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EXECUTIVE SUMMARY
Oceania owns and operates a milk processing plant at Glenavy, South Canterbury. The factory
has been in operation since 2014. This plant is being progressively developed in stages. Stage
2 of this progressive development has already been implemented and is operational. A
resource consent is being sought for Stage 3 of the expansion. To improve its operation in
Stage 2 and as part of its Stage 3 and future expansions, Oceania intends build a new
wastewater pipeline and outfall into the Pacific Ocean. Oceania proposes to procure the
physical works to construct the wastewater pipeline and outfall as a design and build contract.
This specimen design and construction methodology is written in support of Oceania’s
application for a Resource Consent as well as to assist them in procuring the design and build
services.
The pipeline and ocean outfall will comprise a 300-450 mm pipeline from the factory to the
coast (approximately 7 km long), and a 350 m long submerged outfall, with three diffusers at
the end of it, extending further 50 to 150 m, to discharge treated and clean wastewater into the
ocean. The alignment of the pipeline generally traverses Clooneys Road and Archibald Road. As
it traverses along Archibald Road, crosses two irrigation channels, a railway line, and the
Morven Glenavy Road. The proposed location for the outfall is at the end of Archibald Road.
The components of the wastewater pipeline and outfall potentially include a pump station near
the existing wastewater treatment plant and a surge tank at the end of Archibald Road.
The geophysical investigations completed to inform this specimen design indicated the subsoils
are characteristic of a high energy fluvial environment and are likely to consist predominantly of
gravels and sands. The alignment along Archibald Road where the wastewater pipeline is
proposed to run is considered the most favourable in terms of the ground conditions indicated
by the geophysical investigations. The anticipated subsoil is considered consistent with
materials that should allow conventional trenching or microtunneling.
The Waitaki Gravel aquafir underlies the site. Groundwater levels are understood to be
between 1m and 3.5m below ground level. The MGI irrigation scheme substantially influences
the groundwater levels of the unconfined Waitaki Gravel aquifer due to soil drainage from
border-dyke fields and leakage from channels. Dewatering is likely to be required during open
trenching.
The proposed pipeline and ocean outfall will need to bein the range 300-450 mm in diameter.
The final selection of the pipe diameter is a subject of the detailed design. We have used a 400
mm pipe for the purpose of preparing a specimen design as it is adequate to discharge
10,000m3/d with a flow velocity of 1.4m/s. We have estimated the pressure drop over this
length to be in the order of 4.8 m. As such, we envisage a DN400 PE100 PN16 (polyethylene)
pipeline will be used for the proposed wastewater outfall.
In this specimen design, the pipeline is designed to have a constant gradient (positive or
negative) of 1 in 250 or 0.4%. The pipeline can be constructed predominantly at depths
(Depth to Invert or DTI) of 1.0 m to 3.0 m with these gradients. Five air and scour valves will
be required over the 7 km length of the pipeline, if constructed with a gradient of 1 in 250.
To get effective dispersion, the discharge into the ocean will need to be distributed equally
among three diffusers spaced 50 m apart from each other. Our specimen design comprises of
three diffusers spaced 50 m apart in both directions (east-west and north-south) at the end of a
300 m long straight section of the outfall pipe. The diffuser arms at the end of the straight
section will be 200 to 250 mm in diameter.
We have discussed the construction of the proposed wastewater pipeline and outfall in three
sections – the onshore section, the coastal section, and the offshore section. Each of these
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sections comprises distinctly varying site conditions. The construction methodology has to be
tailored to overcome the distinct set of challenges each section poses.
The pipeline from the factory boundary to the surge tank at the end of Archibald Road
constitutes the onshore section. The section from the surge tank to the end of the surf zone
(40 m into the Pacific Ocean) is the coastal section and the section extending from the surf
zone to the diffuser pipes is the offshore section.
The onshore section will be at depths between 1.0 m and 3.0 m in general when constructed at
a gradient of 0.4% (1 in 250). A pipeline at these depths can be either constructed using
trenchless methods or conventional trenching. Notwithstanding the selection of the
construction methodology following the detailed design, microtunnelling will need to be used to
cross the two irrigation channels and the railway line.
The cliff line at the end of Archibald Road is receding at the rate of 0.31 m/y. The vertical
profile of the pipeline will need to be below the beach level or the seabed level 50 m before the
cliff feature to provide the pipeline a 100-year service life. To achieve this, we expect the
vertical profile of the coastal section pipeline to get deeper than 3.0 m from chainage 6,950 m
(approximately) to seabed level approximately 50 m before the current cliff face. We expect
this section to be built using trenchless methods viz., microtunneling.
The offshore section of the pipeline is the submarine section of the pipeline. The construction
of this section starts with recovering the microtunnel boring machine (MTBM) from the end of
the coastal section. Contractors who have constructed ocean outfalls in the South Island in the
recent past have used ‘wet recovery’ to retrieve the MTBM from the ocean bed. The contractor
nominated for this project is expected to use the same method.
Most ocean outfalls built in New Zealand in recent times have used the dredging method.
Depending on the depth to the seabed, these outfalls were constructed using a barge-mounted
dredger or backhoe dredge to excavate the seabed. It is likely that the contractor nominated
for this project will use a backhoe dredger for this project as the depth to seabed is in the order
of 8.0m.
We have estimated the overall duration of construction to be in the order of 8 to 10 months.
This is assuming that the onshore, coastal and offshore sections will be constructed in a
sequential order and trenching is the predominant method of constuction. The construction
period will be lesser if the nominated contractor proposed to use multiple crews progressing the
construction of various sections concurrently. The establishment on site and the enabling
works required to construct the proposed wastewater outfall pipeline is expected to take
approximately 4 months.
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1 INTRODUCTION

