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PREFACE

In response to a request from the Government of the Cook Islands, the Government of
Japan decided to-conduct an additional study on Coastal Protection and Port Improvement and
entrusted the study to the Japan International Cooperation Agency (JICA).

JICA sent to the Cook Islands a study team headed by Mr. Nobuo Endo, and
composed of members from Pacific Consultants International Co. Ltd., and the Overseas
Coastal Development Institute of Japan from October 1993 to December 1993.

_ The teamn held discussions with the officials concerned of the Government of the Cook
Islands, and conducted a field survey at the study area. After the team returned to Japan,
further studies were made and the present report was prepared.

I wish:to express my sincere appreciation to the officials concerned of the Government
of the Cook Islands for their close cooperation extended to the team. '

September 1994

Kimio Fujita

President
Japan International Cooperation Agency






LETTER OF TRANSMITTAL
September 1994

Mr. Kimio Fujita
President
Japan International Cooperation Agency

Dear Mr. Fujita,

It is my pleasure to submit herewith the Final Report for the Additional Study on Coastal
Protection and Port Improvement in the Cook Islands.

The report is the resuit of the additional study, to supplement the previous study conducted in
1992, carried out by Pacific Consultants International (PCI) and the Overseas Coastal Area
Development Institute of Japan (OCDI) as per the contract with the Japan International
Cooperation Agency (JICA). The study team conducted a field survey between October and
December 1993.

Based on the findings of the survey and on data and information collected and analyzed in
Japan, the master plan formulated by the previous study team was reviewed and up-dated
concentrating mainly on hurricane sea protection on the northern coast of Rarotonga Island
including a feasibility study.

The study shows that the implementation of the coastal protection works as proposed in the
master plan does not seem to be feasible, however, selective protection works would be
recommended in order to protect national and private assets.

On behalf of the study team, let me express my heartfelt thanks for the generous cooperation,
assistance and warm hospitality extended 1o the study team during their stay in the Cook
Islands. :

Our thanks are also due to the Japan International Cooperation Agency, the Ministry of Foreign
Affairs, Ministry of Construction, Ministry of Transport and Japanese Embassy in New
Zealand for their valuable advice and support during the field survey and preparation of this
report.

Yours faithfully,

Jbar £

‘Nobuo Endo

Leader -

Japanese Study Team for

the Additional Study on Coastal Protection
and Port Improvement in the Cook Islands
(General Manager,

Pacific Consultants International)






TABLE OF CONTENTS

L B L N L) e T —— 1-1
REVIEW OF MASTER PLANNING ------ - e 2 -1
2.1 Site ReCOMNAISSANCE- - m e 2-1
2.2 Coastal Protection et et e e 2-3
2.3

L E 1T 1) (02 T | LT ————— 2-3

COASTAL PROTECTION OF NORTHERN COAST

OF RAROTONGA e e 3-1

3.1  Coastal Protection of Northern Coast of Rarotonga---«-~---~---------- 3-1

(1) Principles in Designing Coastal Protection Works ----vwaeeueioee 3 . 1

(2) Offshore Waves----- s 3-1

(3)  Design Waves oo 3-2

(4) Wave Observation on Site --------w----==mtmm o 3-3

(5)  Wave Overtopping--------mmm-mmmmmm oo 3-6

(6) Alternative Coastal Protection Works -------=-r-n=eerumsamuaaooo 3-6

(7)  Computer Simulation------=--=smmsmmsmme oo 3-8

3.2. Port Improvement -~ ceeeme e 3-11
3.3 Cost Estimates of Coastal Protection Works

on Northern Coast of Rarotonga -------—~------==re oo 3-11

3.4  Estimate of Benefits -~ «---mmrmoo 3-13

3.5  Economic ADALYSIS -~ oo 3-13

(1) Pretequisites and BEnefits ------—-----orcemeeweroermeeemmeee 3.13

(2) Calculation of BIRR ----ccommmm oo 3-14

- CONCLUSIONS AND RECOMMENDATIONS «-rvscrceeeemmmemmemmemmeee 4-1






1.1

INTRODUCTION
Background of the Additional Study

During the new year days in 1987, Cyclone Sally crossed Rarotonga Island and
brought considerable damages to properties of the island. The damages were mainly
due to the high waves and strong winds.

Before the cyclone hit the island, the Government of the Cook Islands had started

* construction of the breakwaters at Avarua Port and completed them in the same year.

