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ABSTRACT

larger ships. This required that the harbour mouth be widened and deep-

ened. To pave the way for this modernisation of the harbour, a new and 

-

ing a “Mix-shield” slurry tunnel boring machine, the !rst in sub-Saharan 

Africa was built and commissioned in 2006.

The other developments in the area saw the emergence of a modern 

-

Point Area. To pave the way for the future expansion of the point Area for 

would require to be relocated and the incoming gravity sewer extended 

sewer extension negotiate a di#cult radius before entering the reception 

mainly on the gravity sewer extension portion of the project.

INTRODUCTION

Africa: The !rst water tunnel built in Southern Africa was the Woodhead 

from the Umlaas intake to the Umlaas !lters had to be built consisting of 

-

-

pal environment together with examples of challenges faced such as as-

set management and maintenance will be illustrated in the presentation. 

-

-

ing this document which will be freely available once completed. From 

this database it was interesting to note the statistics re$ected in the doc-

ument, the number of Tunnels in Southern Africa by category:

Dam related 48

6

Access and Special 39

Hydro power 8

Railway 219

Road 43

Sewer 52

146

TOTAL 561

merely discharged into the harbour entrance at high tide. A pre-cast 

tunnel used to convey the e%uent to the Central Waste Water Treatment 

Works was laid on the sea bed and had to be replaced recently with a 

longer and deeper tunnel using a 4.6m diameter TBM.

PROJECT BACKGROUND

the sewage pumpstation, built some 50 years ago.

-

ity) yard and on the right is a line of protected historical buildings and 

further on and around the existing sewage pumpstation are a number of 

-

FIGURE 1 

of entrance channel

In order to free this valuable land occupied by the existing pump sta-

tion, eThekwini Water and Sanitation (EWS) were requested to relocate 

-

bour Tunnel, some 225 m from the current location. See Figure 2.

To ful!l this objective, eThekwini Water and Sanitation appointed Hatch 

Goba to design and manage construction of the new, relocated pump 

station and decommission the existing pump station. The new works are 

The new pump station was constructed underground, comprising a 

pump station dry well/wet well con!guration, a screening chamber and 

a state-of-the-art odour control system. This relocation meant extending 

-

combined with the ground conditions (saturated sands), sensitive servic-

es and to minimise disruption to “Third party” and businesses in the area, 

GEOTECHNICAL SETTING

-

viously occupied by the mouth of the natural estuary of the rivers drain-
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-

tension alignment. Extending from ground level to depths ranging from 

1.0 to 2.0 m is a layer of !ll material which comprises the road layerworks. 

Underlying this are marine sands, slightly gravelly sands and gravelly 

sands that are almost indistinguishable from the insitu sands below.

Underlying the surface !ll horizon was a consistent layer of light brown 

to brown, generally medium dense to very dense, !ne to medium grained 

sands up to a depth of 5.0 m, with occasional layers of silty to clayey sands 

below 5.0  m depth. In some areas the sands become medium coarse-

grained and contain shell fragments.

Holocene marine sands, which extend to depths in excess of 10 m, typi-

cally comprise a poorly graded !ne to medium grained sand with a mini-

mal amount of !nes.

Measurements using a standard dip-meter, showed groundwater lev-

els of approximately 2.5 m below the road level. Permeability test results 

based on pump tests carried out during the investigation indicate that 

the in situ permeability (‘k’), of the sandy materials underlying the pro-

posed pipeline route ranges between 5.16 x 10-2 and 5.8 x 10-1 cm/s. 

DESIGN CONSIDERATIONS

The objective of the initial study was to evaluate the various sewer pipe 

extension installation techniques available by taking technical, !nancial 

and social-environmental aspects into consideration upon which the 

selection of the method would be based. Some of the objectives of the 

study were, inter alia:

and alignment;

new and old, some are abandoned. Every time the area was excavated, 

new services were uncovered, which makes it dangerous for construction 

personnel and equipment. Some of the services here include !bre optic 

-

cable. See Figure 4. That made the option of open-trench method of pipe 

installation unfavourable.

In terms of technical and !nancial considerations, aspects such as direct 

and indirect !nancial implications were investigated. Some of the indi-

rect implications are:

FIGURE 2  Point Area setting

FIGURE 3  Geological Section
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50% of their revenues

port operations.

lowering of the groundwater table or loss of implementation of ground 

stabilisation can cause signi!cant and costly damage to some of these 

services and roadworks

road as result of ground settlement

-

cent to the existing pump station.

shaft’s heavily reinforced walls and treatment of the ground behind the 

“piercing location” where the shaft wall was cut

-

cal buildings. Most of the microtunnelling with curved alignments 

almost always gone wrong

constraints for the project.

