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1 Introduction
Part of the development of coastal protection measures for the whole of the northern
Tongatapu coast, as well as the Fanga’uta Lagoon, included the development of small-scale
coastal protection and ecosystem-based measures for northwest Tongatapu (Mead and
Manuofetoa, 2021). Mead (2021) provides full design for 6 selected small-scale coastal
protection and ecosystem-based measures. Following a review of Mead (2021), 2 additional
selected measured were identified, which are listed in Table 1-1 below. This report provides
full design for the selected measures for the 2 additional projects, including location and
detailed site maps, layout drawings showing proposed works, cross sections, list of all
materials (bill of quantities), work schedules and costings.

Table 1-1. Additional Design for 2 Small-Scale Coastal Protection and Ecosystem-Based Measures for
Northwest Tongatapu.

No.

Location

i

Ha’atafu and
Kanokupolu
coastline

ii

Kolovai to ‘Ahau

Specific activities and measures to be designed with
complete list of materials needed
a) Heightening of 600m of revetment at northern end.
b) Repairs as required along the length of the revetment.
c) Maintenance of 2 non-return valves on culverts to
prevent flooding of low-lying properties on the western
side of the wetland during heavy rainfall.
a) Extend the existing Kolovai seawall 356m north.
b) Ground survey of northern end to determine where the seawall
finishes.
c) Replace/maintain non-return valves to prevent inundation
during extreme events.

These specific measures focus on the hard engineering approaches for the northwest coastal
stretch from Kolovai to Ha’atafu (Figure 1-1) to be implemented during the period mid-2021 to
end 2022. Namely, heightening and repair of the Kanokupolu revetment, and lengthening of
the Kolovai seawall to ‘Ahau.
As with many of the coastal protection measures recommended for the northern coast, 2 lines
of defence are often applied, which are mostly hybrid nature-based solutions with soft and
hard engineering components working together (see Appendix A, Mead and Manuofetoa,
2021). See Mead (2021), “Detailed Design of Small-Scale Coastal Protection and EcosystemBased Measures for Northwest Tongatapu (CPS 21-321)”, for the detailed designs,
specifications and construction details for the other 6 small-scale measures along this coast.
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Figure 1-1. Location map showing the area of interest, which is the northern coast of north-western Tongatapu.
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2 Ha’atafu and Kanokupolu Coastline
The specific activities for the Ha’atafu and Kanokupolu coastline include:


Ground survey of ~2km of revetment1.



Heightening of revetment along a 600 m stretch from the northern end running south.



Repairs as required along the length of the revetment.



Maintenance of 2 non-return valves on culverts to prevent flooding of low-lying
properties on the western side of the wetland during heavy rainfall

The Kanokupolu revetment is approximately 2.0 km long and provides a first line of defence
to this area, which is susceptible to inundation during extreme events, and like much of the
north coast of Tongatapu, tsunami inundation. Modelling with the revetment in place indicated
that over-topping would occur along northern parts of the revetment during tsunami (Figure
2-1), which was also reported during TC Harold (Mead et al., 2020a). Heightening and repair
of parts of the northern revetment were recommended in 2014 and 2018 (Mead and Atkin,
2014; Mead, 2018) (Figure 2-2), however, the funds were applied on the southern part of the
revetment and the works for the ‘Ahau living wall.

Figure 2-1. Close up of impact of a tsunami wave generated from an 8.7 magnitude earthquake at the Tonga
Trench, showing two breaches of the coral foreshore (Geocare and Petroleum Consult, 2014).

Ground survey has been supplied by local surveying company, ALAMEA Geospatial & Surveying
Consultants.
1
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Figure 2-2. The revetment that extends from Ha’atafu to A’hau and encloses 2 distinct areas, Kanokupolu
wetland in the north, and A’hau lagoon in the south. Originally built in the late 1960’s, repairs and modifications
were carried out in 2014 and 2018; there are still several areas that require heightening and reinforcing, and the
non-return valves along the Kanokupolu section require maintenance.

Repairs to non-return valves on culverts (x2) are also required. Based on observations in
2018 and recent discussions, this is mostly a matter of removing rock and debris that has
accumulated against the one-way valves and prevented proper function. Therefore, it is likely
that while the revetment is being repaired, these works could also be undertaken with little
extra cost.
Ground survey was undertaken in order to determine the areas of lower crest height and
estimate the volume of rock required to strengthen the aging revetment along the Ha’atafu
and Kanokupolu coastline. The ground survey focussed on the lower and damaged northern
600 m section of the revetment (Figure 2-3). Exposure to wave energy increases along the
revetment from south to north due to the wide lagoon flat. As a result, the northern part of the
revetment is more vulnerable to wave over-topping and damage during extreme wave events,
as caused by TC Harold (Figure 2-4).

