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encourages urban sprawl, all of which causes major problems in terms

of service delivery
M. Kriek and W. Oosthuizen t 6SCBO EFDBZ CFDPNFT UIF VMUJNBUF SFTVMU

serviced areas become desolate and obsolete in terms of social and
The current state of national service delivery is not fulslling the increas-  economic value.
ing urban needs. The present urban dynamics create a structure that
enables ad hoc peripheral developments and encourages urban sprawl,
causing major problems for service delivery. There are three approaches
that address the imbalance of service delivery. The “do-it-all' approach
deals with the area’s lack of services in its entirety. It is similar to a "band
aid' approach whereby all the insu€ciencies are attempted to be dealt
with on a short term, quick «x basis. The “backlog eradication' approach
deals with service delivery by focusing on the eradication of historical
backlogs. The “catalytic' approach is a balanced approach which attempts
to functionally link the fundamental components of the city so that the
proceeding urban growth may occur in a controlled, compact, and sus M
tainable manner. It is clear through the “catalytic' approach that public
transport is the key to eeective and sustainable service delivery, i.e: bal
anced service delivery, as demonstrated by the case study of the plan-
OJOH BOE JNQMFNFOUBUJPO PG UIF 3JWFST .

Urban core

Corridors along main mobility routes
Nodes at strategic locations
Pressure on peripheral areas
Random growth/ sprawl

Urban decay
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INTRODUCTION
The current state of infrastructure service delivery = not only in South
Africa + is not at the appropriate level where it can fulel the growing ur ~ FIGURE 1Present urban structure dynamics
ban needs of an ever increasing population. This imbalance can be con-
tributed to the present urban dynamics which form a city/metropolitan There is a need to create an urban model which will maintain the func-
structure that represents an unsustainable environment in terms of all tional elements of the city so as to encourage investment to stimulate
spheres of society, be it natural, man-made, economical or institutional. ~ eeective urban growth and development. An example of a human body

The following paper attempts to explain the probable forces and-ap  can be used to explain this urban model: Although all of the limbs in a
proaches that lead to the problem of imbalanced urban growth and the  human's body do not have to function, the necessary organs of a body
subsequent imbalanced service delivery. It then discusses a case studyof NVTU GVODUJPO BOE CMPPE NVTU gPX GPS JU
1PSU )BSDPVSU /JHFSJB XIFSF UIF JNQMF N FlantyBtheJuPban Bagy BhustRISoR&yBoh theJdElivieFyaid s@irtenance of
as a catalyst for more sustainable growth and service provision, thereby its critical elements and e€cient movement/mobility in order to sustain
illustrating how public transport is the key to counter the problem of-ur itself. Figure 2 illustrates the improved urban model.
ban imbalances.

Urban core

Corridors along main mobility routes
Nodes at strategic locations

Focus on critical urban elements
Balanced urban growth and
development

URBAN STRUCTURE DYNAMICS
Africa (including South Africa) presents signiecant levels of urbanisation
due to the continuous population growth present within this develep
JOH DPOUJOFOU "DDPSEJOH UP UIF 6/ )BCJU
(2014), the total African population is projected to nearly double from
around one billion in 2010 to almost two billion by 2040, with forecasts
TIPXJOH BWFSBHF EFOTJUJFT JODSFBTJOH G
kilometre between 2010 and 2050.

Although the need obviously exists to plan for this growth, a compact
urban structure cannot be obtained when the urban footprint continues
to sprawl. Urban growth has overtaken the delivery and maintenance of
engineering services, thus hindering the creation of safe and functional
urban centres which attract investment + a necessary component for the
development of cities.