Oceania Dairy Limited (Oceania) commissioned Babbage Consultants Limited (Babbage) to carry
out a specimen design of the proposed wastewater pipeline and outfall from their factory at 30
Cooneys Road, Morven to the Waimate coastline at the end of Archibald Road. This report
discusses the specimen design of the pipeline and the expected construction methodology for
both the wastewater outline and the marine section of the outfall pipe.

1.1 Background

Oceania owns and operates a milk processing plant at Glenavy, South Canterbury. The factory
has been in operation since 2014. This plant is being progressively developed in stages. Stage
2 of this progressive development has already been implemented and is operational. A
resource consent is being sought for Stage 3 of the expansion.
Currently, the factory produces 1,740m3/d of process wastewater on an average that is
discharged to land as per Discharge Permits CRC146614 and CRC174198. It is very challenging
in the winter and spring to meet the conditions of the resource consent due to waterlogged
soils, crop rotations, ponding, and availability of clean-water to “flush” the irrigation lines. Such
challenges, along with the lack of available land to further expand the wastewater irrigation
scheme for future factory stages, has prompted Oceania to seek an alternative for factory
wastewater discharge, of which an outfall discharge to the Pacific Ocean is the most viable. To
improve its operation in Stage 2 and as part of its Stage 3 and future expansions, Oceania
intends to obtain a new consent to allow the discharge of treated process wastewater to the
sea via an ocean outfall.
Oceania proposes to procure the physical works to construct the wastewater pipeline and outfall
as a design and build contract. This specimen design and construction methodology is written
in support of Oceania’s application for a Resource Consent as well as to assist them in procuring
the design and build services. The company offering the design and build services will develop
our specimen design outlined in this report to detailed design before construction.

1.2 Scope of work

The objective of this report is trifold - it provides adequate information to complete an
environmental impact assessment, enables the Regional Council planners to make an informed
decision on Oceania’s application for a resource consent, and informs the detailed design and
construction of the wastewater pipeline and outfall.
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This report contains the following:
1. A detailed description of the proposed activities i.e., description of the proposed
wastewater pipeline and outfall including its size, alignment, and components
2. The site conditions that need to be taken into account while designing the pipeline and
selecting a suitable methodology
3. An outline of the construction method, its effects, description of alternatives considered,
route options explored
4. An outline of the post-construction issues – both long term and short term, and
5. A conservative projection of the construction duration
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2 DESCRIPTION OF THE PROPOSED ACTIVITIES

The proposed activity is to build and operate a pipeline and outfall to the Pacific Ocean. The
pipeline and ocean outfall will comprise a 300-450 mm pipeline from the factory to the coast
(approximately 7 km long), and a 350 m long submerged outfall, with three diffusers at the end
of it, extending further 50 to 150 m, to discharge treated and clean wastewater into the ocean.
The proposed location for the outfall is at the end of Archibald Road. Figure 2-1 shows the
indicative pipeline route.

Figure 2-1: Indicative alignment of the proposed pipeline and the outfall location
The pipeline will be in Waimate District Council road reserve. Waimate District Council have
agreed in principle to accommodating the outfall pipeline. At the time of writing this report,
Oceania was yet to get a formal consent to do so.
The specimen plans and long-sections for the proposed pipeline in Appendix B provide more
details of the proposed pipe alignment.

2.1 Design flows

Oceania intends to “future-proof” the outfall by building-in capacity for potential future
expansions. As such, the outfall is designed to discharge up to 10,000 m3/day (116 L/s). This
volume is much greater than the anticipated 4,000 m3/day the factory will produce after its
Stage 3 expansion. The flows expected at various stages of expansion are summarised in the
table below

Table 2-1: Expected wastewater discharges
Stages
Current discharge (Stage 2)
Stage 3 discharge
Ultimate discharge

Daily flow volume
1,740m3/d
4,000 m3/day
10,000 m3/day
8

Flow rate
20.14 l/s
46.3 l/s
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2.2 Alignment of the pipeline

