4.3.2 Villages

All of the village names shown in Table 4-1 were picked from the existing
maps preparcd by the Departmch‘t of Survey and Land Information of New
Zealand and the Survey Department of the Cook Islands.

Thcrc are fifty one v:llagcs, foaty seven of them are dircctly exposéd to the

occan.

Note: The airport is assumed to be onc of the subdivisions sin_ce.vil_lagc
limits along the coastline are not yet clear. Thus, along the coastline therc
arc forty-seven 'villagcs (forty-six official villages and one temporary

village).

As shown in the Table, the total length of Ara Tapu ‘as measured from the
maps is 30,990 meters.  This length (the accumulated length of the road
runnmg through forty-seven subdlvmons) 15 likely the -same lcngth ‘as the

shorelme since it runs near the beachline.

The average shoreline length per village is 660 xﬁeters;.and ranges from
2,560 meters for the "Village Airport™ as the maximum length to 130 meters

for Village Ruatonga as the minimum length.

Population distribution has been - assumed by mecans * of cO’untin'g cach
- houschold mark (black square) on the map. Table 4-2 shows the resulis of
this counting work. Counting was conducied at iwo classified zones: the
first zone defining the firsi 100 meters from the beach and the scéond zone

the next 200 meters.

The Avarua constituency shares about 25.0% of population. It has the
highest density of 2,393. The lowest population density is 394 at the Nikao
constituency due to the exisiance of the airport. The dén'sity’ of other

constituencies range from 520 at Arorangi to 905 at Tupapa.
(Note: The villages named here should be reviewgd.)

This shows 'that the Avarua District together w1th its surroundmgs have the
highest populatmn denszty dué to it being the most acnvc place for
industry, economy and culture. The names of all vnl]agcs havmg a densuy

of 1,500 or more are as follows:



Order __ Village Name Dc_néily Population

1. Avatin 2,837 400
2. Ruatonga 2,564 100
3, Ngatipa 2,535 365
4, Avarua 2,137 750
5. .Puel _ o 1,809 255
6. Vaikai - 1,734 130
7. Te Puna 1,600 240

The ten maost popuiaied villages are:

Order _ Density Popuiaiion
1. Avarua. 2,137 750
2. Avatiu . 2,837 400
3. Ngatipa 2,325 365
4.  Akaoa 904 290
5. Métevera/’l‘upapa 643 270
6. Pue - 1,809 ' 255
7. TFe Puna - 1,600 24()

8.  Arcrenga 1,415 225
9. Pokoinu 823 195
10.  Kiikii 545 80




Table 4-1 CONSTI'I"UENCY AND VILLAGE OF RAROTONGA ISLAND

Consty/Village Shore Length Const/Village Shore Length
_ (m) - (m)
“No. ' (Road Length)  No. _ _ (R-Oﬂrd_Lﬁngth)
1. Arorangi ' 4. Matavera
101 Pokoinu I Raro 900 " 401 Pouara 430
102 Tokerau/Inave 1,200 402 V.acnga _ 1.80
103 Arerenga 530 403 Matavera/Tupapa 1,400
104 Akaoa _ 1,070 404 Titama 600
105 Vaiakura 700 Subtotal 2,610
106  Kavera 850 '
107 Aroa 880 5. ‘Tup_apa.
108 Rutaki 1,330 501 Araitetonga 700
Subtotal 7,460 502 Kiikii 1,160
_ 503 Punataia ° 160
2. Titikaveka ©.304 'I;ap#e : -390
201 Vaimaanga 1,530 505 Tapae [ Uta 0
202 Avaavaron 1,150 506 Puc o 470
203 Totokoitu 300 507 Vaikai : 250
204 Turoa 600 " Subtotal 3,130
205 Arakue 630 |
206 Kauare 400 6. Avarua
207 Titikaveka 300 601 Ngatipa 480
208 Te Puna 500 602 Tauae 0
209 . Akapuao 770 603 . Avarua 1,170
210 Tikioki 8§00 604 Ruatonga 130
21 Man 700 605 Avatiu ) 476
Subtotal 7,680 Subtotal 2,250
3. Ngatangiia - 7. Nikao
301 Vaii 170 701 Atupa. 520
302 Aremango 500 702 Kaikaveka 450
303 Arcini 300 - 703 “Airport” 2,560
304 Nukupure 310 704 - Puapuautu 0
305 Aroko - 310 705 Nikao 0
306 Avana 770 706 Pokoinu 190
307 Ngan Vaikai 230 Subtotal 4,320
308 Ngati Maoate 150
309 Ngati An 230
310 Turangi ) - 570
Subtotal 3,540 Total Shore Length 30,990 m

Source : Study Team
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433 Land Use Classification

Based on the cxisting community, its activities and population in the
longshore 300 meter range, forty scven villages are regrouped into five

Zones.

La_hd use ~zone onc: Established Urban Areas

A tyﬁical section can be seen at Avarua District as shown in Fig. 7-1-b. The
beach main road runs immcdiate_ly behind the coastline. Shopping centers,
mes‘tauranié. ‘car rental services and streel vendors are located along the
road. Most of the government offices are located within one hundred meter

landward.

Public open space herc is a narrow strip between the road and beach top,
ra_nging from five to twenty meters. From the beginning of August, 1991,
new reclamat'i(')n__work, including shore protection, was commenced by
MOW with locall'_“fi'naﬁce.

- Avarua. © 1,170 meters long
- Ruatonga, | 130 meters long
- _Avatiu, 470 meters long

Total - 1,770 meters long

These areas are the most active zones in the island.
Land use zope two: Rural Areas A

The beaéh road in this area runs within 30 meters landward from the beach
top. The first 10 meter area is covered by flora, Architectural facilities are
located behind the road. Public spaces su.ch_as hospitals, sports grou'nds
and schools are often developed behind the road. According to the
g'o.vernment agencies, utilities, such as water supply and power

distribution - mains are embedded under the road shoulder shoreward.
Most of the local shops and restaurants are located along the road.

In some areas the road runs just along the beach. The distance between the

beach top and the road is shown in Appendix Cl1,"Coast File".

Most of the remaining villages either belong to this category or lo zone

four, Rural Arecas B.
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These arcas are:

. Kavera - _ (650 meters out of 850 métérs)
- Aroa (600 meters out of 880 nieters) :
- Rutaki (600 meters out of 1,330 mcters)
- Vaimaanga ' (600 meters out of 1,530 meters)
- Avaavaroa (600 meters out of 1,150 meters)
- Totokoitu “(1_00 meters 'Ol.l[ of 300 meters)
- Turoa (200 meters out of 600 meters)
- Arakuc (200 rmeters out of 630 meters)
. Akapﬁao (600 mAe{e.rs out of 770 meters)
- Tikioki (4:00'm'eters out of 800 meter.s).
- Avana (200 meters out of 770 meters)
- Atupa {320 meters. out of 520 meters)
- Airport (1,160 meters out of 2,560 meters)
- Pokoinu . (190 meters out of 7§0 meters)
Total 6,420 meters out of 13,480 meters

4 - 13



Table 4-2  Houscholds per Viliage (1/2)

Houschold Marks Population

Cohétiluency, Village Beach
Number and Village Name Road (m) First 100w Second 200 m Total Heads Dﬁnsnyz
. head/km
1. Arorangi
101 Pokoinu I Raro 900 9 (2.0) & (1.8) 17 (3.8) 85
102 Tokerau/Inave 11,200 8+ (1.3) 16+ (2.7) 24 (4.0) 120
103 Arercnga 530 14 (5.3) ETRNIIR) 45 (17.0) 225
104 Akaoa 1,070 - 24 (4.5 24 (6.4) 58 (10.8) 290
105 Vaiakura . .700 113 13 (3.7) 24 (6.9) 120
106 Kavera 850" 6 (1.4) 5 (1.2) 11 (2.6) 55
107 Aroa ) g§80 1442 0 (3.2) 542 (1.1) 1942 (4.3) 95
108 Rutaki 1,330 17 (2.6) - 18 (273 35 (5.3) 175
Subtotal (Average) 7,460  103+3  (2.8)  130+3 (3.5)  233+3  (6.2) 1,165 520
' (18.0%)
2. Titikaveka
201 Vaimaanga 1,530 18 (24 15 @20 - 33 (43) 165
202 Avaavaroa 1,150 19 (3.3) 7T 0.2) 26 (4.5 130
203 Totokoitw 300 8 (5.3) 3 @20 11 (1.9 55
204 Turoa . 600 9 (3.0} 10 (3.3) 19 (6.3) 95
205 Arakue 630 20 " (6.3) 7 (2.2) 27 (8.6 135
206 Kauare 400 14 - (8.0) 10 (5.0) 24 (13.0) 120
207 Titikaveka 300 S 11 (1.3) 9 (6.0) 20 (13.3) 100
208 Te Puna 500 25 (10.0) 23 (9.2) 48 (19.2) 240
209 Akapsac 1170 1542 (3.9) 7 (1.8) 2242 (5.71) 110
210 Tikioki 800 9 (2.3)° 10 (2.5) 19 (4.8) 95
211 Maii 700 9 (2.6) 2 (0.6) 11 (3.2) 55
-Subtotal (Average) 7,686 15742 (4.1} 103 (2.7} 260+2 (6.8) 1,300 564
_ ' : : (20.1%)
3. Ngatangiia _
301 Vaii 170 12 1 1.2 2 2.4 1o
302 Aremango 500 7 2.8 g 3.2 15 6.0 75
303 Areiti 300 -8 53 5 3.3 13 8.6 65
304 Nukupure 310 3 1.9 12 1.7 15 9.6 75
305 Aroko 310 . 1 0.6 4 - 2.6 5 3.2 25
306 Avana 170 14 3.6 10 2.5 24 6.1 120
307 Ngati Vaikai 230 4 35 § 70 . 12 105 60
308 Ngati Maoate 150 2 1.7 10 13.3 12 21.0 60
309 Ngai Au 230 3 2.6 6 5.2 9 1.9 45
310 Turangi 570 2 0.7 9 3.2 11 3.9 55
Subtotal (Average) - 3,540 45 2.5 73 . 4.1 118 6.6 5900 555
' : (9.1%)
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(2/2)