4

Detailed Design CS 21-816

Figure 2-3. The ground survey focussed on the lower and damaged northern 600 m section of the revetment.
Most of the heightening is required along the northern 200 m of the revetement, with repairs all along this section.
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Figure 2-4. Damage to the northern part of the Kanokupolu revetment that occurred during TC Harold.

The ground survey of the northern Kanokupolu revetment indicates that revetment crest height
is as low as 1.2 m (MSL) in some areas, and mostly below 1.4 m along the damaged areas
(Figure 2-3 and Figure 2-4). The area of interest is approximately 600 m long, and requires
repair works to lift the crest to 1.5-1.6 m, as well as focussed areas of rock placement where
there is little to no rock protecting the road. The initial estimate of rock required for this area
was 2 m3/linear metre of revetment along the length of revetment. Based on the results of the
ground survey and the accompanying photographs, ~300 m3 of rock to carry out the repairs
and heightening of this section of the revetment is considered sufficient; most parts require <1
m3 to heighten the revetment, while some areas just north of the drainage channel (Figure
2-3) require more rock. However, even where the damage is extensive (Figure 2-4), the
original rock is still on site and only requires moving back onto the revetment.
The bill of quantities and costing is in Section 4 below, and drawings and specifications can
be found in Appendix A.
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3 Kolovai to ‘Ahau Seawall
At Kolovai the recommendations from 2018 not being undertaken completely to specifications
(Mead, 2021). As shown in Figure 3-1, the design layout of the seawall was based on a ground
survey to determine the inland extents to keep water out. However, the built layout does not
follow the design path and does not extend far enough shoreward to prevent water coming
around it (as reported during community consultation and the recent evaluation (GCCA+,
2021a)).

Mead (2021) recommended an additional 40 m of seawall is required and

replacement/maintenance of non-return valves (Figure 3-1).
Following review of Mead (2021), this small-scale measure was modified to extend the seawall
from its existing northern end to ‘Ahau (Figure 3-2).
The specific activities for the extension of the Kolovai seawall to ‘Ahau include:


Ground survey of the proposed extension route (complete).



Repair and extension of the seawall with the 2018 design. This is 360 m of additional
seawall and an additional 5 non-return valves.



Replace/maintain the existing 2 non-return valves to prevent inundation during
extreme events.

The bill of quantities and costing for these works is in Section 4 below, and drawings and
specifications can be found in Appendix A.
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Additional 40 m of
seawall needed
As-Built

Designed

Figure 3-1. (Top) The original design layout of the seawall was based on a total-station survey to determine the
inland extents to keep water out. However, the built layout does not follow the design path and does not extend
far enough shoreward to prevent water coming around it (as reported during community consultation and the
recent evaluation). (Bottom) An additional 40 m of seawall is required (red bracket).
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Figure 3-2. The modified small-scale measure to extend the Kolovai seawall 360 m to ‘Ahau.
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4 Bill of Quantities, Specifications and Costings
Table 4-2 summarises the costs for the additional 2 small scale projects, which are further
broken down and include quantities in Table 4-3. Plans for each of the projects are attached
as Appendix A. Work schedules and further specifications are included in the following
Sections. See Mead (2021) for the other small-scale projects. Note, that the Kanokupolu
revetment project in Mead (2021) has been superseded by the increase in the length of works
along the revetment from 300 m to 600 m. Similarly, the extension of the Kolovai seawall by
some 40 m with additional non-return valves presented in Mead (2021) has been superseded
with here by extending the existing wall some 360 m north to ‘Ahau.

4.1 Works to be Tendered – Kanokupolu Revetment
The specific activities for the repair and heightening of the northern Kanokupolu revetment
include:


Supply and placement of 300 m3 of 0.5 m nominal diameter rock (0.4-0.6 m) along the
northern 600 m of the revetment where extra rock is required mainly along the
northernmost 300 m.



Repair of the revetment to a crest height of 1.5-1.6 m along the 300 m length of the
revetment.



Maintenance/rock removal of 2 non-return valves on culverts to prevent flooding of
low-lying properties on the western side of the wetland during heavy rainfall.



A Construction Environmental and Risk Management Plan, highlighting major risks
and treatments, will be developed through negotiation with MEIDECC.

Refer to Appendix A for detailed drawings.

