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Project GA0656.1/2019 

12th September 2019 

 

GEOTECHNICAL REPORT 

MTUNZINI SEWER UPGRADE – NEW WASTEWATER TREATMENT WORKS 

MTUNZINI TOWN 

1 INTRODUCTION 

The following report describes the findings of a geotechnical investigation for the proposed 

construction of a new waste water treatment works (WWTW) along the north western 

outskirts of Mtunzini Town, KwaZulu-Natal. The geotechnical investigation was undertaken 

by Ground Africa Consulting at the request of Mr Jaco Janse van Rensburg of ECA 

Consulting. 

The purpose of the geotechnical investigation was to determine the underlying geotechnical 

conditions of the earmarked WWTW site to enable the provision of foundation 

recommendations for design purposes. Trial holes were mechanically excavated at selected 

positions about the site to enable the assessment of the underlying soil and weathered rock 

horizons so as to determine ease of excavation as well as assist in determining the presence 

of groundwater and identify potential geotechnical problematic zones. Recommendations 

with respect to appropriate foundation types, embedment depths, allowable bearing capacity 

and anticipated earthworks have been provided herein. 

A site layout plan with reference number 19-006-00-03 titled ‘Waste Water Treatment Works 

Plan’ was supplied by ECA Consulting for the purposes of the geotechnical investigation. 

Trial holes and associated tests have been positioned according to the supplied layout. 

This report forms a set of 3x reports for the overall Mtunzini Sewer Upgrade. The full suite of 

reports for this project are listed below: 

1. GA0656.1 Mtunzini Waste Water Treatment Works - Geotechnical Report 

2. GA0656.2 Mtunzini Sewer Rising Mains - Geotechncial Report 

3. GA0656.3 Mtunzini Sewer Pump Station Sites - Geotechnical Report 

  



Page 2 of 18 

 
Mtunzini Sewer Upgrade - New WWTW  Project GA0656.1/2019 
Geotechnical Report  September 2019 

2 SITE DESCRIPTION 

The earmarked site for the proposed Waste Water Treatment Works (with GPS co-ordinates 

28°56'28.4"S; 31°45'06.9"E) is situated approximately 1.1km north west of the Mtunzini CBD, 

KwaZulul-Natal. The identified site is approximately rectangular in shape and covers an area 

of 1.45ha. The site is in an undeveloped state and is presently utilised for sugar cane 

farming. 

The ground profile slopes gently from the east down towards the west. The lower western 

boundary of the site is marked by a small stream which has densely vegetated banks of 

indigenous bush. Small drainage furrows have been created within the cane fields in the 

lower lying western area indicating that groundwater accumulation and oversaturation of the 

near surface soils occurs.  

Vehicle access about the site is easy along existing gravel roads and is possible due to the 

open, uncongested nature of the site. The geotechnical investigation was undertaken after 

the sugar cane had been burnt and cut allowing for easy access. 

Existing services on site comprise a water supply line which runs parallel to the site’s 

northern boundary. The water line is connected to a borehole situated along the site’s lower 

western boundary and is utilised by the mining company, Tronox. Overhead electrical power 

lines are also present along the sites northern boundary line. 

An aerial overview of the site, as well as photographs taken at the time of the geotechnical 

investigation, is included over-page. 
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Aerial Overview of Site 



Page 4 of 18 

 
Mtunzini Sewer Upgrade - New WWTW  Project GA0656.1/2019 
Geotechnical Report  September 2019 

Aerial Overview of Site 
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Site Photographs 

 

 

 
Picture 1: Looking north west along the northern boundary line of the site from the 
higher eastern area.  

Picture 2: Looking south east across the site showing the sloping ground profile. 
 

 

 

 
Picture 3: Looking south across the midsection of the proposed site from the 
northern boundary line.  

Picture 4: Looking east across the site from the lower western boundary. 
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Site Photographs 

 

 

 

Picture 5: Looking approximately west across the site from the higher eastern 
boundary.  