Constituency, Villags Beach _ _ Houschold : Marks Populali.on
Number and Village Name  Road m) g 10  Second 200 m Total - . Heads D‘”‘S“‘VZ
J head/km
4, Matavera o . L
461 Pouara‘ 430 5.(2.3) 12 (5.6) . 17 (1.9 85
402 Vaenga 180 2 (2.2) §  (4.4) 6 (6.6) . 30
403 Matavera/Tupapa 1,400 2t (3.0 13 @n 54 (1 270
404 Titama . 600 5 (LD 7 (2.3) 12 (4.0) .60
Subtotal {Average) 2,610 33 (2.5) 56 -(4.3) 89 (6.8) < 445 568
(6.8%)
5. Tupapa
501 Araitetonga 700 15 (4.3) I (3.2 26 (1.5) 130
502 Kiikii 1,100 1642 (2.9) 20+ (3.6) 36  (6.5) 180
503 Punataia 160 6 (1.5) © 5. {6.3) S 11 (13.8) 55
504 Tapae 390 13 (6.7) 7 {(3.6) T 20 (10.3) 0 100
505 Tapae I Uia 0 - - - - = - -
506 Puc 470 20+ (8.5) 31 (26.4) 51 {34.9) 255
507 Vaikai _ 250 3 __(6.4) 18 (14.4) 26 (20.8) 130
Subtotal {Average) 3,130 78+3  (5.0) 92+ (5.9) 17043 (10.9) 850 905
. (13.1%) '
6. Avarua
601 Ngatipa 480 4% {20.0) 25 (10.4) . 73 (30.4) 365
602 Taunae ] 0 - - - - -
603 Avarua 1,170 55 (9.4) 95 (16.2) 150 (25.6) 750 '
604 Ruatonga 130 5 (1.7 15 (15.0) 20 (22.7) 100
605 Avatin 470 25 (10.6) 55 (23.4) 80 (34.0) 400
Subtotal {Average) 2,250 133 {11.8) 190 (16.9) 323 (28.7) 1,615 2,393
(25.0%) '
7. Nikao )
701 Atupa 520 g (3.1) 15 (5.8) 23 (8.9) 115
702 Kaikaveka 450 7 (3.1} 10 (4.4) 17 (1.5 85
703 "Airpornt” 2,560 24 (1.9) 0 (0) 24 (1.9) 120
704 Puapuautu 0 - - ' - - - -
705 Nikao 0 : - _ .- - - Lo '
706 Pokoinu 790 9 (2.3) 29 :(7.3) 39 (9.6} 195.
Subtotal {Average) 4,320 48 (2.2} 54 (2.5) 102 (4.1 510 394
' ' (7.9%)
Total 30,990 m  507+8  (3.9)  698+4 (4.5) 1,295+8 (8.4) 6,475 696
(100%) e
Source @ Study Team

Notes - '1. It is assumed that about 30% of the 1otal 9,500 ﬁeople (heads) are inhabitihg the nearest
300 meter zone to the beach. 9,500 x 0.7 = 6,650 heads. ' :
2. It is assumed that a household mark on the map represents five heads. 6,650 + 1,295 = 5.1

Figures in parenthesis show the household marks per unit 200 meter along. the beach road.

4. Density shows population per square kilometer.
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Land use zone three: “Tourism Devélopnﬁent_meas

Land composition of this zone is similar to zones two or four cxcept for the

following:

a) The space belween the beach and the road is occupied by private

enterprises.

b) Frequenily the beach is rcsh’éi)ed for the coastal protection work and

for creating beautiful scenery,

¢) So often the beach landward is reclaimed for more housing land and

walkway.

Most of the hoteliers built their facilities in the narrow space between the
road and beach. Land reclamation protected by a small scawall in same
area have been. constructed by them. The new lands were frequently

damaged by :cyclones.

The Sheraton, under cons}ruc_tibn currently at Village Vaimaanga, seems to
be located well behind the road and has a wide space for fulure expansion.
This type of hotel layout should be well appreciated by because it provides

safety for the guests and has natural beach conservation. -

This zome will be mixing with the =zones two and four since the
concentration of tourism development here has not yet been achieved.

Related facilities are actually- scattered all over the island’s coastal arca.

Name of villages where existing tourism industries take place.
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Name of Village |

Type of Facilities

- Pokoinu Sport activity:  Golf course
Hospital |
- Pokoinu LR. Mcdical care:  Hospital
Mo_tei: Rarotongan Sunsct Motel
- Arorangi Hotel:  Arorangi Lodges -
- Vaiakura Motel:  Whitcsands Motel
- Tokerau/inave Hotel: - Hamure Tavermn
Hotel: Eﬁgc_watcr Resort
Diving Station: Beach Hotel
Hotel: Manuia Beach Hotel
- Aroa Hotel: Rarotongan Hotel
- Vaimaanga Hotel:  Sheraton
- Te Puna Hotel: Moana Sands Resort
- Akapuao Hotel: . Little Polynesian Motel
- Areite Marine Activity:  Sailing Club
- Nukupure Hotel: Muri Beachcomber =
- Aroko Hotel: Pacific Resort
- Kiikii Hotel: Tamure Sesort
' ' Kiikii Motel '
Punamaia Motel
- Pue Medical care: Health Department
- Ngatipa Historical Monuments:.
- Avarua Information and Police:
Restaurants:
Shopping  arcas:
Car rental scrvices:
“Port facility:
- Ruatonga Shopping ‘areas:
- Avatiu Port facility:
Shopping area
Restaurants
- Atupa Historical monuments
- Kaikaveka International airpbrt
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Among these, the following arc the tourism beach areas used by hotels
and motels.

Tokerau/Inave Hotel: Edge Water

1

Hotel: Hamure Tavern
Hotel: Beach Hotel

- Aroa Hotel: Rarctongan Hotel

- Vaimaanga Hotel: Sheraton

- Akapuao Hotel: Litile Polynesian Motel
- Kiikii | Hotel: Tamure Resort

Motel: Kiikii Motel

Motel: Punamaia Motel

"Each facility occupies of about 100 meters of beach. Thus, the total

beach length in front of the hotels is about 1,000 meters.
Land use zone four: Rural Arcas B

The beach road in this area runs about 75 meters _landward from the beach
top. The first 25 meter area is covered by flora and architectural facilities
including houses that are located within next 50 meters. When a house is
built near the éhorcline, natural trees are often cut down for gradihg flat
lawn arcas. Public spaces, such as for hospitals, sports grounds and schools
are often developed in this area.

According to the govemment agencies, utilities, such as water supply and

powser distribution mains are embedded under the road shoulder shoreward.

Most of local shops and restaurants are located along the road.

Most -of the remaining villages belong to this category. Among them, there

are satellite villages where rural activities are conducted, namely:

- Arerenga (530 m) and Akaoa (1,070 m) as the center of
Arorangi District.

- Kauare (400 m), Titikaveka (300 m) and Te Puna (500 m) as

 the center of ‘Titikaveka. S

- Avana (770 m), Ngati Vaikai (230 m), Ngati Maocate (150 m)
and Ngati Au (230 m) as the center of Nga Tangia.

-.Matavera/Tupapa (1,400 m) as the center of Matavera.

Total 5,580 meter long in length of beach road.
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Land use zone five: Natural arcas

A typical scction of this zone is similar to zone four cxcept for the

following:
a) Wider space between the road and beach
b) Very little artificial impact within the first 50 meters from the beach

Of course, one can easily approach to nearby beach through a narrow

walkway covered by the “beach forest.

Since accessibility to beaches ‘is génerally good here, there is very little
natured arca. = These areas remain at the northern end of  Avana and at the

southern end of Ngati Vaikai. _
In zones two and four, rural areas, undeveloped arecas still remain. These

arcas only received a few artificial impacts; thus, ‘more natural sceneny

can bg scen.

The following villages are rich in flora, including Utu, Iron trees and

coconut trees that-cover more ‘than 50%: of the area:

Name of Village Flora Covering Rate

- Pokoinu LR. 52 %
- Tokerau/Inave 55 %
- Arerenga 50 %
- Viamaanga 065 %
- Pouara 70 %
- Vaenga 60 %
- Punataia : 60 %
- Avaavaroa o 55 %
- Turoa ' 53 %
-2 Ngati Vaikai ' 50 %
- Ngati Maoale 50 %
- Turangi - 53 %

While some villages maintain a few high trees, they cover less than 20%

of arca.
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MName. of Village Flora- Covéring Rate

- Aroa - _ 14 %
- Titikaveka 15 %
- Avana 17 %
- Ngaiti Au 15 %
- Vaikai 20 %
- Ngatipa. _ 10 %
- Avarua 3 %
- Ruatonga 20 %
- Avatiu 20 %

- Alirport. _ 14 %

Note: . These rates have been estimated from the existing maps.

434 Land Ownership

Land within fifty meters of the High Water Mark (HWM) is under the
control of the .Consérvation Department for better environment of coastal
areas. It is requested that artificial changes. to this area be registered at
that départmem and- "an approval for orderly deve_ldpmcnt should Be

obtained.

(Note, In some countries, ceriain areas from the HWM belongs io the

government for common use and for better environmental control.)

No industry can be dcvel{)péd without a provision of land. Thus, developers
should gain the land title for their activities.  According to information
provided by Land Commission, changes to land titles are governed by

'régu_Iations such as:
a) The buying and selling of land is prohibited by the Commission. Thus,
only rental land is available.

b) Land rental coniracis should be referred to the Commission and

registered accordingly.
c) The average number. of rental years is from 50 to 60.

d) Various land owner rights are supported by the regulations.

It is considered that this system makes lessces reluctant to build structures

that, are expensive and sirong cnough to withstand cyclones.
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4.4

4.4.1

Perception Study of Viltagers' Opinions

The team has collected available data for the coastal protection and port

improvement. These data were mostly prepared by the government

agencies.  In order to obtain data from the other side, a direct interview

survey. to viIIa'ger_s was conducted by the joint ~working group led by Chief

Economist, Dr. Charito Chapman, of MOPED and the team.

This section deals with the perceplion study ~ of the villagers' general -

opinion concerning the changes to the coast and cyclone disasters.
Appendix C-4 shows more information of this study.
Purpose of the Perception Study

The purpose of the interview is to:
a) Collect data on the .pasl history of coastal changes
b) Collect data on damage caused by cyclone waves and surges.

c) 'Obtain the villagers' requests and recommendations regarding coastal

protection.

A questionnaire has been. prepared containing . the requirements shown

above. It consists of the following nine items:

Item 1. The facesheet requesting personal __informaii_on from
interviewee )
2.  Names of the worst thrce cyclones and the main causes of
damage
3.  Wave run-up, flood - and damage cost caused by the worst
cyclone with respect to waves.
4. Changes of coast and beach sand (Coastal erosion/Beach
erosion} '
Effectiveness of coastal protection work
Grade of villagers fear of cyclones
Intentions of relocaling house

Main reason why damage is caused by cyclone waves

=R NV

.Recommendations - concerning the best countermeasures to

use against wave disasters including coastal erosion. "
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442

Distribution and. :Recovery ' of Questionnaire

'By 28 Oct. 1991, one hundred twenly questionnaires were printed and

 distributed immediately by two MOPED staff members, By 20 Nov. 1991, one

4,43

1)

- 2)

3)

4)

* hundred shects were fecovered by the study team. They provided villagers

with necessary explanation on survey items and conducted hearing.  The
team brought them back to their home office in Tokyo and conducted the

data processing analysis using a  computer.
Summary of Study
About Interviewees

The average interviewee is 40 years old and has been living his

125 sq. meter house for- 21.5-years. He owns his land which is located

within 150 meters from the beach.
Names of the worst three cyclones and the main causes of property damage

The interviewee ranks the three worst cyclones as being Sally, Peni and
Dolly.  He thinks that main causes of properiy damage was wind or a

combination of wmd and waves.
Damage by the waves of the worst cyclone

Sally had the highest and most damagmg waves. They ran up to the top. of

beach, close to the beach road.

The interviewee estimated that 9,500 doilars in damages was caused to his

house, furniture, garden and farm,
Changes of coast and beach sand

The interviewee remembered past coastal changes and answered that
nearest coast to. his house has croded about 1.8 meter over the past ten
years. He said thai sometimes thcrc had been an advance of coast line.
However he believes that there is erosion after all.

He noted that this erosion occurred only since cyclone Sally attacked the
isiand in " early 1987. He said that the actual erosion speed might‘ be
1.8 meter .for five years (1987 to 1991).
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5)

6)

7)

8)

9)

4.4.4

Regarding the beach sand movement, he responded that the width of the

sand beach became three meters narrower since Cyc]onc Sally

He noted that the sand movement by waves and current is more sensitive
than erosion and deposn of coral fragme_nts. He said that sand movemcnt_ ig
about fifteen times casier than coral rock movement.

