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ABSTRACT

The Parsons Brinckerhoff Brisbane office has been involved in three major horizontal directional drilling (HDD)
projects for water and wastewater infrastructure in south-east Queensland for local government clients.

Three case studies illustrate the methodology developed for the geotechnical investigations and preliminary
design for HDD projects, and highlight the key issues to be addressed in the preparation of AS 4300-1995
General Conditions of Contract for Design and Construct tender documents. The three case studies are:

L.

Australia TradeCoast Sewerage Project (Brisbane), Brisbane Water

750 m long x OD400 PN20 HDD crossing under the Brisbane River from Lytton to Pinkenba for a sewerage
rising main to transfer sewage from the Lytton Road pump station to the Serpentine Road pump station

Coochiemudlo Island Wastewater Project (Redland Bay), Redland Water & Waste

1,100 m long x OD180 PN16 HDD crossing under Moreton Bay from Coochiemudlo Island to Victoria
Point for a sewerage rising main that transfers sewage from the island to the mainland’s gravity sewerage
system

Granville Trunk Water Main Project (Maryborough), Maryborough City Council

330 m long x OD400 PN16 HDD crossing under the Mary River to strengthen the water supply capacity to
the Granville area.
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1 INTRODUCTION

Table 1 summarises the scope of the three horizontal direction drilling (HDD) projects detailed in this paper. All
three projects were located in south-east Queensland, Australia, and involved the Brisbane office of Parsons

Brinckerhoff (PB).

Table 1: Summary table.

Australia TradeCoast

Coochiemudlo Island

Sewerage Wastewater Granville Trunk Water Main
](?,rf(l)zsaﬁlneozvvstaesr Redland Water & Waste Fraser Coast Regional Council
Client (now known as Redland (formerly Maryborough City
Queensland Urban City Council) Council)
Utilities) ty ou
AS 4300 AS 4300 AS 2124
Contract tvpe General Conditions of General Conditions of General Conditions of Contract (with
yp Contract for Design and | Contract for Design and a design component in the contract
Construct Construct required for the HDD works)
Crossing Brisbane River Moreton Bay Mary River, Maryborough
Contractor Leighton Contractors Redline Contractors Contract not awarded
HDD o Pipeline Drillers Group .
subcontractor Coe Dirilling Pty Ltd Not applicable
Dimensions:
Diameter 0D400 0OD180 0D400
Length 750m 1100m 330m
Material PE100 PN200 PE100 PN16 PE100 PN16
PB role Design, approvals, Superintendent consultant Consultant

community consultation

Figure 1 shows the locations of the three project sites.

Figure 1: Locations of the three project sites.
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2 DISCUSSION

21 NEED FOR HDD CROSSING
21.1 AUSTRALIA TRADECOAST SEWERAGE PROJECT

Australia TradeCoast is a huge new industrial development on the site of the old Brisbane Airport. In its
planning for the project, Brisbane Water realised that a connection was required under the Brisbane River to
allow raw sewage to be diverted from the south side to the north side of the river; Brisbane’s major sewerage
treatment plant is located at Luggage Point on the river’s northern bank, downstream of Pinkenba. Figure 2
shows the location of the Australia TradeCoast Sewerage project.

Figure 2: Location of the Australia TradeCoast Sewerage project.

21.2 COOCHIEMUDLO ISLAND WASTEWATER PROJECT

Coochiemudlo Island is located in Moreton Bay, approximately 1 km east of Victoria Point and within the
Moreton Bay Marine Park (see Figure 3 and Photograph 1). The island had been serviced by on-site sewerage
systems — predominantly septic tanks.

During community consultation for the Coochiemudlo Island Sewerage project, the community asked that raw
sewage be conveyed from the island to the mainland for treatment at the Victoria Point Sewage Treatment Plant.
This would protect the water quality of Moreton Bay from effluent discharges from septic tank and package
sewage treatment plants.



Figure 3: Map of Coochiemudlo Island.
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2.1.3 GRANVILLE TRUNK WATER MAIN PROJECT

Fraser Coast Regional Council commissioned Parson Brinckerhoff (PB) to prepare the detailed design and tender
documentation associated with construction of the new Granville Trunk Water Main. Council’s hydraulic
modelling department determined that the new water main was needed to improve the distribution of water to the
Granville area.