Picture 6: Looking east along the site’s northern boundary line. 

 

 

 
Picture 7: Trial holes were excavated using a standard sized tractor loader backhoe 
(TLB).  

Picture 8: The stream course along the site’s western boundary is densely 
vegetated.  

On Site Photographs 
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3 GEOLOGY 

Geological mapping of the area shows the proposed new waste water treatment works site is 

underlain by sedimentary rock of the Vryheid Formation, Ecca Group, Karoo Supergroup. 

The Vryheid Formation comprises mostly medium to coarse grained sandstone, grey 

micaceous shale and siltstone. The mechanical excavation of trial holes on site resulted in 

the intersection of completely to highly weathered shale and siltstone rock confirming the 

presence of the Vryheid Formation in the area. 

The weathered rock horizons were found to be overlain by relatively mature, clay and silt rich 

residual soils. The residual soils are masked by a colluvial soil layer which was intersected 

from surface. An alluvial boulder bed was encountered along the sites lower lying western 

boundary in the vicinity of a stream course. 

Although not indicated as being present, some small dolerite sills and associated feeder 

dykes can be expected in the surrounding area. This has been confirmed during previous 

geotechnical investigations undertaken in close proximity to the identified site. 
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4 FIELDWORK 

4.1 Fieldwork Methods 

Geotechnical fieldwork undertaken on the 28th August 2019 comprised the following: 

 General site walkover and geological survey. 

 Mechanical excavation of eight (8x) trial holes about the site area using a standard sized 

tractor loader backhoe (TLB). Trial holes were excavated to depths of between 2.8m and 

4.0m below present ground level (PGL). 

 Profiling of the individual ground horizons exposed in the sidewalls of the individual trial 

holes as well as measurement of ground water seepage depths. 

 Retrieval of representative soil samples for laboratory testing. Two (2x) foundation 

indicator tests were undertaken on the residual soil to obtain an indication of the grading, 

Atterberg Limits and heave potential. 

 Eight (8x) dynamic penetrometer light (DPL) tests to depths of between 2.5m and 7.1m 

below PGL to assess the variation in consistency of the underlying soil and weathered 

rock horizons. 

The locations of the trial holes are shown in Appendix A. The depths of the trial holes were 

determined by tape measurement from present ground level (PGL). All the trial holes were 

profiled according to the method of Jennings, Brink and Williams as per the paper “Revised 

guide to soil profiling for civil engineering purposes in Southern Africa”.  

In the dynamic penetrometer light test (DPL), a specific angle ended cone fixed to the end of a 

steel rod is driven into the ground using a standard weighted hammer that drops by a fixed 

height. The number of blows measured to drive the rod over measured increments into the 

ground is recorded. These values are used to assess the density/consistency of the soils and 

obtain an indication of likely bearing capacities with the aid of numerical calculation. DPL field 

results are presented in Appendix C. 
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4.2 Fieldwork Results 

4.2.1 Soil Profiles 

The ground profile was found to vary across the site. For explanatory and interpretive purposes, 

the site has been divided into 3x sections, according to the underlying ground profile. These 

sections have been referred to as Area 1, Area 2 and Area 3 and there relative positions are 

depicted on the site plan over-page. A description of the underlying ground profile pertaining to 

each of the areas is included below. 

The excavation of trial holes on site resulted in the intersection of deep residual soils along the 

higher eastern and central sections of the site (Area 1), very soft to soft rock in the lower 

western midsection of the site (Area 2) and alluvial deposits along the western boundary line 

(Area 3). The residual and alluvial soil horizons are overlain by fine grained colluvial soils 

comprising silty clayey sands to sandy clayey silts. Descriptions for the 3x areas are included 

below: 

Area 1: 

Area 1, comprising the higher eastern and central sections of the site, is characterised by thick 

residual soil horizons. Residual soils encountered are fine grained comprising sandy clayey silts 

and silty clayey sands. The soils range from red/reddish orange to grey/khaki yellow in colour 

and were found to possess banding with relic rock features such as joint lines, bedding and 

lamination planes. Residual soils intersected within the near surface zone were found to be 

shattered and slickensided indicating that some swelling and shrinkage of the materials takes 

places as a result of variation in the in-situ moisture content. Relatively severe fissuring within 

the clay fabric was observed in places with wide cracks and highly slickensided surfaces. In 

places, isolated seams of completely weathered shale and siltstone were noted to be present 

within the residual soil horizons. 

