5.4.4

As shown in :Fig. 5-15 a large cyclonc may supply materials to the lagoon by
]ifting_lhe:_n_ from the offshore area. Without this action beach banks here
cou‘ld-'not form,  Thus, a cyclonc has two faces: eroding beaches and
supp.ly_ing the materials for new land.

Erosion vs Deposit

Beach shape may changc from cyclone by cyclone. The amouﬁt of beach
change is normally measured during a certain period which may be the
time length of scasonal circulation._ Winter in Rarotonga may be the best
time to monilor‘ the changes, since the beaches are more stable than in the
summer time. If the total between erosion (-) and .deposit (+) during the
previous 365. days is plus, the beach observed is called a deposit beach. If

minus, it is defined as -an eroded beach.

However there arc no ‘data available in the island showing the past record

of changes in quantitative manners. Only the available one is a map

showing location of erosion.

in ‘order to measure coastal changes, aerial photographs since  the 1960's
were analysed. However, a clear indication -can not find out, since
photographs are not in detail and do not cover the entire 31 km coastal

length.

The perception study was analysed in order to know the past coastal

changes in respect to the whole coastline.

Figs 5-16 and 5-17 shows the villagers response regarding coastal erosion
and deposit.  The responses on erosion by villagers are ploited in the

figures..

According to the study, the average coastal erosion over the last five yecars
was 1.8 meters to the entire coastline. The scale of erosion is moderate. It
is fcpbrted that the beach sand erosion was 4.4 meter during the same
period.  Sally, the worst cyclone, caused 80 percent of the erosion in the

same period. Since it is reported that the landing of the worst cyclone was

- made in 1987, the previous two figures should be read as erosion caused

mainly by Sally.
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Note : The response by villagers covers the total changes over the past 10
years.  However, it is concluded that thé data should read “within
five ycars" since most of the villagers believe that erosion was

caused by Cyclone Sally in Jan. 1987.

Year 1991 - Year 1987 = 5 years

The . relationship between the Coastal Erosion and Beach Erosion is shown in
Fig. 5-18.:
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Coastal Ch_ange's_-byj Villagers' Observation
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Fig. 5-16
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Fig. 5-18

Relationship between Coastal Changes and Beach Changes
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5.4.5

Loss vs Gain in Micro View

The loss and gain of drifting materials can be understood by employing
micro and macro view. The micro view is an obscrvation of the loss any
This

method focuscs on material movement at beach waterfront and provide idea

gain -in a particular section of beach to estimate stable material sizc.
on material drifting normal to the beachline. Relationship between the
average size of beach materials and wave are one of ‘main study items in the

coastal engineering.  Followings are major findings.

This relationship will be evaluaied here using Fig. 5-18A which was
developed in observation of Japanese 12 stable beaches.

: 5y . )
tan 3;(1%---&:-) Byo H22.4% 10"

L tan B P L
R /w__gr_ Van BS (3166 -3 T di HCR.AX0
tan f
= -1 S
] ,_W”"ﬁ//
oN Y- =13 '
o “K - ¥ -
s
0.t M 110
oS ©F dias

® DHRH. L2062
O 0.022H. L,>0.04
G g0tEH. L0005
M Miyazani
[
X
b3

1 Higzta
: Ranarawa
: Savata

0.0l | S

Fig. 5-18A Relationship Between Beach Slope and d50/Ho

Study Conditions;

EQuivaien[ Offshore wave

Ho' = 4,5,6,7,8,9, m
Beach slope _

tan B =0.10, 0.20, 0.25, 0.30

Table 5-5 shows the minimum size for stable condition dso.

Mimimum Size dso

Table 5-5
_ . _ -_d50_(cm) .
tan p  d50/Ho" Ho'=400cm Ho'=500cm Ho'=600cm’ Ho'=700cm Ho'=800cm Ho'=%00cm
0.1  0.0005 0.20 0.25 0.30 0.35 - 040 0.45
0.2  0.0015 0.60 0.75 0:50 1.05 1.20 1.35
0.25*% 0.0050 2.00° 250 “3.00 3.50 4,00 4,50
0.3*  0.0150 6.90 7.50 9.00 10.50 12.00

Note: tan P =0.25 and tan § =0.30 are assumed by the study team. -

13.50
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5.4.6 Loss vs Gain in Macro View

The macro view is an obscrvation of the loss and gain in a particular area
where the ~material circulation is completed. According to the past
observation, the existence of hcavy return currents from the lagoon to. the
natural passa'gcs are assumcd, This phenomenon was confirm.cd by the
study team .conducting the computer simulation analyses as desc_ribcd in
section 5.3.7.  Since material supply from ihe strcam is so limited here that

maierials in lagoon are moving through the reef.

Erosion and déposit at a cettain length of parLiCular coastline, say from
500m to 1,000m, may bc governed by the total balance of drifting matcrials,
loss and gain,

1) Beach Sand
a) Gains

There are four 'gain sources:

- Gain from offshore nurseries over the reef front as a result of
current induced by waves.

- Gain due 10 local production in the lagoon

- QGain from the adjacent foreshore and lagoon

- Gain at the stream mouth where fresh water and fine materials

are discharged.

Of these gain sources, sand drifting from the neighboring beaches is
not the basic impact because it may be lost at other areas. Sand
supphed by a stream cannot be a main sources since the discharged
vo]ume seems minor and somc coastal areas have no stream. Cain in-
situ may be one of main sources. However, this may depend upon the
ecological characteristics of lagoon, including its width.  Thus, gain
from the offshore sand production and deposit areas will be the most

probable  sources.
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5)

Loss

There are iwo main reason for loss: _

- Loss going to offshore through the passages by return current,
~This includes the rip~éurrcn£ which may occur where no
significant natural passage exists. |

- Loss by drifing to the adjacent foreshore and lagoon.

Of ‘these two loss causes, sand drifing to nearby beaches is not a
significant cause as the sand will represent a gain for those areas. Tt

is assumed the main loss is sand drifing offshore.

2)" Beach Gravel

a)

b)

Gain

The gain sources will be the same as those for beach sand. However,
the gains at the lagoon and from the adjacem beach appear not 1o be
major 'm_u:s. The main gain will be from coral fragments that may be
dumped "into the lagoon by water bodics ‘overtopping  the .r_eef as a

result of wave action.

Due to the weight of materials, wave action is the only power that
can move them. Thus the direction of drifting is the same as the
wave direction, this is normally perpendicular to the shoreline.

Lateral movement along the shoreline may be limited.

Loss

The reasons for gravel loss are the same for sand loss. However, the
rate of  loss and gain and will be much more consérvative than for
sand, There is little loss to neighboring beaches and through

passages.

Some of .gravels may dump .on the beach bank. - This action is loss to

the beach but-gain to the flat Iand.
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5.4.7

By comparing  the two materials (fine and coarse pai‘ticles), the - balance

between gain and loss can be demonstrated as follows:

: 4ﬁ¥4-| Balance in case of surplus
Velums of sand Loss .
~ Gain : o j
: L?Eil-a—»
: Balance
Voluine of gravel
Gain

Fig. 5-19 and Fig. 5-20 show the balance and major supply sources both for

sand and gravel.
Material Circulation Pattern in Macro View

Since the average grain size of sand and dcnsnty are about 0.5 mxlhmcter
and  2.37 gr/cm3 rcspectwcly ‘and is hghter in ‘weight than other coarse
particles such as gravel ‘current forces can casily have an affect on its

drifting. Main sand production may be condocted in the lagoon and at

‘decper water areas off the reef.- The sand is transported by current

circulating at certain arcas.

This current 1is. deepiy related lo wave cnergy transformation.
First, the water level in a lagoon may rise for two reasons:
a) Water body dumped into the lagoon

b) Water level rise due to a change of wave energy type, ie., from

kinetic energy 10 static energy.

A wave's kinelic energy at the top of reef will gradually be din}}inished
by lagoon bed friction and by carrying the sand. “The remaining

energy will become static, i.e., the wave setup.

Water flows "generally from a higher place i0 a lower piacc because of
gravity. But in the lagoon case, there is no chance for the water to
return  offshore by going back over the reef because of the continuous
penetration of active water bodies.  The pa'ss'ivc inner water must find

other routes to escape by, such as through a natural passage or the
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likes. ‘Fi'nding a way oul, they rcturn to the offshorc.  This return
current thfoﬁgh_ the passa'g;c' shows a high velocily, of about L.5 mcter
per sccond, or threc knot_s. Since the average velocity in~the lagoon is
about 0.5 meter per second, the velocity of the return cutrent is about
three times ﬁi"gh'er than those in the lagoon.

