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1.0 GENERAL 
 
This study presents the conceptual engineering and costing of the ocean outfall 
options for Waimakariri, New Zealand.  This report was requested by URS.  The 
study is based on either a 1200m, 1500m or 2000m or 3000m ocean outfall located 
approximately in line with Lees Road or Gladstone Road in Waimakariri District. 
 
The preliminary design is attached in Appendix I for Carbon Steel option and 
Appendix II for HDPE. 
 
Concepts have been prepared on the basis of the following parameters. 
(assumptions that have been  made are indicated): 
 

Outfall length options are 1200m, 1500m, 2000m or 3000m. • 

• 

• 

• 

• 

• 

• 

 
Outfall diameter is 24 inch for the Carbon Steel option and 28 inch for HDPE 
option. 

 
Installation method will be by the bottom pull method where a concrete 
weight coat is provided sufficient to just overcome the natural buoyancy of 
the pipeline when full of air (assumed) for carbon steel.  For HDPE the 
installation method will be floating the pipe which is air filled and then 
flooding it to sink. 

 
Soil conditions are such that a trench may be formed by a bucket dredger 
(assumed) prior to outfall installation. 

 
There are not significantly onerous environmental constraints imposed on the 
dredging operations (assumed). 

 
A suitable construction site is available local to the beach (assumed). 

 
The trench will require backfilling with locally dredged material after the 
installation of the outfall (assumed). 
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2.0 OUTFALL CONCEPTUAL DESIGN 
 
The attached spreadsheet presents the outfall pipeline parameters for the following 
options: 
 

1200m, 1500m, 2000m and 3000m long outfall options; • 
 
A description of the parameters is presented in the sub-sections that follow. 
 

2.1 MATERIAL SELECTION 
 

2.1.1 Material 
 
This section reviews the suitability of C-Mn steel HDPE, or GRP line pipe material 
for the project conditions. 
 

2.1.2 C-Mn Steel 
 
Carbon Steel is the basic material considered for the project pipeline.  The material 
properties are well documented and it is readily available in most product forms.  
This material is discussed in more detail under Section 3.2 hereinafter. 
 

2.1.3 HDPE 
 
Applications of HDPE pipe is primarily for effluent and water disposal outfalls.  
This material is discussed in more detail under Section 3.3 hereinafter. 
 

2.1.4 GRP 
 
GRP is the most widely used plastic pipe in the industry.  Most applications are for 
onshore use mainly for water and effluent pipelines. 
 
GRP pipe can be classified according to the form of construction of the pipe wall 
laminate, which in turn is largely determined by the manufacturing technique 
employed.  There are two main techniques: centrifugal casting and filament 
winding. 
 
 
The behaviours of the GRP composite is determined by the chemical resistance of 
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the resin.  There are various limitations to GRP pipe: 
 

Pressure limitations – The pressure is restricted to between 6 and 24 bar, 
depending on the pipe manufacturer; 

• 

• 
• 

• 
• 

Creep is a problem with these materials; 
Temperature exerts a significant effect on the behavious of the pipe.  Strength 
decreases with higher temperature, also expansion in GRP pipes is very high. 
GRP pipes need support at more frequent intervals than steel pipe. 
GRP pipes cannot be concrete coated for stability. 

 
The main advantage of GRP is that it does not require an anti corrosion coating or a 
CP system.  Another advantage is its lightweight, but in our situation it is actually a 
disadvantage because of the stability of the pipe.  The installation of GRP pipe can 
be very difficult.  In addition , the cost of GRP is very high as compared to either C-
Mn steel or HDPE pipe.  In view of the above facts it is recommended that GRP is 
not considered any further. 
 

2.2 C-MN STEEL LINEPIPE 
 

2.2.1 General and Grade Selection 
 
The latest edition of API Spec 5L is 2000 and this uses two different Product 
Specification Levels (PSL’s) set at PSL1 and PSL2 wherein PSL1 is applicable to 
this project. 
 
The remainder of this Section primarily addresses API Spec 5L with respect to line 
pipe. 
 
The majority of submarine pipelines are manufactured from API Spec 5L grades 
ranging from X42 to X65 and occasionally X70.  Grade selection depends on design 
and construction considerations and is optimised in terms of grade, wall thickness 
and cost. 
 
Lower grade pipe up to Grade X52, generally obtains adequate strength from 
normalised carbon-manganese steels.  For grades above X52 the increased strength 
requires either additions of other strengthening elements (Niobium / Vanadium), 
special rolling techniques (controlled rolling) or quenching and tempering.  Steel 
making, line pipe manufacturing technology and field welding experience has 
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advanced to the stage where X70 and X80 materials may be considered.  Ultra-high 
grade pipe such as X80 uses a combination of low carbon, Mn, Nb, Ti and 
controlled rolled practice with On-Line Accelerated Cooling (OLAC) to produce 
essentially baintitic microstructures in the base metal. 
 