Area 2: 

Area 2, encompassing the lower western midsection of the site is underlain by very soft to soft 

rock. The weathered rock encountered on site comprises shale and siltstone. Shale rock was 

intersected at a depth of 3.9m below PGL within TH8 and is completely to highly weathered. 

The shale is khaki yellow to black in colour, closely to medium jointed and is very soft to soft. 

Relatively, harder siltstone rock was intersected within TH4 at a depth of 3.3m below PGL. The 

siltstone is grey to yellowish brown in colour, completely to highly weathered and also soft. The 

rock material was noted to be thickly laminated and closely to medium jointed. 
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Area 3: 

Area 3 comprises the lower, western part of the site, along the stream course and is underlain 

by alluvial deposits. The alluvial soils (TH6 & TH7) were initially found to comprise silty clay 

sands to sandy clay silts which are dusky grey to pale olive grey in colour. Continued excavation 

resulted in the intersection of a wet, boulder rich horizon at depths of between 3.2m and 2.4m 

below PGL. The material comprises dolerite cobbles and boulders (80mm – 1000mm) within a 

fine to coarse grained clayey sand matrix which is orange to reddish orange in colour. 

Significant sidewall collapse was noted to occur within the identified horizons owing to its 

saturated nature. Mechanical excavation through the alluvial boulder bed was found to be 

difficult. 

Groundwater was encountered within trial holes 4, 6 and 7 at depths of between 2.5m and 3.3m 

below PGL. Groundwater intersection is most prolific along the sites lower lying western area 

owing to the presence of a stream. Perched groundwater was noted on the contact of the 

underlying weathered rock in places. 

A table listing the depths to the identified horizons is provided below for reference: 

Trial 
Hole 

Depth to 
Residual 

Depth to Rock Groundwater 
Total 
Depth 

Refusal Note 

TH1 0.9m Not Intersected 
Not 

Encountered 
4.0m No refusal – Easy excavation 

TH2 0.3m Not Intersected 
Not 

Encountered 
3.9m No refusal – Easy excavation 

TH3 0.9m Not Intersected 
Not 

Encountered 
3.9m No refusal – Easy excavation 

TH4 0.6m 3.3m (Siltstone) 3.3m 3.7m 
No refusal – Slow excavation 
through weathered siltstone 

TH5 0.8m Not Intersected 
Not 

Encountered 
3.9m No refusal – Easy excavation 

TH6 
Alluvium 

from 0.5m 
Dolerite Boulders 

from 3.2m 
3.3m 3.6m 

Refusal at 3.6m within 
boulders 

TH7 
Alluvium 

from 0.5m 
Dolerite Boulders 

from 2.4m 
2.5m 2.8m 

Refusal at 2.8m within 
boulders 

TH8 0.7m 3.9m 
Not 

Encountered 
4.0m No Refusal – Easy excavation 

A drawing showing the general distribution of the identified soil and rock horizons is provided 

over-page for reference purposes. In addition, a generalised geological cross-section has been 

included for explanatory purposes. Individual soil profiles are included in Appendix B of the 

geotechnical report. 
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Generalised Geological Cross Section 
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4.2.2 Dynamic Penetrometer Light Test Results 

Eight (8x) dynamic penetrometer light (DPL) tests were undertaken on site to depths of between 

2.5m and 7.1m below PGL to assess the variation in consistency of the underlying soils and 

weathered rock horizons. Testing was undertaken alongside trial hole excavations, from present 

surface level. 