SOCIO-ECONOMIC INPACTS

The following considerations were addressed during the study:

Economic Issues: The detailed impact of the preferred method and 

potential risks/fatal $aws associated with the project, were determined 

including economic implications. There were few businesses around the 

project area, including the entrance to the harbour mouth. A detailed 

economic impact was undertaken for the selected installation methods, 

including engaging a*ected third parties to ensure a smooth and suc-

cessful project.

Geotechnical Issues: Further ground investigations were undertaken 

along the pipe extension route. Several onsite and laboratory tests 

were conducted to con!rm the ground conditions and their geotechni-

cal properties. The water table levels, groutability of the sands and the 

frictional resistance between the pipe and soil mass (skin friction) were 

determined for the design and construction. The records indicate that a 

lack of information on ground conditions could lead to the encounter-

ing of potentially costly, unknown construction hazards.

Environmental Issues: It was established that the use cementitious 

grouting to stabilise ground would likely cause some contamination of 

groundwater. In sandy soils, grout generally tends to follow path of least 

resistance, which could end up undesirable places. However, this was 

not expected to be a major concern in the project area, due to proximity 

of the harbour channel. The other major environmental impact and con-

cerns would emanate from material excavation, haulage and disposal; 

mess caused by open-trench installation method.

 Sociological Issues: The single most signi!cant sociological impact 

identi!ed at the time would emanate from disruption of road tra#c, 

which in turn would cause disruption to businesses, during the con-

struction of the connection chamber or during trench excavation in 

the case of open-trench method. The other indirect disruption could be 

caused by disruption of utilities serving businesses and communities. 

The impact these cannot be quanti!ed during the study. The constraints 

and the available technology (together with environmental and eco-

nomic aspects), were used for the determination of the most favourable 

sewer pipe extension installation method.

INSTALLATION OPTIONS

Various construction methods for the sewer extension were investigated, 

such options as “open-trench”, “conventional/traditional pipe jacking” 

-

and disadvantages were compared. See Table 1 below. The options are 

listed below:

The report highlighted the merits and demerits of individual sewer instal-

lation methods. Each method was evaluated in detail including the evalu-

ation of cost and socio-economic impacts and bene!ts. The complexity 

of the project required a thorough determination and examination of all 

risks, pros and cons. Many of the risks have been identi!ed and discussed 

above. All options were assessed for “potentially fatal $aws” and the iden-

ti!cation of such $aws relating to individual options were summarised 

in the table below. In essence, all of the options were technically viable 

– but clearly with varying degrees of construction hazards, the delimita-

tion of which were mostly related to the project capital cost. The options 

evaluation and subsequent conclusions were summarised as follows:

Pipe Ramming: a simple to use method, but “cons” outweigh the “pros”, 

as indicated in the summary table below. In short, the method is suit-

able for jacking up to 100 m lines. Longer jacking distances require in-

tervention shafts or intermediate jacking stations. In addition, the sandy 

soils would almost certainly require ground stabilisation and the poten-

tial presence of obstructions would likely to cause pipe to bend. All the 

above issues made this option unfavourable.

Open Trench: most widely used and accepted method in South Africa. 

Whilst its use in the First World has fallen to near-zero in urban areas 

FIGURE 4  Services Along the Alignment of Sewer extension
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Pipe Jacking Microtunnelling Open-Cut Trench