Effecllvcne:s of coastal prolecnon work

The interviewee believes that propcr coastal protection work Mmay incrcase
his properly value by 12%.

Grade of villagers fear to cyclone disasters

He answered that he was very afraid that his family would . suffer injuries
and that his property would be damaged by cyclone waves.

Intention of relocating his house in order to avoid the cyclone waves

He estimated it would cost 50,000 dollars to relocate. However, he denied
that he had intentions of moving.

Main reason why damage is caused by cyclonc waves

He said that coastal erosion is just nature in the island. However, he said
the government did not provide cnough coastal protectioh work.
And, he acknowledged that he did build his house too close to the beach.

‘He felt that the invasion of waves to the inland are due to the digging of

sand and the cutting down of trees on the beach banks.

His recommendations conceming the besi countermeasures 10 use against

cyclone waves
He pointed out threc methods:

- Provision of coastal protection work
- Planting trees for barrier along the beach bank
- Stopping the digging of sand at the coastal area.

Utilization of .Pcr_ception Study

"A detailed analysis has been conducied by the team. Conclusion of the

analysis was reflected in Chapter 7 "Master Plan for Coastal Protection”.
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4.5

4.5.1

Efforts . on Coastal Protection Conducted

This section decals with the various efforts conductied by the Government in

the past and present for coastal protection. The direct purposc of these
works are to maintain the safety of socicty against damages duc to cyclone

waves and surges.

These works aim also at the preservation of the natioral environment as onc

of the most wvaluable national recsources.
Protection  Work in National Policies

Assurance of éaféty against “cyclones may make the socio-economic losses
rés‘ul‘ting from disasters rcasohably lower, but not to =zero. If proper
countermeasures  are provided, ecconomic activities along the coastal arca
will recover to their normal conditions and various industrial activities
including tourism will be encouraged. This will create more job

opportunities and increase prosperity.

The Second _Dcv_élopment Plan (1988 - 1992) shows the dcvelopment

‘philosophy, polices and objectives.

Following are the policy direction and objectives which are excerpts from

the Plan, page Il
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________________________________________________________________________________

PHILOSOPHY IN DEVELOPMENT POLICY DIRECTION

The people of the Cook Islands are its most precious mnatural  resource.
She has a proud heritagc, strong family ties with high moral and . ethical
standards- which form the foundation of Cook Islands'. sociely. Pri_dc in:our
country is fundamental to the success of personal endeavours and the
welfare of our country. Self reliance is' self respect. Our lahd and sea holds
resources which, depending on ‘the  capacity and ability of our minds..
hands and efforts, can produce that extra closeness to the wealth we aspire
to. The people and the Government must work togcthcf-to solve our

economic and social problems. The Government is the servamt, not the

masier.
National Development Objectives

Government has identified five broad national development policies that
will encompass its cndcavours over the next five year plan period. These
policies arc consistent with the first development plan’s objectives, but are

narrowed down for more realistic and practical purposes.

1. To raise the level of prosperity of the pcople of the Cook Islands (to

stem further migration).
2. To attain a larger measure of economic independence.

3. To ensure that cconomic development proceeds in a manner compatible

with social, cultural and mnatural values.

4. To promote a more cquitabic disiribution of the benefits of

development.

5. To cooperate closcly with Pacific neighbors and other nations in

economic affairs and other matters of mutual intcrest.

The government must now look at the factors and strategies that will assist
us towards some degree of achieving thc objectives, at least in the medium

term as identified by the plan.

_______________________________________________
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4.5.2

453

If it is believed that the coastal arca will be damaged again when a large-
s_calc'cyclohc attacks, a privale investor will keep it in mind when
thihking his next' investment. If the sandy beach continues 1o erode, the
island's ability 10 autract tourists will decline. _

It is assumed that the people here  are walching carefully what the
Government will do to prevent the island from cyclone damage in the near

future.

As previously described, the total beach bank area (most useful and
valuable area) only occupics' ten percent of the island. Thus, the coastal
area is a limited national resources. The width of the existing sandy beach

is about six- meters; this is well under the acceptable limit for beach resorts.

For tourism development here, coastal protection work is a must.

Protection Work beforc 1990

"The Government has made efforts to improve the coastal areas. One project

was the coastal protection for Avatiu Harbour, the sole gale port to the
island. Breakwaters at both sides of entrance were constructed in order to
maintain safe ship navigation and to protect of the on-land port backup

facilities against cyclone. Port improvement work was completed in 1986.

During ‘the 1970's land reclamation work was undertakén by the
:Gov'er_nmcnt at the western haif of the Avarua coast. In carly 1987, Cyclone
S'aliy siruck directly the island and pecople herc¢ were awakened to the
nature of island given to them. In March 1987, JICA's study team and other
experts conducted a preliminary analysis on Cyclone Sally and its' damage
and coﬁipilcd their recommendations. In 1989, the Government constructed

the breakwaiers at Avarua Harbour.

Building Codes

.Du'e. to a large amount of damage caused by Cyclone Sally, the insurance

account ran into a deficit. In order to balance the account for future

disa_stér, “insurance rates were raised. Thus, the peoplec here faced higher

~payments for their property insurance.
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4.5.4

To cope with this sitnation, the Government appointed MOW -to prepare

countermeasures., MOW responded immediately and - took -the  following

action:
a) Surveyed the damage caused by Cyclone Sally

b) Undertook the 700. meter long coastal protection work at the Avarua

coast

<) Dlslnbuted the New Bulldmg Codes prepared Dbased on past cxpcnencc

by the 1slands Pacilic ne:ghboms

Building codes wer’c prepared carefully in close co'o:pcration with the

neighbouring countries.  They weie prepared so that they couid easily be

understood by the pebple. Various figﬁrcs.and tables are incorporat_cd in

them.. - The codes have been enforced since 1989.

v

The codes show the minimum structural. requirements for withstanding

cyclone forces.
Coastal_Pro_tcction Work in 1991

Following Govémmem policies, MOW prepared an urgent Avarua coast
protection plan, The work consists  of land teclamation and'siope
protection. - The former aims at widening the space between the beach road
and the coast. The latter is for providing the armour rock riprapping on

the slop'e surface to prevent reclamation work from erosion. It is reported

- that nauonal budget aliocated onme million dollars for this to work. It is also

reported that same work will be conducted at the castern coasi of Avarua
Harbour and will be included in the 1992 budge.l

The new reclamaiion will form the buffer-zones which may- be effective
against cyclone waves and surges and will provide additional public space

on thc busiest part of the island.

The work in ‘Avarua coast commenced in August 1991 and nearly completed
in March 1992. It can be noted that MOW made a great job within $ months
after commencement. The work was  good quality and proved its efficiency
when cyclone Gene coming in March 1992, The reé!aimcd buffer. zone was

utilized as the second beach road and parking area which was in short at
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4.5.5

that time, ~This means MOW made both works, coastal protection and
creation of ncw public land.  The tcam should have respect for the Cook

Government cffort through MOW,

Material for this reclamation was coral fragment mainly diggings from the
beach banks at Village Araitetonga where three large-scale holes were
seen in October 1991. All the holes were located just behind the beach top.
It was observed, however, that thesc holes are being rcfilled with ordinary
carth which thai is much fine than the original onc.

It should be maintained that the coastal protection work at the Avarua coast

is not causing damage to other coastal areas.

Conservation Efforts

General conirol of coastal areas is coordinated by the Conservation

Department locatéd . in Village Pue.  The department watches for any

‘changes in the coastal arcas that are within fifty meters from the High

Water Mark (HWM). Officers in this important government agency well

acquainted duties.

Acé_ording to the Department, Coastal Environment Guidelines was under
preparation for gdvernmenl' 'approval_by the middle of 1992, The

guidelines. 'may specify new control arca, criteria for domestic effluent etc.

The dcpartment has prepar¢ a map showing coastal area damage caused by

Cyclone Sally including.

a) Topography
Contour
Curreni Dircction
Road
Stream
Swamp
Reef line

b) Geotechnical Information
Gravel, Mud, Sand
Beachrock
Limestone (non-beachrock)
Volcanics
Beach escarpment
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¢) Anificial Coastal Protection Works
Boulders as Protection
Cemented wall as protection

Groins

d) Record of Iﬁafnagcs
Cyclone Saily Damage
“Active Erosion '
Low Erosion
Déposiﬁon _

Stable beach

The above data together with the damage survey: records prepared by MOW

are useful for the preparation of the coastal protection plan.

It is expected that the department ‘could provide proper recommendations
concerning coastal land use ‘in order to maintain orderly development. Tt is
also expected that the moﬁitoring of coastal area changes ~will not only be
conducted from the Sl,ructu.ral aspect but will take in the naiural

environment including water quality, natural scenery and marine life.

It is expected that the _d_eparlmént may be involved in the . decision making
relating to the digging of coral rock near the beach top. According to the
perception study of villagers, many show their déép :coﬁccrh about such
digging. The Government has banned sand digging in coastal . areas since
1988.
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Annex to Chapter 4, Definition of Technical Terms

In

a)

this study, the following terms are used.

Reef
A reef is the scaward end of a lagoon elevation that is about at mean seca

level '(MSL') and is connected to deeper water by a submerged cliff. Most

' waves'break' at this zone- between this face and 300 m offshore of it. The

b)

c)

toe of the chliff is located at -3 meter and the _re_létivcly flat seabed goes

gently down into a deeper arca, the offshore area.

Lagoon _

A 1aigoon is a reef flat having a coral bed between the reef and the
beach. The elevation of this area is about the same as that of reef top.
The width of this area varies from 10 meters at the Northeast coast to 700
mefers al the South coast. A lagoon is a naturé] buffer zone where
remaining = wave energy is gfadually climinated upon hitting the reef
while the water level is seiting up due to the change of wave energy

from the dynamic one to static one. This is one of the causcs of frequeni

‘'wave run-up along the shoreline slope. The base beach rock is coral

sand umited by chemical action and is seen often at the landward end.

Beach _

The ‘beach is the 'slopc between the landward end of a lagoon and the flat
area where people reside. The degree of slope varies from place to place
bctweeﬁ 1:2 to 1:10. (Note: Slope 1:2 or 1/2 or 50% means a slope of 0.5
meter rise per one meler horizontal distance.)

The elevated top of the beach varies from +2 melers to 6 meters above
Mean Sea Level (MSL).

The beach mainly consists of piles of coral rock. Most of the beach toe is

covered. by coral sand. However, the base beach rock layer is exposed in

some -arcas.

~The top of the beach is generally covered by vines and climbers.

In other places, beach tlops consist of general earth which might have

been reclaimed a’rtificiélly'-in the past.

The beach can be divided into two -parts; the forcshore and the

backshore. The former means the lower part of slope where normal
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waves can run-up.  The latter shows upper part of the slope up to where

waves caused by ]a'rgc cyclones may run up. Eroded beach often shows

notch and terrace at the upper slope.

d) Coast
The coast is the relatively flat area behind the beach slope where the

natural forest consisting of trees, (coconul Utu tre'es étc) can be secen.

The natural coast is about 20 to 50 meters w1de ‘where coral segment
piles with sand layers can be seen. The combmanon of trces and rock
piles are farmmg a good buffer against wave run-up and ovcrloppmg

into the coastal arca. Ara Tapu, the main the beach road, runs through

here.