The wastewater treatment plant is on the western side of the dairy factory site. The
wastewater pipeline will extend from the treatment plant to an outfall at the end of Archibald
Road. The alignment of the pipeline generally traverses Clooneys Road and Archibald Road.
For the purpose of this report, we have discussed the pipe section from the entrance to the
plant (Chainage 0.00m), to the outfall into the Pacific Ocean.
The proposed pipeline, as it traverses along Archibald Road, crosses two irrigation channels, a
railway line, and the Morven Glenavy Road. The first irrigation canal it crosses is a 1.7m deep
canal approximately at chainage 1,110m. The pipeline crosses the Main South Line (freight
only) of the South Island Main Trunk Railway (SIMT) approximately at chainage 2,550m. The
second irrigation canal it crosses is a 1.2m deep canal to the east of the Mains South Line
approximately at chainage 2,565m. It crosses the Morven Glenavy Road at about chainage
2,880m. The proposed wastewater pipeline will need to be a pressure (pumped) pipeline to
allow for these crossings.

2.3 Alternative routes considered

Morven-Glenavy-Ikwai Irrigation Company (MGI), own and operate irrigation channels in the
area. They are interested in piping their channels in conjunction with the proposed wastewater
outfall. We explored the option of constructing the proposed wastewater pipeline in a
combined trench with the irrigation pipeline in the irrigation easement that is in favour of
Glenavy Ikwai Irrigation Company. Their irrigation easement is to the north of Archibald Road.
If the wastewater pipeline was constructed in the irrigation easement, access to the pipeline for
operation and maintenance will need access to private properties. Getting private owner
approvals for access is believed to be difficult. Moreover, access to the pipeline when the fields
are irrigated willbe challenging. A new access road will need to be constructed for construction
access and maintenance of the pipeline after it is built. The landowners are unlikely to accept it.
Therefore, an alignment along existing road corridors and paper road is chosen for the
proposed alignment.

2.4 Components of the pipeline and outfall

A pump station to pump treated wastewater to the ocean outfall will be built alongside the
wastewater treatment plant located on the western side of the factory site at 30 Cooneys Road.
The existing wastewater treatment plant comprises a above ground storage tank. It may be
possible to discharge by gravity if the tank can provide adequate driving head to compensate
the hydraulic losses through the pipe.
The topography of the site is such that it is not possible to construct the pipeline with a steady
fall or rise while keeping its depths shallow enough for easy operation and maintenance.
Therefore, the pipeline will need to be constructed with a series of peaks and troughs along its
vertical alignment. This requires a number of air valves and scour valves to be constructed in
belowground manholes along the pipe alignment.
A 5-6m deep surge tank may be constructed at a suitable location about chainage 7,000 to
7,050 to allow for the maintenance of the outfall and diffuser pipes. The wastewater will flow
under gravity from this surge tank to the diffusers under the sea bed. This surge tank is
expected to be similar to a large diameter manhole structure. The exact size and depth is a
subject of the detailed design.
The offshore section of the outfall pipe will be constructed below the seabed to a distance of
about 350 m from the coast. Three diffusers spaced 50 m apart in both directions (east-west
and north-south) will then be connected to the outfall. Details of the near-shore and offshore
sections and proposed construction methods are shown in Figure 2-2.
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Figure 2-2: Proposed outfall and diffusers
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3 SITE CONDITIONS

A brief outline of the site condition is included in this section.

3.1 Topography

The ground profile along the majority of the alignment is typically flat to gently undulating with
slopes varying between 0.38% to 0.14%. The coastline at the proposed outfall location
comprises of approximately 30 m wide gravel beach seaward of a 10 m high cliff. A large gully
is present at this location, opening 30 m wide at the cliff face and extending 90 m further
inland. This gully appears to have been caused by discharge from the irrigation exhaust
channel.

3.2 Bathymetry

The nearshore bathymetry consists of a very steep surf-zone (17% slope from 0 to 40 m from
the coast), followed by a gentle nearshore (4 to 1 % slope from 40 to 300 m from the coast),
and flat offshore (less than 0.2 % slope further than 300 m from the coast). The bathymetry
profile for a line directly in front of the proposed outfall location, and along the intended outfall
extend, is shown in Figure 3-1.
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Figure 3-1. Bathymetry profile for a line at the proposed outfall location, as
extracted from eCoast bathymetry survey results.

3.3 Shoreline movement

The beach morphology in the area is very dynamic, with profiles changing according to erosion
and accretion events and trends. ECan’s coastal profile monitoring programme has noted the
cliff lines receding at rates varying from 0.20 to 1.4 m/y in the area. The cliff line at the end of
Archibald Road is noted to be receding at the rate of 0.31 m/y.
The historical analysis of beach profiles in Gabites (2012), shows that, along the Northern
Waitaki Fan alluvial cliffs, erosion and collapse of cliff tops occurs and faces build-up of material
at the cliff base and beach toe. The material then moves seaward, sometimes creating a ridge
along the beach that slowly erodes, exposing the cliff to further erosion by coastal storm
events. The beach profile summary at the proposed outfall location (SCS7037) and updated
profile for 2018 are presented in Figure 3.2.
Although the shoreline movements and erosion are very well documented, there is very little
information on bathymetry changes for this coastline. As mentioned above, eCoast carried a
local bathymetry survey (profile in Figure 3-1) to inform their modelling of longshore currents,
but no other records of nearshore bathymetry have been cited. It is unknown how the coastal
erosion in the area affects the nearshore bathymetry.
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Figure 3-2. Beach Profile Summary for location SCS7037: Archibalds Road. As a)
presented by Gabites (2012), and b) updated for 2018.

