL 7411 RW 02/1
Posilion in Field :
Depth (m) 1227 0515 1.1-18 0530 09-7.3
g‘:;‘z::'”on Residual Tillte | Residual Doterite R:;ﬁg;";ﬁe Fg'om;’u"”‘f Colluvium
Sieve Analysis ( ASTM - D422)
63.0 mm 100 100 100 100 100
_53.0 mm 100 o 100 100 100 100 ]
315 mm 100 100 100 100 100
2 %5 mm 100 } 100 100 100 100
B 190 mm 100 100 100 100 100
& 13.2 mm 100 100 100 100 100
2 475 mm 99 o3 ( 99 99 97
2.00 mm 88 %6 ) 77 90
0425 mm 59 93 80 55 74
0.076 mm 43 <0 72 48 72
Hydrometer Analysis ( ASTM - D422 )
0.060 mm 38 86 68 46 68
0.050 mm 35 82 65 42 65
0.040 mm 26 78 58 37 60
_E’ 0.026 mm 21 74 55 k2 57
] 0015  mm 15 70 53 32 53
&2 0010  mm 14 66 ' 51 31 51
=2 0.0074 mm 1 62 50 31 48
00036  mm 9 58 46 30 s
0.0020 mm 6 54 43 27 38
0.0015 mm 6 54 34 27 38
Soil Mortar Analysis
Coarse Sand % 22 3 13 28 18
| Coarse Fine Sand % 8 2 2 2 1
Medium Fine Sand % 10 1 3 3 1
Fine Fine Sand % 13 1 4 I 4 1
Silt & Clay % 8 93 78 62 80
Grading Modulus 1.0 02 0.6 1.2 0.6
Atterberg Limits and Classification
~ Liquid Limit % 20 52 i 48 ) 46 47
Plasticity Index % 7 15 13 12 10
Linear Shrinkage % 35 75 B 65 6.0 50 |
AASHTO Classificalion (Group Index)* A-4(0) A-T-5(18) A-7-5(11) A-7-5(4) A-5(9)
Unified Classification* sC MH ML SM ML
Moisture Content % 156 22.3 21.7 24.5 279
Remarks: Date Received:
*Opinions expressed herein fall outside the scope of SANAS accredilalion.

This report relates only to sampla(s) received. This report shal nol be reproduced, exceplin ful, wthout the prior consent of GEOSURE (PTY) LTD.
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Consulting Enginsering Oaclogists, Geotechnical Engineers,
a»mﬁm & Qeotechmical Quality Assurance Spaclaijsta

OSURE

(Pty) Litd

{sanas

T8

3

Reg.No.: 92/03145/07

LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica,.com
WEBSITE: WWW.(eosure.co.za
Client : Knight Pie Sold (Pty) Ltd Job No. 17168
Project ¢ Umkhomazi Water Pipeline Your Ref.No. -

Date Tested : 08.04.2014

Attention : MrA.VanderMerwe Date Reported : 08.04.2014
Sample Number 1 28065
Field No. 1 PL 35/
Sample Description : Residual Tilite
Equivalent PI ;[ 5| Clay fraction of whole sample (% <) : E

POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI

Clay fraction of whole sample ( % <2p)

PARTICLE SIZE DISTRIBUTION CHART
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This report relates only to sample(s) received. This report shall not be reproduced, except in full, wilhout the prior consent of GEOSURE (PTY)LTD.
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Consulling Enginsering Geclogists, Geotechnical Englneers, 3 S a n a S
auuehniﬂvu & Qeatechiesl Quality Assuranca Spaclatists

(Pty) Lid

T8E)

Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785
Mobile: +#27(0) 72 870 2621 e-mail; lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 e-mail:qgeosur ica.c
WEBSITE: WWW.Qeosure.co.za
Client : Knight Pie Sold (Pty) Ltd Job No. : 17168
Project : Umkhomazi Water Pipeline Your Ref.No. : -
Date Tested : 08.04.2014
Attention : MrA.VanderMerwe Date Reported : 08.04.2014
Sample Number : 28066
Field No. . PLG8/M
Sample Description : Residual Dolerite

Equivalent Pl : Clay fraction of whole sample (% <)
POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI

Clay fraction of whole sample ( % <2pt)

PARTICLE SIZE DISTRIBUTION CHART
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This report relates only to sample(s) received. This report shall not be reproduced, except in full, without the prior consent of GEOSURE (PTY) LTD.

Version 20/02/2014 Page 16 of 51



OSURE

Consuiting Enginseiing Geologists, Geotechnical Engineers, Sa n aS
ﬂ'nl‘tdmkl.mp & Geotechnical Ouality Assurance Specialists

T e

(Pty) Lid
Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785
Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.com
WEBSITE: WWW.qeosure.co.z2a
Client : Khnight Pie Sold (Ply) Ltd Job No.
Project : Umkhomazi Water Pipeline Your Ref.No.
Date Tested
Attention : Mr AVanderMerwe Date Reported
Sample Number 28067
Field No. PL 72/1

Sample Description
Equivalent Pl

Ferruginous Residual Tillite

: Clay fraction of whole sample (% <2p)

POTENTIAL EXPANSIVENESS GRAPH

This report relates only to sample(s) received. This report shall not be reproduced, except in full, wilthoul the prior consent of GEOSURE (PTY) LTD.

Version 20/02/2014
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Consuiting Eaginseing Gealogisls, Geotechnical Engina ors,
Qoatechniclsns & Qesfechnicsl Ouality Assurance Speeialists

OSURE

(Pty) Ltd

{5anas

Reg.No.: 92/03145/07

LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091

LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.com
WEBSITE: WWW.(Jeos
Client : Knight Pie Sold (Pty) Ltd Job No. : 17168
Project : Umkhomazi Water Pipeline Your Ref.No. : -

Date Tested : 08.04.2014

Attention : MrAVanderMerwe Date Reported : 08.04.2014
Sample Number 28068
Field No. PL 74/1

Sample Description
Equivalent P1

Ferruginous Colluvium

POTENTIAL EXPANSIVENESS GRAPH

: Clay fraction of whole sample (% <2j) :

Equivalent PI
&
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This report relates only to sample(s) received. This report shall not be reproduced, except in full, without the prior consent of GEOSURE (PTY) LTD.
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OSURE

(Pty) Lid

LABORATORY CONTACT INFO.:

HEAD OFFICE CONTACT INFO.:

WEBSITE:

Reg.No.: 92/03145/07

Sample Number

LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091

Tel.: +27(0) 31 701 9732 Fax: 086 684 9785
Mobile: +27(0) 72 870 2621 e-mail: la sure.co.za
Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.com
WWW.geosure.co.za

: 28069

: RW 02/1

Field No.
Sample Description
Equivalent PI

Colluvium

: Clay fraction of whole sample (% <2p)
POTENTIAL EXPANSIVENESS GRAPH
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Clay fraction of whole sample ( % <2ju)

PARTICLE SIZE DISTRIBUTION CHART
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This report relates only to sample(s) received. This report shall nol be reproduced, except in full, without the prior consent of GEOSURE (PTY) LTD.
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Craniing Eagirseving Qavlagvty, Orsfpehsdial Baglosws,
? o Aoyl Oumiiny

OSlUIRE

(Ply) Ltd

fsanas

LABORATORY AND HEAD OFFICE ADDRESS:
LABORATORY CONTACT MNFO.:

Reg No.: 920314507
122 Intersite Avenue, Umgeni Business Park, Durban, 4031

Tel.: +27(0) 31 701 9732

Mobile: #27(0) 72 870 2621

Fax: 086 684 9785

e-mail: lab@geosurecoza

HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 g-mail:geosure@ialrica.com
WEBSITE: VOMYW.QROSUIR.LOZd
Client : Knight Pie Sold (Pty) Ltd Our Ref, : 17168
Project : Umkhomazi Water Pipeline Your Ref. : -
Date Tested : 08.04.2014
Altention : MrAVanderMerwe Date Reported : 08.04.2014
Sample No. 28070 28071 28072 28073 28074
Field No. RW 091 RW 1111 RW 171 RW 20/1 RW 2371
Position in Field - M P e :
Depth (m) 1.0-1.9 05286
M ial . Fi inous Ferruginous erruging .
D:;zri?)llon Residual Shate é;ﬁ'rlf‘vm] go'?!’fvium R;w‘:’;l sr‘:::e Residual Shate
Sieve Analysis ( ASTM - D422)
63.0 mm 100 100 100 100 100
53.0 mm 100 100 100 100 100
L. 37.5 mm 100 100 100 100 100
g 6.5 mm 100 100 100 100 100
a 19.0 mm 100 100 100 100 95 I
oy 13.2 mm 100 100 100 100 88
52 4,75 mm 92 ] 100 100 66
2,00 mm 81 66 82 85 50
0.425 mm 66 45 65 52 35
0.075 mm 58 41 61 48 29
Hydrometer Analysis ( ASTM - D422)
0.060 mm 54 28 56 46 27
0.050 mm 47 35 51 43 26
0.040 mm 32 32 48 | 41 22
g) 0.026 mm 26 28 45 36 19
3 0.015 mm 24 24 40 33 17 N
& | 0010 mm 2 23 39 32 15
= 0.0074 mm 17 21 36 31 13
0.0036 mm 15 18 32 29 11
0.0020 mm 11 16 30 27 11
0.0015 mm 11 15 29 26 8
Soil Mortar Analysis
Coarse Sand % 18 31 20 39 28
Coarse Fine Sand % 1 2 2 1 4
Medium Fine Sand % 2 3 2 ) 1 5 N
| Fine Fine Sand % 8 2 2 2 4
Silt & Clay % 72 63 74 57 59
Grading Modulus 1.0 1.5 09 14 1.9
Atterberg Limits and Classification
Liquid Limit % 37 41 42 47 37
Plasticily Index % 1" 10 10 6 6
" Linear Shrinkage % 55 50 50 30 3.0
AASHTO Classification (Group Index)* A-5(5) A-5(1) A-5(5) A-5(2) A-2-4(0)
Unified Classification* ML SM AL sM SM
Moisture Content % 19.0 14.1 258 14.9 9.2
Remarks: Date Received:
*Opinions expressed herein fall oulside the scope of SANAS accredilalion.

This report relates only to sample(s) received. This report shal rot be reproduced, excepl in ful, without the prior consent of GEOSURE (PTY) LTD.