‘¢) Coastal Area
In this study, the coastal area means beaches, coasts and the further

landward zonc that were affected by waves and surges in past and might
possibly be damaged in the future. _ _
Thus coastal protection should cover the countermeasures for this

coastal area.

Reef Fagoon
j / )
g Moan Seq Level
B R R A F RS TPt N
L Molch and Terrace
o Foteshore [¢—¢—¥. g dechore

ISubmerqed cliff
Wave run-up by normal cyclona———»
Clfshore
~ Wave run-up by laige cyclone ———— |

f) Passage

The . passage is the notch of .the lagoon at. the stream mouth where
deeper water is _mai'ﬂtained and forms a natural channel for vessels

approaching the coastal area.

The island has seven passages. Three of them are ulilized as harbour

entrances.  Among them, Avarva and Avatin passages are the most
developed.
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A passage may bc formed for the following rcasons:
i) TFresh water discharged by streams and rivers may deactivate
marine life;

i) Fine particles containing in the fresh water during flood may

affect marine life.
ili) Rip current (or return current) may affect marinc life.

A passage is a natural return canal of rip current by coastal current
acceralated in the lagoon. It is assumed that passage may mitigate water.
set up in the lagoon. However, larger waves can easily be propagated to
shallow water through the passage. It is reported that return currents

may - decrease incoming wave energy.

g} Tide

h)

'i).

Tide is change of water level by astronomical forces. It is possible to

calculate fuiure tidal level at fixed time.

These data are shown in the Tide Table,

Air Depression’ Rise

Atmospheric pressure relates with water level. During a cyclone,

‘atmospheric pressurc becomes low then suck up the water level. Waler

level indicated in the Tidal Table is when air pressure is 1,013 mb thus
no air depression rise is taken into consideration.  Air depression in

one mb makes water level risc by one cm.

Wave set-up
As discussed in item b) above, lagoon water level during a cyclone will

rise, Wave set-up is a net rise excluding tide and air depression rise.

Wave Set-up

Air Depression rise

Tide
A MSL

-

g

It was assumed that wave set-up might happen only in the lagoon.
However, computer simulation proved that reality is different.

Simulation results show that:
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(i) Wave set-up starts at thc beginning of wave breaking zone,
Pomt A as shown flgurc below. '

(11) Wavc set- np is so rapid in the aggresswc set-up zone which is
are between Point A and Point B.
Point B is near the reef cdge or slightly lagoon side.

(m) After Point B an incremental set-up is minor. Thus water level

between Point B and Point C is nearly flat.

HWave Set-up Zone
Gentle Set-up . Aggresive Set*up

_C._"___#g_

TSet—up nght o ‘““‘“m;\_‘ Water Level _
v - H A
... Beach | Lagoon -
Beach Top Reef
Wave Breaking Zone
Shoal Wrater

Deep Water
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j) Wave _

Waves are generating by wind. Long duration by heavy wind blow may
gencrate large wave, ”According to wave observation at certain time
length, it can be seen that therc arc various size of waves consisting of
light, é\;r:éragc and hcavy ones.  This siluation is called as "Irregular

Waves",

FOllowing table shows typical wave intensity before and after the

cyclone.

Unit; m

Maximum Average Significant

Day Wave Hmax Wave H  Wave His
 before 5 .days 3.0 1.3 2.0
before 4 days 3.0 13 20
before 3 days 4.5 ' 1.9 3.0
. before : 2 .days | 6.5 2.7 4.3
before 1 day 3.0 34 53
the day of cyclone 12.2 5.1 8.1
after 1 day 10.2 4.3 6.8
after 2 days 7.5 3.2 5.0
after 3 days 5.5 23 3.7
after 4 days 3.0 .3 2.0
“after 5 days 3.0 1.3 2.0
after 6 days 3.0 1.3 2.0
after 7 days 3.0 1.3 2.0
after 8 days 3.0 ) 1.3 2.0
after 9 days 3.0 1.3 2.0
after 10 days 3.0 1.3 2.0
after 11 days 3.0 13 2.0
after 12 days 3.0 1.3 2.0
after 13 days 3.0 1.3 2.0
after 95 days 3.0 1.3 2.0

Total - 100 days | Average 2.2 m

Note ‘Definition of the Max:mum wave, Average Wave and

Significant Wave arc shown in subsecuon 12.2.1.
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These waves are "Offshore Waves" (Ho) which are not affected by both

reflection _and. diffraction,

Design  structure and  wave calmness study'afe normally conducted by

significant wave representing its wave group.

Figures in the table indicatc that there are one hundred wave groups.

Each group has its significant wave.

If the table shows a series of wave groups by a c¢yclone, -

Design wave for structure like breakwater is 8.1m observed on
the day of cyclone arrival and '
Wave calmness is '
(100 - 5) + = 95%
in case that the pt.)k'r[ can not be used with 4 m offshore wave or

morc.

Offshore wave will be affected by both the sea bottom . friction and

configuration, then its shape will be transformed.  Major factors of

these

wave transformation are:
Wave refraction
Wave diffraction and

Shoaling effect

Among these, offshore wave affected by refraction and diffraction is
called "Equivalent Offshore Wave". (Ho')

1
1
]
1
1
i
Wave Length _ /—
?
I
1
!

L.o=1.56xT" - _ ~-35m
. =244m _ E .
—— L ) ~30m

TN univ

g0
A ¢ / :
1 - :

Offshore Wave L _50m
Ho=8.1m : . / 5
Have Period -
To=12.5sec ! ! ~40m

|

1

oL S

————

S8

aw

" Ho'=6.5m_.— "

- Coastal Line
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'Figure above demonstrates mean of thic offshorc wave Ho and offshore
equivalent wave Ho'. Point A is deep enough that offshore wave will not
be affected. If water is deeper than a quarter of wave length,

transformation by scabottom is negligibly small.

* Offshore  wave goes through Point. A then wave 1.ransformation may
commence graduaily by turning slightly ‘to right. Finally - wave may
arrive at Point B where wave may slart to ble'lk (Note, Wave breaks at
waler depth of 1.5times of wave height).
At Point A wave. direction is not normal to the .contour line, however

~wave direction at Point B is almost normal to the contour line.

It is betier to remember the purpose of Offshore Equivalent Wave in the

marine engineering. Reasons - are as follows.

a.” Wave hclght at Point B is not always samec with Pomt A,
Most of study data are based on the standardization that wave used
is Offshore Equwalent Wave.

c. Thus, only’ Offshore Equivalent: Wave can be used for such

established ‘diagram,

It is assumed that wave at Point B propagates from Point C. It is also

assumed thal line BC is siraight thus no wave transformation.

When wave approaches (,losmg to shoaling arca and the shorclme it

will arrive at the wave brcaking zone, and transforms its shape further.

Wave deformation in and after the breaking zone are shown in figures

below.

Wave ) _
run-up zone Wave breaking zone
i

Shoal without fagoon

TN e s s TR .
= AP 2 = MSL ..

Wave :
run-up zone Solitary wavc zonc Wave breakmg zone

Shoal with lagoon
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In the shoal without lagoon, breaking zone may move toward - the
éhorclinc, and wave.‘v}ill tun up .immc;diatcly. While. in the shoal with
lagoon like here, brcaking zone locates at the reef edge of
offshoreward.  Thus, broken wave should go through the shoal lagoon
then .run up the beach. In this zone solitary wave may propagate and

rush forwards.

k) Wave run-up
Wave tun-up can be scen when -wave arrives at beach front.  Water

body rush up on beach slope. Part of Kinetic wave energy may consume
and remaining one may refiect and return to lagoon. Wave run-up

height is measured against water level at beach front.

Equivalent offshore

Wave over-topping Wave run-up height wave. Ho'
AR _
GONTANY R o . Water level
e F— - T ( T e -
s —— : — T

Equivalent offshore wave should be used for-CaEéulatioll of wave run-up

height.

1} Wave Over-topping
When run-up height is higher than the existing beach top or seawall,
wave will over-top into inland. Wave over-topping height is shown as
AR in above figure. Damage by cyclone wave is 'm'éin'ly' "caused by this
over-topping. It is assumed that -’scéle of damége is propostional 10 over-
topping disch_arge per  unit time which can be calculated in relation (o

wave over-topping height AR
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Chapter 5 Damage by Waves and Surges

Cyclone damage can be divided into two categories; the loss of ground and the
destruction. of onland properiy. The former happens when the accumulated
coas{al arcas arc washed up by large waves with unexpected surges. Whilc the:
latter oceurs when any coastal area facility is exposed to large waves accompdmcd
by strong wmds _
This chapter deals mainly with the possible disasters occurring at coastal areas
duc to waves and surges caused by cyclones. |

According to the 'pf_:rcéption study conducted by the tcam, about 80 percent of
property damégc was caused by the heavy wind. It should be noted that the
coastal protection  work aims mainly at the mitigation of coast erosion and
property damage by waves and surges.

This chapter also deals wnth the types of damage, thc past record of damdgc and
the major mechanism of such disasters.  Especially, the 'physical characteristics of
wave set-up, wave run-up and erosion here will be studied in general. The
objcctwe of coastal protection and the influence of the devclopmcm of measures

i0 counter dxsasters will also be d1scussed

Cycl'o'ne.Sa‘lly in 1987 is selecied as .design cyclone for this study. The pcrbcption
study indicates that Sally was the worst one ever attacking the island and damaged
in the largest scale along all the island coast. There are many data and records of

Sally, thus it is preferable for analysis.
5.1 Types of Damage
" 5.1.1 Source of Damage Records

The following available damage records about Cyclone Sally were prepared

by two govermnment agencics, MOW and Conservation Department.
a) Material Loss by Cyclone Sally

This record was compiled by MOW immed'iatcly after the cyclone in 1987
with the cooperation of other governmental organizations. This study
focused mainly on the material loss of properly damage, bolh by private

and public facilities.



Data sh()wn:

- Name of organization

- Facilitics
- Grade of damagc dctcrmmcd by thc malcrlal ‘cost csnmahon for

restoration  work
Note:  Since the restoration cost was not classified by the cause. of
damage (waves or wind) the tcam requesied MOW to divide the data into

two causes. MOW, in Nov. 1991, made the classification accordingly.
b) Major Damage along the Coastai Arcas

This record was prepared by the Conservation Pepartment in June 1989
with the assistaﬁce from the Survey Department. = All field  ‘obscrvation
records were plofted on a map. This record mainly coveres the damage

to the coastal area including beach erosion. Refer to Fig. 5-1-a.

Together with these existing datia, the 'sludy team has Conducted_ a
perception study of vrllagers opinions concemmg coastal damage in the

past. Section 4.4 provides information about the study.

According to these data,' the type of dainage by cyclone waves and 'Sur'ge's

can' be classified as follows:

a) Direct Damage

Damage which can be counted in a quanmwc manner, mcludmg
- On-land property damage
- Coastal ercsion and beach erosion

Analysis of these type of damages will be conductcd in this Chapter

b) Indirect Damage
Disasters wﬁich can not be counted in ‘a quantitive manner
including: '
- Adverse effect on environment
- Adverse effect on nauonal economy
- Damage not covered by insurance
- Others

Note: Adverse _efféct on the national economy will be'discussed_.in the
feasibility study for the Short-term Development Plan” of Volume:-
II of the report.