Fig. 5-21 shows this pattern at the 2,000 meter lagoon for a case when 2
large cyclone like Sally occurs. Tt also shows the current patiernt where

the wave penetrates at a certain angle.

~In order to simplify the pattern, cases where waves .penctrate
perpendicular 10 the reef from where the lagoon width is 200m are
shown "in Figs. 5-22, 5-23 and 5-24.

It is assumed- that the current circulation is limited in a certain water
space by two._lines of .return Currems, namely "an Unit of Laéoon
Material Circ'ulalion“. This return current may lake place both at the
natural passage and at the natural rcef where this currént can pass.
The main stréam of this current has a channel one huﬁdred meters
wide, Théi't_: are two centers of circulation which may be located at the
crossing point at 200/300 meters off thc rcef edge and within 150 meters

from the main return current center.
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Fig, 5-21

Unit Length

Material

Circulation Pattern

in Macro View

2,000 m x Lagooﬁ Width 200 m

Unit of ngggg_ﬂ_tarial Plrculutlon Apprnx 2 G00m
Have Diractiou
Approx.—;l.ln . N £ Have
below HSL \ g;gp.‘:insnxiea Offshore
A A
Approx. ‘T
200-300m — .
CvrrEl AL T a — Reef —
‘T Lagoon
= - Beach
~ | Approx. 150a
Gutgeiog Outgping
over|Resf TaconTag over HeeE over| Reef
Gengdral Efosion - Genetal Ecpsion
Zend on Bgach General Deposit Zone on Beach Zone|on Bskch
Mid Lagooa Current 1.0 '/_ T
intensity by Index 0.64= T e =
Peok~1.0 8.6 g
0.4 : -
o Hid of Lagoong alasioz—mnee S L
e critAlesg Beach L T emaao. S pewrrieeer e R L il
Fig. 5-22 Material Circulation Pattern in Macro View.
Unit Length 1,100 m x Lagoon Width 200 m
Unit of Lagoon Material Circulation Approx. 1,100m
. 4 3
A
A
! Al
{ k :
] -=m ok \ Offshore
Approx.—T= I ,/’ ae=h i [—-_
below HSL\ e i ( ]
i 4 .
1 I .,’ S oA :l}( r:\ A
t " T :
Approx. |\ '\ N "-._,'lt] t.J
150m \ \ ~ Hy .
% > "r = Reef
N . \\“k -\'/,.; P—/ / . \l
&Pprg"' ~ r P_/Effact.{ve L h " Lagoon
200m e 1 {2: Beach Sg?:d
—_ e posit 325m o -
Effectivity
Apdrox| 100w 325/1.106=0.30
'
i Legend : "A" shows the cenier of current cirvculation.

“B" shows the point on the reef whers core
return current going back to offshorel.



Fig.
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If a .wwc pcne(raics perpendicular to the reef, circul'uion.may not be
mixed with thé nczghbormg return currem beyond ‘the boun(lary The
core of cuculatlon nmy be located ‘in the mlddle of wave- breaking zone,
where 'the most active places for" the current " to pick up sand from the
coral forest and the sea bottom., The water bodics contammg ‘a rich sand
content - may return passing the breaking zone  and reapproach the
outer reef edge. These water bodies may dump in (or. jump up) the

lagoon. In this palt’ern,‘-él‘l the water bodics may circulate the’ core.

As shown in the figure-giﬁén, ‘half of the current may not land on the
lagoon; thus, only the remaining half may overtop the reef and go into

the lagoon.

Another pertinent fact is that most of ‘the current in the lagoon may
run parallel to the shoreline. It can be said that only ten to thirty
percent of the water bodies can effectively run -hi'ong the beach. front.
This means that the other seventy to ninety = percent of water n=1ay run

well off the beach; thus, very little water body has a chance to reach the

beach.

The efféctivity of sand drift contacting the beach front can be obtained

using the following formula:
E=Lr+ Lu

Where, E : Efficiency showing a rate which méy indicate how many
water bodies containing sand overtopped the reef reach the

beach front.

Lt : Length of the feef over which water bodies can make

contact with the beach front.
Lu : Total length of unit of lagoon material circulation.

Effectivity is shown is the following Table in respect to both the

variations of lagoon width and unit 'length.'

Effectivity by Unit_Lengsh

Width of Lagoon 1,100 m 2,000 m 3,000 m
200 m 0.30 0.25 0.22
400_m 0.18 . 0.15 0.12
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This table indicates that a narrow lagoon having a shorter unit length

maintains a high efficiency for catching sand along the beach.

Current velocity - will be maximum ncar the passage or at other places
where the: return current takes place. The minimum intensity can be
observed in the middle of the two return currents. A computer analysis
shows that the latter velocity is about ten percent of the former. This
may be due to the fact that the rised in water level by wave setup in the
middle lagoon of two ﬁéséages-may decrease as a result of energy

reverting - to kinetic energy.

Accbrdingz ‘to  the Conservation Department, this phénomenon ié
observed at the various passages where active or low crosion of beach
sand has taken place. The Department also reported that the deposit at
the beach has been observed near the middle of the passégcs.

Sand in: the return current will circulate to the deeper water through
the passage as far as the current force can .carry them.  The current
velocity will then gradually decrease where the sand will settle on the
scabed. If this area is in the wave-breaking zone, the sand will be lifted

up again for another trip towards the rcef or lagoon.

Currem.pauéms to the lagoon of 400 m width are shown in Fig. 5-25, 5-
26 and 5-27.

Based on the discussion above, possible means to catch more sand at the

beach front wilt bc as folows..

i Making width of lagoon narrow

1i -Making new passage for shorier unit of lagooﬁ material  circulation

The former may increase wave kinetic energy at the beach front and
‘comstruction cost is very high, thus is not practical. The latter may be
“carried .out by means of making an artificial passage. This idea will be
discussed further in subsection 7.3.4. However, more detailed study

should be conducted for implementation.
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5.5

5.5.1

Incremental Damage caused by Development

Cyclone Sally may have caused the l.argést disaster here in the last 25 years.
Her return period 1o the island is about 30 years; thus, this scale of cyclone
niay occur every 30'yczirs. However there are other small cycloﬁe than
Sally. during the said period; " There are 9 Sally class cyclo'nes if”alI. the
cyclones in 30 years are counted by Sally's intensity (R'efe_r' to subsection
12.2.7). Thus disasters of 9 Sally class cyc}ones may  occur during 30 years if
proper  countermeasures, mcludmg protection work, are nbt ﬁﬁdertaken

It can be said that the peopic on lhns beautiful island are not protccted yet

from the disasters by cyclones

In general, offshore waves and ‘winds generated by cyclones cannot be’
controlled by artificial means.  Thus, thc island coast should be prepared to -
stabitize thosc external forces in the proper manncr.  This can mamiy be

achieved through efforts on thc lagoon  and coas[al ‘area,

It was observed that the pc_ople and the existing facilities here are faced
with higher disaster risks than before because of recent coastal area
development.  This section deals with the vulnerability of the ‘island to-
natural disasters due 10 major changes that come under the name of

development,
Construction near the Beach

The extension of Avatin Harbour was conducted in threc steps: the first
extension in 1969, the second in 1971, and the last in 1985. Land
reclamation of 250 meter long was finally completed. = This development
could be justified as it provides the sole gate for national maritime
transport. = However, water bodies dumped on the lagoon between two
harbours will be unfortunately forced to travel a longer distance than

before. This may cause the higher wave setup at the said lagoon.

In 1971; sand reclamation on the lagoon in front of Nikao and Pokoinu
Villages began to prepare the way for the extcnsion' of the airport
westward. 200 meters of the western end was pencirated into the ndtural
lagoon; thus, the rcmammg free lagoon was reduced to 150 meters. Due to

the *limited land availability suitable for the airport, this might have been

inevitable.
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5.5.3

It was observed that new houses are being built near the beach. Trees are
being cut down and the surface coral fragment layers are being graded to
confonp t.o_lhe landscaped arcas.. The building héuscs herc may only have
started recently, however it increases the chance of wave overfopping and

direct heavy wind to their properties.

Tourism industries were responsible for building hotels, motels and

restauranis.  Some of these facilitics face the beach for gaining a belter
view and for making ecasy access to the lagoon. Some investors have

conducted land reclamation beachward to obtain morc flat land.

Pleasure in lagoon here contains wind-surfing and canoc. . These aclivities

“can be made in the northern cast coast where lagoon depth is aboui 0.5 m.