Version 20/02/2014
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1y Oeclopists, Gootechnical Engineers,

ﬂ”flﬁm & GMHW QuaNly Asivranca Spacialists
'I-UE .|

OSURE

(Piy) Lid

Reg.No.: 92/03145/07

LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732
Mobile: +27(0) 72 870 2621

LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091

Fax: 086 684 9785
e-mail: lab@geosure.co.za

HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.c
WEBSITE: VWWW.geosure.co.za
Client : Knight Pie Sold (Pty) Ltd Job No. 17168
Project : Umkhomazi Water Pipeline Your Ref.No. : -
Date Tested : 08.04.2014
Attention : MrA.VanderMerwe Date Reported : 08.04.2014
Sample Number : 28070
Field No. : RW 091
Sample Description : Residual Shale

Equivalent PI : Clay fraction of whole sample (% <)
POTENTIAL EXPANSIVENESS GRAPH

Equivalcnt P1
&

Clay fraction of whole sample ( % <2pu )

PARTICLE SIZE DISTRIBUTION CHART
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This report relales only lo sample(s) received. This report shall not be reproduced, except in full, without the prior consent of GEOSURE (PTY) LTD.
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Coasulling Enginesring OGsclopists, GactacAnical Engineors, Sa n aS
auudbnklnl A aeofechnicsl Quality Assuranca Spaciallals

OSURE

(Pty) Lid

‘l

23

Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFIGE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.co|
WEBSITE: WWW.Jeosure.co.za
Client : Knight Pie Sold (Pty) Ltd Job No. : 17168
Project : Umkhomazi Water Pipeline Your Ref.No. : -

Date Tested : 08.04.2014

Attention : MrA.VanderMerwe Date Reported : 08.04.2014
Sample Number 1 28071
Field No. : RW 111
Sample Description : Ferruginous Colluvium

Equivalent Pl : E Clay fraction of whole sample (% <)
POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI

Clay fraction of whole sample ( % <2j)

PARTICLE SIZE DISTRIBUTION CHART
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Coasulting g Ozclogists, Geclechnlcal Engineers,
auummuu & dunmnlul Duakily Assurance Spaelallats

OSURE

(Pty) Ltd

¢sanas

T2

LABORATORY AND HEAD OFFICE ADDRESS:
LABORATORY CONTACT INFO.:

HEAD OFFICE CONTACT INFO.:

Reg.No.: 92/03145/07

Tel.: +27(0) 31 701 9732
Mobile: +27(0) 72 870 2621

Tel.: +27(0) 31 266 0458

122 Intersite Avenue, Umgeni Business Park, Durban, 4091

Fax: 086 684 9785

e-mail: lab@geosure.co.za

Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 ail:geosure@iafrica.co

WEBSITE: WWW.geosure.co.za
Client ¢ Knight Pie Sold (Ply) Ltd Job No.
Project : Umkhomazi Water Pipeline Your Ref.No.

Date Tested
Aftention : MrA.VanderMerwe Date Reported
Sample Number 28072
Field No. RW 17/1
Sample Description : Ferruginous Colluvium
Equivalent PI : Clay fraction of whole sample (% <2;)  :

POTENTIAL EXPANSIVENESS GRAPH
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This report relales only to sample(s) received. This report shall not be repraduced, except in full, without the prior consent of GEOSURE (PTY) LTD.
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Consuiling Enginsering Gealogists, Geotechnical Enginsers, S a n a S
auudnnm.lm J aunm Oualily Assurance Specialisis

OSURE

'h.!"

(Pty) Lid

Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mohile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0468 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 -mail:geosure@ialrica.co
WEBSITE: WWW.qeosure.co.za
Client : Knight Pie Sold (Pty) Lid Job No. : 17168
Project : Umkhomazi Water Pipeline Your Ref.No, : -

Date Tested : 08.04.2014

Attention : MrA\VanderMerwe Date Reported : 08.04.2014
Sample Number 1 28073
Field No. : RW 201
Sample Description : Ferruginous Residual Shale

Equivalent Pl :[[_3__] Clay fraction of whole sample (% <) = :

POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI

Clay fraction of whole sample ( % <2p)

PARTICLE SIZE DISTRIBUTION CHART
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This report relates only to sample(s) received. This report shall not be reproduced, except in full, without the prior consent of GEOSURE (PTY) LTD.
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Consulting Engtneeting Geologlats, Gaotechnical Englneers,
Oootechniclans & Geoatachntcal Quailly Assuranca Spactalists

T OSURE

(Pty) Lid

Reg.No.: 92/03145/07

LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785
Mohile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel,: +27(0) 31 266 0458 Fax: 086 689 6506
Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.co
WEBSITE: WWW.geosure,co.za
Sample Number 1 28074
Field No. : RW 231
Sample Description : Residual Shale

Equivalent P : EE Clay fraction of whole sample (% <2) @
POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI

Clay fraction of whole sample ( % <2pt)

PARTICLE SIZE DISTRIBUTION CHART
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This report relates only to sample(s) received. This report shall not be reproduced, except in full, without the prior consent of GEOSURE (PTY) LTD.
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Comuliing Brghiveing Aalg'its, Qewtieharval Fogiapes,
Orafroinicive & Orsirchivent Gumity Amsaran v Sarciava e . S a n a S

OSURE = e

{Pty) Lid
Reg.No.: 920314507
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT RFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785
Mobile: +27(0) 72 870 2621 e-mail: lJab@oeosurecoza
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +#27(0) 82 784 0544 e-mail:geosure@ialrica.com
WEBSITE: YONWY.ge0SUre.COZA
Client : Knight Pie Sold (Pty) Ltd Our Ref. : 17168
Project ¢ Umkhomazi Water Pipeline Your Ref, : -
Date Tested : 08.04.2014
Attention : Mr AVanderMerwe Date Reported : 08.04.2014
Sample No. 28075 28076 28077 28078 28079
| Field No. MTP 411 WTW 0172 WTW 03/1 WTW 07/1 WIW 101 |
Position in Field J: BR o B e
Depth (m) 05-1.1 20 0514 25 1.0
Malari‘al FF-‘"UQi_f"OUS Residual Dolerile Residual Doterite Residual Sha'e Residual Shale
Description Colluvium
Sieve Analysis ( ASTM - D422 )
|8 63.0 mm 100 100 100 100 100
53.0 mm 100 100 100 100 100 |
3715 mm 100 100 100 100 100
= 26.5 mm 100 100 100 100 100
@ 19.0 mm 100 100 100 100 100
& 13.2 mm 100 100 100 100 100
2 | 475 mm 100 100 99 100 97
2.00 mm 99 99 88 100 78
| 0425 mm 94 93 73 99 59
0.075 mm 63 96 66 93 57
Hydrometer Analysis ( ASTM - D422)
0.060 mm 59 93 62 96 53
0.050 mm 55 g1 59 4 49
| 0040 mm 40 89 46 92 46
g’ 0.026 mm 32 82 40 88 42
a2 0.015 mm 26 80 33 84 36
& 0010 mm 24 75 3 77 35
= 0.0074 mm 20 71 27 73 30
| 00038  mm 12 66 22 61 0 |
0.0020 mm 10 64 22 59 28
0.0015 mm 10 64 20 57 28
Soil Mortar Analysis
Coarse Sand % 4 1 17 1 24
Coarse Fine Sand % T 1 2 0 i
| Medium Fine Sand % 1 1 3 0 0 ]
Fine Fine Sand % 14 1 4 0 2
Silt & Clay % 64 96 75 23 73
Grading Modulus 04 0.1 07 0.0 1.1
Alterberg Limits and Classification
Liquid Limit % 16 53 42 61 47
| Plasticity Index % 4 11 9 13 8
Linear Shrinkage % 20 55 45 65 ) 40
AASHTO Classification (Group Index)* A-4(0) A-7-5(17) A-5(6) A-7-5(22) A-5(4)
Unified Classification* CL-ML MH ML MH AL
Moisture Content % 10.8 26.1 38.0 312 252
Remarks: Dale Received:

‘Opinions expressed herein fall outside the scope of SANAS accreditation.
This report re'ates ony to sampie(s) received This report shal not be reproduced, excerpt in ful, without the prior consent of GEOSURE (PTY) LTD.

Version 20/02/2014 Page 26 of 51



Consith
Aeofechnicians & Oectochnical Dualily Assurance Speciakists

OSURE -

(Pty) Lid

ing Enginsering Geologists, Geotechnical Engins ors, & Sa n as

To4as

Reg.No.: 92/03145/07

LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091

LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mohile: +27(0) 72 870 2621 e-mail: |[ab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 -mail:geosure@iafrica.com
WEBSITE: WwWW.geosure,co.za
Client . Knight Pie Sold (Pty) Ltd Jobh No. : 17168
Project : Umkhomazi Water Pipeline Your Ref.No. : -

Date Tested : 08.04.2014

Attention : MrA.VanderMerwe Date Reported : 08.04.2014
Sample Number 28075
Field No. MTP 4/1

Sample Description

Equivalent P1

Ferruginous Colluvium

: E Clay fraction of whole sample (% <)

POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI
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PARTICLE SIZE DISTRIBUTION CHART
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This report relales only to sample(s) received. This report shall not be repreduced, excepl in full, without the prior consent of GEOSURE (PTY) LTD.

Version 20/02/2014

Page 27 of 51




Coasulling Enjinsering Osclogists, GeolecAnical Engineers,
amuanu-ua.- & Qeateehnical Dually Assuranca Spaciallst

(Pty) Litd

Reg.No.: 92/03145/07

LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091

LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732

Fax: 086 684 9785

Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.; Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.com
WEBSITE: .(eos 0.2
Client : Knight Pie Sold (Ply) Ltd Job No. 17168
Project : Umkhomazi Water Pipeline Your Ref.No. : -

Date Tested : 08.04.2014

Attention : MrA.VanderMerwe Date Reported : 08.04.2014
Sample Number : 28076
Field No. : WTW 01/2
Sample Description : Residual Dolerite
Equivalent Pl 3 E Clay fraction of whole sample (% <) i

POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI
b

Clay fraction of whole sample ( % <2j )

PARTICLE SIZE DISTRIBUTION CHART

1100 T T N o e L e T
rim L] Lol ) i
il :
6 el A by it |
I LRNT] L NN hran 1
1 ] (NN ] i [81] 1 [ (1] ]
O = e e
. 700 — ‘ — T
¥ s R i o i
i HEE R ' ' R o '
2 o . . TEETIN . P S . Ly .
w [ NN ] (IR RETY i b [ (RN i [ NNTT] I [
= | I L Al SR il ] M
| Lorri RN 1 Py I e e ] i
00 T TR L R o
| o 1 L] IRAR] ] [REE] ] e o LLh} 1
00— T Tt
|00 1 IR} 1 [ A i b ] Ly 1 (NN I
L PN T Voo oL Lot Vb Y
00 1 Lran i L8 pagi L’ [ VRN Y] ] L 48 ggh iy 1
D['Cr 00 0010 0.100 1.000 10.0630
FNE MEDLAY EOMRSE FRE MEDLM EOMRSE FNE eEpial FOMRSE
CLAY FRACTION SLT FRACTION SAND FRACTION GRAVEL FRAGTION
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Consulling

Engineering Osclopists, Gaolechnical Enginesss,

auumu:uu & Geefechnical Qualily Assurancae Speclaliats

OSURE

(Pty) Lid

fsanas

T

Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091

LABORATORY CONTACT INFO.:

Tel.: +27(0) 31 701 9732

Mobile: +27(0) 72 870 2621

HEAD OFFICE CONTACT INFO.:

Tel.: +27(0) 31 266 0458

Mobile: +27(0) 82 784 0544

WEBSITE: www.geosure.co.za

Fax: 086 684 9785

e-mail: lab@geosure.co.za

Fax: 086 689 5506

e-mail:geosure@iafrica.com

VCIient : Knight Pie Sold (Ply) Ltd
Project : Umkhomazi Water Pipeline

Attention : MrA.VanderMerwe

Job No.