The project involved installing a 1.4 km long, 300 mm diameter water main across the Mary River’s

approximately 200 m width. The project’s location is shown in Figure 4; more details are provided in PB
Drawing 2138346A-WAT-0021 in Appendix C.

Figure 4: Location of Granville Trunk Water Main.
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2.2 CONSTRAINTS
2.21 AUSTRALIA TRADECOAST SEWERAGE PROJECT

The project needed to be constructed and to operate within the constraints of:

e an existing oil refinery and BP products wharf on the north bank of the Brisbane River (see
Photograph 2)

e Port of Brisbane’s dredge limit down to -16.25 m AHD
e aship-turning basin over the proposed HDD alignment

e HDD pipe laydown across a busy road in an industrial area; the pipeline also needed to be elevated over
shipping containers.

Photograph 2: Oil refinery on north bank of Brisbane River.

222 COOCHIEMUDLO ISLAND WASTEWATER PROJECT

The project was constrained by its need to limit the following impacts:

e closure of part of a public park on Victoria Point foreshore to set up HDD drill equipment during drilling
operations



e noise and light during 24-hour HDD drilling operations, impacting on residents
e HDD exit point within Coochiemudlo Island golf course, impacting on golf players

e HDD pipe laydown on narrow streets on Coochiemudlo Island, impacting on local traffic flows.

2.2.3 GRANVILLE TRUNK WATER MAIN PROJECT

Constraining this project were:
e its proximity to residential houses that could be impacted by noise and light from 24-hour HDD operations

e the difficulty of laying out PE pipe strings (suitable for pipe pull-back) within the residential area. Short
lengths were required to minimise access to residents’ homes

e the need to negotiate with nearby residents to achieve the preferred entry pit footprint of 30m x 30m, even
though the southern side of the Mary River was undeveloped.

2.3 GEOTECHNICAL INVESTIGATIONS

Table 2 summarises the geotechnical investigations for each project.

Table 2: Geotechnical investigations summary.

Australia TradeCoast | Coochiemudlo Island Granville Trunk Water

Sewerage Wastewater Main
e . City Design
Organlsa.tlon. respo'nsﬂ.)le for (Brisbane City PB PB
geotechnical investigations .
Council)
Drilling over water Yes (Brisbane River) Yes (Moreton Bay) Yes (Mary River)
6 .
Borehole locations (4 were in Brisbane 10(6 wer};am) Moreton 3 (1 was in river bed)
River) y
e Alluvium . .
e Marine sediments Alluvi 11
Borehole results within e QGravel e  Weathered basalt ° Sanlcll\)llum (gravelly
water crossing * Clay e Basalt e  Weathered sandstone
e Basalt
. 58 m (bank) 5 m (bank) 23.6 m (bank)
Borehole maximum depth 55 m (Brisbane River) | 12.5 m (Moreton Bay) 15.6 m (Mary River)
Organisation responsible for PB/Coe Drilling PB PB/Coe Drilling

HDD profile preliminary

231 AUSTRALIA TRADECOAST SEWERAGE PROJECT

A geotechnical conceptual model (see Figure 5) was developed from the geotechnical investigations. It revealed
the major challenge faced by this project — an up-to-18-metre-thick gravel band on the north bank of the
Brisbane River.

Coe Drilling decided to sleeve the gravel band with a 609 mm OD steel casing, and to drill through this steel
casing (from a 711 OD steel casing from the surface).

Coe Drilling judged it would be able to drill through the thinner gravel band, which was between 4 and 9.5
metres thick on the south bank, and this proved to be the case.

Figure 5: Brisbane River geotechnical cross-section.
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23.2 COOCHIEMUDLO ISLAND WASTEWATER PROJECT

In its geotechnical investigations on this project, PB used a drill rig mounted on a barge for the over-water
drilling in Moreton Bay (see Photograph 3).

Photograph 3: Moreton Bay geotechnical drilling off Victoria Point.

2.3.3 GRANVILLE TRUNK WATER MAIN PROJECT

For the geotechnical investigations for this project too, PB used a drill rig mounted on a barge, and drilled one
borehole in the Mary River (see Photograph 4).