Digging Sand

Sand_ digging = in the marine waiters has been prohibited by the
government.  However, it appears that the damage alrcady donc has not

been fully restored.
Other Impacts
There is no data on the water quality in the lagoon, BOD, COD eic.

The development  of the coastal area may contaminate the sea water qu'aiity

by the concentration of sewage if no sewerage treatment facility . is

-provided. If the effluent is dischargéd to the wetlands and swamps behind

the be_ach' bank after ‘trcatment, such sea water contamination can be

minimized.

It is said that sea water pollution may affect marine eccology including coral

life. If this is the case, it is assumed thal not only sand and gravel sources

on the seabed but also marine lourism resources have decreased.
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5.6

5.6.1

Expectation to Coastal Protection

The total direct damage by wave of Cyclone Sally is estimated at 14 million
Dollars (1992 price), It is assumed that nine ‘S_a]ly' class cyclones will attack
‘to the island in the next BO'yéars, if all the cyclone impadés' are counted by
an amount of disaster by Sally. - Refer to subsection 12.2.7. _This  indicates
that total direct damage by cyclone wave in 30 ycars amounts. 130 million .
Dollars.  This cost represents almost 200 % of the national budget at

present.

The pardmount purpose of coastal protection is to protect the lives of

people, however reported past life loss is light.  Thus, the subject of

~ protection will focus on the mitigation of damage to both properly and

natural resources.
Mitigation of Direct Damage to Coastal On-land Facilities

The most important .objective here is to eliminate damage to on-land

facilities both public and private (Seec Subsection 5,1.3).

Total on-land facility dafnage by Sally was IL1 million dollars, (80 % of the
grand total 13.9 million dollars). The share of cost among the public and

privatc sectors is 91 % and 9 % respectively.

- Among the public on-land facilities, the most damage was done to civil

works including bridges,. culverts, foreshore protection, and siream
embenkments. Second was the damage done to the same works including
roads and drains. Third was the damage done to the government offices and

buildings.

These damage can be summarized as follows:

a) Roads  and their surrounding phblic facilities -

b)  Government offices and buildings

All these facilities are so important that their damage may affect villager's

life.

The most inflicted  damage on private on-land facilities was donc to
residential houses.  Second was the damage done to shops and stores,

Damages to hotels, and motels, was reported as being minor.
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5.6.2

5.6.3

The main causc of these. damages were the rushing of waves landwards
.follow_cd 'by the crosion of facility foundations. Coastal protection work
should -aim at protecting facilities by decreasing wave overtopping the
existing beach - tops where both public facilities and private facilities are.
concenirated,

Mitigation of Direct Damage along the Shoreline
This covers the following three categorics of damage:

- Beach Erosion

.- Coastal Erosion

- Failure of Reclaimed Land

Beach c’ro’éion'.by Sally “mainly occurred when the high velocity coastal

current caused sand deposits to drift offshore.  Coastal crosion and the

failure of reclaimed land occurred when wave running up washed away

the beach slope composition. The total cost of thesc three disasters by Sally

amounted to 2.8 million dollars and shared 20 percent of the total of damage.

Beach erosion damage should be estimated based on the changes in
economic values of each beach. In some cases, beach erosion will not cause

significant problems if there is no .coastal crosion. For tourism industrics,

however, beach erosion can result in large business losses.

Thus, protection work  for coast itself should aim at protection of beach

slopes | to prevent. coastal erosion, and establish countermeasures, when

required, for making littoral current moderate and minimizing sand

drifting.
Consideration to Indirect Damage

Indirect damages may cause additional impacts. to the people, industries and

. the natural environment.

Note: Indirect damage. is an cffcct which can not be counted in monetary

figures, Refer to subsection 5.2.4.

When pl%mning the - countermeasures for mitigating direct damages,
indirect damages- should also be. taken into consideration. The most

important ‘aspect of mitigating indirect damages is 1o eliminate the adverse
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eff_ects they'havs On . transport networks, including vehicle, air, and
maritime transportation. -

. Damage to the beach road, Ara Tapu, should be minimized ai places where
no back road, Ara Melra, is provided.

The existing airport should also be well protected against wave in order to

maintain air transport.

The port facilities should also be protected.  Avatiu Harbour is the sole
international port and domestic hub port here.  The pavement, sheds,
machines and other back-up port facilities should be important protection

- targets.
Other indirect damages may be. generated by the followings.

- Damage to the water supply system
- '_Damagc to the power supply system
- -River mouse close

-  Disrupt of natural environment

- others

Edge Water Hotel being built too
close to the beach, urgent sea wall
was constructed, Tokorau District
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~Chapter 6. General Policies in the Master Plan

This chapter deals with the objective pertaining to coastal protection and port

- improvement :tOge_thcr with the general policics in the Master Plan preparation,

6.1

Objective of the Master Plan

The latest Five Year Plan identifies five broad national development
policies .that include:

1) To raise the level of prosperity of the people of the Cook Islands (to stem
. further - migration).

2) To attain of a larger measure of ecconomic independence.

3) To ensure that economic decvelopment proceeds in a manncr compatible

with social, culiural and natural values,

4) The_prmnoiion of a more equitable distribution of the benelits derived

by devclopment. -

5) To cooperate closely with Pacific neighbors and other nations in

economic affairs and other matters of mutual interest.

These demonstrate a strong desire to construct a country in which the
people here enjoy their living in harmony with others by activate

economy, generating employment opportunity and industrial development.

According to the Government of Cook Island's request of 3 March 1988 for
technical assistance 10 prepare a Master Plan Study, it is noted that the

objectives of the study are as follows:

a) To provide basic reference material on the social and economic
development of the Cook Islands to help the policy makers in Tokyo
decide on the meriis of possible future requests by the Cook Islands

Government for financial assistance for the above mentioned projects.

b) To transfer technology to local officials, particularly in the arcas of data

gathering, data analysis and project formulation.



¢) To preparc a report which the Cook Islands Government could use as
documentation when secking financial assistance for the projeCts; and
which could be used as a procedural guide for im;ﬁlcmémiﬁg the project.

Acco_rdi'ng ‘1o Appendix A-1, the Scope of Work agreed to by the ‘both
govcrmﬁfems on 17 April, 1991, the objective of the Study is to carry out the
study on coastal protection and port improvement at Rarot'ohga Island in

the Cook Islands from technical and economic points of view.

Thus the objcctiire of Master Plan is to provide a long-term _scheme for the
coastal protection and port improvement in Rarotonga Island taking the
National Policies and the¢ request by the Government of Cook Islands into

consideration.



6.2

Master Plan Policies

This section  deals with the general policies in the preparation of Master
Plan for the coastal protection and port improvement in Rarotonga Island.

a)

b)

d)

‘Preliminary  Project Economy

The scale of investment cost should be evaluated by comparing it with

“the benefits of the project Priority of the project componcms should

be considercd for high cffwwncy of ‘investment,
Benefits of the project will be:

- Decreased  disasters by cyclone,
- Maintaining the public utilities including port facilities, in an
operational condition.

- Indirect damages to be reduced
Long-term Prospective

Long-term policies for coastal protection and port'improvement should
be prépared. This policy should be conducted based on both the long-
term land use plan and facility layout.

Encouragement to the Industries

The. mitigatioﬁ of damage to public utilities iuc_!uding port, road, power
supply and .water supply should be conducted. Tourism industry here
should encouraged by the implementation of coastal protection work

and port improvements.
Flexibility in Land Use

Flexibility for future land usec should be taken into account, since the
existing ‘available land for public use is so limited. New land should be

generated by reclamation in the Avarua Coast.

~ Maintaining Life Line in Respeci to Transport

Most of daily consumer goods are imported through the gate port, Avatiu
Harbour. The harbour should be also maintained for a hub port to the

remote islands.



£

- 8)

Technical Justification

Proposed  basic system in. the Master Plan should bc evaluated by
technical consideration.  Basic characteristics of tropical cyclone and .
its power should be taken into account, Alternative study on major

facilities should be carried out.

Locality

~ Proposed systém should meet with the locality including the natural

h)

1)

condition and material available.  Construction cxperience - of similar

project in thc island should be taken into account.
Environment

Since the tourism is one of leading industries, adverse environmental
effects to the industry by the project should be minimized.

Phasing

Staged developr’nem. plan should be prepared considering the priority

on project componeints.



6.3

)

_2)

- 3)

Development Circumstances

Covering whole the island coastline, this project may provide here with

various impacts. ~ Since proposed works should concentrate along the coast

where existing major development arc made, it. is essential for smooth

construction works to maintain - both cooperation with and understanding

by villagers to the project.