Your Ref.No.
Date Tested
Date Reported

Sample Number 1 28077
Field No. : WTW 031
Sample Description : Residual Dolerite

Equivalent PI : Clay fraction of whole sample (% <2p)

POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI
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This report relales only to sample(s) received. This report shall not be reproduced, except in full, without the prior consent of GEOSURE (PTY) LTD.
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OSURE

(Pty) Lid

Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785

Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.com
WEBSITE: WWW.geosure.co.za
Client : Knight Pie Sold (Pty) Ltd Joh No. : 17168
Project ¢ Umkhomazi Water Pipeline Your Ref.No. : -

Date Tested : 08.04.2014

Attention : MrAVanderMerwe Date Reported : 08.04.2014
Sample Number 28078
Field No. WTW 0711

Sample Description

Equivalent PI

Residual Shale

E II' Clay fraction of whole sample (% <2p)

POTENTIAL EXPANSIVENESS GRAPH
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Consulting Englieering Goologlats, Geotochnical Englieers, 3 S a n a S
Gootaehnicions & Geotachnical Qualily Assuranca Spoctallsis S EAE 1A

i festra Lot
OSURE r
(Pty) Lid
Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9786
Mobhile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 e-mail:geosure@iafrica.com

WEBSITE:

.geosure.co.za

Sample Number 28079
Field No. : WTW 10/1

Sample Description : Residual Shale

Equivalent Pl : E Clay fraction of whole sample (% <2p)  :
POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI

Clay fraction of whole sample ( % <2p)

PARTICLE SIZE DISTRIBUTION CHART
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Coniiniing Brghiaering Qeabap'rty, et

Dodeal Fogseers,

drsfrchniciaras & Opsfechoies Ouniy Ararance Spactavete

(P

{y) Led

(2anas

RegNo.: 920314507
LABORATORY AND HEAD OFFICE ADDRESS;

LABORATORY CONTACT MNFO.: Tel: +27(0) 31 701 9732

Mobile: +27(0) 72 870 2521

122 Intersite Avenue, Umgeni Business Park, Durban, 4091

Fax: 036 634 9785

e-mail: [ab@geosure.coza

HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
obile: +27(0) 82 784 0544 il: Al
WEBSITE: vivoigeosure.coza
Client : Knight Pie Sold (Ply) Ltd Our Ref. : 17168
Project : Umkhomazi Water Pipeline Your Ref. : -
Date Tested : 08.04.2014
Attention : Mr AVanderMerwe Date Reported : 08.04.2014
Sample No. 28080 28081 28032 28083
| Field No. WTA 01/1 WTA 03/1 WTA 0411 WTA 0412
Position in Field
Depth (m) 1.3 16 1.8 2.7-30 1.7
g‘:stz:'i:'ﬁon RE;L’E‘;;“S"#:!E Rez f;:;?g‘;gne Residual Do'erite | Residual Sha'e Residual Shale
Sieve Analysis ( ASTM - D422)
63.0 mm 100 100 100 100 100
53.0 mm 100 100 100 100 100 o
37.5 mm 100 100 100 100 oo |
e 26.5 mm 100 100 100 100 100
a 19.0 mm 100 100 100 100 100
& | 132 mm 100 100 100 100 100
2 | 475 mm 100 9 98 99 100 i
2.00 mm 95 93 o6 25 100
| 0425 m 72 86 90 o4 9
0.075 mm 71 €5 88 82 97
Hydrometer Analysis ( ASTM - D422)
0.060 mm &6 63 82 78 97
0.050 mm 62 62 78 74 95
[ 0010 mm 60 56 74 64 93 |
_E_? | 0026 mm a4 53 70 54 89 |
4 0.015 mm 38 50 84 50 87
& 0010 mm 34 46 64 a7 85
= 00074  mm 2 43 58 43 74 i
00036  mm 24 40 56 39 74 )
0.0020 mm 22 40 54 35 72
00015  mm 22 39 52 31 0|
Soil Mortar Analysis
Coarse Sand % 24 8 6 3 1
Coarse Fine Sand % 1 8 0 8 0
Medium Fine Sand % 0 10 1 2 1 |
" Fine Fine Sand % 1 3 1 2 0o |
Silt & Clay % 74 71 91 85 97
Grading Modulus 06 05 03 03 0.0
Alterberg Limits and Classification
Liquid Limit % 45 50 48 41 59
Plasticity Index % 9 i 11 10 10 16
Linear Shrinkage % 45 55 50 50 8.0 N
AASHTO Classification (Group Index)* A-5(8) A-7-5(8) A-5(13) A-5(10) A-7-5(23)
Unified Classification* ML MH ML ML MH
Moisture Content % 202 31.6 33.5 23.9 25.1
Remarks:
*Opinions expressed herein fall oulside the scope of SANAS accreditation.

Ths report relates only to sampie(s) received. Ths report shall ot be reproduced, excepl in ful, whout the prior consent of GEOSURE (PTY)LTD.
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Consulting

amowwm & aunam’cd Duality Assuranca Spaclalisrs

OSURE

(Pty) Lid

Enginesring Oeclogists, Goptechnlcal Englineers,

(eanas

TS

LABORATORY AND HEAD OFFICE ADDRESS:

LABORATORY CONTACT INFO.:

HEAD OFFICE CONTACT INFO.:

Reg.No.: 92/03145/07

Tel.: +27(0) 31 701 9732
Mobile: +27(0) 72 870 2621

Tel.: +27(0) 31 266 0458

122 Intersite Avenue, Umgeni Business Park, Durban, 4091

Fax: 086 684 9785
e-mail: lab@geosure.co.za
Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 -mailigeos iafrica.c
WEBSITE: WWw.(eosure.co.za
Client Knight Pie Sold (Ply) Ltd Job No. 17168
Project Umkhomazi Water Pipeline Your Ref.No. : -
Date Tested 08.04.2014
Attention Mr A.VanderMerwe Date Reported : 08.04.2014
Sample Number 28080
Field No. WTA 01/1
Sample Description : Ferruginous Residual Shale
Equivalent Pl 3 Clay fraction of whole sample (% <2p) E
POTENTIAL EXPANSIVENESS GRAPH
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Coasulling Engineering Ceclogists, Geslechnical Enginears,
Gestechnicians & Geotechnieal Quakily Assuranca Spaelaliafs

OSURE

(Pty) Lid

tsanas

IHE)

LABORATORY AND HEAD OFFICE ADDRESS:
|LABORATORY CONTACT INFO.:

HEAD OFFICE CONTACT INFO.:

Reg.No.: 92/03145/07
122 Intersite Avenue, Umgeni Business Park, Durban, 4091

Tel.: +27(0) 31 701 9732
Mobile: +27(0) 72 870 2621

Tel.: +27(0) 31 266 0458

Fax: 086 684 9785
e-mail: lab@geosure.co.za
Fax: 086 689 5506

Mobile: +27(0) 82 784 0544 e-mail:geosure@iafri o

WEBSITE: WWW.geosure.co.za
Client Knight Pie Sold (Ply) Ltd Job No. 17168
Project Umkhomazi Water Pipeline Your Ref.No. : -

Date Tested : 08.04.2014
Attention Mr A.VanderMenve Date Reported : 08.04.2014
Sample Number 28081
Field No. WTA 03/1

Sample Description
Equivalent PI

Ferruginous Residual Dolerite

: E Clay fraction of whole sample (% <2y

POTENTIAL EXPANSIVENESS GRAPH
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Corsulting Enginsering 5ts, Geotechnical Enplnasrs,
Qectechniclsns & Oectechnical Quakily Assurance Specialists

OSURE

{5anas

TeEA

(Pty) Lid
Reg.No.: 92/03145/07
LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785
Mobile: +27(0) 72 870 2621 e-mail: lJab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0644 e-mail:geosure 0
WEBSITE: eosure.co.z
Client : Knight Pie Sold (Pty) Ltd Job No.
Project : Umkhomazi Water Pipeline Your Ref.No.
Date Tested
Attention : MrA.VanderMerwe Date Reported
Sample Number 28082
Field No. WTA 04/1

Sample Description
Equivalent Pl

: Residual Dolerite
: E Clay fraction of whole sample (% <) :

POTENTIAL EXPANSIVENESS GRAPH

Equivalent PI

P

[P et ]

Clay fraction of whole sample ( %o <2p)

PARTICLE SIZE DISTRIBUTION CHART
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This report relates only to samp

Version 20/02/2014

FINE MEDIUM COARSE | FINE UEDILM COARSE FINE MEDILM LOARSE

CLAY FRACTION SILT FRACTION SAND FRACTION GRAVEL FRACTION
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OSURE

(Pty) Ltd

Consuiting Enpinssring Geologi. Geolopisls, Geotechical Engineers,
aurmuma & Qeatechnies! Quakity Assurance Specialists

(sanas

Tein

Reg.No.: 92/03145/07

LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban,

4091

LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785
Mobile: +27(0) 72 870 2621 e-mail: lab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 -mail:geos iafrica.co
WEBSITE: WWW.(eosure.co.za
Client ¢ Knight Pie Sold (Pty) Ltd Job No. : 17168
Project : Umkhomazi Water Pipeline Your Ref.No. : -
Date Tested : 08.04.2014
Attention : MrA.VanderMerwe Date Reported 08.04.2014
Sample Number 1 28083
Field No. ¢ WTA 04/2
Sample Description : Residual Shale
Equivalent PI : E Clay fraction of whole sample (% <2j) II‘