From January 10 through 17, 1987, JICA conducted urgent investigation of the
cyclone disaster. JICA also made additional investigation from February 26 through

March 19 of the same year.

After experiencing cyclones Peni and Sini in 1990, the Government of the Cook
Islands started construction of temporary coastal protection works mainly on the
northern part of Rarotonga Island. Simultaneously, the Government requested JICA to
work out a master plan and short-term development plan of coastal protection and port

improvement for the island.

In response to the request, JICA conducted a master plan study covering the entire
island and a short-term development plan of the northern part of the island. The short-
term development plan for the coastal protection covers the coasts between Avatiu Port
and Avarua Port, near the airport, near the fuel tanks of the airport and near the Health
Depannien't Premises. Avarua and Avatiu Ports were studied for the port improvement.

Thé final report of the above mentioned study was submiited to the Government of the
Cook Islands in August 1992.

In 1993 the Government of the Cook Islands expressed its request to make a further
study coping mainly with the need to provide a greater degree of protection against
hurricane force seas to the essential infrastructure and commercial and national assets

located on the Northern Coastline.

JICA dispatched a team to the Cook Islands in June 1993 to investigate the situation of
the study area including the removal of the breakwaters. After the investigation and the

- discussions with the officials of the Government of the Cook Islands, the team

confirmed the requests. Consequently, JICA decided to conduct the additional study.






1.2

Objectives of the Additional Study
The objectives of the Additional Study are as follows:

(1) Review and up-date the master plan of the coastal protection and port
improvement of Rarotonga Island concentrating mainly on hurricane sca
protection of the northern coast. '

(2) Review and up-date the short-term development plan of the coastal protection and
port improvement plan at the northern part of Rarotonga Island in accordance with
the Cook Islands Government "Coastal Protection Policy."”
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REVIEW OFF MASTER PLANNING
Site Reconnaissance

The JICA Study Team carried out the site reconnaissance and the findings are

sumimarized as follows:
Northern Coast

The northern coast is the hurricane-fated area. Hurricanes are likely to reach to the
island from the north-west to north-north-west of the island. As the winds strongly
blow down to the south on the east-side of the hurricane cyé, the waves will reach io
the northern coast of Rarotonga Island gaining more energy. Worse in this case, the
sea water will rise due to both the low atmospheric pressure of hurricanes and wave

set-up being blocked by the northern coast.

Eastern Coast

The prevailing winds blow from the east. However, strongest winds caused by
hurricanes will not last long from the east since hurricanes will not remain at the north
of the island but move to the south. The coast is not hurricane-fated.

Southern Coast

The southern coast is very unlikely to be attacked by hurricane waves since the winds
do not strongly blow from the sea. It is told that the sand was richer before and it
covered the beach rock. The reason why the beach sand loses may be attributed to not
a single reason of high waves but compounded effect of several reasons from

ecological changes to long-term global weather changes.
Western Coast

The western coast has relatively wide and deep lagoon, too. However, the lagoon is
gradually narrower up to the north. The narrower the lagoon becomes, the wider the

beach extends on ihe coast.
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Figure 2—1 Location of Beaches and Facilities on Raro
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Coastal Protection
Government Policy on Coastal Planning

The Cabinet of the Government of the Cook Islands passed the Policy Paper regarding

‘the coastal protection on the northern coast of Rarotonga Island. The objectives of the

policy are described in the Policy Paper as follows:

A. It should provide effective protection for all vital infrastructure and domestic,
commercial, and national assets on the designated area of the North Coast from
hurricane-force seas, "from whatever direction they may arrive”,

B. For engineering design purposes, design waves with return periods in the order
of 100 years should be used.

C. The system should assist the efforts to preserve the recreational beaches for the
benefits of future generations and the tourist industry.

D. It should not diminish the scenic value of the natural shorelines and should not

degrade the coastal environment.
Coastal Protection Carried out on Avarua - Avatin Coast

JICA recommended the widening of the coastal road protected with revetment works on
shore in 1987. JICA simultaneously recommended the construction of breakwaters o

protect Avarua Port. The breakwaters were constructed in the same year.

