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1 Introduction 

Part of the development of coastal protection measures for the whole of the northern 

Tongatapu coast, including the Fanga’uta Lagoon, included the development of small-scale 

coastal protection and ecosystem-based measures for northwest Tongatapu (Mead and 

Manuofetoa, 2021).  This report provides full design for the selected measures listed in Table 

1-1 below, 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.  List of Selected Small-Scale Coastal Protection and Ecosystem-Based Measures for Northwest 
Tongatapu. 

No. Location Specific activities and measures to be designed with complete 
list of materials needed 

i Ha’atafu and 
Kanokupolu 
coastline 

a) Ground survey of ~2km of revetment. 
b) Heightening of revetment at northern end. 
c) Repairs as required along the length of the revetment. 
d) 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. 

ii ‘Ahau Modification of the central access way to include 2 culverts 
to restore flushing within the tidal lagoon. 

iii Ha’avakatolo a) Ground survey of coastal area. 
b) Construction of a ~380 m seawall with non-return 

valves to prevent inundation during extreme events, 
for houses on the seaward side. 

iv Kolovai a) Repair and complete the remaining ~40 m of the 
seawall as designed. The existing seawall does not 
extend far enough inland to prevent water coming 
around it. 

b) Replace/maintain non-return valves to prevent 
inundation during extreme events. 

v Nukunuku to 
Matafonua 

Planting of ~1 km with mangroves and protection with 
brushwood fences. 

vi Nukunuku Establish one new mangrove nursery. 

vii Masilamea 
to Sopu 

Estimated 10 warning signs along the coast. 

 

These specific measures combine hard and soft engineering approaches for the northwest 

coastal stretch from Sofu to Ha’atafu (Figure 1-1) to be implemented during the period mid-

2021 to end 2022.  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 
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solutions with soft and hard engineering components working together (see Appendix A, Mead 

and Manuofetoa, 2021). 
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Figure 1-1. Location map showing the area of interest, which is the northern coast of north-western Tongatapu. 



Detailed Design CPS 21-321 

2 
 

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 at northern end. 

 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). 

 

 
1 Ground survey has been supplied by local surveying company, ALAMEA Geospatial & Surveying 
Consultants. 
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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 

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). 



Detailed Design CPS 21-321 

4 
 

 

 

Figure 2-3. The ground survey focussed on the lower and damaged northern section of the revetment. 
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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 300 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 a 145 m length of revetment.  Based on the results 

of the ground survey and the accompanying photographs, ~150 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 8 below, and drawings and specifications can 

be found in Appendix A. 
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3 ‘Ahau Lagoon 

The specific activities at ‘Ahau Lagoon include modification of the central access way to 

include 2 culverts to restore flushing within the tidal lagoon. 

The ‘Ahau Lagoon was subject to further climate change resilience measures in 2014 and 

2018 (Mead, 2018).  However, the recommendations from 2018 were not completed to the full 

specifications.  The recommendations in 2018 included removal of the temporary access path 

to the foreshore ‘living wall’ to allow flushing, although this pathway has not been removed 

and as a result the southern entrance is not working/flushing (as also reported during 

community consultation and in the recent evaluation GCCA+ (2021a)).  The northern part of 

the lagoon, which showed mangrove recovery, is also not flushing and will lead to the loss of 

the mangrove buffer that requires re-establishing for climate change resilience (Figure 3-1). 

The deepening of the southern channel and removal of the accessway (or at least 

incorporating cuts to allow water to flow through) are considered to be no more than a day 

each with a digger and driver, plus mob/demob.  The costing is in Section 8 below, and 

drawings and specifications can be found in Appendix A for the works required at ‘Ahau. 
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Figure 3-1.  (Top) the recommendations in 2018 included removal of the temporary access path to the foreshore 
‘living wall’ to allow flushing (notation circled in red). (Bottom), however, this pathway has not been removed and 
as a result the southern entrance is not working/flushing (as also reported during community consultation and in 
the evaluation), and the northern part of the lagoon, which showed mangrove recovery, is also not flushing and 

will lead to the loss of the mangrove buffer that requires re-establishing for climate change resilience. 
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4 Ha’avakatolo 

The specific activities Ha’avakatolo include: 

 Ground survey of coastal area2, and; 

 Construction of a ~380 m seawall with non-return valves to prevent inundation during 

extreme events, for houses on the seaward side. 