Design Issues
be below north shaft base plug

for installation

sewer installations

jacking face using cementitious grout 

has no local track record

installation to withstand the jacking 

forces. ‘Ground loading on pipe is 

therefore less onerous

appropriate to sewer installation 

and larger diameter. Useful for peak 

stabilisation required

installation to withstand the jacking 

forces. Ground load is less onerous

‘from the surface’ makes this method 

ideal for gravity sewer installations

ground loading

sewer installations

Geology

below water table which may call 

likely to be encountered

cohesionless soils below 

groundwater conditions

suitable for soft ground below water 

table, where obstructions may 

be encountered

Groundwater

this method lowering and dewatering throughout 

excavation and pipe installation, 

which is contra-indicated on potential 

ground settlement basis

table conditions lowering of water table

Party
alignment checks

or sinkholes

existing utilities and adjacent 

protected buildings

be expected

Mahatma Gandhi Road

likely to damage third party utilities

on alignment, adjacent to NPA 

granite yard

the longer length of Mahatma 

Gandhi Road

Considerations

stabilisation, ahead of excavation face 

away from face can be avoided by 

using grout blobs

from machine slurry pressurisation

of trench

increasing carbon emissions

Considerations

readily available

middle of the road and around the 

services may increase the overall cost

cheaper than microtunnelling

very time consuming and therefore 

costly in the long term

by relatively short time of excavation limited drive length capability may 

dictate that additional jacking pits may 

much further

Construction 

Considerations

be required

particularly below water table, makes 

this option not ideal for gravity 

sewer installations

100 m back to align drill rod with 

design pipe grade at connection 

requiring dog-leg connection

can cause deviation from 

design alignment

strata or obstruction that might bring 

the drill to a complete halt

control levels

of the jacking face to allow man entry 

for proposed hand excavation

the face

stabilised ground.

is suitable for gravity sewers

ground conditions

is suitable for gravity sewers

Gandhi Rd

accommodate slurry plant, operator 

control room, pipe storage hoisting 

crane, etc

for sheet piles

sheet piles

vertical joints to open and subsequent 

bottom of the trench

recently installed sewer mains, for 
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for obvious reasons. Although still used in build-up areas and city cen-

tres, it is generally ideal for shallow, countryside projects. In deep pipe 

and soft ground, the trench sidewalls would generally require sheet-

the road would also prove this method very di#cult, unless the service 

-

of ground settlement. The other factor making the method unfavour-

able was the socio-economic impact (extended disruption of tra#c, 

likely disruption of services and local businesses, indirect costs associ-

ated with cutting and repair of the road surface, etc.). The Open trench 

method was therefore disquali!ed on the basis of this endless list of 

risks and disadvantages.

Horizontal Directional Drilling (HDD): relatively cheap in comparison 

-

to compensate for (or to match) the incoming sewer pipe size, two bores 

would be to control and hold a constant grade of the drilled pilot hole 

and to maintain the alignment of the drill head and reamer, which made 

it not a very popular method for installation of gravity sewer mains. 

Hence steeper grades exceeding 1:100, are preferred when using this 

method. The consequence of this “necessity for very steep grades” is 

the e*ect it has upon the depth of the proposed sewage pump station 

sump in which the sewer pipe would discharge. To overcome the prob-

lem of alignment control, watch pits/manholes would be dug along the 

route to expose the drill head and con!rm the levels or adjust as nec-

Mahatma Gandhi road would not have been an easy and cheap task. As 

a consequence of above arguments, the method was not very favour-

able for the project.

favourable method for sewer pipe installations for short 

drives. The cost estimate, availability of expertise and technological ap-

plication (suitability for sewer pipe installations) made this option very 

attractive. This method is normally suitable for used in all ground con-

ditions but in saturated dense sands (below water table). Stabilisation 

of ground (in soft soils below water table) would be a prerequisite for 

the safety of personnel and equipment and also to minimise potential 

ground settlement due to volume losses. Of all the considered ground 

stabilisations methods (dewatering, bentonite/cement grouting and 

ground freezing), none seem to be $awless, particularly when there was 

no track-record of use in similar circumstances. The risk of these meth-

ods proving unsuccessful on-site was appreciable. The selected process 

would take a long time to attain 100% e*ectiveness and as a conse-

quence could be very costly.

 Microtunnelling has the highest cost and the lowest risk rating of the 

options considered. Without much detailed analysis of options, It was 

established that the shorter excavation duration, in comparison with 

other options, this would compensate for higher upfront cost in the 

long-term and would make this option more comparable/ competitive 

or even more attractive than the second-best (pipe jacking method), in 

terms of cost.

On the bases of analyses and arguments discussed above and the anal-

ogy summarised in the comparison table (see Table 1), it was concluded 

that the microtunnelling option was the most suitable sewer installation 

-

ing gravity sewer extension and having least negative impact on the 

known constraints.

ALIGNMENT OPTIMISATION

As areas increase in density, space becomes cluttered with supply lines. 