POTENTIAL EXPANSIVENESS GRAPH
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Consulting Engineering Geologiits, Gootechnical Englneers,
dootechniclans & Geatechntcal Qualily Assuranco Spacialisis

OSLURE

(Pty) Lid

Reg.No.: 92/03145/07

LABORATORY AND HEAD OFFICE ADDRESS: 122 Intersite Avenue, Umgeni Business Park, Durban, 4091
LABORATORY CONTACT INFO.: Tel.: +27(0) 31 701 9732 Fax: 086 684 9785
Mobile: +27(0) 72 870 2621 e-mail: |Jab@geosure.co.za
HEAD OFFICE CONTACT INFO.: Tel.: +27(0) 31 266 0458 Fax: 086 689 5506
Mobile: +27(0) 82 784 0544 e-mail:geosuref@iafrica.co
WEBSITE: WW\W.(eoSUre.co.za
Sample Number 1 28084
Field No. 1 WTW 05/2
Sample Description : Residual Shale

Equivalent Pl : Clay fraction of whole sample (% <z)
POTENTIAL EXPANSIVENESS GRAPH
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Consulting Engineering Geolagists, Gealechnleal Enginicers,
Geotechnicians & Geotechnical Quality Assurance Speclalists

OSURE

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Intersite Avenue, Umgeni Business Park,
P.O. Box 1461, Westville 3630 Durban, 4091, KwaZulu Natal, South Africa.
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.: 427 (0)31 701 9732 email: lab@geosure.co.za email: geosure@iafrica.com VAYW.Qeosure.co.za
Client : Knight Pie Sold (Pty) Ltd Your Ref No. e
Project : Umkhomazi Water Pipeline Our Ref No. : 17168
Attention : Mr A.VanderMerwe Date Reported : 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. : 28055 Field No. . PL02/1

Depth (m) ;
Natural/Stabilised : Natural Origin :
Material Description : Residual Shale Compaction Effort  : Mod AASHTO
Maximum Dry Density (kg/m?) 1807 Optimum Moisture Content (%) 12.1
Plotted Values:
Moisture (%) 7.9 9.9 11.9 13.9 15.9
Dry Densily (kg/m?) 1711 1729 1807 1748 1713

1820

1800

1780 -

1760 \

Dry Density (kg/m?)

1740

1720 /
. My
S

1700 +—
7 8 9 10 1 12 13 14 15 16
Moisture (%)

17

Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Ply) Ltd.

Sampled by Client.
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Consulting Engineering Geologlsis, Gootechnical Englneers,
Geotechnicians & Geotechnical Qualily Assurance Specialists

(Pty) Ltd

LABORATORY: Reg. No. : 92/03145/07
122 Intersite Avenue, Umgeni Business Park, Durban, 4091
P.O. Box 1461, Westville 3630
Mobile: +27(0)72 870 2621
Tel.: +27 (0)31 701 9732

Fax: 086 684 9785
email; lab@geosure.co.za

HEAD OFFICE:

122 Intersile Avenue, Umgeni Business Park,
Durban, 4091, KwaZulu Natal, South Africa.
Tel: +27 (0)31 266 0458 Fax: 086 689 5506

email: geosure@ialrica.com VAW, QeosUre.co.za

Client : Knight Pie Sold (Pty) Ltd Your Ref No. -
Project : Umkhomazi Water Pipeline Our Ref No. 117168
Attention : Mr A.VanderMerwe Date Reported : 07.04.2014
Moisture/Density Relationship (TMH1: Method A7)
Sample No. . 28057 Field No. :PLO9N
Depth (m)
Natural/Stabilised : Natural Origin :
Material Description : Residual Shale Compaction Effort  : Mod AASHTO
Maximum Dry Density (kg/m?) 1594 Optimum Moisture Content (%) 228
Plotted Values:
Moisture (%) 19.2 21.2 23.2 25.2 27.2
Dry Densily (kg/m?) 1498 1556 1592 1520 1500
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Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Pty) Ltd.

Sampled by Client.
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Consulting Engineering Geolagists, Gootechnical Engineers,
Geotec/iniclans & Geotechnical Quality Assurance Speclalists

OSURE

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Intersite Avenue, Umgeni Business Park,
P.O. Box 1461, Weslville 3630 Durban, 4091, KwaZulu Natal, Soulh Africa.
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.: +27 (0)31 701 9732 email: [ab@aeosure.co.za email: geosure@iafrica.com www.geosure.co.za
Client : Knight Pie Sold (Pty) Ltd Your Ref No. -
Project : Umkhomazi Water Pipeline Our Ref No. : 17168
Attention : Mr A.VanderMerwe Date Reported 1 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. : 28058 Field No. :PL 1411
Depth (m) :

Natural/Stabilised : Natural Origin :

Material Description : Colluvium Compaction Effort : Mod AASHTO

Maximum Dry Density (kg/m?) 2064 Optimum Moisture Content (%) 9.1

f

q
4 5 6 7 8 9 10 1 12 13 14
Moisture (%)

Plotted Values:
Moisture (%) 4.9 6.9 8.9 10.9 12.9
Dry Densily (kg/m?) 1943 2010 2064 2034 1997

2080 F
2060 +

2040

ol
1f

il ‘f

1980 +——

Dry Density (kg/m?)

1960 +—

1040

1920

Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Pty) Ltd.

Sampled by Client.
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Consulting Engineering Geelogisis, Goetechnlcal Englneers,
Geofechniclans & Geotechnical Qualliy Assurance Speclalisis

OSURE

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersile Avenue, Umgeni Business Park, Durban, 4091 122 Intersite Avenue, Umgeni Business Park,
P.O. Box 1461, Weslville 3630 Durban, 4091, KwaZulu Natal, South Africa.
Mobile; +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.: +27 (0)31 701 9732 email: lab@geosure.co.za email: geosure@iafrica.com WAAY.QEOSUre.co.z7a
Client : Knight Pie Sold (Pty) Ltd Your Ref No. HE
Project : Umkhomazi Water Pipeline Our Ref No. : 17168
Attention : Mr A.VanderMerwe Date Reported : 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. . 28059 Field No. :PL 151
Depth (m)

Natural/Stabilised : Natural Origin 4
Material Description : Residual Tillite Compaction Effort  : Mod AASHTO

Maximum Dry Density (kg/m?) 2085 Optimum Moisture Content (%) 9.0

Plotted Values:
Moisture (%) 4.4 6.4 8.4 10.4 12.4
Dry Density (kg/m?®) 2001 2029 2082 2063 1991

2100 T

2080 -:—— - ;r . N

2060 S N

2040
[ N\
2020 + \\
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1980 + : s

Dry Density (kg/m?)
\
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Remarks: This report relates only to sample(s) received. This report shall not be reproduced, exceptin
full, without the prior consent of GEOSURE (Ply) Ltd.

Sampled by Client.
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Consulting Engineering Geologisis, Guatechnical Englneers,
Geotechniclans & Geoltechnical Qualliy Assurance Speciallsis

OSURE

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Intersite Avenue, Umgeni Business Park,
P.O. Box 1461, Weslville 3630 Durban, 4091, KwaZulu Natal, South Africa.
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.: +27 (0)31 701 9732 email: lab@geosure.co.za email: geosure@iafrica.com vawv.qeosure.co.za
Client : Knight Pie Sold (Pty) Ltd Your Ref No. o
Project : Umkhomazi Water Pipeline Our Ref No. : 17168
Attention : Mr A.VanderMerwe Date Reported : 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. : 28060 Field No. . PL 20/1
Depth (m) )

Natural/Stabilised : Natural Origin :
Material Description : Deworked Residual Tillite Compaction Effort  : Mod AASHTO

Maximum Dry Density (kg/im?) 1676 Optimum Moisture Content (%) 19.0

Plotted Values:
Moisture (%) 156.0 17.0 19.0 21.0 23.0
Dry Density (kg/m?®) 1528 1584 1676 1602 1564
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Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Pty) Ltd.

Sampled by Client.
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Consulting Engineering Geolagists, Gealtechnical Englneers,
Geotechniclans & Geotechnical Quallty Assurance Speclalists

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Intersite Avenue, Umgeni Business Park,
P.O. Box 1461, Weslville 3630 Durban, 4091, KwaZulu Natal, South Africa.
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.: +27 (0)31 701 9732 email: lab@geosure.co.za email: geosure@iafrica.com w\\wW.geosure.co.za
Client : Knight Ple Sold (Pty) Ltd Your Ref No. -
Project : Umkhomazi Water Pipeline Our Ref No. 117168
Attention : Mr AVanderMerwe Date Reported : 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. : 28061 Field No. 1 PL 251
Depth (m) ;

Natural/Stabilised : Natural Origin :

Material Description : Residual Tillite Compaction Effort  : Mod AASHTO

Maximum Dry Density (kg/im?®) 1648 Optimum Moisture Content (%)  10.8
Plotted Values:

Moisture (%) 7.2 9.2 1.2 13.2 15.2
Dry Density (kg/m?®) 1543 1597 1645 1529 1507

1660 — -

1640 /

1620 |

1600 +— S

1580 1—— /

Dry Density (kg/m?)
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1500 -+
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Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Ply) Ltd.

Sampled by Client.
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Consulilng Englneering Geologisis, Geatechnlcal Engincers,
Geotechniclans & Geotechnical Quality Assurance Spaclalists

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Intersite Avenue, Umgeni Business Park,
P.O. Box 1461, Weslville 3630 Durban, 4091, KwaZulu Natal, South Africa.
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5508
Tel.: +27 (0)31 701 9732 email: lab@geosure.co.za email: geosure@ialrica.com wwav.qeosure.co.za
Client : Knight Pie Sold (Pty) Ltd Your Ref No. P
Project : Umkhomazi Water Pipeline Our Ref No. 117168
Attention : Mr A.VanderMerwe Date Reported 1 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. : 28063 Field No. 1 PL 30M
Depth (m) :

Natural/Stabilised : Natural Origin :

Material Description : Deworked Residual Tillite Compaction Effort  : Mod AASHTO

Maximum Dry Density (kg/m?) 1846 Optimum Moisture Content (%) 10.6
Plotted Values:

Moisture (%) 6.2 8.2 10.2 12.2 14.2
Dry Densily (kg/m?) 1731 1756 | 1843 | 1812 1792
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Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Ply) Ltd.