The preliminary estimate of the required seawall at Ha’avakatolo was ~380 m long (Mead and 

Manuofetoa, 2021); the ground survey was undertaken to support detailed design to ensure 

that the positioning of the seawall optimises the ground levels (Figure 4-1).  The survey points 

were interpolated to create a plot of the height contours (Figure 4-2), which led to the 

positioning of the seawall as shown in Figure 4-3.  The proposed wall is 390 m long with 5 

one-way valves positioned at low points to allow rainwater to drain during extreme rainfall 

events. 

 

 

Figure 4-1.  Ground survey points. 

 

 
2 Ground survey has been supplied by local surveying company, ALAMEA Geospatial & Surveying 
Consultants 
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Figure 4-2.  Contour plot developed from the ground survey showing the 1.5 m contour (above MSL) in red with 
the seawall boundary overlaid. 

 

 

Figure 4-3.  The proposed at Ha’avakatolo seawall shown in red. 

 

The footing of the wall (as shown in Figure 4-2 and Figure 4-3) runs the perimeter of the 

properties and is at approximately 1.5 m RL at each of the western ends of the wall to prevent 

and/or reduce inundation during extreme wind and wave events.  On the northern boundary 
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wall traverses a slightly higher area (~1.85 m RL at the footing) before crossing a very low 

area (~1.1 m RL) and rising back to ~1.55 m RL (Figure 4-2). 
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5 Kolovai 

The specific activities at Kolovai include: 

 Repair and complete the remaining ~40 m of the seawall as designed in 2018. The 

existing seawall does not extend far enough inland to prevent water coming around 

the top of it. 

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

At Kolovai, a similar situation as at ‘Ahau occurred, with the recommendations from 2018 not 

being undertaken completely to specifications.  As shown in Figure 5-1, 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)).  An additional 40 m of seawall is required and 

replacement/maintenance of non-return valves (Figure 5-1). 

The bill of quantities and costing for these works is in Section 8 below, and drawings and 

specifications can be found in Appendix A. 
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Figure 5-1.  (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). 

Additional 40 m of 
seawall needed 

Designed 

As-Built 
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6 Nukunuku to Matafonua 

The specific activities at Kolovai include the planting of ~1 km of exposed coast with 

mangroves and protection with brushwood fences.  These measures are part of some 76 ha 

of mangrove planting and 5 km of brushwood fencing that is recommended to provide an initial 

buffer for the stretch of coast between Masilamea and Matafonua (Mead and Manuofetoa, 

2021) (Figure 6-1).  The brushwood fence provides protection to vulnerable seedlings by 

reducing the wind-generated waves across the lagoon, allowing them to establish.  

Strategically planting small sections of mangroves and brushwood fences where they have 

historically been cleared will help increase the coastal resilience through a first line of defence.  

Overtime continued planting to extend both the length and the width of the mangrove green 

belt will provide a buffer for extreme events and sea level rise (SLR) (See Appendix A of Mead 

and Manuofetoa (2021) “Mangroves and Nature Based Solutions”). 

 

 

Figure 6-1.  Some 76 ha of mangrove planting and 5 km of brushwood fencing is recommended to provide an 
initial buffer for the stretch of coast between Masilamea and Matafonua (red block).  The 1 km of mangroves and 

brushwood fence protection is denoted by the yellow bracket. 

 

This small scale-nature-based solution builds on the successful implementation of a mangrove 

nursery (Figure 6-2) and a brushwood fence at Kolovai (Figure 6-3).  It is important to note 

that continued efforts to exclude pigs such as strategic fencing and penning of pigs that forage 

in these areas are also necessary for the success of mangrove re-establishment; pigs can 
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cause a large amount of damage to the ecology and prevent mangrove seedlings from 

establishing. 

 

 

Figure 6-2.  The mangrove nursery at Kolovai. 

 

 

Figure 6-3.  The brushwood fence/breakwater constructed to protect mangrove seedlings so that they can 
establish at Kolovai. 