Controversy had continued on the breakwater function till 1991; do they increase the
wave set-up and consequently angment the wave attack onto Avarua - Avatiu Coast?
Acccpting the study results of Prof. Kirk (Canterbury University) in 1991, the
Government of the Cook Islands concluded that the breakwaters would increase the
wave set-up and bring about more damages. The breakwaters were removed and

temporary coastal protection was constructed in 1992.
Port Improvement
Avatiu Harbour

The Additional Study will plan the reinforcement of the breakwaters (Avatiu west and
east) with new d_esign wave conditions in Avatiu Harbour, which will be discussed

later. .
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In acidition, the present layout of the Avatiu breakwaters was reviewed whether or not
they provide enough calmness in the water basin. And as the result, those breakwater
proved to secure enough calmness and workability needed for the international and
inter-island shipping berth.

Avarua Harbour

There used to be two breakwaters; Avarua west and east. The west breakwater has
been completely removed and the tip half of the east breakwater has been removed.
The -2.5 m pier is of steel sheet pile type and is severely damaged and deteriorated and

- the apron behind the pier caves in. These facilities should be rehabilitated as soon as

possible.
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COASTAL PROTECTION OF NORTHERN COAST OF RAROTONGA

Coastal Protection of Northern Coast of Rarotonga

Principles in Designing Coastal Protection Works

In line with the Government Policy on the coastal protection of the northern coast of

Rarotonga Island, the following design principles are set forth:-

Design Principle 1:

Design Principle 2:

- Design Principle 3:

- Design Principle 4:

Design Principle 5:

Offshore Waves

Coastal protection works are to protect the coast including the
assets there against the wave and storm surge generated by
100-year offshore waves.

During the normal sea conditions, they allow wave-induced
currents to flow into the lagoon and maintain the transport of
sediments across the lagoon from the reef to the shore.

Coastal protection works should angment the amenity of the
coast so that peoplé will be able to enjoy the coast and should
not prevent people from-accessing to the coast.

Coastal protection works should be cost-minimized in

construction and maintenance.

Their design is to be based on reasonable engineering methods

recognized at present.

Insufficient data for long-term cyclones in Rarotonga 1s available at present. The
previous JICA team (1991) estimated the offshore wave height and period of 30 ~ 50

years return period based on Cyclone "Sally".

Another extreme value was obtained by Kirk (1992), relating the offshore significant
wave height and the return period using some wave data incident on the north coast of

Rarotonga. Listed in Table 3-1 is the calculated significant wave height for several

return periods by the Weibull function based on 3 cyclones occurred from 1978 to

1992.






Although the determination of 100 year offshore wave in 3 samples for 15 years is
inadequate, a wave height of H1/3 = 12 m is adopted as the 100 years significant
wave off Avarua coast, with the offshore wave period of T1/3 = 13.5 sec.

Table 3-1 Significant Wave Height for Return Period (by Kirk)

Significant Wave Height Estimated Return Period
(m) (Years)
Wave Height of more than

2.34 2
5.54 5
7.37 10
9.40 25

10.75 50

11.98 100

(3) Design Waves
(a) Water Levels

The sea surface during a cyclone fractuates according to the reason indicated as
the followings.

- Astronomical tides

- Inverted barometer effect

- Wind drift effect (Wind set-up)

- Wave breaking effect (Wave set-up)
- Surf beat

The above phenomenon can be illustrated as shown in Figuré 3-1.
(b) Shoaling, Refraction and Breaking on Sea Bottom Slope

The computation on shoaling, wave set-up, average wave height, significant
wave height, and maximum wave height on an arbitrary sea bottom slope is
catried out using the computer p'r_ogram BREAX.

(c) Wave Atienuation and Wave Set-Up on Coastal Lagoon

Wave breaking on the north coast of Rarotonga is a complicated hydrodynamic
process. A similar phenomenon may be experienced when a bore enters into the






shallow water region or the river mouth. The energy in the bore is dissipated in
three different ways:

- Internal and bottom friction in wave train
- Viscosity
- Turbulence

Of the three dissipation mechanisms the loss due to turbulence is the most
significant one for breaking waves. Therefore, the important energy dissipation
under the field takes place by wave breaking (turbulence) and bottom friction.

(d) Wave Run-Up

Dr. Takada (1970) (Note 1) proposed formulae for wave run-up on a beach
slope or a sloping revetment, as shown in Figure 3-2.