The disrupted urban structure can be contributed to the present-dy V
namics responsible for the following key characteristics as illustrated in
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Figure 1: FIGURE 2improved urban model

t " DPSF BSFB GSPN XIFSF UIF DJUZ PSJHJOBUFE XIJDI CFDPNFT EFOTJOFE

and compact By reviewing past tendencies in urban transformation, it seems that

t .BJO NPCJIJMJUZ SPVUFT UIBU SBEJBUF G S P Nhddd &relhPe® BpjidachiesRov@aFdS ddplidsSrig) Mhe BngbBIBAte of service
along which densiscation and development occur delivery: the "do it all, "backlog eradication, and "catalytic' approaches.

t 4FDPOEBSZ OPEFT TUBSU UP EFWFMPQ BU TUSBUFHJD MPDBUJPOT BMPOH

theselcorridors The “do it all' approach

t 51F QFSJQIFSBM BSFBT FYQFSJFODF QSFTT\.SFTIBQUFSABDPGIEMWEFMBBNFBUMBTIHVSF TJINY
land is cheaper there based on the notion that the lack of services in the area/city/metropolis



1"1&34

must be dealt with in its entirety. It is similar to a “band aid' approach
whereby all the insu€ciencies are attempted to be dealt with on a short
term, quick *x basis. In this case, the demand for services overrides the
supply thereof and leads to an overall process of urban degeneration as
there is no speciec focus on the critical elements ('vital organs') in the city
and a lack of distinction exists between these critical and the other less
critical areas/elements. The result is an unsustainable city with continued
lacking service delivery.

Urban core
Main mobility routes
Area of intervention

FIGURE 3The ‘do it all'approach

The “backlog eradication' approach

This approach (illustrated in Figure 4) deals with service delivery by fo
cusing on the eradication of historical backlogs. Although controversial,
the trend is followed widely for political reliance, but again shows imbal
anced service delivery that leads to unsustainable urban development
and growth. This inesective servicing of the ‘urban body' leads to urban
collapse as the focus is once again not on the critical urban elements.

a. Urban core
b.  Main mobility routes
Area of intervention

FIGURE 4The “backlog eradication' approach

The “catalytic' approach

This is a balanced approach (illustrated in Figure 5) which attempts to
functionally link the fundamental components of the city so that the pro
ceeding urban growth may happen in a controlled, compact, and sus-
tainable manner. The approach strives to link areas of opportunity with
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public transport systems, which allow for improved connectivity and
accessibility, thereby also directing and providing for sustainable urban
growth. The approach supports the “urban body' by focusing on service
delivery and maintenance in a controlled manner and therefore building
an attractive investment core that leads to the ‘improved urban modal' as
previously mentioned.

The components of a functional and sustainable city structure (i.e. the
‘improved urban modal’) are clear: healthy cores/ nodes that are-con
nected with e€cient transportation links (including all modes of trans-
portation) which are supported by appropriate residential densities + the
key being public transportation and focused service delivery to create a
balanced urban entirety.

Urban core

Corridors along main mobility routes
Nodes at strategic locations

Urban investment zone, or ‘zones of
upgrade’

More balanced urban growth and
development

oo oo

FIGURE 5The ‘catalytic' approach

Itis clear through the “catalytic' approach that public transport is the key
to catalytic and sustainable service delivery, i.e. balanced service delivery.
Balanced service delivery is therefore one of the aspects which systemati
cally occurs when urban planning is integrated with transport planning
and engineering services planning, as will be illustrated through the case
TUVEZ PG UIF QMBOOJOH BOE JNQMFNFOUBUJPC
)BSDPVSU /JHFSJB

RIVERS MONORAIL ! A CASE STUDY

There are several examples in African countries where the improved
urban model is envisioned through proper planning and development,
leading to balanced service delivery. In Harare the upgrading of the water
system is being utilised as a catalyst for the redevelopment of the inner

city. The development of a new rail link in Togo is seen as a catalyst to di

rect future urban growth and accompanying delivery of engineering ser-
WJDFT 5IF NPOPSBJM JO 1PSU )BSDPVSU /JHFS

The reality of Port Harcourt

1PSU )BSDPVSU JT B CVTUMJOH /JHFSJB©O® DJUZ
edness, poor infrastructure and sub-standard service delivery (i.e. water,
sewage, electricity, stormwater and waste removal). Urban growth has
overtaken service delivery completely in the city, causing an unsustain
BCMF MJWJOH FOWJSPONFOU BT TIPXO JO '"JHVS
a city with locked up potential and a desire to return to its previous image

of being the Garden State.