Testing indicates the colluvial soils intersected to depths of between 0.3m and 0.9m below PGL 

are generally of a medium dense consistency with penetration rates of between 10mm/blow and 

25mm/blow being obtained. 

Continued testing within the residual soils intersected within Areas 1 & 2 shows the fine grained 

sandy clayey silts are initially of a medium dense consistency, becoming dense with increasing 

depth. Medium dense conditions were generally encountered to depths of between 1.5m and 

2.0m below PGL with penetration rates of between 8mm/blow and 25mm/blow being obtained. 

Dense zones were encountered within the generally medium dense residual soil layers, 

indicated by low penetration values of between 8mm/blow and 3mm/blow. The dense zones are 

attributed the presence of relic shale and siltstone rock lenses contained within the residual soil 

mass.  

At depth, penetration rates were found to decrease to between 7mm/blow and 2mm/blow upon 

intersection of the underlying weathered rock layers. Refusal of the apparatus was encountered 

shortly after intersection of the rock head contact. 

Testing within the alluvial soils Area 3 shows the material is generally soft/loose to depths of 

between 1.2m and 2.2m below PGL. Penetration rates for the alluvium range from 30mm/blow 

to 50mm/blow. Continued testing within the alluvium was found to be difficult owing to the 

presence of the alluvial boulders. Refusal of the DPL apparatus was encountered shortly after 

the intersection of the boulder rich horizon. 

Individual DPL test result sheets are included in Appendix C of the geotechnical report. 
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5 LABORATORY TESTING 

Foundation Indicator Testing was undertaken on representative samples of the residual soils to 

determine the soils’ clay content, plastic properties and particle size distribution to obtain an 

indication of heave and shrinkage properties. Result sheets as received from the laboratory are 

included as Appendix D with final results summarised in the table below: 

Foundation Indicator 

Sample TH Depth Material LS PI 
% Clay 

(<0.002mm) 
GM 

Grading (% comprising) Heave 

Potential Gr Sa Si Cl 

WT2 TH1 3.0m 
Reddish orange with khaki 
yellow blotches; Slightly SANDY 
CLAY SILT – Residual. 

11.3 15.4 38.0 0.17 0.0 17.1 44.9 38.0 Low 

WT3 TH3 1.5m 
Mottled grey and khaki yellow; 
SILTY CLAY – Residual. 

10.7 23.1 61.0 0.06 0.0 5.4 33.6 61.0 Low 

Where: 
 

TH: Trial hole from which samples were retrieved % Swell: Measured swell of sample during curing 

LS: Linear Shrinkage PI: Plasticity Index 

GM: Grading Modulus % Clay: Clay content (<0.002mm) 

Gr: Gravel Si: Silt 

Sa: Fine Sand Cl: Clay (<0.002mm) 

HP: Heave Potential % comprising is according to the MIT classification scheme 

Sample WT2, comprising residual soil from a depth of 3.0m below PGL, shows the material 

comprises mostly silt (44.9%) and clay (38%). The clay silt material has moderately high to high 

linear shrinkage (11.3%) and plasticity index values (15.4%). A low heave potential has been 

empirically classified for the material; however, the high plasticity and high liquid limit indicate 

the clay rich residual will undergo heave and shrinkage with corresponding changes in the in-

situ moisture content. 

Testing undertaken on a sample obtained from TH(W3) at a depth of 1.5m shows the residual 

soil comprises mostly clay (61%) with lesser concentrations of silt (33.6%) and sand (5.4%). 

High linear shrinkage (10.7%) and plasticity index (23.1%) values were obtained for the clay rich 

material. The silty clay is classified as being of a low heave potential according to Van der 

Merwes Classification. In the field, the residual material was noted to be both shattered and 

slickensided with evidence of fissuring also being noted. It is recommended that the material is 

treated as being medium to highly expansive. 