(e) Wave Calculation on Cross Sections

A calculation of the 100 year wave run-up elevation is carried out in the extensive
area of the north coast. Coastal sections chosen for this study are seven sites

which are:

- Airport runway (Section 5-4)

- Parliament building (Section 4-3)
- TPP fuel depot (Section 3-6)

- Westpack bank (Section 2-2)

- .Banana court (Section 2-1)

- Beachcomber (Section 1-9)

- Health department (Section 1-2)

Table 3-2 summarizes the results of the computation for wave run-up at the north

Rarotongan coast.
(4) Wave Observation on Siie

Oceanographic survey has been carried out by using a pressure type wave gauge and
electromagnetic current meter at three points on the Avarua - Avatiu lagoon from
Ociober 7 to 24, 1993.

Most of the observed wave heights are less than 1.0 m and the current speeds are

between 2.5 cm/fsec. and 5 cm/sec.
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Wave Overtopping

In practical studies of wave overtopping on a coastal revetment, the total amount of
wave overtopping per wave period can be computed by the Kikkawa's formula (1968)
(Note 2) modified for steady flow over a weir.

The effect of surf beat is also taking into account for the calculation of the expected

amount of wave overtopping for irregular wave,

The above calculation will be conducted in the preliminary design of the coastal
protection works to determine the crown top height of the revetment.

Alternative Coastal Protection Works

For conducting the preliminary design of the coastal protection works, the allowable
wave over-topping volume is set forth to be 0.05 m3m sec. This criterion is applied in
Japan for the shore protection dike which has no pavement covering its surface and it
will not be destroyed by waves. The value is suggested by Dr. Goda in 1970
(Note 3). |

The inputs of the sea state conditions at the reef edge are tabulated in Table 3-3.

The centerline of the offshore breakwater is fixed 60 m shore-ward from the reef edge.
Within this distance from the reef edge, the progressing waves will considerably

decrease their kinetic energy.

The weight of wave dissipating concrete block or armour rock is calculated by the

following Hudson Formula.

_ yH?
Kp(8: - 1)3cot o0

Where W : Minimum weight of rubble or concrete blocks (ft)
¥r : Unit weight of rubble or block in air (t f/m3)
Sr @ Ratio of specific gravity of rubble or block to that of sea water
o Angie of the slope to horizontal plane (degrees)
H : Wave height (m)
Kb : Stability coefficient determined by the armouring material and damage rate.

Regarding the type of concrete block, Tetrapod was applied in the design out of three
types Tetrapod, Accropodes and Super Max due to the following reason.
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i)  "Accropodes" cannot be used because they are designed to be placed in one layer
only and in this case the top elevation of the offshore breakwater cannot reach to

the required elevations.

i) Neither "Super Max" nor "Max" cannot be taken into account for the preliminary
design because their technical information is not available yet.

In determining the weight of concrete block to be incorporaied in the offshore
breakwater, special attention was paid. Due to the fact that the progressing waves there
are rather in bore form; the wave energy is much larger than that of sinusoidal waves.
To apply this finding easier, it is suggested that Kd value in estimating the required
weight of the blocks be adjusted low.

As the result of the above study and computations, the proposed coastal protection
works are shown in Figure 3-3, and list of siructures is shown in Table 3-4.

Computer Simulation

A computer simulation was carried out in order to simulate the coastal current as well as
wave height and wave setup, specifically focused on Avatiu and Avarua inner port. The
study area is 1,800 m wide along the Avarua - Avatiu lagoon and 1,200 m scaward,
covering both Avatiu Port and Avarua Port and their vicinity.

The simulation was conducted for both "Without Case" which represents the present
condition of the area and "With Case" which represents the master plan including
proposed coastal protection works.

It is noteworthy, as the result of simulation, that a strong return currents (2 to 3 knots)
toward norih appeared in front of Avatin and Avaruva passage at the 100 year return

period design wave.

Note 1: Takada, A. (1970) "Correlation between wave ovértopping and reflection”
Journal of JSCE, 182, 19-30 (in Japanese)

Note 2: Kikkawa, H., Shi-igai, H. and Kono, T. (1968) "Fundamental study of
wave overtopping on levees "Coastal Engineering Conference, ASCE, 11,
107-114,

Note 3:° Goda, Y. (1973) "Study on design wave pressure on breakwaters” Report of
Port and Harbour Res. Inst., 12(3), 31-69 (in Japanese)
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3.2

Port Im'provement

(1)  Avatiu Harbour

(@)

(b)

Wave Calmness inside the Port

Port workability is estimated at the berthing basin during a normal condition with
the present layout of the breakwaters and quay walls. The criteria for workability
are set forth to be the wave height of 0.3 m with the minimum occurrence ratio of
95 %.