Fig. 5—1-a Sally Damage Records by Conservation }Delpartment_
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_5.1.2 Cyclones

The property 'damagc records for Cyclone Sally Jan. 1987 werc prepared by
these t.wro Qrg_anii:étions. However, the cyclones that affected the island
were not 'oniy ]irﬂi'ted' to Sally. :

'i‘hc_ perception study shows the grade of damage caused by each cyclone.
rAc_co‘rdi_ng to this data, the worst cyclone in respect to coastal damage was
Cyclone SaHy which was much more serve when compared to the others.

Table 5-1 shows the villagers feeling about disaster grade of each cyclone.

Table 5-1 'Cyclones and Damage Grade

Unit : share of support by inierviewees
Worst One by Worst Three by

No. Cyclone Year

Waves (%) Wave and Wind (%) Remarks
1. Peni 1990 4.9 31.5 Second  worst
2. Sini - . 1990 0 06 o
3. Wini 1987 0 2.2
4. Sally 1987 885 49.7 Worst
5. Ima 1976 1.6 1.1
6. Charlie 1976 0 3.3
7. Dolly 1965 A9 10.5 Third worst
8. Ofa - 0 1.1
' 100.0% 100.0%

Source : Perception Study made by a joint team between MOMEP and the
team,

From the  standpoint of damage by wavesfsurges and winds, the worst
cyclone was Sally in 1987. The second was Peni in 1990 dominated by winds,
and the third was Dolly in 1965.

Wave intensity of the top two cyclones was estimated by the study team as

follows.

Cycione Wave height* {m) Wave period (seé.) Direqtion

Sally 8.1 12.5 N6°W
Sally 7.1 13.1 N21°W

Peni 3.4 7.3 S

Source: Study team



Note: Wave characteristics in this Table are in respect to offshore
_significant waves. The actual wave characteristics in shoal water

will be affected by secabed configuration.

Thc study on property damage in this report is only in’ respect 1o those
caused by Cyclone Sally, Fig. 5-1-b ‘shows the return period of cyclone
waves at Rarotonga lIsland. An offshore wave inte'nsity: of 8.1 meter like
Sally is a wave having a 30 year rcturn peried, ie., it may occur every 50

years.
Direct Damage on On-land Facilities

The scope of d.amagc survey conducted by MOW covers a wide range of
facilities, since most of the island's development, inclﬁdir_lg the provision of
public utility mains, is conductﬁd= along the beach road. Direct on-land
facility damage can be divided into two categories: ('lamage to the public
sector and damage to the private sector. Based on the MOW's damage

records, a breakdown of the items is as follows:

a) Public Secton:
- Government buildings
- Church buildings
. Clinics, community halls
- Water . supply- system
-  Power supply system
- Roads and drains
-  Bridges and culverts
- Stream embankment
-  TForeshore erosion protection
- Others.

b) Private Sector:
- Residential houses
- Hotels and motels
- Shops and stores
- Others '



Fig, 5-1-b Expected Return Period of Cyclone Offshore Wave  at Rarotonga Island
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5.1.4 Dircct Damage along the Shoreline

Waves and littoral currents during the cyclone frequently wash out the
deposits along the shorclines. This action makes. the beach _aréa narrower,
Direct beach damage can be divided into two categories: damage to fine
particles such as sand, and damage to coarse particle such as the coral

segment and . gravel.  In this report follbWi_ngf definitions are wsed.

a) Damage to fine particles: Beach Erosion

b) Damage to coarse particle: Coastal Erosion

The former may be caused even by small-scalc cyc'lones due to the high
sensitivity of fine particles o coastal current forces. Whilé ‘the latter may
be caused by large-scale cyciones. In some cases .ihe coarse barticlcs like a
coral fragmenl.may be-dﬁmpcd on top of beach banks and form permanent
land. It is assumed that beach banks have been créated by this type of

phenomenon  for long p:eriod.-

Another type of dircct shoreline damage is the washing'out of waterfront

lines made by anificial land reclamation.
¢) Damage on the reclaimed land

This type of damage happens frequently if the seawall foundations for

reclamation are not suitable.



5.2

5.2.1

_Past"Direct Damage caused by Cyclones

Thi_s' scction deals with the dircel d.a'magc caused by Cyclone Sally. Most of
the figures are taken ‘from the report titled "Hurricane Damage
Reconstruction Programme for Rarotanga” issued by MOW, 27 January 1987,

General Descriptions -

The report covers a wide range of damage in both the private and public
scctors, Required material cost for restoration is estimated in detail.

Summary of material cost is shown in Table 5-2.

Table 5-2 ~ Material Cost of Damage Caused by Sally
: ~ unit 10% Dollars in 1987

Work [Items By Wave In Total
a) Public Sector: '
- Government buildings o 2302 1,033.0
- Church ~buildings | - 3.2 58.7
- Clinic, community halls : 5.1 - 935
- Water supply system 90.1 409.7
- Power supply system N - -
- Roads and drains 440.3 1,407.0
- Bridges "and culverts including stream
embankment and  foreshore grosion 875.0 1,750.0
- Coastal loss * | 1,841.4 1,841.4
- Otheg;g%%x (c)tfz ibovc totai)* 697.1 1.318.7
Subtotal _ 4,182.4 7,912.0

b) Private Sector:

- Residential houses o 189.2 1,719.7

- Hotels and motels . 3.6 65.5

- Shops and stores ' 7.6 68.8
- Others (20% of above total)*

2004 % 0.2 = 40_.1 370.8

| Subtotal 240.5 2,224.8

Total material costs 4,422.9 10,136.8




Notes,

1. Cost for olhcr islands in ongmal report is cxcludcd
2. "By wave" means the cstimated costs of damage due t0 waves and
surges, All the - costs shown in the MOW report are not yet

categorized,
The study team clanf:cd ‘the damage using MOW information.

3. "In total" means the cost for all types of cyclone damage.
4. "Coastal loss" and "Othcrs" arc cstimated by the study team.

Damage cost "by coastal erosion of national land was estimated by the study
tcam as follows.
Where, C: Estiméled cost of eroded land

L: Total shoreline lcngth 31,000 m
E: . Average land loss by Sally for 31, GOOm ';horelme, 1.8 meter

P: Average unit land cost per sg. meter

Unit land cost was surveyed by the Land Commission in Feb. 1992, It is
assumed that present average cost is about 40 Dollars per sq. meter. Unit
land cost in 1987 was obtained reducing by 28 % of present cost. '

P = 33 Dollars/m?

Thus, C=31,000x 1.8 x 33
= 1,841,400 Dollars

Restoration cost will be made up nol only of material, but also of labour,

machinery and fuel. Considering the characteristics of the work, the cost

component was estimated as follows:

Cost ilem - _ Shear
Material 25%
Labour 25%
Machinery - 20%
Fuel 10%
Overhead - and management ' 20%
Total . 100%

Thus, actual construction cost should be four times that of the material

costs. An inflation cost of five percent over five years is also added. Table



5-3 shows the estimated total restoration cost by Sally's wave action in 1992

priccs.

" Table 5-3 Total Restoration Cost in Damage by Wave: Sally

unit 10?7 Dollars in 1992 price

‘Work ltems : By Wave

a) Public Sector:
. G_ovcrhment buildings ' 1,151.'0
- Church buildings | 16.0
- - Cl_i:lié, community halls 25.5
- Water supply .systém 450.5
- Power supply system -
- Roads and drains 2,201.5
- ‘Bridges and culverts including stream
embankment and foreshore erosion 4,375.0
- Coastal loss* 2,356.9

- Others (20% of above tolal)

10,576.4 x 0.2 = 2,115.3
Subtotal 12,691.7
b) Private Sector ,
- "Residential houses 046.0
- Hotels and m_otcts 18.0
- Shops -and siores , ' 38.0
- Others (20% of above total)
1,002.0 x 02 = 2004
Subtoial 1,202 .4
Total damage costs o 13,8941

Note, 1. Rate of increase for coastal loss s 28 %
(5 years by S% growth)

2. Other items than coastal loss are increased considering 35
year by 5 9% increase and other necessary cost than
material. : '

3. Damage to hotels, motels, and shops scems low.

5.2,2 Evaluation of Estimated Damage

Total estimated damage was 13.9 million Dollars. The public _sector's share

is 91 percent. It is assumed that the actual damage to the private sector

5-10



5.23

524

larger than the estimated value. Accordihg to the perception study of
villagers, the avérag‘c wave damage per houschold was 9,3_0.0 dollars.  Thus,
the cstimated number of households damaged by waves is about one
hundred. The total number of houscholds damaged by waves and wind is
136 according to .the report, although 50 of.which “are located’ at Arorangi,

close to MOW. The concentration of 29 houscholds are at Avatiu, Ruatonga

and Avarua.

Property loss was 11.1 million ' Dollars which i$ about 80-perc¢m of the

total damage caused by waves. The remaining 20 percent '(2;8 million

‘Dollars) was the loss of national land by coastal erogion.

Total Damage in Next 30 years

As discussed in Chapter 16, an average life of coastal - protection work is .
assumed as 30 years. During this period only one Sally Class cyclone may
attack the island, however other smaller cyclone than Sally will also arrive

at.

As discussed in scction 12.2.7, it is meaningful to estimate total cyclone
wave disasters by various size of cyclone for 30 years. Same section shows
that it is 9.3 Sally class ones if all cyclones damage for 30 years are
integrated and converted into Sally class one. This estimation is made for

the Short-term Coasial Protection - arca.

It can be said that it is not economical to provide coastal area with pe{’fect
works, since necessary c'os.l for them will exceed éxtensively the benefits,
decreased damage. Thus, it is éstimalcd that damage by 6.2 Sally equivalent
will bé'decrcascd._ Whiie the Master Plan should cover an entire coast
31 kin of Rarotonga Island. There is lower priority arecas than those of

Short-term Protection Plan.

For the time being, it is recommendcd_ that ‘Master Plan should aim at

reducing damage by two Sally equivalent in next 30 years.
Indirect Damages

There may be other damage which can not be counted in monetary figures,

namely indirect damage,
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a) Damage to bcach roads may disrupt vehicular traffic and have an

~ adverse impact on the island economy.

b) Damage to. the existing airpori rﬁay disrupt intcrnational transport
_aild fourism industries.

¢) Damage 1o the port facilitics may distupt not only the importing of
daily consumption but .also the domestic maritime transport. '

d) The ddwning of powcr supply mains embedded along the beach road
~may affcci industrial activitics. _ |

e) Shortage of water supply as a result of damage to the distribution
‘main cmbcddc_d' in the bcach road may have an effect on the daily
lives of villagers. _

f) Cl.osing' of stream mouth may causc inland floloding.

g) Erosion of the beach shoulder may affect tree life, and have an
adverSc_cf[’éct on the natural environment.

'h)Large—sca_le damage in the Avarua arca may affect the tourist
industry.

i) Large-sca_lé property damagc may cause insurance rafes to rise.

i) InVCStor may be rcluctant to develop facilities for their business
along the bea_chli'ne. where large-scale damage was experienced.

Thus, an expected employment opportunity may be lost.

A detailed study on the indirect damage will bc conducted during the

upcoming feasibility study as shown in Chapter 16 Vol. II' of the report.
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5.3

5.3.1

Cyclone Sally

This scction deals with the intensity of Cyclone ‘Sally ‘which attacked the
island in 1987. Wave hindcasting by Sally at the island is attached in
Appendix C-5. ) ' ' '

Outline of Cyclone Sally

Cyclone Saily went down to the South passing ihe Suwarrow Island located

in 13° South Latitude on _fhc December 27, 1986, When it arrived at the

Palmerstone in 18° South Latitude, iis ,propagating' speed slow down
pivoting there from Dec. 28 to Dec. 31. Then it turncd its head for the
South-East diré(_:tidn waiting the new ycar, and arrived finally at the

Rarotonga Island in the carly morning of January an, 1987.
Average propagating speed was 21 km per hour..