The residual soils encountered on site will not be suitable for re-use as engineered fill with 

alternative sources of higher quality material needing to be imported. 
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6 GEOTECHNICAL ASSESSMENT 

6.1 Proposed Development 

From drawings received for the geotechnical investigation it is understood that the proposed 

waste water treatment works will comprise the following: 

 Honey sucker discharge chamber, screen, inlet works and equalization tank 

 BNR Reactor (1.5ML/d), 2x sedimentation tanks and sludge return pump station 

 2x sludge drying beds, reed bed, chlorination building and contact channels 

 Outlet pipe for treated waste water into stream course 

All components listed will be linked by means of drainage channels and appropriate diameter 

pipes. Each structural element will be seated on independent foundations. 

6.2 Excavations and Earthworks  

Excavation through the colluvial, residual and completely weathered rock horizons was easily 

achieved using a TLB excavator. Excavation was found to be difficult through the alluvial 

boulders present over the lower western part of the site where trial hole sidewalls were found to 

collapse. 

Owing to the sloping site, levelled cut platforms will be required for the construction of the 

plant’s individual components. Prior to any foundation construction; all vegetation as well as the 

overlying colluvial horizons will need to be stripped and removed from the founding footprint of 

each planned element of the wastewater plant. No foundations will be permitted to be placed on 

or within these layers. The erratic consistency of the colluvial layer make for ground layers that 

are not suitable for founding purposes. This material could, if required, be stockpiled and 

reintroduced after construction for landscaping purposes. 

6.3 Proposed New Foundations 

It is strongly recommended that the lower western part of the site, referred herein as Area 3, not 

be incorporated into the planned footprint of the WWTW. The underlying ground profile is not 

suitable on which to place the planned structures. It is further recommended that at least a 5m 

buffer zone be created between the planned positions of the structures and Area 3. This will 

require shifting the planned footprint upslope in a south westerly direction or stretch the footprint 

along the slope in a northerly or southerly direction.  
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Though weathered shale and siltstone was intersected in places, represented by Area 2, the 

rock mass is very soft to soft and the depth to the top of rock contact varies considerably. As 

such, once the necessary levelled cut platforms have been created, it is anticipated that over 

the majority of the areas, residual clay rich silts and sands will be exposed at the surface of the 

platforms. Some zones of very soft to soft rock will also be exposed; albeit these will be of 

similar consistency to the medium dense to dense residual soils. 

The following ground improvement, layer work preparation and foundation construction is 

required: 

 Once the levelled platforms have been created, and undisturbed residual soils and 

weathered rock are exposed at surface, it is recommended that the surface be scarified 

to a further 200mm and compacted to 98% MOD ASSHTO at 2% of Optimal Moisture 

Content (OMC).  

 Import granular material of at least G5 quality and place in successive layers of 100mm 

thick. Each layer must be compacted to 98% MOD ASSHTO at 2% OMC. Place a 

minimum of 2x layers up to the underside of the proposed foundation levels. It is 

imperative that the full footprint of each structure is placed wholly on cut and that no part 

straddles over areas of downslope fill. 

 It is recommended that individual elements of the plant be founded on steel reinforced 

concrete raft foundations to account for both long-term settlement as well as some 

heave and shrinkage movements of the clay rich soils. 

 It is imperative, that cognisance of expected relative differential movement of each plant 

component be taken into account. Connecting pipework and couplings will need to be 

able to withstand total differential movements. It is expected that differential movement 

will be in the range of approximately 10mm to 20mm. Where the tolerance for differential 

movement between the individual structures is small, it is suggested that the elements 

are placed on one raft foundation that is common to both.  

With anticipated deflections of between 0mm to 20mm, a Modulus of Subgrade Reaction “k” of 

between 15 000 kN/m3  to 20 000kN/m3 can be used for the design of the individual raft 

foundations. These values have been provided while considering the medium dense 

consistency of the in-situ silts.  