" Development of the coastal ~areas can be achieved once the general

circumstances are improved. - Most important step to this is 'lci[ing villagers
to" participatc the project preparation. In order to carry out this, best effort
of the government to condense villagers consensus on the project should

be made.-
Disclosure of Planﬁing Process

For the better understanding of pfoject, basic plahning process should be
explained to villagers.

Alternatives

For the better agreement on projecl, the final layout together with

alternatives should be provided to villagers.

Disclosure of Related Information

Data and information relating to the uiilization of coastal areas and the

-possible effects of cyclones should be published and made available io the

villagers and to industries.
a) Coast File

Available information should be kept on file as permaneni records. A
sample of this file is shown in Appendix Cl. The file shall include the
physical characteristic and ckisting land use of cach section of coast.
~ This file may provide the people with an opportunity to learn about

their coast.

" b) Coastal Disaster Forecast

Possible disasiers by cyclone waves and surges should be shown on a

map and distributed 1o the public.



4) Share of Responsibility

5)

6)

The government can not sh_ér'c all the rcsponsibili_ty for cyclone disasters.
The budget is normally lim_ile_d‘in any co.untry, thus budget allocation to the
project shall be carried out to 'scicctfzd projects ‘having the highest
priorit_icé bascd on real demands, It is recommended: that the private sector
should do also its best to prevent their property from cyclone damage. The
privatec sector should not locate their properties in the high risk area of
cyclone. The government may provide estimated dangerous area ‘with the
protection work if such damage cannot be prevenfed through- the efforts

made by the  private sector.

" The government should locate their new property in safe places and should

provide protection measures for the existing facilitics located - in danger
zones. . For the project economy, relocation of the existing facilities to the

r

safety zones may be a possible choice.
MOW s re_qucsted to take the initiative in this matter. And, the distribution

of buildihg codes that set forth the minimum requirements for building

construction in the coastal areas should continue.
Conservation Control

The Conservation Department should play a role in controlling the
ordinary development of specified c;oaslai _areas. The  monitoring of the
coastal areas should be maintained. Thé department is requested to provide

villagers with proper explanation of benefits of coastal comservation.
Establishment of the Project Executing Agency

Project executing agency should be ecstablished for smooth project
implementation, Financial assistance should be considered by the -

government for better maintenance efforts, if so required,









Chapter 7 Master Plan for Coastal Protection

This chaptcr dcals with the preparation of Master Plan for coastal protection
along with alternative studies, - Protection work will be provided for coastal on-
land facilities and the shoreline where required.  The werk will target on the

mitigation of damage by waves and surges caused by cyclones.

Of the facilitics to be protectcd, the ports should be provided with special care
sinc_e they arc cxposed to the open sea and arc the most susceptible to cyclonc
damage. Thus, the port layout must be studied carefully.  Chapter 8 will detail the

possible arrangements of the port that will harmonize with the total concept of
coastal protection.

7.1 Purpose of the Protection Work
7.1.1 .Gcneral Descriptions
The coastal protection woik should aim mainly at:

a) Mitigating direct damage to coastal on-land facilities
b) Mitigating direct damagc to the shorelines
c) C0n31deral10n to the combined direct damage brought on by the

previous two items

The protection work should be conducted based on priority, the flarger
damage forecasted the larger the investment for the work contrarily, the

Iess damage the lower the investment.

Other than above direct damage, consideration to the following indirect

damage should be taken into account.

a) Dalﬁage to the beach road _

b) Damage to the existing airport

c) Dam:afge to the port facilities

d)-Dﬁalh'ange' to the power supply system and water supply system
e) Damage by river mouse closing

f) Dlsruptlon to the naturai environment

g) Othcr indirect - damage '

During the Mastcr Plan preparation, the following considerations should

be taken. into account:



7.1.2

During the Master Plan preparation, the following considerations should

be

a)
b)
c)
d)
¢)
£)
g)
h)
)

i)

taken into account:

Project Economy

Long-term Prospective
Encouragement to the Industries
Life Line of transportation
Flexibility in Land Usc
Technical Justification
Locality

Environment

Phased Development

Others

Suggestion by Villagers

According 1o the perception study on the cyclone disasters, people here are

aware of the major reasons for coastal damage. The countermeasures they

recommmend are shown in Fig. 7-l2 and should bec kept in mind by the

planners.

Table below shows the causes of coastal disaster which villagers believe.

Order Causes * Supporling Rate (%)
(i) No coastal protection works 31.2
(ii) Beach e¢roded naturally 24.0
(iii) Don't know 15.2
{(iv) Building house close to the beach 12.8
(v) Digging thc beach sand 8.8
{(vi) Just a nature in Rarotonga 8.0
(vii) QOthers ' 0.0
Toial 100.0 %
Notes 1. Cause of coastal disaster by cyclone wave.

Villager are provided with 6 typical answers for their free

selection,

3. There are many villagers who put a whiten note on the
questionnaire that 1tree cut by villagers revenge

masters.



As seen in the table, "No protection works™ as causc of disasters got the first
place by 312 % s_tipport. This suggests " that villagers cxpect basically the
__coasté] protection works_ by their government. - While total supports for the
items second and the sixth is 32.0% in which villagers show their feeling
that they are not surprised by coastal disasters.  The fourth is that they
built their home close to ‘the beach. This is supporied by 12.8 %. Cause of

beach sand digging ‘is the fifth one which is rather low order than
expected,

Next table indicates the coastal  protection countermeasures pr'opésed by
villagers. o

Order . Pro_poscd _Countermeasures Supporting_ Rate (%)
'(i'). Planting' trees along the beach 25.1
:(.i'i) - Provide proiection works 251
(iii) Stop digging up beaéh sand 20.2
(iv)  Build concrete house 10.0
(v) House relocation to other site 95
(vi)  Provide stormwater drainage. 8.7
(vii) Don't know 1.0
(viit)  Others 0.4
Total _100.0%

Note: Countermeasures here are for cyclone wave, not for wind forces.

There are active measures and passive measurcs.  Among them, active ones
are items {i) and (ii) which gain support by 50.2 %. Thus passive ones are
498 % support. Among the active ones, "planting trees along the beach
bank" get the first place that suggests villagers are awarc of the effect of
plant against disasters. Trees will also provide viilagers with good barrier
against cyclone gales. Provision of coastal protection works is also ranked

at- the first place.

Highest supp'or:t on the passive ones is given lo "stop digging up beach
sand”. This may suggest they are afraid . of affect of sand digging. A 29.5%
suppo'rt rafe is given “t0 the countermeasures on their houses, 9.5 % of
which wants to relocate their house to other safety area. Remaining 10 %
support rate is given by villagers who want lo slay there by strengthening

their house,.



Following can be said when damage causes onc superimposed on  the

countermeasures proposed.

(i) They strongly desire provision of coastal protection works by  the

central  govcrnment.
(ii) Many villagers want to plant trees along the beach  bank.
(iii) "Digging sand" is not main causc but they want to stop it.‘

(iv) They are _fcclin:g that they built house too close to the beach, however

majority of them want to stay there.

After all, village interviewecs made a frank response on the questionnaire.

The study team highly appreciates their kind assistance to the study.

Appendix C-4 shows the results of Perceplion Study.
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7.1.3  Methodology of Master Plan Preparation
1) Basic Method

Coastal protection Master Plan- should be an integrated plan which shows
the guidelines for the long period, say 10 ~20 years. Thus, the plan should

meet the following requirements.
(i) Showing the plan to meet the locality

(ii) The plan, as a whole, should be based on the system of acceptable

planning concepts.

When'a'n implementation of Master Plan is Car_ricd out, detailed study
should be conducted with not only the field investigation but also detailed
design based on the proposed. concepts. Basic methodology between the

Master Plan and the detailed design design is the same as follows.

Land Usa Coastal condition : {Standardization)

Demand oli’mieclion Possible l&‘ssslers

I'L

Evaluation on nacessily

= Possible Countermeasine

of Countormeasures .
. Agsinstwave
Against coast erosion
- } Ageinst baach erosion
Not required Required
. Ssthack hia set back
Unit Cost
Estirnates
I no provision Objectives of : Basic Ev.alualion_
Proteclion by Function
Cost of R
Costof Damage Damage ~4—— Seleclion of et
Counlenmeasures
Damage Reduction Coslestimates
Evaiuation - L
Not justiflied
: . L Justitied
" Ndv tctlon'\a‘mk o for
prote ~ Implementation




2)

However, the  basic method employed here is modified onc. for

simpkification. The following are modified parts,

" (i) "Set back” of the existing on-land [facility is not considercd.