According to the observed air pressure section by MET, Sally was fully
developed January 1st, the day before arriving at Rarotonga. It was

assumed that Sally faded slighliy when it arrived at Rarotonga.

It is estimated by calculation that the center air pressure in January 1st
was 955 mb. When it arrived at Rarotonga, cenler air pressure was

968 mb. Radius of 1,000 mb contour was about 900 km.

Note: "mb" is unit to measure the air pressure.  Normal air pressure in
20°C is 1,013 mb. . Thus, if pressure is larger than this, it is called
high air presSure and normally good climatic condition. On the
contrary, lower pressurc than 1,013 mb called as low pressure
during which climatic condition is foggy and rainy. '

If the balance between h¢ normal pressure and low pressure is

large, heavier wind may blow.

The maximum average wind vclo:cit_y ‘was 29 m/sec continuously blowing
in the most aggressive zone, about 80 km form the 'cycionc center.  The
instantancous maxim_hm wind velocity was 44 m/fsec observed at 2:15 hours
of January 2nd. The lowesl average velocity was about 7.5 m/sec during

three hours when the cyclone ccnter was passing the island.
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5.3.2

Note: The average wind vclocity is wind velocily averaging all wind
observed for tem minutes. ' ' -
This averaging is carricd out normally cach hour. Thc' maximum
averagc wmd velocity is the maximum one of averaged winds. The
inslantancous wmd velocity means ongmal wind mlcns:ty before
avcmgmg This ‘velocity shows wind mtcnsuy al instance, say for
five scconds. The instantancous maximum wind velomty is the

largest one of instantaneous wind.

The main wind direction unmcdntcly bcfore the center was amvmg at the

island and immediately aftcr “were E?E and WSW respectwcly

‘Following figures _hnay_ show the propagating route of Sally and air

pressure observed by ‘the MET in Rarotonga:

Proposed Design Offshore Waves

~ For the planning'of coastal. protection \vorks‘-dcsign offshore waves should

‘be selected. 1t is pr()posed to adopt Sally's offshore waves as the demgn

offshore wiaves by followmg ‘reasons.

(i) This study was origainally started for the urgent need of coastal

protection master plan affer the large scale damage by cyclone Saly.

(ii) Accoring to lhc:p'erception__-study on villager's feeling on cyclone
disasters, Sally was selected unanimously as the worst one at every

coast of 31 km long.

(iii) Cyclone Sally  recorded various data by which required -analysis

can be made,

(iv) The expected return period of Sally is about 30 years.. This length of

period is similar 1o the average life of coastal protection works.

Although Tluture 'cyc:lonc'larger'. than Sally may 'happcn_, however it is
recommended to adopt Sally for estimation of d'céign offshore waves since
Sally was the worst one ever cx_béfi_enced by Rarotonga villagers in respect -

to disaster by wave aclions.
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5.3.3

Possible offshore waves gencrated by Sally that come from five dircctions
and waves caused by Cyclone Peni coming from one direction have been
hindcast by the study - tcam.

Design offshore waves arc shown in Table 5-4.

~ Table -5-4  ~ Proposed Design Offshore Wave

Direction Cyclone Ho (131) To:(scc)
: Wave  height Period
N6°W Sally 8.1 12.5
N21°W - Sally 7.1 13.1
WSW Sally 4.9 7.9
SSW Sally 43 7.5
S Peni 34 ' 7.3

ENE Sally o 5.2 : 8.7

Source : Study Team

Equivalent Offshore Wavc ; Ho'

Waves generating in decp water are de_fined as the offshore waves which

are. not yet influenced yel by &eaboltom f{riction.  When these waves
approach the shoal water, thieir height may be affected. Waves in shoal
tend 1o refract towards the shallowest side.  When they. reach the wave-
breaking zone, their height may gradually be reduced and rush to beach
by their remaining momentun. This rcfracied offshore wave before
breaking is an equivalent offshorc wave. This wave may be large and
small depend on refraction.

Equivalent offshore wave can be calculated as follows:

Ho' = Kr+Ho

where, Ho' : Equivalent offshore wave height m
Kr : Refraction coefficient
Ho : Offshore wave height m

Total Rarolonga coastal area in 31 km is divided into 13 sections
considering the existing coast configuration. ~ Refraction coefficient for

each section was calculated as follows:

(i)  It is assu.mcd that refraction will start at water depth of -100m in
500 m offshore.

(ii) Wave may pen'elrale into lagoon by right.anglc at the reef edge.
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(iii) Refraction Coefficient Kr

Kr=Vb/bo

where b : unit width at the offshore

bo : width at the reef edge

kest llina
Sesalde Ling

Fig. 5-1 shows the refraction _coelficients (Kr) and equivalent offshore

waves (Ho') by 13 coastal zones.

Fig. 5-2  shows ecquivalent offshore waves (Ho') by viliage.

5.34 Wave Set-up

Cyclone generates: not only heavy wave bul also water level rising by

"wave set-up". This wave sct-up happens when:

(i} In the deep bay
(ii) In the long shoal

Being  a ‘¢ircular coast shapc covered by lagoon except the passages, the
Rafotonga Island meets with the latter. It is well known herc that during a
cyclone water level in the passage rises but water level in the- lagoon rises -
much higher.  According to the simulation results by computer, wave-sel-

up at the Avarua coast during Sally was as follows.

Passages(on’ the reef lin.e) 0.9 ~1.0m

Lagoon {reef line) 1.3 ~1.4m
Balance Average 0.4 m

'Thi's. will be discussed in detail in subsection 5.3.7. Wave-setup may
acbcl_crate not only wave over-topping but also inland flood by back water

in the stream.



5.3.5 Lagoon Width and Beach Top Height

Is a cyclone an cvil? Cyclone mig:h_l affect here, since this island apbcaréd.

Cyclonc like Sally occasion'a!ly'dam;xgcs the . artific{al facilitics along the .

coast, thrbugh they were mainly buili since 18th centurics. .  Since the
| beginning and even now, the cyclonc'dumpéd coral sand and Tragment on

beach bank and made the coastline go scaward.
There are generally two different types of coastal bank growth,
(i) Material supplied from inland_' sources

Raining  water transports soil, sand and rock into the stream. They
may deposit along the stream and stream mouth. . Some of them may
drift into the sea. Part of these maferial will deposit along the beach
and stay there.  If the material supply continue, the coasial bank may

grow and beachline may go seaward.
(ii) Material supplied from seaside sources

No material 'sup'pl_y from the stream, but coastal bank may be supplied

sand and gravel from the scaside sources.

Coastal bank in the Rarotonga Island has mainly been gcneralecf by the
latter.  There are many evidences s_hoWing this. Under-ground soil
composiiidn ‘along the coast .can be seen at thc cxposed  surface. by
excavation. The soil consists of coral sand andfor coral fragment. This
shows that villagers here are “living on the deposited coraline earth. If no
cyclone, no dumping of coraline materials by cyclone wave run-up and no

flat coastal bank.

Thus, the cyclone is the creator of land. Rarotonga villagers seem 1o know

this well.

The map prepared by the Survey Department shows that the lagoon width
at the southern coast where wave intensity is light generally has a wide
space. However, lagoon tho_sc'at_‘the northeast a'l.ld'.ﬁ(;;r[h coasis faced 1o
heavy wave are narrow. ~This patiern may suggesi that larger wave energy

makes the growth of lagoon moderate.



o)

Narrow Lagoon by Large Wave

Coast A . .
y p . -—
—p T ——
: —
low growth —
" Coast _ A Wider Lagoon by Light Wave
Wr\,:e\eiw\wm
LN <
Light Run-up B _ c
—
high growth

‘Fig. 5-3 shows the width of lagoon cvery 200 meters. The figures were
obtained from the said map and from the sur{rey conducted by' the study
team. The same figure also shows changes of beach top elevation by village
and is based on the survey performed by the study team. Datum for both is
the Mean Sea Level (MSL), |

It seems the wider lagoon, the lower the beach top.

"Béach Top Elevation

Lagoon Reef

Fig. 5-4 Shows the relationship between these ‘two data,

It is clear ih:at c;ac:h coast has its own characteristics. The south coast does
shows no correlation between the lagoon and the beach height. This may
.indi,cat'e_ that thc beach 'top level is not related to the wave run-up.
.Coffelation at the north coast is good; thus, beach generation may be

reiated to wave run-up.
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Fig. 5-4 Relationship between Lagoon Width and Beach Top Héight
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'5.3.6 Wave 'Hcighi_ Limits by Coast Profile

As discussed in the previous subscction, the beach top elevation at the -
Nort'hc_rn coast is likely related to the lagoon widih,

Summary of previous subsection is as follows,

(i) Coastal banks in the northern coast and northeast coast are consist of

coraline sand and fragmeﬁt dumped by the cyclones

(ii) The narrow lagoon, the hi'.gher beach top. For the same wave height,
high run-up height of sand and rock will happen in narrow lagoon

than wide one.

In ordel_" 10 analyze- this, the hcight of a water body which may run hp

towards the top of beach is estimated using the Saville's formula.

Wave run-up calculation in 172 coastal sections werc carried out by the
“Saville's method.  All the study results are shown in Appendix’ C-1. It is
assumed that waves approach normal to the reef edge. It is also assumed

that width of lagoon is as shown in the said appendix.

Note : This formula was developed to cstimate the elevation of the highest
water bodies running up the beach slope under the specified conditions
including wave intensity and codst section.  Detailed discussion will be

made in subsection 12.2.4.

Study - 1 Calculation of the critical wave running-up to the existing

_beach top.

Fig 5-5 shows the wave height limits by the existing beach profiles. In
other words the figure shows the wave inlensity to meel the existing beach

top elevation.

Wave height limits at the northern coast are about five meters and are
moderétc. This ‘means that the maximum wave height giving no over-
topping is aboul five meters, if no protection work is provided. The
southem’f coast .shows higher allowable wave limits than the northern.
This means that the southern coastling is safer than the northern one, if

same wave is provided here.
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Study - 2 Calculation of wave run-up by the design wave

Using the same formula, wave run-up clevations by the design waves at the
172 coast sections were calculated.  Fig. 5-6 shows the results of this study.
Bascd on the study results, 31 km coast were divided into two zones, namely
the "Safety Zonc" and the "Dangerous Zone". The former arcas have wave
over-topping by 2 meter or less, however the latter areas have larger over-

topping than 2 meter.

Note: When wave run-up height is higher than the existing beach top,

wave will over-top into inland area. Refer to subsection 4.1.5 item I).

This data conforms to thc records of damage prepared by the Conservation

Department. Four most dangerous coastal areas are:

a) Village Vaikai, near the Heaith Depariment

b) Avarua coast

c} Villages Atupa and Kaikaveka,
This zone is between Avatiu and the eastern end of the existing airport.
(Note: The first 200m of the airport area is also indicated as a dangerous
Z0ne.)

d) West end of the Airport

Where the beach road clevation is as low as MSL +2.5 meter.