As the result of the calmness study, the present breakwater layout proved to
secure enough calmness inside the port.

Upgrading of Avatiu Breakwater

According to the result of design wave calculations for 100-yr return periods,

~ both west and east breakwaters are to be upgraded. The breakwater will be of

wave dissipating concrete blocks, the weight of which is calculated by the
Hudson Formula as appeared in the previous section.

The upgraded section of the breakwaters are shown in Figure 3-3.

(2) Avarva Harbour

3.3

" A new marina is to be planned in Avarna Harbour utilizing the deep Avarua passage as
an channel. The new marina basin will be located on the Avarua - Avatiu lagoon, at the
west of Avarua passage. The new basin will be made at the depth of -3.0 m by
excavating the coral lagoon, with the area of 200 m length x 60 m width to

accommeodate 30 leisure boats.

The general layout and section are also shown in Figilre 3.3,

Cost Estimates of Coastal Protection Works on Northern Coast of Rarotonga

Cost estimates of the preliminary design of the coastal protection is summarized in
Table 3-5. '
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Table 35

3-12

Summary of Construction Cost
Location Conslrhclion Cost Percentage
(NZ$) (%)
Health Department
Sea Wall 028,920 0.5
Beachcomber
Offshore Breakwater 21,198,000 12.2
Sea Wall 637,100 0.4
Sub-total 21,835,100
Banana Court .
Sea Wall 23,040 0.0
Yacht Basin 3,594,124 2.1
Sub-total 3,617,164
Westpae Bank :
Offshore Breakwater 30,816,000 178
Sea Walil 1,032,960 0.6
Sub-total 31,848,960
TPP Fuel Depot
Offshore Breakwater 58,606,800 338
Sea Wall 1,813,840 1.0
Sub-total - 60,420,640
Parliament Building
Sea Wall 2,288,880 13
Airport Runway .
Offshore Breakwater 23,868,000 138
Sea Wall 3,075,000 1.8
Sub-total 26,943,000
" | Avatin Breakwater
East Breakwater 12,816,072] . 74
West Breakwater 12,695,208 73
Sub-total 25,511,280
A. Direct Cost Total 173,394,000 100.0
B. Indirect Cost (20.5% of A} 35,546,000
C. Grand Total Cost (A + B) 208,940,000







3.4

(1)

Estimate of Benefits

Implementation of the Coastal Protéction Project on the northern coast of Rarotohga
Island will have the following benefits:

i) - The coast will not suffer erosion and new coastal structure itseif will not
suffer damage. Although initial cost for construction is high, repair &
maintenance cost of the coast will sharply decrease.

ii)  Reinforced coastal protection facilities decrease the damage to buildings and

infrastructures.

i) The decrease of the damage mentioned in ii) will make it possible to
maintain normal economic activities. The reinforcement of coastal
protection there will assure the normal flight operations even immediately
after a hurricane.

iv) The construciion of a new marina in Avarua Harbour provides berthing area
for the pleasure boats which are now mooring in Avatiu Harbour.

v)  The development of a new quarry in the island is required to obtain the huge
rock material for use in coastal protection structures, which leads to the
increase of GDP.

vi) A new well-protected coastal area may be utilized according to the
increasing demand of economic activity.

The benefits mentioned above include such unquantifiable effects as the assurance of
safety of human lives or improvement of commercial port and marina operation, efc.

Economic Analysis

Prerequisites and Benefits

amortization should start 3 years after the construction begins,

"With" Case comprises of such coastal protection works as sea wall, offshore
breakwaters, the upgrading of the Avatiu breakwaters, and construction of a new

marina in Avarua Harbour.
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(2)

"Without" Case does ot consider any of above project assuming that the conditions are
the same as is now,

Considering the "With" and "Without" situations mentioned above, the following items
are identified as major quantifiable benefits of the Project.

i)  Increase in the protection of residential & public building and infrastructures
(road, port, airport, etc.) against waves and consequent decrease in damage,

i)  Maintaining normal economic activities produced by the above Benefit
Iiem 1),

iii) Reduction in damage to shore protection structures produced by high waves
and consequent reduction in rehabilitation costs.