For the project pipeline size and operating conditions it becomes apparent that grade 
X52 for the Outfall is to be preferred.  This grade is well established in the pipeline 
industry and is considered as the base case for the project. 
 

2.2.2 Line Pipe Manufacture 
 
Line pipe-manufacturing methods for major pipelines are invariably restricted to: 
 

seamless; • 
• 
• 

• 

ERW; 
longitudinal seam by U-ing, O-ing and Expansion  (UOE) or three-roll 
bending, submerged-arc welded (SAW), or; 
Helical (spiral) seam, submerged-arc welded (SAW). 

 
The project pipeline diameter fall outside the manufacturing limits of Seamless 
mills and hence are ruled out.  This leaves helical & longitudinal seam SAW or 
ERW as the only manufacturing options. 
 

2.2.3 Inside Diameter Selection 
 
The preliminary design is presented in Attachment 1 for outside diameter of 24” to 
allow a maximum flow of 57000 m3/day to pass at a limiting velocity of 3m/s.  A 
cement mortar lining of 10mm is assumed as the inner lining. 
 
Note: Further reductions to diameter may be possible with a detailed consideration of internal 

coatings. 
 
2.2.4 Wall Thickness Selection 

 
A wall thickness of 12.7mm is assumed and checked for adequacy against internal 
pressure. 
 
An ovality no greater than 2% is assumed.  Design pressure of 10 bar is assumed 
and the wall thickness found to be adequate. 
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Propagation buckling is not considered as a design criterion, as there is little risk of 
buckle initiation given that there will be little curvature in the pipe during 
installation, and the concrete coating will act as a buckle arrestor. 
 
A thinner wall may be obtained as part of detailed design. 
 

2.2.5 Concrete Coating Thickness Selection 
 
The selection of concrete coating thickness is based on providing a submerged pipe 
weight that satisfies the following criteria: 
 
Light enough so as not to be prohibitive in terms of overall offshore pull force 
required, and, of sufficient weight to avoid instability due to sea-state at the time of 
installation. 
 
Calculations for 100 kg/m are presented on the basis that this value is considered 
reasonable.  Required concrete coating is 50.8mm at 100 kg/m submerged weight.  
A value of 3044 kg/m³ has been used as a basis for the calculations, but this should 
be reviewed to achieve the most suitable mix using locally available materials. 
 

2.2.6 Stability 
 
Short Term Stability 
 
Stability during the pull operation is based on performing the operation in a suitable 
weather window and this is accounted for in the selection of the on-bottom pipe 
weight. 
 
Short term stability would be assessed by using environmental data for a return 
period that provides a sufficiently low probability of exceedance during the time 
between completion of the pull and completion of the trenching operation.  Such an 
activity should be considered during detailed design. 
 
The maximum permissible steady-state cross flow current for the pipe empty and 
full has been calculated as 1.45 m/s and 2.75 m/s respectively.  As it has been 
assumed that the pipe will be pulled into a pre-excavated trench, short term 
instability is not considered to be a problem. 
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Long Term Stability 
 
Given that the soil is mostly sandy, it is considered that the trench may backfill 
naturally and that this will be sufficient to maintain long-term stability.  However, 
further investigation is required. 
 
The specific gravity of the pipe in service is 1.967.  The pipeline is therefore 
unlikely to be at risk of up lift during trenching backfill and, indeed, a certain 
degree of self-burial is likely.  
 
The detailed design of the outfall should consider an assessment of the stability of 
the outfall, based on the final pipeline configuration, where liquefaction of the soil 
could result in the outfall ‘floating’ to the seabed. 
 

2.2.7 Outline Installation Methodology 
 
Installation will be best performed by bottom pull method, successively welding 
pipe strings on the beach and pulling these out using an anchored barge.  As each 
12m weight coated pipe will weigh approximately 6.5 tonnes, pipe handling during 
fabrication will require careful consideration. 
 
Installation Method 
 
Establish a weight coating and stringing yard onshore in direct line with the 
proposed outfall.  The attached drawings provide indicative details of such a site 
which would comprise: 
 

Fixed welding stations and conveyor arrangements for fabricating individual 
pipe strings prior to weight coating; 

• 

• 
• 
• 

Two staggered rows of plinths for concrete coating; 
Jacking bogie arrangements for transverse movement of pipe strings; 
Storage plinths for receiving completed pipe strings. 

 
Facilities shall be provided for pressure testing and weighing each completed string 
prior to the installation. 
 
It is assumed that the outfall will be pulled into position by means of a pull barge 
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anchored offshore.  For the purposes of this budget cost estimate (in the absence of 
any site specific environmental data) it is assumed that pipeline will be pulled into a 
pre-dredged trench, excavated to a depth that will provide cover to the pipe of 1m 
throughout the outfall length.  Actual trench depths will require to be assessed on 
the basis of local seabed conditions. 
 
It is possible that only the section nearest to the shore would require pre-trenching 
and the remainder could be lowered by post trenching (jetting). This would result in 
a reduced trenching and burial cost. 
 