3.4 Geology and subsurface conditions

The geology along the pipeline alignment is described by GNS (Geology of the Waitaki Area,
2001) as consisting of rounded gravels and sands with occasional boulders. These are deposits
laid down by the Waitaki River and are fluvially sorted with the clasts being well rounded with
occasional larger boulders.
The geophysical investigations completed to inform this specimen design indicated the subsoils
are characteristic of a high energy fluvial environment and are likely to consist predominantly of
gravels and sands. The alignment along Archibald Road where the wastewater pipeline is
proposed to run is considered the most favourable in terms of the ground conditions indicated
by the geophysical investigations.
The proposed pipeline alignment and invert level have considered the potential presence of
boulders as described above. The pipeline is anticipated to have a minimum 1.0m clearance
above the larger boulder clusters for the majority of the alignment where open trenching is
proposed.
The site is in the Whitney’s Creek Groundwater Allocation Zone. The Waitaki Gravel aquifer
underlies the site. Groundwater levels at the site have been monitored since 2012. They are
understood to be between 1m and 3.5m below ground level. Monitoring bore data indicates
that local groundwater levels are directly connected to the use of irrigation. Peak groundwater
levels coincide with the peak of the irrigation season. Annual minima occur in early spring, prior
to the start of the irrigation season.
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Dewatering is likely to be required during open trenching, the extent of which will be dependent
on the proximity to irrigation channels and whether the channels are full. Dewatering will not
result in lowering of the groundwater table beyond seasonal lows and as such, negligible
settlement as a result of groundwater drawdown is anticipated.
The anticipated subsoil is considered consistent with materials that should allow microtunneling.
It is likely that a denser layer will be encountered between 4m and 8m below ground level as
the depth of invert increases, however this is not anticipated to result in significant constraints
to the microtunneling. In the event obstructions are encountered, the pipeline alignment can
be altered horizontally and/or vertically to avoid the obstruction. Nevertheless, provision should
be made for hard rock drilling in the event an obstruction cannot be avoided. It is also
expected that open trenching for the lead-in to the microtunneling jacking pits will require
shoring to maintain the stability of the excavations.
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4 SPECIMEN DESIGN AND CONSTRUCTION
METHODOLOGY
4.1 Specimen design

The pipeline from the pump station in the factory site to the end of Archibald Road is 7,180m in
length. As discussed earlier, Oceania proposes to procure the physical works to construct the
wastewater pipeline and outfall as a design and build contract. The nominated contractor will
complete the final design of the pipeline and choose a suitable construction methodology. We
have used a 400 mm pipe for the purpose of preparing a specimen design as it is adequate to
discharge 10,000m3/d with a flow velocity of 1.4m/s. We have estimated the pressure drop
over this length to be in the order of 4.8 m. As such, we envisage a DN400 PE100 PN16
(polyethylene) pipeline will be used for the proposed wastewater outfall. A copy of our hydraulic
design calculations are in Appendix A.
In this specimen design, the pipeline is designed to have a constant gradient (positive or
negative) of 1 in 250 or 0.4%. The pipeline can be constructed predominantly at depths
(Depth to Invert or DTI) of 1.0 m to 3.0 m with these gradients. Five air and scour valves will
be required over the 7 km length of the pipeline, if constructed with a gradient of 1 in 250.
To get effective dispersion, the discharge into the ocean will need to be distributed equally
among three diffusers spaced 50 m apart from each other. Our specimen design comprises of
three diffusers spaced 50 m apart in both directions (east-west and north-south) at the end of a
300 m long straight section of the outfall pipe. The diffuser arms at the end of the straight
section will be 200 to 250 mm in diameter. The design calcualtions for the diffuser arms are in
Appendix A.
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5 CONSTRUCTION METHODOLOGY

The construction of the proposed wastewater pipeline and outfall is discussed in three sections
– the onshore section, the coastal section, and the offshore section. Each of these sections
comprises distinctly varying site conditions. The construction methodology has to be tailored to
overcome the distinct set of challenges each section poses. Therefore, we have discussed the
construction methodology suitable for the three separate sections.

5.1.1 Onshore section
The pipeline from the factory boundary to the surge tank at the end of Archibald Road (before
the gully feature) constitutes the onshore section. The pipeline will be at depths between 1.0
m and 3.0 m in general when constructed at a gradient of 0.4% (1 in 250). A pipeline at these
depths can be either constructed using trenchless methods or conventional trenching.
Trenchless methods will require more cover to the pipe to mitigate the risk of hydraulic
fractures (frac-outs) or ground heaving. In the event the nominated contractor uses trenchless
methods, we envisage the pipe will be constructed at depths between 1.5 m and 3.0 m, in
general, using micortunnelling. Other methods viz., Horizontal Directional Drilling (HDD) will be
challenging as the geology of the site comprises of rounded gravels and sands with occasional
boulders.