(ii) Damage by Sally was adopted as unit damage. A total damage reduction

during the project lifc, 30 years, is estimated as follows,

Dr = UdNr
= Ud (No-Np)
where, Dr : Damage reduction by the -project (Dollars)

Ud : Unit damage by Sally (Dollars) |
Nr : Number of reduced qucl cycionc for 30 years by p'roje'ct
effect _ -

No : Number model"cirbldnc._'for 30 years without the piojeét
: Np.': Number of model cyclone for 30 yeéars with the project

(Nétc". Model c'yélonc is Sally) o '

For the Master Plan preparation, following figures are used.

Dr = Ud'Nr
= 139 million dollarsx 2

27.8 million dollars
Refer 0 subsections 5.2.3 and 12.2.7.
Minimum Coastal Unit

Accuracy in respect of the plan will rise if its study is made dividing the
coast by shorter unit length as possible. In this study, a coast of 200 meter
lomg that is named as "Coast Unit" was fixed as the minimum coastal unit.

Technical study is carried out for this unit,

Appendix C-1 "Coast File” shows characteristics of each Coast Unit. There

are 172 units in total coast lcng.th of 31 km.,

If required data is not available, S[udy result weré complied for longer
coastal ‘length than this unit,' namely from 'hundred meters to thousands
meters of coast.  This unit can be utilized “as rec‘o_rding format of data
collected in future. Refer to both Fig. 4-2 and Appendix C-1.



7.2

1)

Possible Type of Protection System

Therc are two basic coastal protection systems, namely, soft

countermeasurcs  and  hard countermeasures. The former represents a

a)

b}

'disaster protection system not requiring construction, while the latter a
protection by civil work. '

‘The * Soft Countermcasures

National Consensus

Without clear information and a future plan, protection work will not
be supporied by the taxpayers. As discussed in Chapter 6, the

preparation of a “Coast File" will provide people with more knowledge

about’ coasts where they live. The "Coastal Disastér Forecast” will

:provi_d_s people with data concerning thc_pos'sibiliti'es of cyclone

disasters. This information will enforce their decision-making
concerning investments afong the Dbeaches. Disclosure of coastal
protection Master Plan will be most important one in order to create the

national consensus.
Enforcement of Regulations

MOW and the Conservation Départment among others may be the
governmental agencies that will manage coastal arca dcvelopment by
the private sectors. If any private coastal development is assumed to be

prone to cyclone damage, the responsible agcnci'cs should . provide

advice for modifying the safety plan. [If any development is assumed 1o

add to the damage cyclones caused to the surroundings,  the  agencies

should take appropriatec action to change such development,

In this respect, the limiting of privaie rights in the coastal area may be

included in the regulations if supported by the people.

Sand digging in the coastal area is pmhibited.to prevent the beach from

 heavy ecrosion. This measure should be enforced continuously until the

beach erosion is recovered. The culting down of existing trees on the

beach'bank' should be ‘an iem 1o discuss in the future.
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It is reported that the Conservation Department currently prepares
regulations on cffluent standm‘d of domestic sewege in the c()’lstal bank.

This should be carricd out for better cnv:ronmcntal condmon

¢) Share of -Rcsponsibility'

§f villager builds his housc in ihe -danperous coastal area oven though
he knows this, it s difficult to justify to spend national budget for
protection of the house.  Discussion of responsibility sharing between

the private scctor and the government in respect to coastal protection

may be necessary.

d) Incentive
An incentive provision for deveiopefs may be necessary if they take
the necessary action to protect the coastal arca from . the cyclone

disasters.
The Hard Countermeasures

The hard countermeasures is the actual work -in si-tu of the coastal

protection measures, the main objective of this study.

The countermeasures include both the Micro Concept. and Macro  Concept.
The former takes in the countcrmecasures that may be performed along the
shoreline. The latter takes in the various methods that may be conducied

on-land or at the lagoon seaward.

a) Micro conce'pt
- Provision of coastal defense work including detached breakwater

- Nourishment - of sand

b)Y Macro concept_
- Provision of the on land buffer zone
- Relocation of existing facilities to safe areas
- To increase numbers of pian\ in the coastal bank

- Provision of artificial passages for the control of littoral currents.
(Note: An artificial passage should be studied further.)

Application of these sysiems depends upon ihe existing 'localit:y both of land :
use and possible type of coastal disaster at the site to be prdtected.



7.3

731

Standardization of the Hard Countermeasures

This section dcals with the standardization of work here for wave
protection and e¢rosion protection.  The former will be provided at places
where wave cxcessive overlopping is expected.  The latter will be provided

at places where cxcessive coastal and/or beach erosions may occur,

Classification of Land Usc

In respect to the protection demands, the cxisting land is classified by its

utilizing intensity. Based on the results of the field survey and the
data/information collected on the island, the following items were

cvaluated place by place:

+ Existing coastal profiles

« Utilization of hinterland ‘at present
s Past cyclbnc damage records mainly by Sally

« Past tendencies of coastal changes, crosion or deposit

To standardize the site, 172 coast units 'in the entire 31km long shoreline
were classified into scveral zomes.  Detailed descriptions are given in

subsection 4.3.3. Classified land usc zones are as follows.

a) Land Use Zone One

Established urban area

b) Land Use Zone Two

Rural arca where the beach road rums within 30 meter from the beach

top: Rural arca "A".

¢) Land Use Zone Thice

Tourism development areas

d) Land Use Zone Four

Rural arca where the beach road runs through a deeper area that is

Cmore than 30 meters from the beach top: Rural area "B".

¢) Land Use Zone Five

Natural areas having very little artificial development

a1



Fig. 7-1-b Land Use Classification
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" 7.3.2 . Classification of Disasters

The hard countermeasures applied per each coast unit should meet the
various requirements in terms of protection. In order to standardize, the

types of coastal damage in 172 coast units were classified into scveral

grades.
. Grade of Disaster
Classification I 1 I v y
W ’ O O O
IIENII O O
. !IEBH ) . O O ‘
Notes:

"W" Shows damage by wave overtopping above beach top. The entire

coast was also affected by the wave sct-up during cyclones.

"EN" FErosion of both fine particles- and coarse particles including coral

rock fragments and reclaimed ecarth.

"EB" Erosion of fine particles, i.e., sand.

a) Grade I for W-EN
The areas most affected by cyclones by means of:
»  Wave run-up under the surging of tide.

« Both crosion of fine particles and coarse particles

.b) Grade 11 for_W-EB
The areas affected by cyclones by means of:
« Wave run-up under the surging of tide.

+  Frosion of fine particles only.

¢) Grade I for W
Wave run-up under the surging of tide bul causing no significant beach

erpsion.

d) Grade HI for EN
Beach crosion of coarse materials and fine particles, but no significant

wave run-up.
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e) Grade V for EB

Beach crosion of fine particles only.
Fig, 7-1-c shows the typical sections of disaster classification,

Disaster classificaiion has been conducted for 47 villégcrs, by taking into
consideration the perception study 1o villagers, the damage record map
prepared by the Conservati'on Department, and ficld observations by the
study team. For wave 'dam'agc 'ésfimétion, wave overtopping height at each
200 meters of coast unit has been researched by the study team as showing
in Fig. 5-6 and 7-15.

Fig. 7-15 is also a summary of disaster classifications by village, together

with land classifications.
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Fig., 7-1-¢c  Disaster Classification

Grade TI: W-EN (Wave Run-up and General Eroslon)
Coastal Bank Lagoon
‘\"x
H
L
.Grade It

Grade ¥II: W (Wave Rusn-up)

Grade IV: EN (General Erosion) ' '

Grade V: EB (Beach Erosion)
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7.3.3 Prcliminary  Discussion in the Island

thn the study team made its first visit to the sitc in mid- Oclobsr 1991, a
knckoff mecting reldtmg to the govcrnmcm respons:b;hty on  coastal

protection was held.

The team presented the Committee membels with a skeich sho:wing a
typical profile having no wave’ and surge disasters (See Fig. 7-2 Sketch "A"
for "Ideal Section”). This situation was observed at many placcs on the
island. All - participants agreed that this was the 1dea£ plD[CCllOﬂ from
cyclone disaster and should remain and be maintained as is.  This may be
gaad not only for mitigating cyclone disasters but for maintaining a befter

environment.