Photograph 4: Drilling rig on the barge on the Mary River in calm conditions



24 HDD PROFILE
241 AUSTRALIA TRADECOAST SEWERAGE PROJECT

PB completed preliminary design of the HDD profile after compiling all the information provided by City
Design (Brisbane City Council).

A workshop involving Brisbane Water, Leighton Contractors, PB and Coe Drilling was held to discuss the
scoping and design of the HDD profile. (See Appendix B drawings for the final HDD profile.)

The HDD design and construction were the subject of a subcontract between Coe Drilling and Leighton
Contractors. Photographs 5, 6 and 7 show the HDD works being undertaken for the project.

PB, as design consultant to Leighton Contractors, and Brisbane Water, the client, completed a design review of
the HDD profile developed by Coe Drilling.

Appendix A drawings provide further details.

Photograph 5: HDD drill rig on the south side of Brisbane River.
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Photograph 6: Pipe drawback from the north side of Brisbane River.



242 COOCHIEMUDLO ISLAND WASTEWATER PROJECT

A preliminary design of the HDD profile was prepared by PB, and this formed part of the project’s tender
documentation. The preliminary profile was developed to maximise the length of HDD pipeline located within
the weathered basalt. As the geotechnical investigations showed that the depth of basalt along the alignment
increased at the start and end of the profile, the contractor designed steeper profiles for the final alignment to
minimise potential construction risks, such as drilling mud break-out.

Appendix B shows the preliminary direction drill profile that PB developed for the project.

Photograph 7: HDD drill rig at Victoria Point, drilling towards Coochiemudlo Island.

2.43 GRANVILLE TRUNK WATER MAIN PROJECT

During the design development for the Granville Trunk Water Main project, and after completion of the
geotechnical investigations, PB discussed with Brisbane-based HDD drilling contractor Coe Drilling the
feasibility and likely extent and profile of HDD drilling under the Mary River. From these discussions, it was
decided that the project was suitable for HDD technology and that a likely HDD entry point for the project
would be on the southern side of the Mary River at approximately Chainage 1035 m (see PB Drawing
2138346A-WAT-0023 in Appendix C).



Coe Dirilling also provided the following information, which formed the basis for the preliminary design of the

project:

2.5

a preliminary HDD design profile, requiring the water main to be installed at a depth of 10 m below the
river bed to ensure no break-out of drill fluid occurs (see to Appendix C drawings)

a likely entry and exit angle of 15 degrees

approximately 330 m of HDD (i.e. from Chainage 1042 m to Chainage 1369 m)

entry pit layout dimensions of 30 m x 20 m (preferably 30 m x 30 m)

exit pit dimensions of 6 m x 6 m (fenced area), and exit pit hole dimensions of 2 m x 2 m x 1 m deep
entry pit near Chainage 1035 m

approximate project duration (including the trenched section along Banana Street) of 10 weeks, as HDD
drilling and trenching would occur at the same time.

CONSTRUCTION APPROVALS

Construction approvals were obtained for each project as detailed in Table 3.

2.6

Table 3: Construction approval summary.

Australia TradeCoast Coochiemudlo Island Granville Trunk Water
Sewerage approvals Wastewater approvals Main approvals
e S51 Fisheries Act (marine | ® S51 Fisheries Act (marine e Department of
plants) plants) Environment and
e (Coastal Management e (Coastal Management Resource Management
Protection Act Protection Act (tidal works)
e Brisbane City Council e Queensland Transport, e Coastal Protection
(DRS — roads) Maritime Safety Queensland and Management Act
e Department of Natural e Environmental Protection 1995
Resources, Mines & Agency (tidal works) e Queensland Transport,
Energy Maritime Safety
e Queensland Transport, Queensland
Maritime Safety
Queensland
e Port of Brisbane
Corporation
e Environmental Protection
Agency (tidal works)
CHALLENGES

The challenges faced by each project were as follows:

2.6.1

AUSTRALIA TRADECOAST SEWERAGE PROJECT

Possible anchor drag in the turning basin above the proposed HDD alignment
Significant gravel shoals, particularly under the north bank of the Brisbane River

Shut-down of the work site for accident investigations because of a Workplace Health & Safety accident
during drilling



2.6.2

2.6.3

2.7

COOCHIEMUDLO ISLAND WASTEWATER PROJECT
Existing seagrass beds between Victoria Point and Coochiemudlo Island

Existing water main and power supply cable between Victoria Point and Coochiemudlo Island; damage
to seagrass beds from its construction was still evident

GRANVILLE TRUNK WATER MAIN PROJECT

Logistics of arranging suitable barge to access Mary River, and of coordinating the loading of the drill
rig onto a barge. Fortunately, a loading ramp was found nearby.