Figure 5-1: Typical microtunnelling set up with an intermediate jacking station
(photo source: ScienceDirect.com)
It is highly likely that the proposed wastewater outfall pipeline will be constructed using
conventional trenching methods as there is less traffic in Cooneys Road and Archibald Road.
Conventional trenching generally has a higher impact on the environment than the trenchless
methods.
Notwithstanding the selection of the construction methodology following the detailed design,
microtunnelling will need to be used to cross the two irrigation channels and the railway line. If
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microtunnelling is used for construction, the wastewater pipeline will be encased in a larger pipe
viz., 600mm diameter pipe.
Trenches for pipe laying will be constructed using a 20 tonne excavator or similar. Pipe
manufacturers typically supply polyethylene pipes in lengths of 12-18 m. The typical width for
a 3 m deep trench is 1.5 m. Normally, it is practicable for one crew to excavate 20-30 metre
long trenches in a day that are 1 to 3 m deep i.e., a daily volume of 90 m3 or 12 truck loads.
Trenches will be excavated progressively and backfilled in lengths of 50 meters. Polyethylene
pipes will be welded progressively to install in the excavated trenches before backfilling.
Excavated material that is not required for backfilling will be carted away for disposal outside
the site. This will limit the stockpiling of excavated material for backfilling trenches to one day.
We estimate the total volume of excavation required to lay 7 km of pipeline to be in the order
of 30,000 m3.

Figure 5-2: Typical trench shoring for deep trenches in gravel (photo source:
95revive.com)
Trenches excavated will need to be supported with temporary shoring in deeper sections.
Likewise, jacking and receiving pits for microtunnelling will require adequately shored with
trench shields or sheet piles. Depending on the site conditions, it may be practicable to
16
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excavate trenches with batter slopes in lieu of trench shields. This may be particularly suitable
for the paper road section of Archibald Road where there is no traffic.
The Waitaki Gravel aquafir underlies the site. Groundwater levels are understood to be
between 1m and 3.5m below ground level. The MGI irrigation scheme substantially influences
the groundwater levels of the unconfined Waitaki Gravel aquifer due to soil drainage from
border-dyke fields and leakage from channels. The extent and duration of dewatering will be
dependent on the proximity of the irrigation channels and whether the channels are full. Where
dewatering is required, it will be done either by wellpointing or open sump pumping.
The wellpointing method of dewatering consists of a series of small diameter wells (wellpoints)
connected by a header pipe that is connected to a pump. The pump draws out water from the
wellpoints via the header pipe. For pipeline trenches, wellpoints are typically installed in lines
on either side of the trench. The pump will be operated using a desial generator. Groundwater
that is drawn by the wellpointing method is discharged into the irrigation channel or the
adjoining land after primary treatment in settling tanks. This will require consents from the
irrigation company or the land owners. Alternatively, groundwater drawn from wellpoints can be
discharged into the wastewater system after primary treatment.

Figure 5-3: Typical wellpointing set up (Image source: researchgate.net)
The sump pumping method of dewatering comprises of excavating a small sump at the
downstream of the trench excavated to lay the pipe. Groundwater that drains to this sump is
pumped out using a pump. The method for disposal of drawn groundwater is similar to that
used in the wellpointing method.
The vertical alignment of the pipeline will need to be 3m or deeper when crossing the two
irrigation channels and the South Island Main Trunk Railway (SIMT). It is possible to construct
the pipeline under the irrigation channels by open trenching if there is no water in them during
construction. If the channels are full, the pipeline will need to be constructed using
microtunnelling in these locations.
It is Kiwirail’s standard requirement that all pipes installed under railway lines will need to be
encased in a casing pipe. ‘Block of line’ (line closure) will be required if HDD is used.
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Notwithstanding the Kiwirail requirement, the ground conditions are not ideal for HDD.
Therefore the pipeline under the SIMT line will be constructed using microtunnelling with a
jacking pit on one side of the railway line and a receiving pit at the other end of the railway line
or the irrigation channel. The micortunnelling machine will be launched from the jacking pit to
the receiving pit. The casing pipe, which will be made of either concrete or steel, will be thrust
progressively into place.