Fig. 7-2 Sketch "A" Ideal Section

Beach

No dﬂe by sea water

excepr salty air
I

Existing tree barrier

L]

Then the team presenied another sketch showing a (ypical section, a type
which has recently been increasing (See Fig. 7-3 Skeich "B" for
"Quesuonablc Sectign™), A question to the 'Cor.nmiuee. was  "should the
govcrnment prowde this with coastal protecuon?“ : Sketch “B" shﬁws a
house built within 30 meters from the High Water Mark, | The. beach is

croded and trees are about to fall on the beach. The team, unforlunately,
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received no response to the question. If the house was buili at point Pz not

point Pi, housc has no damage and protected by natural barricrs of trces.

Fig. 7-3 Sketch "B" Inappropriate Section

- o Preseatt ' .
If house 1s built here B;iﬁh House is built here
. . :
Demaged by Spall cliff and
No damage : iy
seamr by \ sea water sharp cobble slope

_ﬁ‘_-]\. | Qﬂ 3 %}:M sand

House too close b
to the beach

"Should the Government ;.;m.vide Coastal Protection?”

Present

v

Tin pre wed

P'z

Discussion continues further. The study ‘team asked whether or not the
Sketches "C" and "D" were practical for use here. Bbth Sketches show the
relocation of existing faciliiics well behind the beach bank and planting is
taking place. The study tcam asked if the public sector could relocate the
beach road landward and if they woui_d' accept the ideﬁ of constructing

dikes on their property for csiablishing- plantations.

All" of these _xhalters should bc discussed for the purpose of improving the

living environment on the island.
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Fig, 7-4 Sketch  “€C"

Planting with  Dike

Rl i Bk R
;

L
*Relocate on ke Fow plant .
higher dfike *planti o . _ :
f v e } i35a SOOI cliff and
o " > . sharp cobble slope
. : - ) ; ;
man " PRIPY ﬁ@ bolag eroded
— Ir _r? . —
*tilities ' Utilities -
Van *Relocate —-—.
j i +planting * shows proposed countermeasures.
] 1 ; g @ 1
i - (53)
)
® o0 !
il Yo
11 H @
Fig. 7-8 Sketch "D" Planting with Dike

TELUPET LI Y LUNCLT MR VIR TFRLXT N Y

Small cliff and

Plain fleld sharp cobble slope

LY . N

"Will landowners accept thi s7

*Nen dike with planting

\Ant}cipated beach slope
in future
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7.3.4 Standardization of Countermecasures

In this subscction possible protection measurcs and their standardization
will be discussed. |

Fourteen allernatives were sclected as the basic countormoasures b}}
considering the gencral charactc_:ri_sticé of disaster and the coasial
condition here. ‘There are scven alicrnatives fo.r coastal defense work in
the micro concept.  These are thc most popular structures for mitigating
possible coastal disasters. |

Sand nourishment has also been sclected as one of the alternatives in the

micro concept,

. Five - alternalives were chosen- for the macro concept. which may apply for

improving the cxisting surrounding conditions ‘to encourage defense work.

a) Micro Concepté
Coastal Defence _Works
MIC—1“; Gravity Scawali o
MiC-Z; Rock mound Seawall.
MIC-3; Stepped Slope
MIC-4; Flexible Hollow S_lopc
MIC-5; Flexible Gabion Slope
MIC-6; Groin
MIC-7; Lagoon Breakwater including artificial reef

Note:  Foot protection by rock or deformed concrete block will be

provided where necessary.
Sand__Nourishmen
MIC-.S; Beach Nourishment

MIC-9; Trap Nourishment

b) Macro Concepts
On-iand _Works

.MAC-1;. On-land Buffer Zone
MAC-2; E'xisting Facility Relocation
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MAC-3; Pl.amalion with Dike

Work near the rcef

MAC-4; Astificial Passage "l
MAC-5; Artificial Passage "Y'

Note: Application of an artificial passage should be conducted

afier technical study.  Please réfer to subsection 5.4.7.

The general arrangement and characteristics of (hese c_o_unte_rkncasu_res are
summarized in Table 7-1. Other details together with the plan and scction

are shown in Figs. 7;6' to 7-10.

As scen in Table 7-1 fourteen alternatives were evaluated by ‘the eight basic
characteristics and functions the protection works aim at. Such functions

include the following;
1) Structural stability

If a structure Tequires no mainienance work, it is stable. If a large

amount of mainienance cost is expected, it is not stable.
2) Wave over-topping

The capability of 'pmviding wave over-lopping protection or reducing

wave over-topping should be evaluated.
3) Coastal erosion

Capability to reduce coastal crosion. _
(Note, Coastal erosion is defined here. as the ecrosion of beach slopes
congisting of coarse particles and coral rock fragments. Beach erosion

mcans the erosion of fine beach parlicles such as sand.)
43} Beach | erosion

Capability to reduce beach crosion.
5) Accessibility to shoreline

Access 1o beaches by local people and tourists is an  important function.

Access by vehicles 18 not taken into consideration,
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6)

7)

8)

9)

‘Scencry

It is assumed that natural scenery is the best. Thus, it is generally not

suitable to artificially modify coastal scencry.
wind

Coastal defense work aims basically at the mitigation of disastets. by

waves and surges caused by cyclones. Wind is also one of the items to be

discussed, as it is reporied that more than 80% of cyclone damage is

caused by wind forces. Thus, it will be noled that any altcrnative that
will provide -the coastal area with cffcctive protection against wind

forces will be considered.

Economy

Economy is also an important item to be considered.
Others

The environmental effect may be cvaluated and could include the

effects on water quality and marine life. Due to lack of information

they are not discussed here.
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7.3.5 Application of Basic Protection Concept

Fourtcen alternatives can either be applicd independently or for combined
use. The selection of alternatives and its combination is related to the

objectives of the work and the characteristics of each coast.

1) Independent use

Seawall will be construcied independently.  Gabion, groin _an'd' lagoorl;

breakwater can be used under combination with other method.

2) Combination among samc concept

For example, the combination of MIC-7 "Langoon breakwater” and MIC-8
"Sand Nourishment".  Another cxample is the combination of MIC-2

"Regular Seawall" and MIC-6 "Groin".
3) Combination between different concept

For cxample, MIC-1 "Heavy Seawall" and MAC-1 "On-land Buffer Zone".
Another example is the combination of MIC-5 "Flexible Gabion Slopc""
and "MAX-3 Plantation with Dike”. An important aspect is the nccessity

of cooperation by the private sector, especially land owners. -

Section 7.5 will provide more detailed study on s'ysien'l application to the

actual coast.



7.4

7.4.1

Typi_cal Application  Scheme

This section deals with typical application of protection concepts to five
land use classification. This arrangement may provide planner with
n;.fe?rence guidelines, though application can not be fixed since each coast
has its own characteristics.  The "Natural Arca" was cxcluded from the
study. "

Mcthodoldgy

“The required coastal protccuon measures at the particular coast will depcnd

~‘on’ the demand of protection based on the land use of its hinterland. Then,

it ‘will "be evaluated whether or not the presenl coastal conditions provide
its_himerland with enough protection. If any area is unprotected, it will be

a target for being provided with suitable countermeasurcs.” Refer to

subsection 7.1.3.

Before t'hc;sélcction of the best couniermeasures is made, it is recommended
that the possibility of modification of land use by means of se.tt'ing'féci'lities
far enough bchind to maintain - safety is confirmed. If this is possible, the
neccessity of protection will be reconsidered based on the new facility

location,

If no damage 1s antlc:lpaled even after the setting back of facilities, no

protection work may basically be provided.

When countermeasures to be provided are identified, the required
functions of such work should be clarified.  Possible countermeasute will
be provided using one or a combination of aliernatives against various

disasters including;

a) Wave over- topplng under wave set-up

b) Erosion of a coastal bank consisting of coarse particles hke coral rocks

and anificially reclaimed ecarth.

¢) Erosion of béach slopes consisting of fine particles such as sand.

Appropriate countermeasurcs will be selected from the various

countermeasure alternatives as shown in subsection 7.3.4.



7.4.2

Adaptability of these coastal protection work should be evaluated by
méking a cost comparison bclween the prevented damage and the required

protection cost. Environmental aspects should be also considered.

Mod.elliug .ahd Gencral  Application

Application of countermcasurc at the particular site should be decided upon

by considering its locality and future prospects. - (Note: Future prospects

_are incorporated -only for port improvements.)

This subseéiion deals with the modelling study for possible application of
aliernatives based on the genecral classification of land use .and  the dcmand
for protection (or type of disaslers expecied). Area zoning‘ is_ classified into
five divisions and disaster types are calegorized into five grades as shown

in subsections 7.3.1 and 7.3.2.