Relief for urban pressure gained from the monorail

51F 3JWFST .POPSBJM QSPKFDU JOKFDUFE B CPV
portunities into the city when it was proposed that this mode of public
transport be implemented to alleviate some of the tra€c problems and
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FIGURE 6Congestion in Port Harcourt

FIGURE 8Monorail alignment and stations

FIGURE 7Poor road infrastructure of Enugu/Port Harcourt Expressway

to connect the western side of the city to the city core. From the Sharks
Park precinct in the south, to the Waterlines precinct in the north, the
route provides for six monorail stations to be implemented in a two-
phase approach. The route was chosen in such a manner that it will serve
as a catalyst for city upliftment by increasing nodes and identity in the
city; countering the notion of continuous sprawl; and improving the cha
os and congestion on the existing road adjacent to the monorail route.
‘JHVSF JMMVTUSBUFT UIF BMJHONFOU BOE TUBUJPOT QMBDFNFOU PG UIF NPOPSBJM
XIIJMF '"JHVSF BOE 'JHVSF DPODFQUVBMJTF UIF OPUJPO PG A[POFT PG VQHSBEF
at the Sharks Park station precinct.
Although the technicalities and engineering aspects of the mono
rail itself is of the utmost importance, the system will fail if not putina g curE 9A ‘POF PG VQHSBEF BU 4IBSLT 1BSL TUBUJ
spatial perspective that considers not only the beams, tracks and trains,
but also the broader physical, social, economic and institutional environ  created, instilling pride in the citizens of Port Harcourt. Figure 10 illus
ments. In this regard the monorail stations become pockets of improve- trates the concept of urban renewal through the catalytic rail station.
ment, whereby the necessary infrastructure upgrade and provision in 5lFSFGPSF UIF 3JWFST .POPSBJM EPFT OPU PO
and around the direct station area may lead to further investment with  better mobility and connectivity within the city, but also for transit eri
incentives to provide proper services in the adjacent areas, in which case ented developments around the station areas where services are explic-

the catalytic esect of the station precinct development can commence. itly planned for and incorporated into a master plan structure of the !city.
It can already be seen in Port Harcourt how the implementation of an
Catalytic advantages of the monoralil FOHJOFFSJOH QSPKFDU TVDI BT UIF 3JWFST .PO

There are numerous advantages of the monorail as a catalyst for urban ment and upliftment of the broader community through strategically
renewal: an improved movement system is possible which directly in  planning and developing the opportunities that the system has to oeer,
creases the mobility and connectivity of the city; functional, mixed land speciscally the implementation of infrastructure and provision of servic
use, urban nodes can be created with a full array of engineering services es in and around areas that are now more capable of attracting business
to serve future investors; and aesthetically pleasing urban spaces can be and social prospects.
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FIGURE 10Vision for the Sharks Park station precinct

By utilising the monorail in this manner it will continue to contribute to
achieving the “improved urban model' as discussed earlier.

CONCLUSION

In conclusion, the “catalytic' approach can lead to the “improved urban
model' which better meets the political requirements of today's democ
racy, and contributes to improved environmental conditions through
the practical compaction of the city. From a enancial point of view, funds
are concentrated around the heartbeat of the city whereby the result
ing investments are used to achieve sustainable transport systems. The
subsequent urban form will also lead to the more esective and balanced
delivery and maintenance of water, sanitation, power, stormwater and
roads services.
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FIGURE 11Catalytic esect of the monorail for urban renewal
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PROJECT BACKGROUND

IHatch Goba Pty Ltd, Johannesburg, South Africa, "T POF ESJWFT EPXO .BIBUNB (BOEIJ 3PBE GPS
2eThekwini Water & Sanitation and Herrenknecht Tunnelling 1PJOU "SFB PG UIF $JUZ PG %VSCBO POF XPVME
Systems, Durban, South Africa the sewage pumpstation, built some 50 years ago.