 

The bill of quantities and costing for these works is in Section 8 below, and drawings and 

specifications can be found in Appendix A. 
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7 Masilamea to Sopu 

An additional coastal hazard reported by the villages of between Masilamea to Sopu is the 

water-safety/drowning associated with foraging on the lagoon sand flats.  The sand flats are 

open for fishing for all, and people walk out on the flats to forage at low tide.  In the 2020, six 

people across a range of age groups drowned during the sea cucumber harvesting season 

(Mead et al., 2020a).  When the weather changes quickly (wind and waves) people are trapped 

on the sand flats and get swept out of channels on the edges of the lagoon by strong currents 

running off the flats and into deeper water. 

Although not a coastal hazard in terms of land and property protection, the loss of lives on the 

lagoon flats while foraging off of this coastal area is a grave issue that can be reduced by 

providing signage warning people of the risks, to check the times of the tides, and the weather 

forecast, and to have a means of communication with them.  Signs and billboards are very 

commonplace in Tongatapu and are used regularly to communicate messages and inform the 

population on a wide range of subjects (Figure 7-1). 

The cost estimates for 6 signs at strategic sites along this coast is TP$27,000 (i.e., TP$4,500 

each), which includes the printing, assembling and construction/placement of each sign. 

 

 

Figure 7-1.  Billboards and signs are commonplace in Tongatapu to convey messages and inform the population 
on a wide range of subjects. 

 

As noted above, the signs should be placed strategically where people commonly access the 

coast, and include the following points as a minimum: 
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 A clear warning of the risk of loss of life when going out onto the lagoon flat by foot. 

 A check list of things to do before going out onto the lagoon flat: 

a) What’s the tide doing?  Check the times of the tides, when it is high and low and 

coming in or going out; 

b) What’s the weather doing?  Check the weather forecast, is a strong northerly 

quarter wind coming in later, what’s the weather doing today?  Do you have the 

right clothing for the predicted weather? 

c) When does it get dark?  Check when the sun sets and whether there is enough 

time to go out and return safely. 

d) Have you got a phone and is it charged?  Ensure you have a means of 

communication with you, preferably waterproof or in a sealed bag or container. 

 Translation into English for potential tourists. 

Preliminary locations for the 6 signs are shown in Figure 7-2.  Wording on the signs and the 

exact locations should be determined in discussion with district officials with an understanding 

of the access locations with the highest usage and past incidents. 

 

 

Figure 7-2.  Preliminary sign locations.  Exact locations should be determined in discussion with district officials 
with an understanding of the access locations with the highest usage and past incidents. 
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8 Bill of Quantities, Specifications and Costings 

Table 8-2 summarises the costs for the 6 small scale projects, which are further broken down 

and include quantities in Table 8-3.  Plans for each of the projects are attached as Appendix A.  

Work schedules and further specifications are included in the following Sections. 

 

8.1 Works to be Tendered – Kanokupolu Revetment 

The specific activities for the repair and heightening of the northern Kanokupolu revetment 

include: 

 Supply and placement of 150 m3 of 0.5 m nominal diameter rock (0.4-0.6 m) along the 

northern 300 m of the revetment where extra rock is required. 

 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. 

 

8.2 Works to be Tendered – ‘Ahau Southern Lagoon Modifications 

The specific activities for the modifications of the southern ‘Ahau lagoon include: 

 Remove access road to allow for better flushing and deepen southern entrance 

channel with a digger 

 A Construction Environmental and Risk Management Plan, highlighting major risks 

and treatments, will be developed through negotiation with MEIDECC. 

 

8.3 Works to be Tendered – Ha’avakatolo Seawall 

The specific activities for the construction of the 380 m long seawall at Ha’avakatolo include: 

 Construction of seawalls some 380 m in total length, and; 

 Drainage at 5 locations along the seawall to prevent flooding of the landward side 

during heavy rain events. 

 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. 

The seawall at Ha’avakatolo is to be similar to the seawall at the Kolovai.  Seawall construction 

details are included in Appendix 2 of the tender document – these include buttresses on the 

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 137 m3 of rock (including 0.2 m of rock into the footing 

(Appendix A – Kolo-002). 