Depth of Mary River, which limited access for the barge-mounted drill rig; and the river’s large tidal
range, which compromised the effectiveness of spud lengths of barge and limited the time for drilling the
bore. Further investigations are essential to select a barge that is suitable for geotechnical work and able
to handle the tidal range.

Potential difficulties associated with presence of very loose to loose sands above and below the water
table, and weathered rock along alignment. Careful design of the HDD profile and selection of the
construction technique should reduce these geotechnical risks for the proposed project considerably.

MANAGING RISK

The construction of any transfer main using HDD technology has an associated risk that needs to be minimised.
Due to the significant costs associated with this type of work, potential costs and time delays must be minimised
as much as possible.

The experience gained from supervising the long-distance HDD has resulted in the following recommendations:

Undertake sufficient geotechnical and survey investigations to provide the HDD contractor with a
detailed knowledge of prevailing ground conditions.

Notify the Department of Environment and Resource Management (DERM) early about the project, and
let them know the HDD works are likely to operate almost 24 hours a day. Document DERM’s
requirements in the specification.

Undertake sufficient research in the tender evaluation phase to ensure that the HDD contractor is
experienced and has a successful track record on similar-sized projects.

State in the technical specification that the HDD works must utilise a weak link to prevent overstressing
the polyethylene (PE) pipe during pull-back (see Photograph 8). It is recommended that the HDD
contractor provide detailed calculations on determining the break-away strength associated with the
proposed weak-link device. The American Society for Testing and Material standard specification
ASTM F1804 - 08 Standard Practice for Determining Allowable Tensile Load for Polyethylene (PE)
Gas Pipe During Pull-In Installation is recommended.

Ask that the HDD contractor provide a detailed work method statement explaining how they propose to
complete the works. This is to ensure they have a thorough understanding of the HDD process.

Clearly document the testing regime of the PE pipe string prior to pull-back. For example, state whether
the entire pipe string needs to be hydrostatically tested prior to pull-back.

Photograph 8: Typical weak-link arrangement.
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2.8 INNOVATIONS

The following innovations were developed to improve project safety.

2.8.1 AUSTRALIA TRADECOAST SEWERAGE PROJECT

e Pigging points were designed on both sides of the HDD crossing so the pipeline can be pigged should
grit build up under the Brisbane River.

e A locally elevated high point with an air valve was constructed on the HDD-connected pipeline to
prevent siphoning under the Brisbane River during pump failure.

2.8.2 COOCHIEMUDLO ISLAND WASTEWATER PROJECT

e Dual-flow meters either side of the HDD crossing were linked to a telemetry alarm to ensure pumps shut
down if leakage is detected in the HDD crossing.

3 CONCLUSIONS

All projects have their own constraints, challenges and opportunities. These projects were no exception.

To maximise the opportunity for HDD projects to succeed, it is essential to fully understand the client’s
functional requirement for the project.

A comprehensive geotechnical investigation needs to be completed that is extensive enough to encompass the
proposed maximum envelope for the HDD profile. These three case studies provide some guidance in this
regard.

It is important that the preliminary HDD design be discussed with experienced HDD contractors and that the
final design be developed collaboratively by the client, designer and HDD contractor.

Constructions risks need to be managed by the party best qualified to manage each risk, and this risk allocation
needs to be agreed between the HDD contractor and client or principal contractor (if applicable).
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Appendix A:

Australia Trade Coast Sewerage Project Drawings
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Appendix B:

Coochiemudlo Island Sewerage Project Drawings
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Appendix C:  Granville Water Main Project Drawings
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