One way to accommodate the growing demand for conduits and servic-

es, including sewer lines, would be to place them in tunnels freed from 

the general plans on the surface. This was typical along the Mahatma 

TABLE 1  Summary and Comparison of Installation Options

Health and 

Safety

connection chamber

this method treatment not successful

during interventions

trench can be excavated due 

presence of utilities

narrow trench and risk of local failure 

on trench sidewalls

Construction 

Programme

time consuming success of grout injection

and 1 m per days for ”best” and 

“average” respectively

Operations 

Considerations

Cost 

Implications

other options country, therefore less cost

High upfront cost due to import of 

highly specialised tunnel boring 

equipment and expertise

construction durations

of trench

for transporting of excavated and 

Other 

Advantages

then degree of long term interference 

with access along the road will 

be minimal

Other 

Disadvantages

sewers do not exist. Hence this 

method will be a prototype

to lay out the pipe string before it is 

soft ground, below water table the microtunnelling equipment and 

expertise in SA

and local buildings, unless water table 

lowering is avoided
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alignment had to be curved to avoid tunnelling under the protected, his-

torical “Harbour Master’s building”. This made it challenging to designing 

and choosing suitable installation method and equipment. Such curved 

microtunnels are apparently very di#cult to negotiate, particularly if the 

alignment control was critical, such as in $at grade sewers. In the Mahat-

-

viation from line meant that the machine would drill in the heavily steel 

reinforced concrete wall.

To negotiate the curve, an experienced operator had to carefully work 

the sensitive steering rams in the machine, ensuring the desired angle 

was maintained to avoid overstressing the jacking concrete pipe, by way 

of inducing point load on the concrete pipe and also maintaining the 

alignment. See Figure 5 and Figure 5a.

The Tunnel Length was approximately 225 m, consisting of:

protected historical, Harbour Master House

JACKING PIPE DESIGN

The ground conditions dictated that only a closed face, pressurised slurry 

tunnel being in excess of the desired length for the conventional hydrau-

-

1200TC”. See Figure 6.

The Client required that due to di#cult construction conditions, re-

stricted access to the sewer-line and the importance of the sewer system, 

FIGURE 5  Alignment of Microtunnel Sewer extension

FIGURE 5A  Alignment of Microtunnel on the surface

FIGURE 6  MicroTBM before launch
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the 1200 mm internal diameter concrete pipe was to be designed for a 

100-year life span. The reinforced, 145 mm wall thickness concrete pipes 

with characteristic strength of 40 MPa were designed, taking into consid-

-

rosive. This, combined with the fact that the concrete sewer pipe would 

be below the saline groundwater table and corrosive nature of sewage, 

required high durability concrete to be speci!ed. Although the extrados 

of the pipe will be permanently submerged, measures had to be put into 

place to minimise material attack by salt water. These materials included 

duplex stainless steel collars and rubber seals for pipe joints. A special 

corrosion. To eliminate chemical (sewage gases and hydrogen sulphide) 

attack to the concrete, the pipe intrados was lined with ‘cast-in’, continu-

enhance material durability to achieve the intended 100-year design life 

EMERGENCY PREPAREDNESS

A contingency rescue shaft was allowed for in the “unlikely event” that 

the MTBM encountered an obstruction, such as old ship anchors or tim-

ber piles and stoppage of the tunnelling operations. In that case the 

position of the machine head and all known services would be marked 

on the surface. Various available options were investigated, including 

sinking a cassion shaft in front of the machine head to recover the MTBM 

or remove the object from in front of the machine so as to allow the tun-

nelling to re-commence. Whilst the obstruction was being removed, ben-

tonite would continuously be pumped around the pipes to limit poten-

tial ground settlements.

CONCLUSIONS

The sewer extension line would be tunnelled rather than open-trenched 

due to the fact that there was less disruption to tra#c and urban facilities 

networks of buried services/installations. The other advantage being that 

it traversed the area without major concerns regarding ground settle-

ment, which could a*ect the integrity of or cause damage to the existing 

protected historical buildings.

was the !rst use of a slurry machine and the !rst to do a curved align-

ment in Sub-Saharan Africa. This machine demonstrated the capability 

of technology to overcome the challenges of tunnelling through di#cult 

ground conditions and negotiating curves and achieving tight toleranc-

es. According to the records, this was one of the most successful curved 

minor subsidence was experienced. This was during the learning curve 

FIGURE 7  

FIGURE 8  
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and the Contractor was able to remedy the situation before reaching the 

sensitive structures. Although this lead to some delay while waiting for 

suitable slurry and lubrication material, microtunnelling was completed 

successfully. Completion of the tunnel means that the valuable land in 

the Point Area will be able to be freed for further developments.

The successful completion of this project demonstrated that the micro-

tunnelling technology can be relied on and should be considered for im-

plementation of pipelines and services in the cities, where space restric-

tions and disruptions to tra#c, businesses and livelihood are a concern.
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