Table 7-2 shows the possible standardized applicaf,ion' of countermeasure

alternatives. Proposed standardized applications by each cIassifica_tion are

" as follows.

|Zone. Onc : Established Urban Are;|

a) Grade 1, Grade IT and Grade III

Combination of MIC-1 Gravity scawall amd macro concept including
MAC-1 Buffer Zone and MAC-3 Plantation.

b) Grade 1V

MIC-4 Flexible Holtow Slope and MIC-7 Lagoon Breakwater
c) Grade V

MIC-7 Lagoon Breakwater or MIC-§ Beach Nourishment.



Fig. 7-11  Typical Profiles for Zone One; Urban Arca

Disaster Grade : I (Wave Over-topping and Coastal Erosion)

Plantation with Dike (MAC-3) |Gravity Seawall (MI,C-_lﬂ

On-land Buffer Zone (MAC-1)

Disaster Grade : V (Beach Eroston)

f Lagoon Breakwater (MIC-7) f
or Beach Hourishmeny (MIC-8)

\ = _g::z\ ,z_ ,,,,,,,,,

ey X
j 11 Major protection works

Zone Two : Dense Rural Arca "A"

a) Grade I, Grade 1I and Grad II
Combination of MIC-2 Rock Mound Seawall and macro concept
including MAC-2 Existing Facility Relocation and MAC-3 plantation
b) Grade IV
MIC-4 Flexible Hollow Slope
¢} Grade V
MIC-5 Flexible Gabion Slope



Fig. 7-12  Typical Profiles for Zone Two: Rural Area "A"

Disaster Grade 51

Plantation with Dike (HAC-3)  On-land Buffer Zome (MAC-1)

o -.ﬁock Mound Seawall (MIC-2) |
| ' :

| __1: kajor protectioa wocks

Zone Three : Tourism Development Arca_l

a) Grade I and Grade I
Combination of MIC-2 Rock Mound Scawall, MIC-6 Groin and MIC-8
Beach Nourishment and macro concept inéhtding MAC-4 Antificail

Passage in "I" shape or MAC-5 Artificial Passage in "Y" shapc
b} Grade 1II
‘Combination of MIC-2 Rock Mound Seawall and MIC-6 Groin



¢) Grade 1V
‘MIC.-LIL Flexible Hollow Slope and MIC-6 Groin and macro concept
including MAC-4 or MAC-5 Artificial Pagssage.

d) Grade V

_ Comb_inatiqn of MIC-5 Flexible Gabion Stope, MIC-6 Groin and MIC-8
Beach Nourishment.

Fig. 7-13  Typical Profiles for Zone Three: Tou.rism Area

Diisaster Grade ; 1

[Rock Mound Seawall (MIC-3) ] . -

Beach Nourishsent (MIC-8)

Groin (MIG-6) |

(Actificial Passage “T° (HAC-4)]

s
(Y (HAC-3)
e g\m—" o

Disaster Grade : V . -

[ Flexible Gabion Slope (M16-5) ]

Beach Mourishmant {MIC-8)

\ }'
1 [
P

/

::! : Major protection works

Zone Four ; Rural Area "B"

a} Grade 1, Grade Yl and Grade 10
Combination of MIC-2 Rock Mound seawall and macro concept
including MAC-3 Plantation.
b) Grade IV
Combination of MIC-4 Flexible Hollow Slope and MIC-6 Groin
¢) Grade V
MIC-6 Groin

7 - 32



Fig. 7-14 Typical Profiles for Zonc Four: Rural Area

Drisaster Grade : [

Plantation with Dike (HAC-3)

I [Rock Mound Seawall (M:@_z)_j
R
A

“BI\

&

Drisaster Grade : V

Groin (MIC-6}

I : Major protection works

I—IZ;ne Five : Natural Area

Leave it as is, thus no provision

i



Table 7-2  Application of Countermeasure Alternatives
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7.5.1

Application of System to Site

This section deals with the actual application of various coastal protection

countermeasures to the site, namely 172 coast units under 47 villages.

Each coast unit of the 31 kilometer coastal area’ has its own particular,
characteristics.  Countermeasure applying to each unit shoﬁld meet  these
local condition. As discussed in Section 7.3, an ‘area can be classificd from
Iwo ovérall viewpoints:  land use of hinterland and estimated disaster grade
The hlgher the land use intensity with larger disaster forecasted, the more
investment required for coastal protection. Contrarily, lhe lower land use

requirement with few disasters - expected, the less 1nvestment.
Classification of 31 Km Coastal Line by Land Use

Since a land use development plan for the island in [he year 2010 has not

yet been provided, this classification has been conducied based on - ex1sung

land usc. Subsection 4.3. 3 shows the breakdown of five zones. A summary -

of the toial arca by the 1ength of beach road is as foliows

ane ' A.re.a _ Le'n'gth s(ht;;;e

- Land use zone one : Established urban areas L7710 m (5.7)
- Land use zone two . Rural areas "A" o 6420 m (20.7)
- Land use zome three : Tourism development Area 1,000 m (3.2)
- Land use zone four : Rural areas "B" 21,600 m (69.7)
- Land use zone five - Natural arcas 200m  (0.7)
Total length 30,990 m  (100)

Source:  Study team

This indicates that the majority of area bclohg.s to rural zonés sharmg 90.4
percent.  Among this, arca sharing 20.7% has the beach road within 30 m
from the shorcline and has potential for further development.  Established
urban areas share 5.7 % of total areas and are located concentrately along
the Avarua arca of island northern coast.  There are few emply area

remaining there.

Fig. 7-15 shows the dominant land use classification village by village.
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Fig. 7-15 Classification of Disaster and Countermeasures by Village
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7.5.2  Classification” of 31 Km Coastal Linc by Disaster Grade

Cyclone dlsaelcm are caused by not only waves and surges but also coastal
erosnon and beach erosion. In order to identify thc dominant disaster grade

by village, the following three data sources were studied:

i) Cyclnnc Sally damage map prepared by the Conservatmn Department,
ii) Percepuon of villagers concemmg damage by waves and surges by
- Sally
iii) Wave ‘run-up and over-topping ~ calculation against . design wave
conducted by the study team. |

-Most of these data is damage assumed (0 have been caused by Cyclone Sally.

A summary of this data is also shown in Fig. 7-15.

A summary of estimated disaster grades by the existing land use is shown in

the followmg Table.

Table 7-3 Summary of Countermeasures

unit : Length of Beach in meter

Disaster Presemt Land Use Classification ' ' Shared (%)
G-mdé" Urhan Rural "A" Tourism Rura] "B" Nature Total Affected Total
L ;ngecozz::;tzfg;?cia 1’770 - i ) i 1,770 11'8_ ' 5.7
! awnzcllv_eﬁéac,:;r:?ggz;g - - 2,000 - 2,000 134 6.5
Iil Wave over-topping - - : 5240 - 5740 38.4  13.5
IV Coastal erosion - 1,000 400 1,850 100 3,350 22.4  10.8
V Beach erosion - 1,170 200 120 - 2,090 14.0 6.7
Subtotal 1,770 2,170 600 10,310 100 14,950 100% -
No damage - 4,250 400 11,290 100 16,040 - 51.8
_ Total - 1,770 6,420 1,000 21,600 200 30,990 - 100%

Locations of identified disaster grades arc shown in Fig. 7-15 and Table 7-4.

According to the table above, all the existing urban area is identified as
dangerous area. Reason of this may be atiributed that the urban area has
been developed along the coastline. About 34 % of the rural "A" and 48 %

of'the rural "B" are categorized as dangerous areas. A tolal coasial lemgth of



dangerous rural areas is 12.5km long sharing 83 % of 'a total dangerous -

arca in 15.0 km long.
Particular in wave over-topping data indicate as follows:
(i) OVCII%tOpping is concentrated in the island northern coast.

(ii) Over-topping is abserved all the coastlines between -village
Matavera/Tupara © and ' Village Kaikaveka, Wave over-topping

heights vary 1m to over 6m avéraging: ‘aboul 4.m.

(iii) Over-topping is observed at three coasts except the northern coast.

- Northern end of Village Tokerau/Inava----------------- .1 m
- Near the Ngarangii Passage at =Villagf: Avarug ---~------ -1 m

- West of the existing airport -------==-==v--- B R LT i~5m

(iv) Damage records of wave action by Conservation Depariment sell
meet with the severe wave over-topping coast estimated by the study

tcant,

Based on these data and thcir evaluation, coasts to be provided with wave
over-topping . countcrmeasures should be selected. It is proposed that

criteria for selection is the coast which wave cover-topping height is over

than 2 m,

As shown in the Table and Figure, the countcrmeasurcs against wave  over-
topping, the most scrious disaster to coastal areas are proposed along the

following areas.