Sampled by Client.
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Consuliing Engineering Geologisis, Gealechnlcal Englneers,
Geofechniclans & Geotechnical Qualily Assurance Speclallsis

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Intersite Avenue, Umgeni Business Park,
P.O. Box 1461, Westville 3630 Durban, 4091, KwaZulu Natal, South Africa.
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.: +27 (0)31 701 9732 email: [ab@aeosure.co.za email: geosure@iafrica.com vaw/.geosure.co.za
Client : Knight Pie Sold (Pty) Ltd Your Ref No. HE
Project : Umkhomazi Water Pipeline Our Ref No. : 17168
Attention : Mr A.VanderMerwe Date Reported : 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. : 28065 Field No. - PL 35/
Depth (m) :
Natural/Stabilised : Natural Origin :
Material Description : Residual Tillite Compaction Effort : Mod AASHTO
Maximum Dry Density (kg/m?) 1839 Optimum Moisture Content (%)  12.0
Plolted Values:
Moisture (%) 8.0 10.0 12.0 14.0 16.0
Dry Density (kg/m?) 1736 1797 1839 1809 1775
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Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Pty) Ltd.

Sampled by Client.
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Consulting Engineering Geologisis, Geatechnlcal Englneers,
Geootechniclans & Geoltechnical Qualliy Assurance Spaciallsis

=0 SIIRE

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Inlersile Avenue, Umgeni Business Park,
P.O. Box 1461, Westville 3630 Durban, 4091, KwaZulu Natal, South Africa.
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.: +27 (0)31 701 9732 email: lab@geosure.co.za email: geosure@iafrica.com vavwW.geosure.co.za
Client : Knight Pie Sold (Pty) Ltd Your Ref No. HE
Project : Umkhomazi Water Pipeline Our Ref No. 117168
Attention : Mr A.VanderMerwe Date Reported :07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. : 28068 Field No. cPL 741
Depth (m) 3

Natural/Stabilised : Natural Origin :
Material Description : Terrugionous Colluvium Compaction Effort : Mod AASHTO

Maximum Dry Density (kg/m?) 1976 Optimum Moisture Content (%) 11.9
Plotted Values:

Moisture (%) 7.9 2.9 11.9 13.9 15.9
Dry Density (kg/m?) 1848 1885 1976 1898 1868
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Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Ply) Ltd.

Sampled by Client.
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Consulting Engineering Geolagists, Gootechnical Englneers,
Oeotechnicians & Geotechnical Qualiily Assurance Speclallsts

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Intersite Avenue, Umgeni Business Park,
P.O. Box 1461, Weslville 3630 Durban, 4091, KwaZulu Natal, South Africa.
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.: +27 (0)31 701 9732 email: lab@qgeosure.co.za email: geosure@iafrica.com wwav.qeosure.co.za
Client : Knight Pie Sold (Pty) Ltd Your Ref No. HE
Project : Umkhomazi Water Pipeline Our Ref No. : 17168
Attention : Mr A.VanderMerwe Date Reported : 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. : 28069 Field No. :RW 0211
Depth (m)

Natural/Stabilised : Natural Origin i
Material Description : Colluvium Compaction Effort : Mod AASHTO

Maximum Dry Density (kg/m?) 1587 Optimum Moisture Content (%) 17.1

Plotted Values:
Moisture (%) 12.5 14.5 16.5 18.5 20.5
Dry Density (kg/m?) 1444 1498 1581 1571 1537

1600 i

1580 | - L
i q .

1560 y S

1540 - "

1520 + -

1500 + :
: 7

1480 |

Dry Density (kg/m?)
N

460 | f 1o =

N\

1440 —

1420 +

1400 +
12 13 14 15 16 17 18 19 20

Moisture (%)

21

Remarks: This report relales only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Ply) Lid.

Sampled by Client.
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Consulting Engineering Geologlsis, Geeolechnlcal Engineers,
Oeofechniclans & Geotechnical Quality Assurance Speclalists

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Intersite Avenue, Umgeni Business Park,
P.O. Box 1461, Westville 3630 Durban, 4091, KwaZulu Natal, South Africa.
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.: +27 (0)31 701 9732 email: lab@geosure.co.za email: geosure@iafrica.com wwAv.geosure.co.za
Client : Knight Pie Sold (Pty) Ltd Your Ref No. -
Project : Umkhomazi Water Pipeline Our Ref No. 117168
Attention : Mr A.VanderMerwe Date Reported : 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. : 28070 Field No. : RW 09-1
Depth (m) ;
Natural/Stabilised : Natural Origin §
Material Description . Residual Shale Compaction Effort : Mod AASHTO
Maximum Dry Density (kg/m?) 1815 Optimum Moisture Content (%) 11.3
Plotted Values:
Moisture (%) 7.1 9.1 11.1 13.1 15.1
Dry Densily (kg/m?) 1750 1780 1814 1797 1764
1840
1820 I —1— —+—
4 ~
rd N
F // \
1800 N
, A
NN
o L /| N
E| / N
o 1780 R 4
£ b /1 N
2 Pg N
& 1760 P
o [ |
o ¢/
1740 — - , - -
1720 i
1700 |-
7 8 9 10 1 12 13 14 15 16

Moisture (%)

Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, wilthout the prior consent of GEOSURE (Ply) Ltd.

Sampled by Client.
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Consulting Engineering Geolagisis, Geotechnical Englneers,
Geolfechniclans & Geotechnical Quallly Assurance Specialists

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Intersite Avenue, Umgeni Business Park,
P.O. Box 1461, Westville 3630 Durban, 4091, KwaZulu Natal, South Africa.
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.: +27 (0)31 701 9732 email: lab@geosure.co.za email: geosure@iafrica.com vaww.geosure.co.za
Client : Knight Pie Sold (Pty) Ltd Your Ref No. I
Project : Umkhomazi Water Pipeline Our Ref No. : 17168
Attention : Mr A.VanderMerwe Date Reported : 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. : 28071 Field No. RW 111
Depth (m) :
Natural/Stabilised : Natural Origin :
Material Description : Ferrugious Colluvium Compaction Effort  : Mod AASHTO
Maximum Dry Density (kg/m?) 2038 Optimum Moisture Content (%)
Plotted Values:
Moisture (%) 6.3 8.3 10.3 12.3 14.3
Dry Density (kg/m?) 1926 1988 2037 | 2017 1984
2060 i {
2040
o
A N
i // \\
2020 - / Ny
: / \\\\
#2000 - 4/* - - .
BT / N
2 [ ™
= 7 / N
2 1980 /
g /
& 1960 | s =
1940 - /
[ //
L |
1920
1900 - |
6 7 8 9 10 11 12 13 14 15

Moisture (%)

Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Pty) Ltd.

Sampled by Client.
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Consulting Engineering Geolagists, Gealtechnical Engineers,
Geotechnicians & Geotechnical Quality Assurance Spoclalisis

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Intersite Avenue, Umgeni Business Park,
P.0O. Box 1461, Weslville 3630 Durban, 4091, KwaZulu Natal, South Africa.
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.; +27 (0)31 701 9732 email: lab@ageosure.co.za email: geosure@iafrica.com wwav.geosure.co.za
Client : Knight Pie Sold (Pty) Ltd Your Ref No. :-
Project : Umkhomazi Water Pipeline Our Ref No. : 17168
Attention : Mr A.VanderMerwe Date Reported : 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

Sample No. . 28072 Field No. :RW 171
Depth (m)
Natural/Stabilised : Natural Origin !
Material Description : Ferrugious Colluyium Compaction Effort  : Mod AASHTO
Maximum Dry Density (kg/m?) 1843 Optimum Moisture Content (%) 11.3
Ploited Values:
Moisture (%) 6.9 8.9 10.9 12.9 14.9
Dry Density (kg/m®) 1728 1761 1840 1811 1772
1860
1840 | TP =
‘ N
_ / AN
1820 = -
'iE 1800 I / N
o 1 N
g , N
z | / \
£ 1780
4] \\
& ™,
[s]
2 f
5 1760 +— - —
1740 ,l/ — .
‘ A
o5
vl
1720
1700 -
6 7 8 9 10 1 12 13 14 15 16
Moisture (%)

Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Pty) Ltd.

Sampled by Client.
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Consulilng Engineering Geolagisis, Geetechnical Englneers,
Geotechniclans & Geotechnical Quality Assurance Speclalisis

LABORATORY: Reg. No. : 92/03145/07 HEAD OFFICE:
122 Intersite Avenue, Umgeni Business Park, Durban, 4091 122 Inlersite Avenue, Umgeni Business Park,
P.O. Box 1461, Weslville 3630 Durban, 4091, KwaZulu Natal, Soulh Africa,
Mobile: +27(0)72 870 2621 Fax: 086 684 9785 Tel: +27 (0)31 266 0458 Fax: 086 689 5506
Tel.: +27 (0)31 701 9732 email: lab@aeosure.co.za email: geosure@iafrica.com  www.geosure.co.za
Client : Knight Pie Sold (Pty) Ltd Your Ref No. T
Project : Umkhomazi Water Pipeline ' Our Ref No. : 17168
Aftention : Mr A.VanderMerwe Date Reported : 07.04.2014

Moisture/Density Relationship (TMH1: Method A7)

16

Sample No. : 28074 Field No. : RW 23/1
Depth (m) :
Natural/Stabilised : Natural Origin :
Material Description : Residual Shale Compaction Effort  : Mod AASHTO
Maximum Dry Density (kg/m?3) 1850 . Optimum Moisture Content (%) 11.4
Plotted Values: :
Moisture (%) 7.4 9.4 11.4 13.4 15.4
Dry Densily (kg/m?) 1764 1807 1850 1810 1789
1860 t : R
[ p N
1840 1
1820 i
£ 1800 / \\
E /V S~
.3‘ L / -'"--‘,
< [ /1
% 1780 g =
& //
o 7
[ I el
o 1760
1740 — 1
1720 - | |
1700 - . | | , |
F4 8 9 10 1 12 13 14 15
Moisture (%)

Remarks: This report relates only to sample(s) received. This report shall not be reproduced, except in
full, without the prior consent of GEOSURE (Ply) Ltd.