Figure 5-4: Typical set up for microtunnelling (picture source: ScienceDirect.com)
The section of the pipeline from the factory site in Cooneys Road to Morven Glenavy Road will
be constructed with suitable traffic management. It is likely that a lane closure will be required
to construct the pipeline.
If the pipeline is laid at a gradient of 0.4% at depths between, 1.0 m and 3.0 m, five air release
valves and scour valves will be required. If the pipeline is constructed at depths between 1.5 m
and 3.0 m using trenchless construction, more (6 to 8) air release and scour valves will be
required. These valves will be installed in underground structures similar to manholes. It is
typical for these structures to be constructed after the pipeline is laid. Sections of the trenches
where these structures will need to be constructed will be temporarily covered with steel plates
to mitigate disruption to traffic. We envisage a separate crew constructing these structures
progressively behind the pipe-laying crew.
Trenches will be temporarily reinstated immediately after backfilling. This is typically done in
sealed roads using cold mix asphalt or bitumen. It is likely that the permanent reinstatement of
the road will be done progressively in 200 to 500 m sections. The section of the trench in the
paper road will be reinstated to its pre-construction condition with matching surface treatment.

5.1.2 Coastal section
We are referring to the section from the surge tank to the end of the surf zone (40 m into the
Pacific Ocean) as the coastal section. It comprises of the wastewater pipeline from the top of
the cliff to the seabed.
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The coastline at the proposed outfall location comprises an approximately 30 m wide gravel
beach seaward of a 10m high alluvial cliff. A large gully is present at this location, opening
wide at the cliff face and extending 90m further inland from the cliff toe. As discussed earlier,
the cliff line at the end of Archibald Road is receding at the rate of 0.31 m/y. The vertical
profile of the pipeline will need to be below the beach level or the seabed level 50 m before the
cliff feature to provide the pipeline a 100-year service life. To achieve this, we expect the
vertical profile of the pipeline to get deeper than 3.0 m from chainage 6,950 m (approximately)
to seabed level approximately 50 m before the current cliff face.

COASTAL SECTION

MARINE SECTION

Figure 5-5: The alignment of the coastal section of the proposed wastewater
pipeline
A surge tank may be constructed at a suitable location about chainage 7,000 to 7,050. This
tank would typically be a concrete circular structure that is 5-6 m in diameter and 4-5 m deep.
Depending on the detailed design, this chamber could have an isolation valve to allow for
testing and maintenance of the pipeline.
Underground surge tanks of this type are typically constructed using the shaft sinking method
like constructing a caisson (excavating from within the chamber and pouring the base slab insitu after the target depth is reached). Constructing storage tanks or chambers using the shaft
sinking method does not require additional shoring to protect the sides from collapsing. The
shaft sinking method also allows the contractor to reduce the footprint of the construction area.
The bathymetry profile changes from a very steep slope at the surf-zone (17% slope from 0 to
40 m from the coast), to a gentle nearshore slope (4 to 1 % slope from 40 to 300 m from the
coast), before becoming effectively flat offshore (less than 0.2 % slope further than 300 m from
the coast). The coastline at the location of the outfall is very dynamic as a result of being
exposed. High wave events are a common occurrence. Constructing the pipeline at depths of
3m to 10m from the surface in such site conditions using conventional trenching methods is
very difficult. The nominated contractor will construct the pipeline using microtunnelling from
the surge tank to the end of the surf zone.
It is likely that the contractor will use the surge tank pit as the jacking pit to construct the
coastal section of the pipeline. The contractor will pour the base slab and finish the surge tank
with a cover slab and access lid after constructing the coastal section of the pipeline.
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Figure 5-6: Surge tank using shaft sinking method (photo source:
hbtunnelling.co.uk)