Coastlines of Wave Over-lopping more than 2 meters

a) Shoreline betweéen the northeast covoner at Viﬂage Matavera/Tupapa to

the East end of the airport (8,750 meter long)
b) West of the airport (760 meter long)
Affected coast'by erosion can bc summarized as follows:

(i)  According o the perception study on cyclone damage, erosions here
happen over all the 'coasts._ However, these data should carcfully be .

read because villagers are not always technical persons.



(i) According to the damage records by the Conservation Department,
erosion is observed all the coastline except northern one.  Even in
the same village, - both erosion and deposit were observed.  This may

indicate that coastal change is depend also on the local condition,

Bas_ed on these dala and (heir evaluation, coasts io be provided with erosion

: cou'r_itcrmcasur_c's should be selccted. It is proposed that following condition
will be selection criteria.

.(i) Coasts recorded as "Active Erosion" and "Exposed Beach Rock" by the

Conservation Depariment.

(ii)  Coasts of coastal crosion more than 1.5 m per 5 ycars or coasts of

beach crosion more than 3.0m per 5 years in the perception study.

Coastline with Active Erosion' Observed

by Conservaiion Dep. or Villagers

Countermeasures againsi ¢rosion is proposed at the following five coastal

groups:

a) Northwest shoreline 1,500 meters al  Villages Pokoinu IL.R. and
Tokerau/Inave against coastal erosion. ~This arca is immediately South
of the Black Rock where the lagoon widith is the narrowest and is

cxposed to the northern direction from .which larger waves approach.
b) Southwest corner (880 meters) at Village Aroa against coastal erosion,

¢) Southwest shoreline (200 meters) at Village Vaimaanga against coastal

erosion. This area faces Papua Passage.

d) Soﬁtheasl corner (1,170 meters) at Vi}lages' Akapuao aund Tikioki against

beach crosion.

e) East coast (1,690 meters i total) at Villages Areite, Nukupure, Aroko and
Avana. The shoreline (920 meters) at. first three villages of requires
countermeasures against beach erosion. The remaining 770 m at Avana

coast requires counlermeasurcs against coastal erosion.
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Table 7-4 List of Coasts to be protected
Village Coast Unit* Lcngth Land Use Disaster Grade
No. (200 m cach) {m) _ '
101 Pokoinu LR. 1011 - 1015 900 Rlirai "B" 111 Coastal Erosion
102 Tokcrau/lnave 1012 - 1023 600 . "
107 Aroa 1071 - 1073 600 'R'ur_al AT IV Coasial .Erosicm
" " 1074 - 1075 280 Rural "B* " N
201 Vaimaanga 2014 200 Rural "A" IV Coastal Erosion
209 Akapuao 2092 - 2094 570  Rural "A" V Beach Erosion
210 Tikioki 2101 - 2103 600 . . .
303 Areite 3031 - 3032 300 Rural "B" V Beach Erosion
304 Nukupure 3041 - 3042 310 " " L
305 Aroko 3051 - 3052 310 " " -
306 Avana 3061 200 Rural *A"® IV Coastal Erosion
" " 3062 - 3064 570  Rural "B" " ' "
403 Matevera/']‘up_apa 4032 - 4037 1200 Ruoral "B" III Wave Over-topping
404 Titama 441 - 4043 600 " 11 Wave Over-topping
: and Beach .Erosion
501 Araitetonga 5011 - 5012 400 " y — "
b ! 5013 - 5014 300 ) IIT Wave Over-topping
502 Kiikii 5021 - 5026 1,160 " " "
503 Punataia 5031 160 ” .
504 Tapae - 5041 - 5042 390 " "
506- Pue 5061 200 " " "
" " 5062 - 5063 270 " Il Wave Over-lopping
and Beach Erosion
507 Vaikai 5071 - 5072 250+ ¢ " ' "
601 Ngatipa 6011 - 6013 480 v "
603 Avarua 6031 - 6036 1,170 Urban 111" Wave Over-topping
604 Ruatonga 6041 130 " " "
605 Avatiu 6051 - 6053 470 " N Y
701 Atupa 7011 - 7013 ©520  Rural "B* " "
702 Kaikaveka 7021 - 7023 450 v " "
703 "Airport” 7031 - 7033 600 - .." " .
703 "Airport" 70311 - 70313 560  Rural *B" 11 Wave Over-topping
106 Pokoinu 7061 200 " "
Tolal '14;,9‘.50 m '
Note, For the Coast Uﬁils, see Appendix C-1. "Coastal File"



#ig. 7-15 Map of Coasts to be Protected
(Before Adjustx_nent)

Wave Run-up (W)
Erosion of both Fine & Coarse Particles (EN)

Erosion of Fine Particles (EB)
Start / End Points ' :







7.6

7.6.1

Countermeasures at Northern Coast.

This section deals with the basic countermeasurcs of northern coast
protection in the Rarotonga Istand, This arca seems high disaster potential
and large amount of  damage by cyclone. Thus, it is recommended that this
arca should be provided with an urgent protection as defined the "Shori-
term Development Plan".  For this purpose, the basic protection concepis of
urbanized . areas especially Avarua Coast. '

Proposed Protection Areas

The main protection target al the northern coast- is the mitigation of
cyclone disasters by wave over-topping beyond - the beach top.

As shown in Fig. 5-6, the grade of overtopping height differs depending
upon place. Blue line in the figure shows the lack of existing beach "top

height, that means & gap between the beach top of and the top of

‘overiopping’ water bodies.

Required countermeasures will basically be provided at the coasts where
overtopping - of more than two- meters is expected by the design waves

namely equivalent significant offshore waves caused by Cyclone Sally.

Proposed protection study areas are as follows:

1) Village Matevera/Tupapa to the middle of Village Pue (4,410 m)

The lack of height is generally about two meters, bul partly six meters.
There is practically few erosion.

2) From ihe middle of Villagc’: Puc to Village Ngatipa (1,000 m)

The lack of height is gencrally about five meters, but partly seven
meters. - The largest gap can be seen al the coast behind the Health
Department ai Village Vaikai.

3) Avarua - Ruatonga - Avatiu Coast (1,770 m)

This area belongs to the devcloped urban zones having the highest
‘concentration of facilities such as shopping centers, resiaurants, banks,

government offices and the two existing harbours, Avatiu and Avarua.

The fack of height is about four meters, but partly six meters at the
Avarva East. The areas covered by the cxisting breakwater may be

_ overt-op'ped by two mc.ters. A lack of height in the Avarua Coast (700 m)
between the existing two harbours is about 3.5 meters.



4) 'Villages Atupa, Kaikaveka and the first 600 m of the “Airport™ Arca,
- (1,570 m) ' :

The lack of height here is about six meters. This area includes the fuel

storage yafd ‘which directly faces the lagoon.

In the West bcyond this coast, the width of lagoon becomes larger where

wave overtopping is about one meter.

5) West end of "Airport" and Village Pokoinu (760 m)
In this area, the level of beach road is low as MSL +2.5m in order to
" maintain a structural clearance subject to  airport construction fimit.

Wave overtopping here is about four meters.

Note: The allowable dver-topp:ing Iimit-_hcight here is two meters. In
the detailed design stage, this limit should be decided by the land
use scheduled and structural condition of seawall.

" Fore the time beiﬁg, allowable limit height is proposed as follows:

(i) Durable seawall in the ordinary area
Limit height =4 m ' :

(iii) Average seawall in the urbanized .arca
Limit height =2 m

Sec more disucussion in subsection 12.2.3.

These five sclected areas can be divided into two groups in respect to the

coastline configuration.

(i) Areas where coastline runs straightly and rather simple line.

- Matevera/Tupapa to Pue Coast, 4,410 m
- Pue to Ngatipa coast, - 1,000 m
- Atupa, Kaikaveka and airport area, 1,570 m

Normal line of coastal protection work may run along the existing
coastline. ‘
(ii) Areas where coastline curves.

- ‘Avarua - Ruatonga - Avatiu coast, 1,770 m
- Airport west and Pokoinu .coast,: - - - . 760m



These . coastlines -curve, in .and oult, by mecans of passages,
l_)rca'kwaters' and reclaimed works on lagoén. Avarua - .Ruatonga -
Avatiu coast contains two harbours and_runs'in front of valuable
facilities on beach bank. It is assumed thai wave and current

during cyclone may be so complicate that simulation study is
_required.
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