2.3 HDPE PIPE  
 

2.3.1 General and Grade Selection 
 
Typically the standard specifications identify class of HDPE pipe by nominal 
pressure class (PN).  At the same time, HDPE pipe can also be classified by the 
materials used: PE 100, PE 80 or PE 63. 
 
Typical properties of HDPE are as in Table below: 
 

TYPICAL PROPERTIES OF HDPE 
GENERAL PROPERTY VALUE UNIT 
Specific gravity 950 – 965 Kg/m3 
Tensile Strength at yield 18 – 24 Kg/cm2 
Elongation at break >600 % 
Hardness shore D 55 –70  
Thermal conductivity 0.4 – 0.5 W m/oK 
Specific heat 2.25 Kj/kg oK 
Melting point  135 oC 
Modulus of Elasticity (Young Modulus) 400 – 1000 N/mm2 
Auto-ignition Temperature >340 oC 
Linear Thermal Expansion 17 x 10-5 Cm/cm oK 

 
Advantage of using HDPE are as follows: 
 
HDPE – Pipe is Non-Corrosive 
 
Polyethylene pipe can be laid in the ground as well as underwater.  It can withstand 
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corrosion by chemical solution including biological attack. 
 
HDPE – Pipe is Flexible 
 
Due to its flexibility polyethylene pipes can fit to the contour of physical 
environment without utilizing extra joint or fittings.  HDPE pipe’s radius of 
curvature is approx. 25 – 40 times of the diameter.  This flexible characteristic 
makes HDPE pipe suitable for submarine projects over an uneven seabed. 
 
HDPE – Pipe Fused Joint is Completely Leakproof 
 
Butt fusion is a typical jointing method for HDPE pipe.  By this method, pipe and 
welded joint are homogeneous, and the strength of the welded joint is equal or more 
than that of the pipe.  Welding can be done above ground beside the trench; thus 
avoiding the problems associated with underground welding including water and 
old pipe obstructions. Pre fabricated strings of HDPE can be jointed underwater 
with flanges. 
 
HDPE – Pipe Low Friction Loss 
 
With low friction, HDPE pipe can transport more quantity of water compared to 
some other pipes with the same diameter.  So with the same flow rate requirement, 
one can substitute smaller HDPE pipe for the same purpose. 
 
HDPE – Pipe Other Advantages 
 
- high resistant to abrasion (for mining slurries) 
- good low temperature performance 
- length 6 or 12m 
- for pipe OD up to 90 mm.  PN6 to PN16 can be supplied on coil. 
- light weight, easy for handling 
- low transportation and installation cost 
- non toxicity 
- good impact strength. 
 
For the project pipeline size and operating conditions PE 80 PN 6.3 grade is to be 
preferred. 
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2.3.2 Linepipe Manufacture 
 
HDPE pipes are manufactured to ASTM D1248 “Standard Specification for 
Polyethylene Plastics Moulding and Extrusion Materials”. 
 

2.3.3 Inside Diameter Selection 
 
For a maximum flow rate of 57000 m3/day 710 OD PN6.3 PE80 pipe is adequate.  
Calculation attached in Appendix II. 
 

2.3.4 Wall Thickness Selection 
 
According to standard manufacturer data sheet 710 OD PN6.3 PE80 pipe has a wall 
thickness of 35.7 mm. 
 
Data attached in Appendix II. 
 

2.3.5 Stability 
 
HDPE pipes have a density lower than that of water, which means that they must be 
weighed down in the first place to compensate for buoyancy force even when 
flooded. 
 
If the pipe is to be weighed down to withstand lifting and lateral forces, concrete 
weights must be used.  These should be symmetrically designed in relation to the 
centre of the pipe and so constructed that the pipeline is placed at a distance from 
the bottom corresponding to at least one-quarter of the diameter. 
 

2.3.6 Outline Installation Methodology 
 
Installation of the HDPE pipe can be performed using a single long pipeline string 
floating on the sea surface. Alternatively, lengths of HDPE pipe may be laid 
individually and flanged together. 
 
Installation Method 
 
Establish a stringing yard onshore in direct line with the proposed outfall. 
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Pipe joining stations and conveyor arrangements for fabricating the nominated 
single pipe string. 

• 

• 
• 

Crane for concrete lump weights to be added or required internal. 
Jacking bogie arrangement for transverse movement of pipe string. 

 
It is assume that the outfall will be pulled into position by means of a tug with work 
boats providing assistance. 
 
The submersion of the pipeline is effected by filling it with water from one end and 
outwards whereby it gradually sinks to the bottom. 
 
For the purpose of this budget cost estimate (in absence of any site specific 
environmental data) it is assumed that the pipeline will be pulled into a pre-dredged 
trench, excavated to a depth that will provide cover to the pipe of 1m throughout the 
outfall length.  Actual trench depth will require to be assessed on the basis of lcoal 
seabed condition. 
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APPENDIX I  
 

PRELIMINARY DESIGN – CARBON STEEL 
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