Calculation of EIRR

The economic internal rate of return (EIRR) based on a cost-benefit analysis is used to

. appraise feasibility of the project.

The EIRR is the discount ratio which makes the costs and benefits of a project during
the project life equal. It is calculated by using the following formula:

n
z Bi - Ci =0
, S+ i-1
where, n . Projectlife
Bi : Benefitini th year
Gi ;' Costinithyear
r : Discount rate

‘"The EIRR of the Project is calculated as 1.11 % and is small and this project is

considered unfeasible. Therefore, selective protection works are recommended in order
to protect national and private assets.
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4.1

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Hhrricane Sea State for a 100-Year Return Period

It is at the begihning of the additional study, that the Cook Islands Government
requested in its policy paper that design waves with a return peried in the order of 100
years should be used for engineering design purposes. As this is the policy of the
government, the additional study was conducted for the 100-year-return-period-waves.
In the previous study, the design waves were those which are hindcast during Cyclone
"Sally" which were estiméted to be about 30—year-retum—peﬁod-waves-.

The design wave and water level are estimated in the following steps:

- A 100-year significant wave height on the northern coast of Rarotonga is estimated
after Kirk (1992), exiraction of which was provided by a local coastal consultant,
and the corresponding wave period is forecast by means of Wilson's Method.

- The wave direction is assumed to be the north which is most dangerous to the project

site.

- The water level for a hurricane sea state of a 100-year return period is expressed as
an addition of the maximum spring tide level, the sea water level rise by the
reduction of atmospheric pressure, the wind set-up generated by the wind during a
100-year recurrence interval hurricane, the wave set-up given by a theoretical model
study, and the surf beat calculated by an empirical equation.

- The computer model with two parameters is developed to estimate the wave height
and wave set-up on a coastal lagoon and the wave run-up on a beach slope or a
sloping revetment. The most likely value of these parameters in the model is
determined by simulating the wave height and wave 'run—up height to the observed
facts during Cyclone Sally.

The calculation resuité indicate that the sea state of a 100-year return period will bring a

serious damagé to the northern coast.






4.2

Coastal Protection Works Required for Protecting the Coast from the Hurricane Sea
State for a 100-Year Return Period

Based on the above results, the works to protect the northern coast from the hurricane
sea state of a 100-year return period are worked out. The criterion for permissible

~ wave over-topping volume is set forth to be 0.05 m3/m/sec. In Japanese Standard

Design Criteria of coastal pro'tection works, the wave over-topping of this value does
not result in damages onto unpaved shore protection dike.

According to the technical knowledge at present, the combination of artificial wave
dissipating concrete blocks, rocks and concrete sea wall seems to be only solution as to
provide the protection against such sea state.

From an engineéring'point of view, it is extremely difficult to protect the coast from the
hurricane sea state of a 100-year return period by fulfilling all the objectives of the

policy of the Cook Islands Government; particularly with respect to preservation of the
“scenic value of the natural shorelines.

Economic Feasibility of the Coastal Protection Works for Protecting the Coast from the

Hurricane Sea State for a 100-Year Period

A very rough cost estimate shows that the protection works of the northern coast of
Rarotonga Tstand agziinst the 100-year sea state will cost the Cook Islands Government
about NZ$209,000,000. A very preliminary economic analysis indicates that the
economic internal rate of return of the coastal protection works will be very low, i.e.
about 1.11 % and the coastal protection of its ful'i scale is not viable from the

economical point of view.
Recommendations
Selective Protection Works

As the full scale development of the coastal protection works seems not economically
viable, selective protection is recommended; particularly Avatiu Port, the airport
runway and the fuel tanks must be properly protected since these facilities are vital for

the Cook Islands’ economy.






Relocation of Important Assets on the Northern Coast

As the coastal protection works are very expensive, it is recommendable for the Cook
Islands Government to consider the relocation of important assets like fuel depots to

inland.

For other private assets it is recommended for the government to financially assist the
people in relocating or protecting them from the hurricane sea state.

Newly Innovated Coastal Protection Units

With regards to the newly innovated concrete units, which the Cook Islands
Govermment considers to apply to the coastal prbtection of the northern coast of
Rarotonga Island, it is recommended that a scale model testing be carried out at first by
means of a water tank-and then, when the scale model testing shows successful resulis,
a prototype model testing be carried out at the actual site in order to collect engineering
data and estéblish the construction spéciﬁcations therefor.
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