Sampled by Client.
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ALS ANALYSIS AND INSPECTION - DURBAN (PTY) LTD
Unit 5, 89 King Dinuzulu (Berea) Road,

Durban, 4001, South Africa

Post Net Suite #290 Private Bag X04

Dalbridge, 4014, South Africa

Tel: +27 31301 1257

Fax: +27 31301 1256

Email: info.dbn@alsglobal.com

www.alsglobal.com
Reference Ne: ALSD 2433 Date: 09 May 2014
CERTIFICATE OF ANALYSIS
Report On: 30 (Thirty) Samples I.D.: Sand
Date & Time Received: 30/04/14 — 07:30 Taken By: Yourselves
Date & Time Analysis Started: 02/05/14 — 10:30 From: Brayden Govender
Date & Time Analysis Finished: 09/05/14 - 08:30 Ref Ne: 17168

MARKED: AS PER BELOW.

Analysis on an as received basis:

Resistivity, as onm.m,
[Megger Earth Tester]
Lo 28055 oottt 80
2. 28056 ..ot et re s 142
30 28057 s 111
4. 28058 ... 131
5. 28059 .. 41
6. 28060 ..ot 165
T 28061 ..o 72
8. 28062 ... 51
0. 28063 ... 176
10, 28064 ... 33
L0, 28065 ..ottt 185
12, 28066 ...ttt 24
13 28067 ..ot 31
T4, 28068 ...ttt e ee s 42
15, 28069 ... e 100
1of2

Electronically transmitted reports are not considered official.
This report relates only to the samples supplied and ALS Analysis and Inspection Durban (Pty) Ltd. does not accept responsibility for any matters arising from further use of these
results. This document may only be reproduced in full and with the written approval of the Branch Manager.

REGISTERED NO. 2011/005247/07 Part of the ALS Laboratory Group An ALS Limited Company



ALS ANALYSIS AND INSPECTION - DURBAN (PTY) LTD
Unit 5, 89 King Dinuzulu (Berea) Road,

Durban, 4001, South Africa

Post Net Suite #290 Private Bag X04

Dalbridge, 4014, South Africa

Tel: +27 31301 1257

Fax: +27 31301 1256

Email: info.dbn@alsglobal.com
Reference Ne: ALSD 2433 www.alsglobal.com Date: 09 May 2014

ALS

Resistivity, as ohm.m,
[Megger Earth Tester]

16, 28070 ittt 90

17, 28071 s 35

18, 28072t 38

L1 28073 et >499

20, 28074 e 68

21, 28075, i 38

22, 28076..ceeiieieieeiiee e e ne s 174

23, 28077 e 470

24, 28078, 74

25, 28079 it 74

26, 28080......cciiiiiiieie e 70

27, 2808L.....ciiiiiiiiieie e 158

28, 28082.....eiitiiiiiieie s 43

29, 28083... .o 230

30, 28084......ooiiiie s >499

Technical Signatory: Chemistry Microbiology

Mr P. Ramdeen — Supervisor Ms N. Kassim — Supervisor

Branch Manager:

Dr A. A. Khan

Geosure

P.O Box 1461
Westville
3630

20f2
Electronically transmitted reports are not considered official.
This report relates only to the samples supplied and ALS Analysis and Inspection Durban (Pty) Ltd. does not accept responsibility for any matters arising from further use of these
results. This document may only be reproduced in full and with the written approval of the Branch Manager.

REGISTERED NO. 2011/005247/07 Part of the ALS Laboratory Group An ALS Limited Company



Appendix C: DPL Test Results



SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3030041301

2014/03/10 to 2014/03/15

Test Number: DPL 01
No. of Penetration Depth of mm/ blow Consistency Bearing Depth Below

Blows Reading Penetration Capacity NGL
(mm) (mm) (kPa) (mm)

0 200 200

5 345 145 29 Stiff 56,95586 345
10 430 85 17 Stiff 112,2312 430
15 520 90 18 Stiff 104,3729 520
20 615 95 19 Stiff 97,44662 615
25 745 130 26 Stiff 65,42861 745
30 890 145 29 Stiff 56,95586 890
35 1085 195 39 Firm 39,09595 1085
40 1205 120 24 Stiff 72,42952 1205
45 1285 80 16 Stiff 121,2136 1285
50 1360 75 15 Very Stiff 131,5673 1360
55 1420 60 12 Very Stiff 174,6722 1420
60 1475 55 11 Very Stiff 195,0811 1475
65 1530 55 11 Very Stiff 195,0811 1530
70 1585 55 11 Very Stiff 195,0811 1585
75 1625 40 8 Very Stiff 292,3207 1625
80 1690 65 13 Very Stiff 157,7887 1690
85 1735 45 9 Very Stiff 251,7073 1735
90 1770 35 7 Very Stiff 346,3453 1770




SITE NAME: UMKHOMAZI PROJECT
Job Number 3,03E+09

Date of Test:

Test Number: DPL 02

2014/03/10 to 2014/03/15

No. of Penetration | Depth of | mm/ blow | Consistency | Bearing Depth Below
Blows Reading |Penetration Capacity NGL
(mm) (mm) (kPa) (mm)

0 25 25
5 235 210 42 Firm 35,5842 235
10 320 85 17 Stiff 112,231 320
15 395 75 15 Very Stiff 131,567 395
20 460 65 13 Very Stiff 157,789 460
25 525 65 13 Very Stiff 157,789 525
30 600 75 15 Very Stiff 131,567 600
35 660 60 12 Very Stiff 174,672 660
40 795 135 27 Stiff 62,3666 795
45 1000 205 41 Firm 36,6901 1000
50 1050 50 10 Very Stiff 220,183 1050
55 1085 35 7 Very Stiff 346,345 1085
60 1105 20 4 Near Refusal | 500 1105
65 1130 25 5 Very Stiff 500 1130
70 1155 25 5 Very Stiff 500 1155
75

Near Refusal




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL O3
No. of Penetration Depth of |mm/ blow| Consistency | Bearing Depth Below
Blows Reading Penetration Capacity NGL
(mm) (mm) (kPa) (mm)
0 100 100
5 360 260 52 Firm 27,13061 360
10 615 255 51 Firm 27,808 615
15 960 345 69 Soft 18,94286 960
20 1100 140 28 Stiff 59,55156 1100
25 1260 160 32 Firm 50,26242 1260
30 1470 210 42 Firm 35,5842 1470
35 1595 125 25 Stiff 68,77016 1595
40 1665 70 14 Very Stiff 143,6155 1665
45 1760 95 19 Stiff 97,44662 1760
50 1855 95 19 Stiff 97,44662 1855
55 1890 35 7 Very Stiff [ 346,3453 1890
60 1920 30 6 Very Stiff |421,2421 1920
65 1950 30 6 Very Stiff [421,2421 1950




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 04
No. of Penetration Depth of mm/ blow | Consistency | Bearing | Depth Below
Blows Reading Penetration Capacity NGL
(mm) (mm) (kPa) (mm)
0 15 15
5 100 85 17 Stiff 112,231 100
10 205 105 21 Stiff 85,8154 205
15 340 135 27 Stiff 62,3666 340
20 505 165 33 Firm 48,336 505
25 670 165 33 Firm 48,336 670
30 805 135 27 Stiff 62,3666 805
35 905 100 20 Stiff 91,301 905
40 965 60 12 Very Stiff [ 174,672 965
45 1080 115 23 Stiff 76,4521 1080
50 1185 105 21 Stiff 85,8154 1185
55 1275 90 18 Stiff 104,373 1275
60 1375 100 20 Stiff 91,301 1375
65 1485 110 22 Stiff 80,8923 1485
70 1605 120 24 Stiff 72,4295 1605
& 1685 80 16 Stiff 121,214 | 1685
80 1750 65 13 Very Stiff | 157,789 1750
85 1805 55 11 Very Stiff [ 195,081 1805
90 1850 45 9 Very Stifft | 251,707 1850
95 1890 40 8 Very Stiff | 292,321 1890
100 1930 40 8 Very Stiff | 292,321 1930




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 05
No. of Penetration | Depth of [mm/ blow|Consistency| Bearing | Depth Below

Blows Reading Penetration Capacity NGL
(mm) (mm) (kPa) (mm)

0 35 35

5 120 85 17 Stiff 112,231 120
10 220 100 20 Stiff 91,301 220
15 380 160 32 Firm 50,2624 380
20 545 165 33 Firm 48,336 545
25 695 150 30 Stiff 54,5557 695
30 815 120 24 Stiff 72,4295 815
35 945 130 26 Stiff 65,4286 945
40 990 45 9 Very Stiff [ 251,707 990
45 1050 60 12 Very Stiff | 174,672 1050
50 1105 55 11 Very Stiff [ 195,081 1105
55 1190 85 17 Stiff 112,231 1190
60 1260 70 14 Very Stiff | 143,615 1260
65 1345 85 17 Stiff 112,231 1345
70 1445 100 20 Stiff 91,301 1445
& 1525 80 16 stiff | 121,214 | 1525
80 1585 60 12 Very Stiff | 174,672 1585
85 1640 55 11 Very Stiff [ 195,081 1640
90 1705 65 13 Very Stiff | 157,789 1705
95 1775 70 14 Very Stiff | 143,615 1775
100 1830 55 11 Very Stiff | 195,081 1830
105 1875 45 9 Very Stiff | 251,707 1875
110 1915 40 8 Very Stiff | 292,321 1915
115 1950 35 7 Very Stiff | 346,345 1950




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3030041301

2014/03/10 to 2014/03/15

Test Number: DPL 06
No. of Penetration | Depth of |mm/ blow| Consistency | Bearing | Depth Below
Blows Reading Penetration Capacity NGL
(mm) (mm) (kPa) (mm)
0 15 15
S 170 155 31 Firm 52,3305 170
10 330 160 32 Firm 50,2624 330
15 485 155 31 Firm 52,3305 485
20 585 100 20 Stiff 91,301 585
25 705 120 24 Stiff 72,4295 705
30 800 95 19 Stiff 97,4466 800
35 935 135 27 Stiff 62,3666 935
40 1015 80 16 Stiff 121,214 1015
45 1095 80 16 Stiff 121,214 1095
50 1185 90 18 Stiff 104,373 1185
55 1270 85 17 Stiff 112,231 1270
60 1340 70 14 Very Stiff | 143,615 1340
65 1385 45 9 Very Stiff | 251,707 1385
70 1445 60 12 Very Stiff | 174,672 1445
75 1505 60 12 Very Stiff | 174,672 1505
80 1565 60 12 Very Stiff | 174,672 1565
85 1605 40 8 Very Stiff | 292,321 1605
90 1685 80 16 Stiff 121,214 1685
95 1750 65 13 Very Stiff | 157,789 1750
100 1810 60 12 Very Stiff | 174,672 1810
105 1890 80 16 Stiff 121,214 1890
110 1910 20 4 FALSE 500 1910
115 1985 75 15 Very Stiff | 131,567 1985