4.2 Works to be Tendered – Kolovai Seawall Extension
The specific activities for the construction of the additional 360 m of seawall at Kolovai to ‘Ahau
include:


Construction of a seawall some 360 m in total length;



Drainage at 5 locations along the seawall to prevent flooding of the landward side
during heavy rain events;



Repair/replacement of 2x non-return valves, and;



A Construction Environmental and Risk Management Plan, highlighting major risks
and treatments, will be developed through negotiation with MEIDECC.
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Refer to Appendix A for detailed drawings, which have incorporated the ground survey2 to
determine the positions of non-return valves.

Figure 4-1. Ground survey of the proposed Kovolai seawall extension; see Appendix A for plans.

The seawall extension to ‘Ahau is to be the same as the existing seawall at the Kolovai.
Seawall construction details are included in Appendix A – these include buttresses on the
2

Alamea Geospatial & Surveying Consultants, 2021. Topographic Survey – Coastal Strip Between Kolovai and
‘Ahau Townships. Prepared for the EU GCCA+ SUPA project, September 2021.
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landward side of the wall every 10 m (Appendix A, Kolo-003). The seawall is to be 0.9 m high
and 0.4 m wide, which represents some 144 m3 of rock (including 0.2 m of rock into the footing
(Appendix A – Kolo-002).
250 mm diameter PVC flap-valves (Figure 4-2) will be incorporated into the wall at 5 locations
(Table 4-1) along the seawall to allow stormwater to drain to the sea during extreme rainfall
events. In addition, 2 of the existing non-return valves in the existing seawall require repairs.

Figure 4-2. PVC stormwater flap-valves to be used at 5 locations along the seawall to prevent flooding during
extreme rainfall events. 250 mm flap-valves are specified, which can be purchased from
https://pipefittings.co.nz/product/flap-valves/

Table 4-1. Flap-valve locations (WGS84) (See Appendix A – Kolo-001a).

Valve #
1
2
3
4
5

Lat

Long

21.095034°S
21.095815°S
21.096474°S
21.096858°S
21.097375°S

175.338400°W
175.338352°W
175.338253°W
175.338149°W
175.338010°W

Refer to Appendix A for detailed drawings.
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Table 4-2. Summary of costs.

Cost (T$)
$85,215.00
$143,415.35

Item

Location

Comment

Heighten and repair revetment and non-return
valves
360 m seawall repair/replace 2x non-return
valves, +5 new non-return valves

Ha'atafu and Kanukupolu

An additional 150 m3 of 400-600 mm diameter rocks to heighten the
revetment during repairs along the northern 600 m of revetment.
Extend the Kolovai seawall 360 m to ‘Ahau

Kolovai seawall extension

Includes 15% contingency and implementation fees

$ 228,630.35
Table 4-3. Detailed cost breakdown.
Kanukupolu Revetment Repair and Heightening
Item
Supply new Armour Rock (0.5 m diameter (0.6-0.6 m))
and repair

(TOP)
Amount
300.00

Unit

(TOP)

Unit Cost

m3

Total Cost

190

Comment
57000

Implementation Fees

30%

17100

Contingency

15%

11115

Total

$85,215.00

Cost per linear meter

$142.03

Kolovai Seawall Extension
Item

Repair and heighten 600 m from drainage valve @ 2m3/linear
meter for the northern part of the Kanukupolu Revetment. Includes
supply of 300 m3 of new rock (+10% contingency for rock volume
estimate) + repair/construction
Mob/remob, H&S, etc.

Amount

Unit

(TOP)

(TOP)

Unit Cost

Total Cost

Comment

Rock for Seawall (including 4 buttresses) 200-400 mm
rock (m3)
Wall Footing (m3)

144.00

m3

200

28800

36.00

m3

600

21600

Wall Cement/Grout
Labour
Stormwater Flap-valves

11.30
370.00
7.00

m3
m

600
100
250

6780
37000
1750

Implementation Fees

30%

28779

Contingency
Total
Cost per linear meter

15%

18706.35
$143,415.35
$398.38

360 m of wall (0.9 m high + 0.1 m foundation by 0.4 m wide) and 30
buttresses - does not include footing
360 m of footing with a volume of 0.1 m3/linear meter (cement and
builders mix)
360 m long wall, 0.9 m high by 0.4 m wide + buttresses every 10 m

Mob/remob, H&S, etc.
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Appendix A.

Plans
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Figure 0-1. Location plan for the 600 m length of the northern Kanokopolu revetment that requires repair and additional rock to heighten (300 m3).
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Figure 0-2. Generic cross-section of the Kanokopolu revetement. Rock of 400-600 mm diameter is required (as calculated in Mead and Atkin, 2014).
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Figure 0-3. Location plan for the Kolovai seawall extension and 5 non-return valves (Table 4-1).
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Figure 0-4. Seawall cross-section for the Kolovai seawall extension.
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Figure 0-5. Buttress cross-section for the Kolovai seawall extension.
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