00 UIF MFGU IBOE TJEF PG UIF SPBE JT UIF 5SB
ABSTRACT ity) yard and on the right is a line of protected historical buildings and

%VSCBO )BSCPVS JO 4PVUI "GSJDB JT POF P GurthéFonGndraidumdth@eRistigseivage’ tiipgsiaBon &reFa number of
/BUJPOBM 1PSUT "VUIPSJUZ OFFEFE UP VQHSIFERFNBIFLRPS B QYBPSBDNBPNNCEBWEIJOHT EFWFMPQ!
larger ships. This required that the harbour mouth be widenedanddeep PQNFOU $PSQPSBUJPO %1%$ 4FF 'JHVSF
ened. To pave the way for this modernisation of the harbour, a new and

EFFQFS CN EJBNFUFS %VSCBO )BSCPVS 4FSWJDFT 5VOOFM DPOTUSVDUFE VT

ing a @Mix-shield® slurry tunnel boring machine, the erst in sub-Saharan

Africa was built and commissioned in 2006.

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

UIFNF QBSL i6TIBLB .BSJOF 8PSMEw BOE UIF %VSCBO 1PJOU %FWFMPQNFOU
$PSQPSBUJPO %1%$ VQ NBSLFU SFTJEFOUJBM CVJIJMEJOHT S5IFTF EFWFMPQ

NFOUT DPOUSJCVUFE UP B TIBSQ SJTF JO UIF WBMVF PG MBOE BU UIF %VSCBO
Point!Area. To pave the way for the future expansion of the point Area for

SFTJEFOUJBM EFWFMPQNFOU .BIBUNB (BOEIJ 3PBE TFXBHF QVNQ TUBUJPO

would require to be relocated and the incoming gravity sewer extended

cz CN 5IF DMPTF QSPYJNJUZ PG QSPUFDUFE CVJMEJOHT EJDUBUFE UIBU UIF

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

TIBGU JO UIF %VSCBO )BSCPVS 5VOOFM MBVODI TIBGU 5I1JT QBQFS XJMM GPDVT

mainly on the gravity sewer extension portion of the project.

INTRODUCTION
5lF &BSMZ )JTUPSZ PG .VOJDJQBM 4FSWJIJDF %FMJIJWFSZ 5VOOFMMJOH JO 4PVUIFSO
Africa: The erst water tunnel built in Southern Africa was the Woodhead FIGURE1 %VSCBO )BSCPVS NPVUI TIPXJOH IBSCPVS
5VO0OFM JO $BQF 5PX0O o JU XBT CN MPOH Bdbdntran¢dchan@N EJBNFUFS BMMPXFE
GPS XBUFS UP CF DPOWFZFE GSPN 5BCMF .PVOUBJO UP $BNQT #BZ %VF UP JUT
HSPXJOH QPQVMBUJPO UIF %VSCBO $PSQPSBdteOtolfreX Bid Feduadl®/|en@ deZupi@d 6y fnd éxasking pump sta-
from the Umlaas intake to the Umlaas elters had to be built consisting of tion, eThekwini Water and Sanitation (EWS) were requested to relocate
UVOOFMT UPUBMMZ CLN JO MFOHUI 5PEBBIXBRPX\BWFBYBNVQCPBBEUJPOPMPDBUFE BMPOH UI
XBUFS TVQQMZ UVOOFMT UPUBMMJOH CLN OGXMAFONFUGBO BJ I F TRPKFQ TVBOFMIT XUBT GRVOE B
UBMMJOH CLN 5ZQJDBM FYBNQMFT PG -UIF lo&rdunidl SorRex226!W @dnfiié budrénHodaflorB Se¥ Bigutel?.
pal environment together with examples of challenges faced such as as-  To fulel this objective, eThekwini Water and Sanitation appointed Hatch
set management and maintenance will be illustrated in the presentation. Goba to design and manage construction of the new, relocated pump
5IF 4PVUI "GSJDBO /BUJPOBM $PVODJM PO Statibedanildédobimissibh tBedexisting 'plsnd Station. The new works are
XBT GPSNFE JO BOE XBT B GPVOEJOH NFMEBPBUFG BEKBDBEGBOBUIURPBWXMZ FYQBOEFE B
5VOOFMMJOH "TTPDJBUJPO *5" 8PSLJOH HNPWQT BIPIOBGX4XIBEBETIDPNMYEFTF CN TFXFS H
TVCKFDUT TVDI BT i4lPUDSFUF 4QFDJODBUJPOW BBIB UNBO@BRME I 3BBE OFRXWOEFSHSPVOE QV
.BOBHFNFOUw 4PNF ZFBST BHP B EFUBJMFE i %BIURGB NB JOG B5VOOFMIIPO UBQUP UIF %VSCBO )
FSO "GSJDBw XBT DPNQJMFE BOE 4"/$05 JT Q STHh& Reévlphhzp &adtidr) WakTcd@stiucB0 EndéiQreumid) comprising a
ing this document which will be freely available once completed. From pump station dry well/wet well coneguration, a screening chamber and
this database it was interesting to note the statistics re"ected in the doc  a state-of-the-art odour control system. This relocation meant extending
ument, the number of Tunnels in Southern Africa by category: UIF TFEXFS CZ CN GPMMPXJOH UIF BMJHONFC
3PBE XIJDI JT DSJTT DSPTTFE CZ OVNFSPVT CV:
DBUJPO BMJHONFOU UIFSF XFSF TFOTJUJWF QF¢
combined with the ground conditions (saturated sands), sensitive servic
es and to minimise disruption to 2Third party® and businesses in the area,
B /P %JH JOTUBMMBUJPO NFUIPE XBT UIF NPTU °