250 mm diameter PVC flap-valves (Figure 8-1) will be incorporated into the wall at 5 locations 

(Table 8-1) along the seawall to allow stormwater to drain to the sea during extreme rainfall 

events. 

 

 

Figure 8-1.  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 8-1.  Flap-valve locations (WGS84) (Appendix A – Figure 0-4). 

 
Valve # Lat Long 

1  21° 6'26.32"S 175°20'13.63"W 
2  21° 6'28.10"S 175°20'11.36"W 
3  21° 6'28.89"S 175°20'11.50"W 
4  21° 6'29.42"S 175°20'12.07"W 
5  21° 6'27.99"S 175°20'13.15"W 
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8.4 Works to be Tendered – Kolovai Seawall Extension 

The specific activities for the extension of the Kolovai seawall include: 

 Construction of a 40 m seawalls; 

 Repair/replacement of 2x non-return valves; 

 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. 

 

8.5 Works to be Tendered – Nukunuku and Matafonua Mangrove 

Greenbelt 

The specific activities for the beginning of a greenbelt between Nukunuku and Matafonua 

include: 

 Construction of a 1 km long brushwood fence/breakwater; 

 Supply and planting of 45,000 mangrove seedlings (3,000/ha); 

 Construction/development of a mangrove nursery; 

 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. 

The mangrove planting, brushwood fence and nursery should follow the same design and 

implementation as previously undertaken at Kolovai (Figure 6-2 and Figure 6-3). 

 

8.6 Works to be Tendered – Warning Signs from Masilamea to Sopu 

The specific activities for the supply and placement of warning signs between Masilamea and 

Sopu include: 

 Printing, fabrication, and installation of 6x warning signs at access points between; 

 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.  Exact locations should be determined in discussion 

with district officials with an understanding of the access locations with the highest usage and 

past incidents through MEIDECC. 

 



Detailed Design CPS 21-321 

20 
 

Table 8-2.  Summary of costs. 

Cost (T$) Item Location  Comment 

 $42,607.03  
Heighten and repair revetment and 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 300 m of revetment. 

 $7,475.00  
Remove access path to restore flow and deepen 
southern entrance channel 

'Ahau Digger working on site for 2 days including mob/demob 

 $152,295.65  380 m seawall with non-return valves  Ha'avakatolo Includes 5x nonreturn valves 

 $16,175.90  
40 m seawall repair/replace 2x non-return 
valves 

Kolovai To complete 2018 Plan 

 $776,250.00  15 ha mangrove planting  Nukunuku to Matafonua Beginning of widening green belt  

 $63,250.00  
1.0 km of Brushwood fences 
2.0  

Nukunuku to Matafonua Beginning of widening green belt  

 $54,275.00  Establishment of a mangrove nurseries  Nukunuku to Matafonua Beginning of widening green belt  

 $27,000.00  Warning signage along the coast  Masilamea to Sopu 6 signs 

$ 1,139,328.58    Includes 15% contingency and implementation fees 

 

 

Table 8-3.  Detailed cost breakdown. 

Kanukupolu Revetment Repair and Heightening      (TOP)  (TOP)   

Item Amount  Unit Unit Cost Total Cost Comment 

Supply NEW Armour Rock (0.5 m diameter (0.6-0.6 m)) 
and repair 

150.00 m3 190 28500 Repair and heighten 300 m from drainage valve @ 2m3/linear 
meter for the northern part of the Kanukupolu Revetment. Includes 
supply of 150 m3 of new rock (+10% contingency for rock volume 
estimate) + repair/construction 

Implementation Fees 30% 
  

8550 Mob/remob, H&S, etc. 

Contingency 15% 
  

5557.5 
 

Total 
   

$42,607.50 
 

Cost per linear meter 
   

 $ 142.03  
 

Ahau Lagoon Modifications for better Flushing      (TOP)  (TOP)   

Item Amount  Unit Unit Cost Total Cost Comment 
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Remove access road to allow for better flushing and 
deepen southern entrance channel 

2 days 2500 5000 
 

Implementation Fees 30% 
  

1500 Mob/remob, H&S, etc. 

Contingency 15% 
  

975 
 

Total 
   

$7,475.00 
 

Ha'avakatolo Seawall      (TOP)  (TOP)   