  Page 17 of 18 

 
Mtunzini Sewer Upgrade - New WWTW  Project GA0656.1/2019 
Geotechnical Report  September 2019 

6.4 Quality of In-situ Material 

Excavated weathered rock material obtained from cut and foundation earthworks, is anticipated 

to be of poor quality and will not qualify as the minimum acceptable quality of G10.  

Similarly, the alluvial deposits are of poor quality and of variable composition and will not be 

suitable for re-use in construction. 

Suitable granular material for use as engineered fill beneath the individual raft foundations will 

need to be imported from borrow or a commercial source. 

6.5 Groundwater and Drainage 

The ground profile appears to be prone to perched water conditions. Some flow of perched 

groundwater into excavations should be anticipated. Allowance for pumping to remove water 

from foundation trenches and other excavations will need to be allowed for during construction 

It is recommended that a subsoil drain be created, extending to a depth of at least 2m deep, 

along the higher extents of the site. This will assist in maintaining uniform founding conditions 

beneath the intended structures and assist in limiting the magnitude of heave movements. 

It is imperative that concrete aprons be provided around all individual structures to further assist 

in maintaining a stable moisture regime within the underlying clay rich residual soils.  

6.6 Retaining walls and Embankments 

The creation of a number of levelled platforms across the site will in turn necessitate a number 

of cut slopes and fill slopes between the different terraced levels. All cut faces and fill slopes will 

need to be formally retained using either precast concrete retaining blocks or steel reinforced 

concrete. The walls will create a series of terraced levels through the plant footprint. It is 

important that all raft foundations positioned on a platform above a retaining wall be offset back 

from the crest by a distance equal to the height of the wall. Individual walls will need to be 

designed by the accountable design engineer and will need to be supported on steel reinforced 

concrete strip footings securely embedded in undisturbed residual soils or very soft weathered 

rock. For footings of approximately 800mm wide, with a 1m embedment, an allowable bearing 

capacity of 100kPa can be used. It is further recommended that settlement and heave 

movement along the length of the retaining wall foundations be anticipated.  
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7 CONCLUSION 

The site area earmarked for the proposed waste water treatment works comprises gently to 

moderately sloping ground. Trial hole excavations show the site is mostly underlain by thick clay 

rich residual horizons overlying very soft to soft, completely weathered shale and siltstone at 

depth. Along the lower western part of the site, alluvial deposits are present which comprise 

saturated sands and large rounded boulders.  

It is recommended that the layout of the planned plant be adapted to avoid the lower western 

area where the alluvial deposits are present. It is suggested that the plant area be expanded 

sideways across the slope as well as upslope to enable all parts of the plant to be founded on 

similar ground conditions.  

Owing to the slope of the site, individual plant elements will need to be placed on levelled cut 

platforms. Retaining walls will be required to create terraces across the plant area. The cut 

excavations will intersect clay rich, residual silts and sands. All structural elements of the plant 

will need to be placed on individual steel reinforced concrete raft foundations which in turn will 

need to be placed on imported engineered gravel mattresses to account for expected long term 

settlement and some heave movement.  

Excavations through the underlying colluvial, residual and weathered rock will require the use of 

a standard sized TLB. The colluvial and residual soils are deemed to be of poor quality and will 

not be suitable for reuse in construction.  

Groundwater seepage into excavations and out of the cut faces is expected. It is suggested that 

a subsoil drain be placed on the higher bounds of the site to maintain a stable moisture regime 

beneath foundations.  

It is of the opinion that the site is geotechnically acceptable for the proposed new wastewater 

treatment plant provided the recommendations outlined in this report are strictly adhered to.  

GROUND AFRICA CONSULTING GEOTECHNICAL ENGINEERS 

 
 
 
 
 
Frederick Volbrecht MIEAust CPEng 
Geotechnical Engineer 
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Locality Map 
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Trial Hole and DPL Positions 
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Trial Hole and DPL Positions 
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Individual Soil Profiles 
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