GEOTECHNICAL SETTING

5/F TIJUF XBT MPDBUFE BU UIF NPVUI PG UIF %V!
viously occupied by the mouth of the natural estuary of the rivers drain-

JOH JOUP UIF TPVUI %VSCBO CBTJO BOE QSJP¢
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FIGURE 2Point Area setting DESIGN CONSIDERATIONS

6NHFOJ 3JWFS " UPUBM PG 6WF CPSFIPMFT XheSobjettigeldfl thieHhitiab StUBlyOnds to levallidtedthesvariols sewer pipe
tension alignment. Extending from ground level to depths ranging from  extension installation techniques available by taking technical, nancial
1.0to 2.0!m is a layer of «ll material which comprises the road layerworks. and social-environmental aspects into consideration upon which the
Underlying this are marine sands, slightly gravelly sands and gravelly selection of the method would be based. Some of the objectives of the
sands that are almost indistinguishable from the insitu sands below. study were, inter alia:
Underlying the surface eIl horizon was a consistent layer of light brown  t *OWFTUJHBUF JOTUBMMBUJPO PQUJPOT XJUIJ(
to brown, generally medium dense to very dense, *ne to medium grained  and!alignment;
sands up to a depth of 5.0!m, with occasional layers of silty to clayey sands t *OWFTUJHBUF LOPXO DPOTUSVDUJPO SJTLT B(
below 5.0'm depth. In some areas the sands become medium coarse- t 1SPWJEF UIF TVJUBCMF SFDPNNFOEBUJPOT CE
grained and contain shell fragments. 5IF .BIBUNB (BOEIJ 3PBE JT DSJTT DSPTTFE X
Holocene marine sands, which extend to depths in excess of 10!m; typi new and old, some are abandoned. Every time the area was excavated,
cally comprise a poorly graded <ne to medium grained sand with a mini-  new services were uncovered, which makes it dangerous for construction
mal amount of enes. personnel and equipment. Some of the services here include <bre optic
Measurements using a standard dip-meter, showed groundwater-lev. DBCMFT BOE QPXFS BOE DPNNVOJDBUJPO MJOFT
els of approximately 2.5!m below the road level. Permeability testresults JUZ /1" %JTSVQUJPO UP UIFTF TFSWJDFT XBT
based on pump tests carried out during the investigation indicate that UIFSFPG XBT RVPUFE JO UIF PSEFS PG NJMMJP(
the in situ permeability ('k"), of the sandy materials underlying the pro  cable. See Figure 4. That made the option of open-trench method of pipe
posed pipeline route ranges between 5.16 x 10-2 and 5.8 x 10-1 cm/s. installation unfavourable.
4FF 'JHVSF 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 3Geological Section