5.1.3 Offshore (Marine) section
We are referring to the section extending from the surf zone to the diffuser pipes as the
offshore section.
The offshore section of the pipeline is the submarine section of the pipeline from the end of the
coastal section. It is comprised of an approximately 300m long straight section and three
diffusers spaced 50 m apart in both directions (east-west and north-south).
The construction of the offshore section starts with recovering the microtunnel boring machine
(MTBM) from the end of the coastal section. Contractors who have constructed ocean outfalls
in the South Island in the recent past have used ‘wet recovery’ to retrieve the MTBM from the
ocean bed. The contractor nominated for this project is expected to use the same method.
Wet recovery of the MTBM will be a completely off-shore operation using barges, boats, and
divers. The contractor will excavate the seabed at the end of the coastal section to expose the
MTBM. The trench excavated will be in the order of 5-10 long and 2 to 3m wide. The
methodology used to excavate the seabed will be the same as the method used to construct
the offshore section. Once the MTBM is exposed, it will be recovered using a barge-mounted
crane and divers. We do not expect this operation will require any temporary or permanent
structure to be constructed. Once the MTBM is recovered, the end of the wastewater pipeline
will be sealed with a blank flange until the remainder of the offshore section is laid and is ready
for connection.
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Figure 5-7: Recovery of tunnel boring machine from an excavated exit area on
Seabed (Herrenknecht) (Image source: The Microtunnelling and Pipe Jacking
Compendium)
During the investigation of the seabed we carried out to inform this specimen design and to
assess the coastal hazards, we discovered an abundance of driftwood, some floating, some on
the seabed. This is not surprising given the very dynamic nature of the coast. The ocean
outfall will need to be embedded deep enough (approximately 1.0 to 1.5 m of cover) under the
seabed to avoid damage by the driftwood rolling along the seabed. Many outfalls constructed
along the east coast of the South Island, constructed in recent times, have been buried under
the seabed with risers discharging wastewater approximately 1.0 m above the seabed. We
expect the contractor for this pipeline to do the same. The offshore section of the proposed
wastewater outfall can be constructed by either dredging or using self-sinking anchors. If
dredging is used, it will be done using one of the typical dredging methods, (barge-mounted
dredger, backhoe dredger, suction dredgers, water injection dredgers, jetting). The final
selection is subject to the plant and machinery the nominated contractor has. The dredging
method has a higher impact on the environment as the seawater in the vicinity of dredging can
become turbid. Therefore, we have discussed dredging as the method of construction here.
Most ocean outfalls built in New Zealand in recent times have used the dredging method. Only
the Dunedin City Council’s Tahuna Ocean Outfall (1,400mm diameter PE pipe) was constructed
(between 2006 and 2009) using self-sinking anchors. Depending on the depth to the seabed,
these outfalls were constructed using a barge-mounted dredger or backhoe dredge to excavate
the seabed. It is likely that the contractor nominated for this project will use a backhoe dredger
for this project as the depth to seabed is in the order of 8.0m. The excavated material will be
temporarily stockpiled on the seabed until the pipe is laid in place.
Dredging nearly always causes degree of resuspension of the bed material which has the
potential to cause turbidity. The extent of resuspension of bed material is dependent on the
dredging technique used and the manner in which it is transported to the surface, and the
manner in which the dredging activities are carried out. The dispersion of resuspended material
depends on a number of local factors viz., the water depth, current velocity and wave action.
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Studies have shown that mechanical dredging, particularly those using a crane or a digger
bucket, cause less resuspension of bed material than other methods of dredging viz., water
injection dredgers, jetting or suction dredging. As it is likely that the nominated contractor will
be using a backhoe dredger mounted on a barge, the resuspension and consequential increase
of turbidity in water is not expected to as much as other techniques cause.

Figure 5-8: Backhoe dredger in operation
(photo source: https://www.youtube.com/watch?v=gzKjyNW15lU (Engineering,
NZ)
The construction of the straight section will entail welding together individual polyethylene pipe
lengths of 12-18 m into a long string of pipes. The welding of the pipeline will take place in the
paper road section of Archibald Road. The anchor blocks that secure these pipes to the seabed
will be fitted at regular intervals as per the design. Once the entire 300m of the pipeline is
ready, the ends will be sealed without filling the pipe with water, and floated out to the sea
with the help of tugboats. Cranes will be used to pull the welded section of the pipeline from
the top of the cliff to the bottom. The gully at the end of Archibald Road will need to be shaped
to form a ramp to pull the pipe down to the beach and into the sea. The shaping of the gully
into a ramp will involve bulk earthworks including excavation of material and compaction. We
envisage the contractor will use this ramp to transport plant, machinery, and material to the
beach. Plant, machinery and the crane(s) will need to be located on the beach when pulling
the pipe down to the gully and when floating the pipe out to the sea. We envisage the
contractor to use 50m of the beach on either side of the gully i.e., a total of 100m of the beach.
The process of floating the pipe out to the sea will not require permanent or temporary
structures to be erected/constructed on the beach.
Once in the sea, the pipe will be held in position as per the design with the help of tugboats. It
will then be slowly filled with water to sink it into the trench in the seabed. Once the pipeline is
in its position, the upstream end will be connected to the coastal section of the pipeline using
divers. The downstream (outlet) end pipe will be temporarily sealed with a blank flange to
allow the diffuser arms to be connected later. The trench will then be backfilled with material
temporarily stockpiled on the seabed.
The site conditions are conducive for constructing the offshore section using self-sinking anchor
blocks. In this method, the contractor will float the pipe out to the sea with the help of
tugboats as described above. Once it is in, along the design alignment, the pipe will be sunk to
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the sea bed by slowly filling it with water. Once on the pipe is on the sea bed, the anchors
holding the pipe will sink into the seabed due the dynamic environment burying pipeline under
the sea bed over a short period of time. This will require anchor blocks to be designed to
facilitate sinking of the pipeline into the seabed while keeping the diffusers upright.