This data will be utilized in Chapter 7 for the Master Plan of Coastal

Protection.
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5.3.7 Modelling Cyclone Sally al Avarua Coast

There were ne accurate imanli{ativc measuring data on wave, current and
wave set-up on the lagoon under the attack of Sally. It is techuically
difficult to carry out thesc works under the most severe climatic condition,
and very risky job. This is confirmed by the study tcam whey they watch
cyclfdnc Gene, cven it is minor one. Many villagers wanted 1o know what
happen in the sea. Some person imagines the situation based on his
w'a=l.é.hing. However, walching can not profvide him with accurate figures.
‘And walching is only for situation on the lagoon and does not provide him

any data about happenings out of reef.

A computer simula.lion study about Sally was conducted by the study team.
The study area was the 1,500 meter width from the middle of the Avatiu
ﬁarbour and ';th'c castern cnd of Village .Ngatipa. This area includes the
Avarua coast which was severcly damaged by Sally. | The purpose :of study
was to simulate the reappearance of so complicate happens at the most
dangCroﬁs instance when Sally came.
I_np_u_L"'for simulation:
a) Wave
8.1 meter of 12.5 sec period as the maximum significant offshore
wave by Sally is given at déep sca of 120 m depth. This wave was

_hindcast' by the study team.
Direction' is NO6°W
(six degrees measuring the north to west direction)
b) Water depth
c). Seabottom | configuration
d) Water level
Wat_cr level is fixed MSL +0.7m including tide and low air pressure

suction.  Wave sct-up. should be added on this.

Note; River discharges through both the - Avatiu Stream and Takvaine

Stream and tidal current arc neglected.
Quiput _of simulation:
a) Wave Direction and Height
b) Liftoral Current, velocity and direction

¢) Wave Set-up above MSL + 0.7 mcter
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ompuier

To meet the large amount -of repeated calculation, “following computer
owned by the Pacific Consultant International (PCI), leading consultant of
study team, was used. '

a) Name of machine __ Fuji-tsu. VP—30E

b) Capacity (1) Super Computer

¢) Capacity (2) SMB_Memory,
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Cutline of simulaied result are demonstraled as follows.

Wave Direction

As seen in Fig. 5-7, a wave gradually changes its direction until it reaches
the * beach froni. In shoal ‘water, wave rcfracts considerably duc to

seabottom configuration. 1t arrives almost perpendicular to the beachline.

T

———

Tl

Fig. 5-7 ‘Wave & Current Simulation (Casc:Sally as of Jan. 1987)
Water Depth vs. Wave Direction
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Wave Height

As scen in Fig. $-8 an offshorc wave staris breaking at - about the MSL
.15 meter contour linc and cnds il at about 50 meter after, the teef.  Wave
height decreases gradually and becomcs aboui two or threce meters at the
reef edge. Wave height is one mctcr at 50m from the veef edge and after
.it. Large waves can penciraic into. thc passagc because the water is deeper
than the lagoon. The seven meter wave contour line here goes
offshoreward due to the return current which may reduce the wave

energy approaching herc.

$00a : : xlmm-

] ——
- mw/_\./a }/,

(Kave at Sally) L s

A-A

Fig. 5-8 Wave & Current Simulation {Case: Sally as of Jan. 1.987)
' Wave Height
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- Fig. 5-8A shows rclationship between the water depth and wave height at
both locations, the center of Avarua coast as section A-A and the Avarua

passage as scction P-P.  These -indicate followings:

(i) From the (jecp sea 1o the MSL-15m contour li.nc, the given 0‘fl‘shdrc

wévc"height as Ho=8.1m is maintained conslantly.
(ii) ‘After the MSL -15m contour line, wave height decrcases suddenly.

(iii) Wave height on the reefline of MSL -0.2m is about 2.5 m. While

wave height in the passage on the extended linc of reef edge in MSL
-90m is about 3.5 m.

Notc: "MSL -0.2m" and "MSL -9.0 m" mean the depth un.d'cr the datum,
MSL.  Actual water depths here are as follows:

' Compoﬁcnts On the rcéf!inc Passage on reefline
Dcplh under the datum 0.2 m | " 9.0m
Tide . and low pressure’ suclion 0.7 m 0.7 m
Wave set-up in Fig, 5-11 1.3 m 1.1 m
' _Total depth 2.2 m 1.8 m

(iv) The most shctcwérd_ wave height is 1m namely at landward end of

both lagoon and passage.

Note: Actual water. depths here are as follows.

Components On the reefline Passage on  reefline
Depth under the datum ' 0.2 m 1.5 m
Tide and low preséurc suction 0.7 m 0.7 m
Wave set-up in Fig. 5-11 1.6m 1.4 m
Total -depth 2.5m 3.6 m

As seen in Fig. 5-8A, propagating wave height is restricied by the actual
water. depth. Another finding by simulation study is that decreasing of
'wﬁvc height starts at 300 m offshore than reef. It is hot correct to believe
that reduction of Sally- wave staris on the reefline. Wave height in the
lagoon at the 50m area from the reef edge is only 1 métcr, then few
change can be 'obéerved. Here also it is known that wave height is

restricted by the actual water depth, 2.2m- (o 2.5m., Same happenings are
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obscrved in . the passage, however further reduction is made by the return

current discharged from the lagoon.

HSLE

Water Depthi

Hand ] . .

: ave ‘EB BB ' ,
Height |- ‘Passpge ... EB n B . Legemd K e
(m) .| - : BB, Beginming of break
€T S S l EB.End of break :
b . R . R ,Reef point

S " Passege ‘ - S ‘
_._A_{,G_.._ . = e e R
. _ Section P-P »/, _
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[ S L _ I
Section A-A . Distance (m)
500 . 600 . 700 8do R
o N N “Avarua Central Coast B
. . / _ Section A-A
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I . Averua Passage ~
. Section P-P
....... _29..-.__ - S— —_— Jp— — [ — _
..3{} ------------ .
_40 LA
S5, T S i ; ‘ : e .
Fig. 5-8A Wave Changes both in Lagoon and Passage
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[COastal Current

Fig. 59 shows the current vector which indicates the  current velocity and
dircction. - The length of the arrows indicate the velocity, thus the longer
the arrow the higher thg speed.  The velocity is shown at the botlom of
figure. = Current velocity is almost zero before the wave-breaking zone, but
appears immcd'ialcly' after teaching it.  Current velocity at 100 m offshore
from the reef shows the peak valuc then current changes its diré(_;tion to
the passage. All the currcnis finally to go the 1ﬁassagc where the highest

current velocity can be observed. Fig. 5-10 shows current circulation

- patterns.” There are two circulation cores besides the center of the return

current.  The eastern one appears o circulate clockwise; the opposite one

turns anti-clockwise.

Fig. 5-9 Wave & Current Simulation (Case : Sally as of Jan. 1987)
' Water Depth vs. Current Vector
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Fig. 5-10  Wave & Current Simulation (Case : Sally as of Jan. 1987)

Current’ Circulation

SR P AP g Gl bbbl
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_1/1, I S v o< < &bl
< < ¥Twur A<
¢ <% //
’L

i
& ) shows current circulation

Centers of these two circulations are located at the water depth both MSL
-8m and MSL -16 m. These locations are the wave breaking zone.  The
return current goes offshore until MSL -50'm.  Another particular - is

current direction on the lagoon is parallel to the coast.
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Wave  Set-up

The most interesting one in the simulation is the wave set-up. Fig. 5-11
shows this. The water level offshore that is not affected by this phenomena
is MSL +0.7m above MSL(Mecan Sca Level). This means:

High water plus low pressure suction plus allowance
= 0.36 + 0.24 + (.10
= 07m

Thus, it is a_ssumed that Sally arrived offshore and hit the island during the
high tide.

As shown in"Fi.g. 5-11, the water level dereases slightly at the middle of the’
Wa\.fe'—b'fcakin'g Zones. After this, radical wave set-up starts suddenly
around the MSL -10 meter line, which is almost the same magnitude as the
"design' c.)ffshor'c' wave height.  This arca is the skirts to the top of the heaved
water, r'I“he water level rises 'slteadiljr- until it reaches the rcef edge where
the wave sét.'-'up is about 1.3 meter. '.The travelling distance to this point is
about 200 meters. Thus, average gradient is 0.65 percent. The water rise
continues for wuntil the first 100 meter after reaching the reef edges.
However, set-up. is onlly. about 0.2 to 0.4 meter. After this, th’c_ water rise is
very litﬁe until it reaches at the beach froni. _ _
Tuning to the passage, wave set-up here is less than at the lagoon. The
water level at mid-passage is 0.3 to 0.6 meter lower than those in the

parallel lagoon. At the landward end, wave set-up is about 1.4 meter.
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Fig, 5-11  Wave & Current Simuiatién (Case : Sally as of Jan. 1987)
Wave Set-up above MSL 0.7m
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Fig. 5-11A indicates the sequence of wave sor- -up both in L'lgeon and the

passage, If this flgurc is supcrimposed  on Fig. 5-8A, more clear
_ ré_lationship can bc seen. '

(i) Starting point of wave reduction and siarting point of wave rmi-up is
same - at the contour line of MSL +10 m.

(i1} Similarly, the cnding point of wave reduction is same with the peak
peint of wave run-up,

This indicatés that the wave breaking relates decply with the wave set-up.
Somcone believes that the wave set-up starts at reef.  However, simulation
resuits sixowe wave set-up bcgms at 250 m offshore the rcef of MSL -10 m.

(Note: Figures in section 7.6.3 will demonstrate  another computer
simulation study in order 1o assume possible happenings after the
coastal protectmﬂ work is completed.)

Fig._ 5-11A Wave Set-up both in Lagoon and Passagen
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5.3.8 Estimation by 'Convcmiohall Mcthod.

In order to verify the correctness of computer simulation, comparison
study was conducted on both the wave height and the wave set-up on the

lagoon. The Northern coast was selected for this. cvaluation.

The conventional method can be applied only to a simple coast which. has

_the parallel coast which has same cross section.

1) Coast to be” studied
Northern coast is divided ‘into three zones major characteristics of which

are shown 'in table below.

Zone Starl End Length  Ho' (m) Facilities
~ Kiikii West fo Avarua East 2,600 m 8.1 m Tamure Sesori
5025 © 6031 _ - Conservation Dep.

Health Dep. .
Government  Offices
Avarua Harbour

Central North |  Ayarpa East to-  Airport East 2,200 m 7.7 m  Avarua Harbour
6032 ' 7031 Shopping Center
Avatiz ‘Harbour
R.C. Cemetery
Tank yard

M Airport East to  Airport West 2,100 m 8.7 m Airport

7032 70312 : Cemetery
Parliament
MET
Airport

‘When deepwater waves reach the reef and lagoon arcas they break. Their
height His was calculated by the empirical cquation that was proposcd by
Dr. Takayama in his Study on Wave Profile Changes on Reefs (Port and
Harbour Technical Research Data No. 278).

Wave height and set-up can be calculated by following formula:

His/HS = Beexp (-AI_)Icé) + Ot‘b‘—‘ﬁ%fg L LT T T (1)
h -7 3 . His 2 -
Hé Co - SB ( Hé) """""""""""""""""" (2)
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where,

Hus : Wa\rc= height on the lagoon
" Hé - Equivalent decpwater wave height
h : Still water depth on the lagoon
X : Distance from the rcef edge
Tjeo o Average sct-up at X = oo (infinite)
] o Sect-up on the lagoon :
Ao, p : .Cocfficiems, A =005 o=03, and B = 0.56

B and Co are obtained by the following equations:

B__Hua-xr-() h + 7 e
= H6 % Hs

_omMx=0+h 2 3 Hwx=20 .