FIGURE 4Services Along the Alignment of Sewer extension
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not expected to be a major concern in the project area, due to proximity

t %JTSVQUJPO UP USB6D DPVME DBVTF UIF C\ofitheharbaurchaariel. Thé-otBe? majoreRvirgnmerital\ingpatct Bnd eon

50% of their revenues

cerns would emanate from material excavation, haulage and disposal;

t %JHHJOH BOE SFQBJSJOH DPVME SFEVDF B mes8 eausddby bpen-trehchinstallatidriymetiiod.
t $PTU PG SFMPDBUJOH PG OPO /1" 6CSF P Q UtSocidldyical lESues: Phé NSiRgl® most sigaiscartFsociological impact
PSEFS PG GFX NJMMJPOT PG 3BOET BOE DPV litlentieel atRhe&)time would Jetnahiste frend disrupiion df réad tra€c,

portloperations.
t %JTSVQUJPO UP USB6D PO .BIBUNB (BOEIJ
TFSWJDJOH UIF %VSCBO 1PJOU 1SFDJODU

which in turn would cause disruption to businesses, during the eon
3striction Bf the iKanikectidh Cliambéer FoB during trench excavation in
the case of open-trench method. The other indirect disruption could be

t (SPVOE TFUUMFENFOU BTTPDJBUFE XJUI DP O tdused byldisruptioN bflltiitiesTseiving/ bukinéssés land communities.

lowering of the groundwater table or loss of implementation of ground
stabilisation can cause signiecant and costly damage to some of these
services and roadworks

The impact these cannot be quantieed 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

t 1IPUFOUJBM EBNBHF UP UIF IJTUPSJDBM CVJs$éker pipeExtensiod installdichnetiolEF PG UIF

road as result of ground settlement
t 5I1F TUSVDUVSBM JOUFHSJUZ PG UIF
cent to the existing pump station.

-Z F B SINSVALLATIGN OPTEONSOE DIBNCFS BEKB

Various construction methods for the sewer extension were investigated,

t 5JHIU UPMFSBODF GPS CSFBLJOH UISPVHI JsDdhPRoptiors &sY2dpentiedeho, )EoRv@mivial/Gadibonar lgipe jacking®

shaft's heavily reinforced walls and treatment of the ground behind the
apiercing location® where the shaft wall was cut

XJUl
JOHwW

EFXBUFSJOH PS HSPVOE JNQSPWFNFOU
)% % BOE

)
i.JDSPUVOOFMMJOHw XFSF DP

t $VSWFE TEXFS FYUFOTJPO JOTUBMMBU-JP O an® disativantages wefedompared. Sée Pable |below. TThePdptions are

cal buildings. Most of the microtunnelling with curved alignments
almost always gone wrong

listed!below:
t .JDSPUVOOFMMJOH

t $PTU BOE BWBIJMBCJIJMJUZ PG UIF FRVIJQNFOWU XIRQFF BDREXPOH BT BEEJUJPOBM

constraints for the project.

SOCIO"ECONOMIC INPACTS

The following considerations were addressed during the study:
tEconomic 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 aected third parties to ensure a smooth and suc
cessful project.

tGeotechnical Issues:Further ground investigations were undertaken
along the pipe extension route. Several onsite and laboratory tests
were conducted to conerm 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.

tEnvironmental 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

t YPSJ[POUBM %JSFDUJPOBM %SJMMJOH
t 0OQFO 5SFODI
t 1JQF 3BNNJOH
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 beneets. The complexity
of the project required a thorough determination and examination of all
risks, pros and cons. Many of the risks have been identieed and discussed
above. All options were assessed for @potentially fatal "aws® and the iden
tiecation 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:
tPipe Ramming: a simple to use method, but3ons® outweigh the 2pros®,
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.
tOpen 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

) % %
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OHPHQ +RULJRQWDP 'LUHMPipLIARImO 'ULPOLQJI Microtunnelling Open-Cut Trench