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 07
No. of Penetration | Depth of |mm/ blow| Consistency| Bearing | Depth Below

Blows Reading Penetration Capacity NGL
(mm) (mm) (kPa) (mm)

0 70 70

5 210 140 28 Stiff 59,5516 210
10 455 245 49 Firm 29,2573 455
15 560 105 21 Stiff 85,8154 560
20 615 55 11 Very Stiff [ 195,081 615
25 680 65 13 Very Stiff [ 157,789 680
30 745 65 13 Very Stiff [ 157,789 745
35 800 55 11 Very Stiff [ 195,081 800
40 875 75 15 Very Stiff | 131,567 875
45 920 45 9 Very Stiff | 251,707 920
50 965 45 9 Very Stiff | 251,707 965
55 1005 40 8 Very Stiff [ 292,321 1005
60 1055 50 10 Very Stiff | 220,183 1055
65 1115 60 12 Very Stiff | 174,672 1115
70 1235 120 24 Stiff 72,4295 1235
& 1325 90 18 stiff | 104,373 | 1325
80 1395 70 14 Very Stiff | 143,615 1395
85 1475 80 16 Stiff 121,214 1475
90 1580 105 21 Stiff 85,8154 1580
95 1710 130 26 Stiff 65,4286 1710
100 1845 135 27 Stiff 62,3666 1845
105 1950 105 21 Stiff 85,8154 1950




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 08
No. of Penetration | Depth of [mm/ blow| Consistency | Bearing |Depth Below

Blows Reading |Penetration Capacity NGL
(mm) (mm) (kPa) (mm)

0 60 60

5 220 160 32 Firm 50,2624 220
10 375 155 31 Firm 52,3305 375
15 480 105 21 Stiff 85,8154 480
20 580 100 20 Stiff 91,301 580
25 655 75 15 Very Stiff | 131,567 655
30 735 80 16 Stiff 121,214 735
35 885 150 30 Stiff 54,5557 885
40 1000 115 23 Stiff 76,4521 1000
45 1085 85 17 Stiff 112,231 1085
50 1175 90 18 Stiff 104,373 | 1175
55 1270 95 19 Stiff 97,4466 1270
60 1355 85 17 Stiff 112,231 1355
65 1445 90 18 Stiff 104,373 1445
70 1550 105 21 Stiff 85,8154 1550
75 1645 95 19 Stiff 97,4466 | 1645
80 1785 140 28 Stiff 59,5516 1785
85 1865 80 16 Stiff 121,214 1865
90 1945 80 16 Stiff 121,214 1945
95 1985 40 8 Very Stiff | 292,321 1985




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 09
No. of Penetration | Depth of |mm/ blow| Consistency | Bearing |Depth Below

Blows Reading |Penetration Capacity NGL
(mm) (mm) (kPa) (mm)

0 60 60

5 320 260 52 Firm 27,1306 320
10 375 55 11 Very Stiff 195,081 375
15 415 40 8 Very Stiff | 292,321 415
20 455 40 8 Very Stiff [ 292,321 455
25 500 45 9 Very Stiff | 251,707 500
30 555 55 11 Very Stiff 195,081 555
35 625 70 14 Very Stiff 143,615 625
40 740 115 23 Stiff 76,4521 740
45 885 145 29 Stiff 56,9559 885
50 1000 115 23 Stiff 76,4521 1000
55 1095 95 19 Stiff 97,4466 1095
60 1190 95 19 Stiff 97,4466 1190
65 1275 85 17 Stiff 112,231 1275
70 1365 90 18 Stiff 104,373 1365
75 1440 75 15 Very Stiff | 131,567 1440
80 1525 85 17 Stiff 112,231 1525
85 1615 90 18 Stiff 104,373 1615
90 1700 85 17 Stiff 112,231 1700
95 1785 85 17 Stiff 112,231 1785
100 1865 80 16 Stiff 121,214 1865
105 1940 75 15 Very Stiff 131,567 1940
110 2000 60 12 Very Stiff 174,672 2000




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT
3,03E+09
2014/03/10 to 2014/03/15

Test Number: DPL 10
No. of Penetration | Depth of [mm/ blow| Consistency | Bearing| Depth Below
Blows Reading [Penetration Capacity NGL
(mm) (mm) (kPa) (mm)
0 70 70
5 245 175 35 Firm 44,856 245
10 315 70 14 Very Stiff 143,62 315
15 380 65 13 Very Stiff 157,79 380
20 450 70 14 Very Stiff 143,62 450
25 535 85 17 Stiff 112,23 535
30 680 145 29 Stiff 56,956 680
35 820 140 28 Stiff 59,552 820
40 895 75 15 Very Stiff 131,57 895
45 970 75 15 Very Stiff 131,57 970
50 1030 60 12 Very Stiff 174,67 1030
55 1100 70 14 Very Stiff 143,62 1100
60 1155 55 11 Very Stiff 195,08 1155
65 1190 35 7 Very Stiff 346,35 1190
70 1220 30 6 Very Stiff 421,24 1220
75 1250 30 6 Very Stiff | 421,24 1250
80 1275 25 5 Very Stiff 500 1275
85 1295 20 4 Near Refusal 500 1295
90 1315 20 4 Near Refusal 500 1315
95 Near Refusal




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 11
No. of Penetration | Depth of |mm/ blow|Consistency| Bearing | Depth Below
Blows Reading [|Penetration Capacity NGL
(mm) (mm) (kPa) (mm)
0 70 70

235 165 33 Firm 48,336 235

10 355 120 24 Stiff 72,4295 355
15 440 85 17 Stiff 112,231 440
20 520 80 16 Stiff 121,214 520
25 635 115 23 Stiff 76,4521 635
30 710 75 15 Very Stiff | 131,567 710
35 770 60 12 Very Stiff | 174,672 770
40 835 65 13 Very Stiff | 157,789 835
45 900 65 13 Very Stiff | 157,789 900
50 975 75 15 Very Stiff | 131,567 975
55 1025 50 10 Very Stiff | 220,183 1025
60 1100 75 15 Very Stiff | 131,567 1100
65 1175 75 15 Very Stiff | 131,567 1175
70 1250 75 15 Very Stiff | 131,567 1250
75 1315 65 13 Very Stiff | 157,789 1315
80 1370 55 11 Very Stiff | 195,081 1370
85 1420 50 10 Very Stiff | 220,183 1420
90 1460 40 8 Very Stiff | 292,321 1460
95 1495 35 7 Very Stiff | 346,345 1495
100 1530 35 7 Very Stiff | 346,345 1530
105 1555 25 5 Very Stiff 500 1555
110 1585 30 6 Very Stiff | 421,242 1585
115 1610 25 5 Very Stiff 500 1610
120 1640 30 6 Very Stiff | 421,242 1640
125 1670 30 6 Very Stiff | 421,242 1670
130 1695 25 S5 Very Stiff 500 1695
135 1720 25 5 Very Stiff 500 1720

140

Near Refusal




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 12
No. of Penetration | Depth of |mm/ blow| Consistency | Bearing |Depth Below
Blows Reading [Penetration Capacity NGL
(mm) (mm) (kPa) (mm)
0 155 155
5 630 475 95 Soft 12,6205 630
10 775 145 29 Stiff 56,9559 775
15 825 50 10 Very Stiff | 220,183 825
20 860 35 7 Very Stiff | 346,345 860
25 890 30 6 Very Stiff | 421,242 890
30 915 25 S5 Very Stiff 500 915
35 940 25 5 Very Stiff 500 940
40 970 30 6 Very Stiff | 421,242 970
45 1000 30 6 Very Stiff | 421,242 1000
50 1030 30 6 Very Stiff | 421,242 1030
55 1055 25 5 Very Stiff 500 1055
60 1085 30 6 Very Stiff | 421,242 1085
65 1100 15 3 Near Refusal 500 1100
70 Near Refusal




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 13
No. of Penetration | Depth of |mm/ blow| Consistency| Bearing | Depth Below

Blows Reading | Penetration Capacity NGL
(mm) (mm) (kPa) (mm)

0 35 35

5 195 160 32 Firm 50,2624 195
10 310 115 23 Stiff 76,4521 310
15 420 110 22 Stiff 80,8923 420
20 505 85 17 Stiff 112,231 505
25 595 90 18 Stiff 104,373 595
30 725 130 26 Stiff 65,4286 725
35 830 105 21 Stiff 85,8154 830
40 925 95 19 Stiff 97,4466 925
45 1250 325 65 Soft 20,4354 1250
50 1325 75 15 Very Stiff | 131,567 1325
55 1380 55 11 Very Stiff | 195,081 1380
60 1425 45 9 Very Stiff | 251,707 1425
65 1470 45 9 Very Stiff | 251,707 1470
70 1520 50 10 Very Stiff | 220,183 1520
75 1565 45 9 Very Stiff | 251,707 1565
80 1595 30 6 Very Stiff | 421,242 1595
85 1620 25 5 Very Stiff 500 1620
90 1640 20 4 Near Refusall 500 1640




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 14
No. of Penetration | Depth of [mm/ blow] Consistency | Bearing | Depth Below
Blows Reading |Penetration| Capacity NGL
(mm) (mm) (kPa) (mm)
0 95 95
5 185 90 18 Stiff 104,373 185
10 300 115 23 Stiff 76,4521 300
15 455 155 31 Firm 52,3305 455
20 540 85 17 Stiff 112,231 540
25 605 65 13 Very Stiff 157,789 605
30 655 50 10 Very Stiff 220,183 655
35 705 50 10 Very Stiff 220,183 705
40 740 35 7 Very Stiff 346,345 740
45 775 35 7 Very Stiff 346,345 775
50 800 25 5 Very Stiff 500 800
55 825 25 5 Very Stiff 500 825
60 850 25 5 Very Stiff 500 850
65 870 20 4 Near Refusal 500 870




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 15
No. of Penetration | Depth of |mm/ blow|Consistency| Bearing [Depth Below

Blows Reading | Penetration Capacity NGL
(mm) (mm) (kPa) (mm)