Item Amount  Unit Unit Cost Total Cost Comment 

Rock Wall (including 30 buttresses) 200-400 mm rock 
(m3) 

156.00 m3 200 31200 380 m of wall (0.9 m high + 0.1 m foundation by 0.4 m wide) and 30 
buttresses - does not include footing 

Wall Footing (m3) 39.00 m3 600 23400 380 m of footing with a volume of 0.1 m3/linear meter (cement and 
builders mix) 

Wall Cement/Grout 11.70 m3 600 7020 380 m long wall, 0.9 m high by 0.4 m wide with buttresses every 10 
m 

Labour 390.00 m 100 39000 
 

Stormwater Flap-valves 5.00 
 

250 1250 
 

Implementation Fees 30% 
  

30561 Mob/remob, H&S, etc. 

Contingency 15% 
  

19864.65 
 

Total 
   

$152,295.65 
 

Cost per linear meter 
   

$400.78 
 

Kolovai Seawall Extension      (TOP)  (TOP)   

Item Amount  Unit Unit Cost Total Cost Comment 

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

16.00 m3 200 3200 40 m of wall (0.9 m high + 0.1 m foundation by 0.4 m wide) and 30 
buttresses - does not include footing 

Wall Footing (m3) 4.00 m3 600 2400 40 m of footing with a volume of 0.1 m3/linear meter (cement and 
builders mix) 

Wall Cement/Grout 1.20 m3 600 720 40 m long wall, 0.9 m high by 0.4 m wide with buttresses every 10 m 
Labour 40.00 m 100 4000 

 

Stormwater Flap-valves 2.00 
 

250 500 
 

Implementation Fees 30% 
  

3246 Mob/remob, H&S, etc. 

Contingency 15% 
  

2109.90 
 

Total 
   

$16,175.90 
 

Cost per linear meter 
   

$404.40 
 

Nukunuku-Matafonua Greenbelt Enhancement (1 km)      (TOP)  (TOP)   

Item Amount  Unit Unit Cost Total Cost Comment 
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Mangrove seedlings 15 ha (3,000/ha) 45000.00 seedling 15 675000 3,000 seedlings planted landward of the 1 km brushwood fence in a 
15 m wide section 

Brushwood fence 1000.00 m 55 55000 1 km of brushwood fence; including materials and installation 
Mangrove nursery 1.00 

 
41750 41750 Quoted complete costing (March 2021) 

Contingency 15% 
  

115762.50 
 

Total 
   

$887,512.50 
 

Cost per linear meter 
   

$887.51 
 

Warning Signs Masilamea to Sopu      (TOP)  (TOP)   

Item Amount  Unit Unit Cost Total Cost Comment 

6x signs 6.00 seedling 4500 27000 6x signs including printing, construction, and installation 
Contingency 15% 

  
4050.00 

 

Total 
   

$31,050.00 
 

Total Cost (including contingencies) for all works       $1,139,328.58 
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Appendix A. Plans 
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Figure 0-1.  Location plan for the 300 m length of the northern Kanokopolu revetment that requires repair and additional rock to heighten (150 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 works at ‘Ahau Lagoon to restore and improve flushing. 
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Figure 0-4.  Location plan for the Ha’avakatolo seawall and non-return valves. 
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Figure 0-5.  Cross-section for the Ha’avakatolo seawall. 
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Figure 0-6.  Buttress cross-section for the Ha’avakatolo seawall. 
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Figure 0-7.  Location plan of the Kolovai seawall extension. 
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Figure 0-8.  Seawall cross-section for the Kolovai seawall extension. 
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Figure 0-9.  Buttress cross-section for the Kolovai seawall extension. 
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Figure 0-10.  Proposed 15 ha of mangrove plantings (1,000 m x 15 m) and brushwood fence protection between Nukunuku and Matafonua. Brushwood fence location: western 
end: 21° 7'17.77"S, 175°17'40.06"W, eastern end: 21° 7'20.95"S, 175°17'5.52"W 
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Figure 0-11. Preliminary sign locations.  Exact locations should be determined in discussion with district officials with an understanding of the access locations with the highest 
usage and past incidents. 