Figure 5-9: The outfall pipe being floated out to the sea (Photo source: tritonmarine.com (Brightwater Marine Outfall, PT Wells, Washington))
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Figure 5-10: Areal view of the outfall pipe being held in position before sinking
(Photo source: Delaware Public Media (delawarepublic.org))
The Canterbury Tsunami Evacuation Zone Map classifies the coast in the vicinity of the
proposed outfall as a “Red Zone: The tsunami is unlikely to flood land but may cause strong
currents and surges in the water and on beaches – stay out of the water and off beaches.”.
Due to the location, orientation, and presence of the high cliffs along the coast of the Northern
Waitaki Fan, there is little to no risk of coastal inundations in most of the areas directly behind
the coastline. Hazards from tsunami and storm surges are mostly related to strong currents,
surges in the beaches and cliff face collapse. Nonetheless, the section of the pipeline under the
seabed is likely to be affected by Tsunamis. The works required to mitigate the effects of a
Tsunami on the outfall pipeline will comprise of maintaining suitable cover/backfill and
designing the anchor blocks appropriately. It is not envisaged to comprise of any additional
structures or works in the seabed.
The diffuser sections are made of smaller diameter pipelines (200 to 250 mm) with risers
allowing discharge through duckbill fitted rosette diffusers like the ones in the pictures below.
The exact number and layout of diffuser risers is a subject of detailed design. Our specimen
design calculations show one diffuser at the end of each branch as shown in Figure 2.2 in the
previous section of this report will be adequate. The diffuser arms can either be fabricated and
laid with the main pipe or connected to the main pipe after it is laid and backfilled under the
seabed. As the coastline is exposed and very dynamic, it will be more difficult to lay the main
pipe and the diffuser arms at the same time. Therefore, the contractor is expected to lay the
main pipe and the diffuser arms in succession. The process of laying the diffuser section is
similar to the main (straight) section.
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Figure 5-11: Typical duckbill diffuser fitted to the end of a riser(Photo source:
redvalve.com)
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6 CONSTRUCTION PROGRAMME

We have estimated the overall duration of construction to be in the order of 8 to 10 months.
This is assuming that the onshore, coastal and offshore sections will be constructed in a
sequential order and trenching is the predominant method of constuction. The construction
period will be lesser if the nominated contractor proposed to use multiple crews progressing the
construction of various sections concurrently.
The establishment on site and the enabling works required to construct the proposed
wastewater outfall pipeline is expected to take approximately 4 months.

6.1 Onshore Section

The onshore section is expected to take approximately 5 months to complete if conventional
trenching is used to construct the pipeline. While estimating the duration of construction, we
have assumed a separate crew installing the air and scour valves behind the pipelaying crew.
Futhermore, a separate microtunnelling crew will construct the channel and crossings.

6.2 Coastal Section

The costal section of the pipeline is expected to take 3 months to construct. This involves 2
months to construct the surge tank and 2 months to microtunnel the pipeline. The finishing of
the surge tank will continue to run concurrently with the construction of the offshore section.

6.3 Offshore Section

The offshore section of the pipeline will take an estimated time of 2 months to construct. If the
self-sinking method is used to construct instead of the dredging method, this construction
duration could potentially be reduced to 1 month. Notwithstanding the method used to
construct the offshore section, the duration of construction will largely depend on the weather
conditions.
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APPLICABILITY AND LIMITATIONS
Restrictions of Intended Purpose
This report has been prepared solely for the benefit of Oceania Dairy Limited as our client with
respect to the brief. The reliance by other parties on the information or opinions contained in
the report shall, without our prior review and agreement in writing, be at such party’s sole risk.

Legal Interpretation

Opinions and judgements expressed herein are based on our understanding and interpretation
of current regulatory standards, and should not be construed as legal opinions. Where opinions
or judgements are to be relied on they should be independently verified with appropriate legal
advice.

Reliability of Investigation
Babbage has performed the services for this project in accordance with the standard agreement
for consulting services and current professional standards for environmental site assessment.
No guarantees are either expressed or implied.
There is no investigation that is thorough enough to preclude the presence of materials at the
site that presently, or in the future, may be considered hazardous. Because regulatory
evaluation criteria are constantly changing, concentrations of contaminants present and
considered to be acceptable may in the future become subject to different regulatory standards,
which cause them to become unacceptable and require further remediation for this site to be
suitable for the existing or proposed land use activities.
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Hydraulic Design of Outfall Pipe and Diffusers

eTrack No: 200028982
30 August 2019

Oceania Wastewater Pipeline & Outfall
Specimen Design & Construction Methodology

eTrack No: 200028982
30 August 2019

Oceania Wastewater Pipeline & Outfall
Specimen Design & Construction Methodology

The pipes listed below give waste flows similar to your intended solution.

Line

Pipe Size

Q0
Q1
Q2
Q3
Q4

OD400 PN16
OD200 PN16
OD315 PN16
OD225 PN16
OD225 PN16

ΔPA-B
ΔPA-C
ΔPA-D

Intended
flow
10,000
3,000
7,000
3,000
4,000

= ΔPQ1
= ΔPQ2 + ΔPQ3
= ΔPQ2 + ΔPQ4

Actual flow

Velocity

10,460
3,111
7,348
3,348
4,000

1.5
1.7
1.7
1.5
1.8

= 5.34 + 9.24
= 5.34 + 9.24

Pressure
drop
21.75
14.57
5.34
9.24
9.24

= 14.57 kPa
= 14.57 kPa
= 14.57 kPa

eTrack No: 200028982
30 August 2019

Oceania Wastewater Pipeline & Outfall
Specimen Design & Construction Methodology

eTrack No: 200028982
30 August 2019

Oceania Wastewater Pipeline & Outfall
Specimen Design & Construction Methodology

Specimen Design Drawings
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