Common condition to the study areas:
Seabed slope off the reef edge,

Still water depth on the lagoon,

Lagoon bet MSL -0.3 m
Still water MSL +0.7m

Wave length (offshore)
Lo =1.56x12.5? = 244 m

Following two diagrams wili be used.
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3) Study at the Central Coast
(i) Wave Height on the Reef

Parameters of diagrams, h/Ho', hf/Le and Ho'/Lo
h/Ho' = 1.0/7.7 = 0.13
h/Lo = 1.0/244 = 0.004
Ho'/Lo = 7.7/244 = 0.032

From Fig. 5-11 B,
His (x = 0)/Ho' = 0.35

0) shows the wave height on the reef edge.

Where, _ Hin (x =
Thus, O Hip x=0) = 035x77
= 2.70m

(ii) Wave Set-up on the Reef edge

From Fig. 5-11C,
n(x = 0)/Ho' = 0.14

0) shows the wave set-up on the reef edge.

Where, n(x
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“Thus, nEx=0 = 014x 77
1.08 m

3

Actual water level at th'e"reci_" edge is,
MSL +0.7 + 1.08 = MSL+ 1,78 m

(iii) Wave Height and Wave Sét-up on the Lagobn
Figures on the lagoon (x = 50 m) willi be as follows:

From ecquation (4),

o =(0.14+ 0.13)2 +%x 0.56 x 0.352

=0.099
From equation (5),

nes + h - 0.099
‘Ho 1+ 24 0.56x032

8

= 0.312
From - equation (3),

B =0.35-0.3x0.312
=0.256 '

From eguation (1),

Hip/Ho' = 0.256 exp (-0.05 x 50/7.7) + 0.3 x 0.312
= 0.279 |

Hiss =0.279 x 7.7
=2.15m-

From equation (2),

| . W/Ho' =‘\[0.099 % x 0.56 x 0.279% - 0.13

= ().157
0.157 x 7.7
1.21m

=
i

i
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Thus, wave height His and wave sct-up (n) on the lagoon (x = 50 m)

arec as follows.

H1/3 =2.15m
n =1.2lm
= MSL + 1.21 + 0.70 = MSL + 1.91 m

Similar to the calculation above, figures in the lagoon, x = 100,

x = 150 and x =200 were obtained.

Distance from x (m)

the Reef Edge 50 100 . 150 200
Wave Height, Hiz (m) 2.15 1.75 1.46 1.26
Wave Set-up, n (m) 1.21 1,29 1.32 1.36

MSL + m 1.91 1.99 2.02 2.06

4) Summary of Study Results )
The North-East zone and the North-West zone were also studied in respect to
wave hcight and wave set-up. Table below shows summary of calculated

figures together with the Ceniral Coast zone.

Distance from the reel edge (x m)
Zone Date 0 50 100 150 200

@ Wave  Hus (m) 2.84 2.28 1.86 1.56 1.34

Set-up  n (m) 113 1.26  1.34  1.39  1.42
MSL + (m). +1.83  +1.96  +2.04 +2.09  +2.12

[ Central Bast| wave Huw (m) 2.70  2.15 1.75 1.46  1.26
Set-up m (m) 1.08 1.21 1.29 1.32 1.36

MSL + (mj +1.78 +1.91  +1,99 +2,02 +2.06

| North-West | Wave His(m) 2.61  2.15 1.80 1.54 1.35

Set-up  m {m) 1.31 1.41 1.47 1.51 1.53
MSL + (m) +2.01 +2.11  +2.17  +2.21  +2.23
Average Wave  Hus (m) 2.7 2,19 1.80 1.52 1.32

Set-up  m (m)  1.17 1.29 - 1.37  1.41  1.43
MSL + (m) +1.87 +1.99% '+2.07 +2.11 +2.13
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5) Evaluation of Conventional Onc and Computer Simulation
Data at the North-East zone and the Central North zone were compared in

respect to wave height and wave set-up.

Distance from the Reef Edge {x m)
0 50 100 150 200

Zone _ Figures

North-East |

A. Wave Height Hio (m), Convent. C.  2.84 2.28 1.86 1.56 1.34
B. Wave Heigh'l His (m), Computer C. 3.20 1.00 1,00 1.60 1.00

C. Ratic A/B 0.89 2.28 1.86 1.56 1.34
D. Set-up, n (m), Convent, C. 1.13  1.26 1.34 1.39 1.42
E. Set-up, m (m), Computer €. 1.40 1.65 1.85 1.85 1.85
F. Ratio, D/E 0.81 0.76 0.72 0.75 0.77

Central North |

G.  Wave Height Hwa-(m), Convent. C.  2.70. 2.15 1.75 1.46 1.26
H. Wave Height His (m), Computer C. 2.00 1.00 1.00 1.00 1.00

1. Ratio, G/H 1.3 2.15 1.75 1.46 1.26
J. Setup, m (m), Convent. C. 1.08 1.21 1.29 1,32 1.36
K. Set-up, m (m), Computer C. 1.30 1.50 1.55 1.55 1.55
L. Ratio, L/K 0.83 0.81 0.83 0.85 0.88

Comparison of Wavc Height

Difference of wave height on the reef edge between two mcthods is 10 % to
35 %. Wave height on the lagoon by conventional method is larger than
computed one by 25 % ~ 130 %.

The most s_ighifiéanl difference happens on the lagoon 50 meter from the
reef edge.. By this point, wave height simulated by computer is alrcady
settled, however, wave height by conventional method is still active at the

deep lagoon, x =200 m.
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[ Comparison of Wave Sct-up

At all the points, wave set-ups by computer are larger by 20 % o 30%

than those by conventional method.

At the North-East zone, computer simulation shows larger figure than
conventional data by 40cm. At the Central North zone, simulated wave set-

ups show larger figure than conventional data by 25 cm.
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5.4

5.4.1

Censideration to Erosion

" This section deals with the general phenomenon of the island's coastal and

beach ecrosion. . Most of ‘erosion here is made by wave forces, coastal

current and

~wave run-up.  Outline discussion on the material sources will

be also carried out.

General Descriptions

. The coast

sect_i'oﬂ here 'is geotechnically composed of the fdllowing four

typical  components:

(i)

(i

Beach 'rock.consists mainly of coral particles held together by
chemical action. _

Other than this, there is cxposed black coloured base rock
which seems to be volcanic material. These rocks will not be
erod_éd and will form a good foundation for supporting any

overburden.

Beach gravel consists mainly of coral fragment and broken
pieces of beach rock, . -

Most of the beach bank deposition belong to this category. It is
assumed that strong lift-up wave force during large cyclones
cause this piling. Thus, a large cyclone not only causes coastal
erosion, but also generates new land ‘as discussed in subsection
5.3.5.

Ground of these coarse particles contain many pores thal are

partially fiﬂed with coral sand. Thus, this layer has a larger

‘ pérmeability and lecss capability to contain water. It is observed

however that these materials can form a high shearing

resistance duc to friction by cach contact and adhesion by the

chemical action under a certain pressure.
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Beack Gravel

Beach  Sand Reclamation

(iii) Beach sand is mixed in and is lying on coral fragments or beach

(iv)

rock.  This covering layer has so little rcsistance to coastal
currents that it drift easily downstream.  Cyclone waves cause

sand 1o scramble and then drift by lateral Ilittoral currents.

‘Most of the sand consists of Helimeda, a fine fragment of marine

life. Groups of this material can form beach rock if they

remain in contact for a certain period of time.

Reclamation soil .is ordinary earth reclaimed near the beach top
in order to provide more land -io improve living conditions.
Some areas are reclaimed for space r;:quired for public works

including the beach road.

Fig 5-12 shows a typical profile .of the beach and the foreshore coast

bank,






~ Lagoon

'Fig. 5-12 Typical Beach Profile

a0 Beach Gravel (iv) Reclalmed Soil

Beach Bank
(iil) Beach Sand
//////
s . pege
4 7 7 /A

(i) Beach Rock (Parly Base Rock)

5.42 Possible Erosion in the Island

Erosion may occur to three surface layers: the beach sand layer, the beach

"gravcl layer, and the reclaimed carth layer.

a)

b)

Beach sand erosion (hereinafter defined as Beach erosion)

Due to the fineness of the particles of beach sand, it is more sensitive
than beach’ gravel. Moderate coastal current can easily cause it to
drift.

App_endix C-3 shows the density and grain-size analysis of beach
sediments. According to this survey data, average density is

2.37 gr/cm? and average grain-size is 0.54 mm.

Beach gravel erosion (hercinafier defined as Coastal erosion)

Beach .gravel is more stable than’ sand due to its larger sized particles

and the adhesion between each gravel particle.  However, gravel-

" may be d:umped on the coastal bank, when wave over-topping is

'large. Over-topping more than four meters may dump gravel by

40 ¢cm radius. This material is more active on coastal disasters.

_Eros'i'o.h of Reclaimed Earth (hereinafter defined as Earth crosion)

-Rclcé.i'mcd soil may vary by location. On the island, most of the

reclamation earth is ordinary soil having particles that are much
finer than sand. Such material if not properly protected by a secaled

wall " is  less able to withstand coastal currents than sand.

Objectives of erosion study here are items a) and b) shown above.
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Coconut trees fallen down due to
beach erosion at the mouth of
Taipara Stream, Avaavaroa District

Exposed root of iron trees and
narrow beach in front of Sail's
Restaurant, Muri Beach






5.4.3 Affect of Cyclone
1) Outline

“The drifting of materials may occur when the - coastal current intensity
become . greater than the limit velocity of a particle size. Direction of

current depends gcnérally upon the wave direction.

Wave Dimscllon

Sea(lagoon)

Guireni Direclion
—y

SRR ghorating -t

Land

The direction and velecity of coastal current may vary from cyclone to
cyclone. In a particular condition, the current direction ma'y be rglatively
constant dcpendin'g' upon the seabed configuration including the existence
of a passage. I Fig. 5-7 is Superimpdséd on Fig. 5-9, it can bc seen that
current direction is comp!elci;} independent against the wave direction.
This situation may happen when a main momentum of' current by wave sel-
up seeks the shortest gravity flow 1o the offshore area. 'This can be also

seen at the various passages including Rutaki, Avaavarca and Ngalangiia.

et - o .
" : .'-_ Pamage
Sea{lagoon) Wava b action Y ;
: . y kvwave ;
: set-up
Highvawesel-up G'MFV ..........
: . Currant
—_—
IR T TR RTT s PP
A Shorelre = e bs s, TR wn ty

ar [

Land

Under the normal weather conditions, the current force is not enough to
cause the drifting of materials. However, a cyclone's large offshore waves
may generate large currents in' the lagoon where the depth may become

much deeper by wave set-up.
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2) Change of Coast by Cyclone Scale

Small-scale cyc_léne, say four meter offshore wave, may cause sand ‘to drift,
A medium 'c'y'c':l_orj.c. with five mcter offshore wave, may mo'vc gravel. A
large one, say six metor offshore wave, may cause grav'cl to ‘drift and
overtop the beach top containing beach gravel and rock. = Fig. 5-13 shows

typical beach profiles in 'tlirc_:c cyclone grades.

Fig. 5-14 and 5-15 showthe possible progress of beach profiles both for

fine particles and coarse particles.

Fig. 5-13  Typical Beach Profile Daring Cyclone
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Fig.. 5-14 . Progress. of Beach Profile (Fine Particles)
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Fig. 5-15 Progress of Beach Profile (Coarse Particies)
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