Design Issue

Geology

(ITHFWV
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Consideratiol

Construction
Consideratiol
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Health and
Safety

Construction
Programme

Operations
Consideratio

Cost
Implications

Other
Advantages

Disadvantagq

TABLE 1Summary and Comparison of Installation Options
t 1JQF + Bavhuiablel method for sewer pipe installations for short
for obvious reasons. Although still used in build-up areas and city cen- drives. The cost estimate, availability of expertise and technological ap
tres, it is generally ideal for shallow, countryside projects. In deep pipe plication (suitability for sewer pipe installations) made this option very
JOTUBMMBUJPOT CN EFFQ JO UIF DBTF PG atBddiivéNrBis (Be®adl i ndimBlly stitaBléfBriuskd in all ground €on
and soft ground, the trench sidewalls would generally require sheet-  ditions but in saturated dense sands (below water table). Stabilisation
QJMFT BOE QSPQT TVQQPSU PO TIJEFXBMMT of\VgroErslRilv JoffTsbifs \Weloy kvateD t8hlel) WoDld e TaTplebelquisite for
the road would also prove this method very di€cult, unless the service  the safety of personnel and equipment and also to minimise potential
XFSF SFMPDBUFE PS USFODI XBT EVH JO UIF grauhdl Sé&tlepBris U2 td volwhB Ddses/ OF altBeBdonsidered ground
JUF ZBSE %FXBUFSJOH PG UIF USFODI XPV sabiliEatovisT metodd) (@evdtdrily) MehtoBiteFcEreBt-drouting and
of ground settlement. The other factor making the method unfaveur ground freezing), none seem to be "awless, particularly when there was
able was the socio-economic impact (extended disruption of tra€c, no track-record of use in similar circumstances. The risk of these meth
likely disruption of services and local businesses, indirect costs associ ods proving unsuccessful on-site was appreciable. The selected process
ated with cutting and repair of the road surface, etc.). The Open trench  would take a long time to attain 100% esectiveness and as a conse
method was therefore disqualieed on the basis of this endless list of  quence could be very costly.
risks and!disadvantages. tMicrotunnelling has the highest cost and the lowest risk rating of the
tHorizontal Directional Drilling (HDD): relatively cheap in comparison options considered. Without much detailed analysis of options, It was
XJUI QJQF KBDLJOH BOE NJDSPUVOOFMMJOH edalfishét %at Bhé Wartrieddatatibrsdukatiod, GnHcohBarison with
QBDJUZ JO UFSNT PG QJQF EJBNFUFS NBYJN udtier optidhsNthis WbkEIlS Ednpehisatd @r Ri§HeF front cost in the
to compensate for (or to match) the incoming sewer pipe size, two bores  long-term and would make this option more comparable/ competitive
XPVME IBWF CFFO SFRVJSFE OOF PO UIF NP ToUewed mbr& afttdctivel thahThdrsBcdddbestdploe jacking method), in
would be to control and hold a constant grade of the drilled pilot hole terms of cost.
and to maintain the alignment of the drill head and reamer, which made  On the bases of analyses and arguments discussed above and the anal
it not a very popular method for installation of gravity sewer mains. ogy summarised in the comparison table (see Table 1), it was concluded
Hence steeper grades exceeding 1:100, are preferred when using this that the microtunnelling option was the most suitable sewer installation
method. The consequence of this @necessity for very steep grades®is NFUIPE GPS UIF .BIBUNB (BOEIJ 3PBE 4FXBHF
the eeect it has upon the depth of the proposed sewage pump station ing gravity sewer extension and having least negative impact on the
sump in which the sewer pipe would discharge. To overcome the prob  known!constraints.
lem of alignment control, watch pits/manholes would be dug along the
route to expose the drill head and conerm the levels or adjust as hec  ALIGNMENT OPTIMISATION
FTTBSZ %JHHJOH UIFTF XBUDI QJUT XJUIJO Ad areaS MdreaseTir dersity)spaceCb8cbmeés Cluteradiwith supply lines.
Mahatma Gandhi road would not have been an easy and cheap task. As One way to accommodate the growing demand for conduits and servic
a consequence of above arguments, the method was not very favour es, including sewer lines, would be to place them in tunnels freed from
able for the project. the general plans on the surface. This was typical along the Mahatma
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FIGURE 5Alignment of Microtunnel Sewer extension