0 35 35

5 175 140 28 Stiff 59,5516 175
10 260 85 17 Stiff 112,231 260
15 350 90 18 Stiff 104,373 350
20 455 105 21 Stiff 85,8154 455
25 595 140 28 Stiff 59,5516 595
30 735 140 28 Stiff 59,5516 735
35 850 115 23 Stiff 76,4521 850
40 985 135 27 Stiff 62,3666 985
45 1110 125 25 Stiff 68,7702 1110
50 1240 130 26 Stiff 65,4286 1240
55 1365 125 25 Stiff 68,7702 1365
60 1480 115 23 Stiff 76,4521 1480
65 1585 105 21 Stiff 85,8154 1585
70 1655 70 14 Very Stiff | 143,615 1655
75 1685 30 6 Very Stiff |421,242| 1685
80 1710 25 5 Very Stiff 500 1710
85 1730 20 4 Near Refusall 500 1730




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 16
No. of Penetration | Depth of |mm/ blow|Consistency| Bearing | Depth Below

Blows Reading |Penetration Capacity NGL
(mm) (mm) (kPa) (mm)

0 130 130

5 275 145 29 Stiff 56,9559 275
10 440 165 33 Firm 48,336 440
15 590 150 30 Stiff 54,5557 590
20 790 200 40 Firm 37,8589 790
25 805 15 3 Near Refusall 500 805
30 890 85 17 Stiff 112,231 890
35 970 80 16 Stiff 121,214 970
40 1055 85 17 Stiff 112,231 1055
45 1145 90 18 Stiff 104,373 1145
50 1205 60 12 Very Stiff | 174,672 1205
55 1260 55 11 Very Stiff | 195,081 1260
60 1305 45 9 Very Stiff | 251,707 1305
65 1345 40 8 Very Stiff | 292,321 1345
70 1385 40 8 Very Stiff | 292,321 1385
75 1425 40 8 Very Stiff | 292,321 1425
80 1460 35 7 Very Stiff | 346,345 1460
85 1495 35 7 Very Stiff | 346,345 1495
90 1525 30 6 Very Stiff | 421,242 1525
95 1555 30 6 Very Stiff | 421,242 1555
100 1590 35 7 Very Stiff | 346,345 1590
105 1615 25 5 Very Stiff 500 1615
110 1635 20 4 Near Refusall 500 1635
115 1660 25 5 Near Refusall 500 1660




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 17
No. of Penetration| Depth of [mm/ blow| Consistency | Bearing | Depth Below
Blows Reading [Penetration Capacity NGL
(mm) (mm) (kPa) (mm)
0 25 25
5 130 105 21 Stiff 85,8154 105
10 225 95 19 Stiff 97,4466 95
15 355 130 26 Stiff 65,4286 130
20 410 55 11 Very Stiff [ 195,081 55
25 460 50 10 Very Stiff [ 220,183 50
30 500 40 8 Very Stiff [ 292,321 40
35 540 40 8 Very Stiff [ 292,321 40
40 580 40 8 Very Stiff [ 292,321 40
45 620 40 8 Very Stiff [ 292,321 40
50 670 50 10 Very Stiff [ 220,183 50
55 735 65 13 Very Stiff [ 157,789 65
60 875 140 28 Stiff 59,5516 140
65 950 75 15 Very Stiff | 131,567 75
70 975 25 5 Very Stiff 500 25
7> 995 20 4 | Near Refusal| 500 20
80 1020 25 5 Near Refusal 500 25




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 18
No. of Penetration | Depth of [mm/ blow| Consistency| Bearing | Depth Below
Blows Reading |Penetration Capacity NGL
(mm) (mm) (kPa) (mm)
0 75 75

5 165 90 18 Stiff 104,373 165
10 255 90 18 Stiff 104,373 255
15 355 100 20 Stiff 91,301 355
20 395 40 8 Very Stiff | 292,321 395
25 455 60 12 Very Stiff | 174,672 455
30 505 50 10 Very Stiff | 220,183 505
35 535 30 6 Very Stiff | 421,242 535
40 560 25 S Very Stiff 500 560
45 600 40 8 Very Stiff | 292,321 600
50 630 30 6 Very Stiff | 421,242 630
55 660 30 6 Very Stiff | 421,242 660
60 685 25 5 Very Stiff 500 685
65 710 25 5 Very Stiff 500 710
70 735 25 5 Very Stiff 500 735
75 750 15 3 |Near Refusal| 500 750

80 Near Refusal




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT
3,03E+09
2014/03/10 to 2014/03/15

Test Number: DPL 19
No. of Penetration | Depth of mm/ blow Consistency | Bearing | Depth Below
Blows Reading |Penetration Capacity NGL
(mm) (mm) (kPa) (mm)
0 80 80
5 165 85 17 Stiff 112,231 165
10 280 115 23 Stiff 76,4521 280
15 375 95 19 Stiff 97,4466 375
20 450 75 15 Very Stiff | 131,567 450
25 520 70 14 Very Stiff | 143,615 520
30 605 85 17 Stiff 112,231 605
35 685 80 16 Stiff 121,214 685
40 765 80 16 Stiff 121,214 765
45 845 80 16 Stiff 121,214 845
50 905 60 12 Very Stiff | 174,672 905
55 970 65 13 Very Stiff | 157,789 970
60 1045 75 15 Very Stiff | 131,567 1045
65 1100 55 11 Very Stiff | 195,081 1100
70 1145 45 9 Very Stiff | 251,707 1145
75 1195 50 10 Very Stiff | 220,183 1195
80 1225 30 6 Very Stiff | 421,242 1225
85 1255 30 6 Very Stiff | 421,242 1255
90 1280 25 5 Very Stiff 500 1280
95 1305 25 5 Very Stiff 500 1305
100 1330 25 5 Very Stiff 500 1330
105 1350 20 4 Near Refusal 500 1350
110 Near Refusal




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 20
No. of Penetration| Depth of |mm/ blow| Consistency| Bearing | Depth Below
Blows Reading |Penetration Capacity NGL
(mm) (mm) (kPa) (mm)
0 25 25
5 130 105 21 Stiff 85,8154 130
10 225 95 19 Stiff 97,4466 225
15 355 130 26 Stiff 65,4286 355
20 410 55 11 Very Stiff | 195,081 410
25 460 50 10 Very Stiff | 220,183 460
30 500 40 8 Very Stiff | 292,321 500
35 540 40 8 Very Stiff | 292,321 540
40 580 40 8 Very Stiff | 292,321 580
45 620 40 8 Very Stiff | 292,321 620
50 670 50 10 Very Stiff | 220,183 670
55 735 65 13 Very Stiff | 157,789 735
60 875 140 28 Stiff 59,5516 875
65 950 75 15 Very Stiff | 131,567 950
70 975 25 5 Very Stiff 500 975
7> 995 20 4 |Near Refusal| 500 995
80 1020 25 5 Near Refusal 500 1020
85 Near Refusal




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT
3,03E+09
2014/03/10 to 2014/03/15

Test Number: DPL 21
No. of Penetration| Depth of [mm/ blow| Consistency | Bearing | Depth Below

Blows Reading [Penetration Capacity NGL
(mm) (mm) (kPa) (mm)

0 25 25
240 215 43 Firm 34,5365 240

10 290 50 10 Very Stiff | 220,183 290
15 380 90 18 Stiff 104,373 380
20 350 60 12 Very Stiff | 174,672 350
25 380 30 6 Very Stiff | 421,242 380
30 415 35 7 Very Stiff | 346,345 415
35 455 40 8 Very Stiff | 292,321 455
40 495 40 8 Very Stiff | 292,321 495
45 535 40 8 Very Stiff | 292,321 535
50 575 40 8 Very Stiff | 292,321 575
55 625 50 10 Very Stiff | 220,183 625
60 690 65 13 Very Stiff | 157,789 690
65 765 75 15 Very Stiff | 131,567 765
70 840 75 15 Very Stiff | 131,567 840
75 955 115 23 Stiff 76,4521 955
80 955 115 23 Stiff 76,4521 955
85 1055 100 20 Stiff 91,301 1055
90 1160 105 21 Stiff 85,8154 1160
95 1260 100 20 Stiff 91,301 1260
100 1350 90 18 Stiff 104,373 1350
105 1440 90 18 Stiff 104,373 1440
110 1525 85 17 Stiff 112,231 1525
115 1610 85 17 Stiff 112,231 1610
120 1700 90 18 Stiff 104,373 1700
125 1790 90 18 Stiff 104,373 1790
130 1870 80 16 Stiff 121,214 1870
135 1960 90 18 Stiff 104,373 1960




SITE NAME:
Job Number
Date of Test:

UMKHOMAZI PROJECT

3,03E+09

2014/03/10 to 2014/03/15

Test Number: DPL 22
No. of Penetration | Depth of | mm/ blow | Consistency| Bearing |Depth Below

Blows Reading | Penetration Capacity NGL
(mm) (mm) (kPa) (mm)

0 25 25

5 240 215 43 Firm 34,5365 240
10 355 115 23 Stiff 76,4521 355
15 470 115 23 Stiff 76,4521 470
20 575 105 21 Stiff 85,8154 575
25 675 100 20 Stiff 91,301 675
30 775 100 20 Stiff 91,301 775
35 865 90 18 Stiff 104,373 865
40 955 90 18 Stiff 104,373 955
45 1045 90 18 Stiff 104,373 1045
50 1135 90 18 Stiff 104,373 1135
55 1225 90 18 Stiff 104,373 1225
60 1315 90 18 Stiff 104,373 1315
65 1400 85 17 Stiff 112,231 1400
70 1485 85 17 Stiff 112,231 1485
75 1565 80 16 stff | 121,214| 1565
80 1640 75 15 Very Stiff | 131,567 1640
85 1715 75 15 Very Stiff | 131,567 1715
90 1780 65 13 Very Stiff | 157,789 1780
95 1840 60 12 Very Stiff | 174,672 1840
100 1890 50 10 Very Stiff | 220,183 1890
105 1940 50 10 Very Stiff | 220,183 1940
110 1980 40 8 Very Stiff | 292,321 1980




Appendix D: Site Photographs



b N ¢ &

Plate 1: Typical soil profile encountered throughout the site (RW09) with clayey
sand colluvium overlying clayey silt residual shale.
(13 March 2014).



Plate 2: Shallow refusal of TLB on completely weathered very soft rock shale. (13
March 2014).



Plate 3: Over head powerlines intersect the site in a east to west direction.
(13 March 2014, western view)



Plate 4:

Deep soil profiles were encountered in
Zone B, with clayey transported material
overlying residual shale.

(13 March 2014)



Plate 5: Grass cover many areas of the Raw Water Pipeline site. A black wattle



forest also occurs near Baynesfield Estate dam site.

Plate 6:

Dynamic Probe Light (DPL) penetration
tests were conducted on a proposed
raw water pipeline to determine the
consistency of the in situ material.

(13 March 2014, northwestern view)
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