FIGURE 5AAlignment of Microtunnel on the surface tunnel being in excess of the desired length for the conventional hydrau
MJD ESJWF GSPN DPOUBJOFS UP NBDIJOF )FSSH
(BOEIJ 3PBE BOE UIF 1PJOU "SFB JO HFOFSBMIJOIF PXOFE CZOFPMFUNBOT3VOOFMMJIOH *SFMB
alignment had to be curved to avoid tunnelling under the protected, his 1200TC® See Figure 6.
torical 2Harbour Master's building® This made it challenging to designing The Client required that due to di€cult construction conditions, re
and choosing suitable installation method and equipment. Such curved  stricted access to the sewer-line and the importance of the sewer system,
microtunnels are apparently very di€cult to negotiate, particularly if the
alignment control was critical, such as in "at grade sewers. In the Mahat
NB (BOEIJ 3PBE DBTF UIF CSFBL JO UP UIF QSF PQFOFE FYJTUJOH SFDFQUJPO
TIBGU IBE UP CF WFSZ BDDVSBUF XJUIJO B GFX NJMMJIJNFUSFT PG BDDVSBDZ %F
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:
t CN 4USBJHIU TFDUJPO GSPN UIF KBDLJOH QJU
t CN BSD MFOHUI XJUI CN SBEJVT DVSWFE TFDUJPO UP CZQBTT UIF
protected historical, Harbour Master House
t CN 4USBJHIU TFDUJPO CSFBLJOH JOUP FYJTUJOH )BSCPVS 5VOOFM OPSUICTIBGU

JACKING PIPE DESIGN
The ground conditions dictated that only a closed face, pressurised slurry
UZQF .JDSP5#. XBT VTFE GPS QJQF JOTUBMMBGURE®MIG®OVEM bepredddhchFOHUI PG UIF




FIGURE7)%1& MJOFE $PODSFUF +BDLJOH 1JQFT
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FIGURES8.JDSP5. BOE 1JQF *OTUBMMBUJPO JO U I Ppositem of Jtwe macbige head and all known services would be marked

the 1200'mm internal diameter concrete pipe was to be designed for a

on the surface. Various available options were investigated, including
sinking a cassion shaft in front of the machine head to recover the MTBM

100-year life span. The reinforced, 145!mm wall thickness concrete pipes or remove the object from in front of the machine so as to allow the tun

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

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

FSBUJPO UIF LOPXO GBDU UIBU UIF %VSC-BO Nditelwotld eanhtiiuotstyChal puthped] drouddHth&ipipes Fodimit poten-

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 specieed. 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

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

duplex stainless steel collars and rubber seals for pipe joints. A special networks of buried services/installations. The other advantage being that

HSBEF "*4*

TUBJOMFTT TUFFM XBT VT FiEtravérsed iheé Tarea FwitioltUniajoiDoenderis fedarding Qreund settle

corrosion. To eliminate chemical (sewage gases and hydrogen sulphide) ment, which could asect the integrity of or cause damage to the existing

attack to the concrete, the pipe intrados was lined with “cast-in) continu

protected historical buildings.

PVTMZ XFMEFE )%1& 5IFTF DPOTJEFSBUJPOT BIFE. BIBRIWBD (BICBINBBBESFRXKSVMAW UFOTJPO

enhance material durability to achieve the intended 100-year design life
BOE CFZPOE 4FF '"JHVSF

EMERGENCY PREPAREDNESS

A contingency rescue shaft was allowed for in the 2unlikely 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

was the erst use of a slurry machine and the erst 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
NJDSPUVOOFM QSPKFDUT JO UIF XPSME
minor subsidence was experienced. This was during the learning curve

JEL

%VSJIC
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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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