7.6.2

1)

General Layout at Avarua - Ruatonga - Avatiu Coast

The urbanized coastal arca most affected by Cyclone Sally is Avarua -
Ruatong_a - Avatiu Coast '(heroinaﬂcr cﬁ]lcd as Avarua Coast). When the
study team made its first _visit to the island Oct. 1991, discussions concerning
the gencral layout - of coastal protection work for this particular area were
held.

At Eth'e_ first meeting, the study team was about to discuss the plan prepared

by MOW- (Fig. 7-15A), however it was found that plan had not yet been

authorized by. the government. Thus, discussions about layout should
commence from ‘the beginning. The study team prepared aliernative
layouts for - discussion purposes.  Thus, 1this subscction deals with

discussions abou_t the general layout of Avarua coast and techmical study to
finalize the layout,
It is assumed that Avatiu Harbour should be utilized continuously after

necessary improvementis ares made.  Thus, the discussions concentrated on

the layout plan at the Avarua coast around Avarua Harbour.

Background Requirements

General requirements for preparation of Avarua Coast General Layout are

. as follows:

(i) In respect to 700'm coastline between two harbours
- Most durable and sound protection works should be provided.
- To provide on-land buffer zome, as requircd
- Additional .public area should be prepared since land for road,
park and carparking is 'in short. '
. Flat land of 1.5ha should be prepared for the future Avarua
Harbour extension.

- Scenéry ‘should be maintained.

(i1) Avatiu Harbour
- Tunction -of this port is commercial port and f{isheries.
- Priority should be given to Avatiu Harbour comparing to Avarua.

- Bast breakwater extension by 150 m should be éonsi_dcrcd.
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2)

(iti) Avarua HMHarbour

- Function of this port is tourism orlemcd port like a marina. Wharf

of MSL-2.5m" depth and 380 m long will be constructed for 60
‘boats. . o

- -_Workabie' rate .should bc more than 90 % through the year.
- East breakwater cxtension should be considered.
.~ Better scenery should be maintained.

- In the Short-term Plan, development should be only minor
improvement.

(iv) Avarua Harbour East
- Damage at coastal arca bchind the East breakwater should be
mitigated. |

- Back water of Takuvaine Stream should be minimized.

{v) Common Condition 7
- Wave by Sally will be the design wave for structure stability and
wave - over- toppmg
- .Gsncral layout should harmonized with the MOW's efforts in the
Avarua coast,

Merits and Demerits of Breakwater
Among the background requircments, most of important aspect is merits

and demerits of breakwater in respect to coastal protection.

Merits
Wave  forces will be reduced by breakwater and more wave calmness can
attam along the shorelme than exposed condmon There is no doubt

about thls

D‘emerits -
One of comimittee members adhered to insist that the existing Avarua
brcakwater increased dangerous situation to coastal protection as

follows

(i) “In “the’ Avarud coast of 500 m long bounded on w0 existing
bréékwétcrs Avatiu and  Avarua, cyclone'wave setup would
'mcrcasc dramatlcally comparmg to no breakwater prOVISIOH Thus
.safety coast during the cyclone could bc—:: achieved if the existing

breakwaters were scrapped.



(i1) Wave intensity in thc Avarua. passage would increase, since the
breakwaters would reduce the return -current. to the passage.. Thus,
incoming wave height to the passage would decrease -if the oxisting

breakwaters are taken out.

The study team provided the commiltee member with an explanation as

follows:

(i) Although the Avatiu East breakwater is minimal, it protects well

the port.

(ii) It provides cargo handling operation and’ passcnger's use with

safety condition.

(iii) The East Avatiu brcak'we_it'e'r should be expanded rather - than -

present one for more safety operation.

Addition to these, an explanation was given that demerits of breakwater

‘might be exaggerated.

(1) It is assumed that wave sétup within lagoon 100 m shoreline from
reef would mnot increase anymore since the wave breaking

finished.

(ii) The return current m@m flow along the seaward face of.
 breakwater and dived into the lagoon. This current might crash

into intruded waves in lagoon and decreased the wave height.

Note: Immediately after the first visit_'l'o the island, a serial computer
simulation study was conducted by the study team in order to.
clarify the questions. Resulis are shown in subsections 5.3.7 and

7.6.3. Answers on the questions are as follows:

(i) The wave breaking z._onc ‘terminated at the point ‘Qf lagoon 50 m
landward from the reef ecdge. Wave setup afterward was less. than

0.1 m which was negligible minor than a total wave setup of 1.6 m.

(ii) There is no significant. charge on the height of wavc'intruding

into the lagoon between with/without brcakWa_tcrs.



By these clear cvidences, it was found that it was simply conjecture that

the existing Avarta Breakwater might amplify the coastal damage.

3) Defense Line Alternative between two  Harbours (Double Breakwater in

Avarua)

This is a conscrvative IayOth which "consists of land reclamation with the
scawall and the harbour protected by two breakwaters. In this layout, there
are three altcrniative scawall facelines, "A" "B" and "C".

Linc "A" Reclamation width in 40 meters, Remaining lagoon 180 m
Line "B" Reclamation width in 80 meters, Remaining lagoon 140 m

Line "C"  Reclamation width in 120 meters, Remaining lagoon 100 m

Average lagoon width at this coast is about 220 m long. Line "C" was drawn.
at the middle of'Avarua.Vlagnon. Thus, rémaining lagoon by Line "C" is
100 m ldng which is considered the minimum lagoon width after land
reclamation.  This limitation aims also at prevention of the seawall from the

large wave atlack.

Note: As seen in Fig. 5-8A, wave height on the lagoon except scaward

50 m is only one meter when Sally wave comes.

Line "A"

This normal line is similar to the scawall line constructed by MOW in
1991/1992. However the both end of the line is drawn to join smoothly to
the cxisting breakwaters.  This arrangement aims at provision of smooth
current to the passage. However, there is limited land expansion for public

use.

Ling "B" _
This defense line is drawn scaward Line "A" by 50m. Both cnds of line
conncet with corner of breakwaters of two ports. A new land by 2 Ha will

be gained comparing to the Line "A".

Linc IICI‘I :
This line was:planncd to put further seaward by 40 m. _ Thus, this
arrangement maintains the minimum frec lagoon of 100 m. An additional

new land against the line "B" is 2.4Ha.



Advantages of thésc thrce defense lines are:
i, New land can be gained for various public uses.
ii. Among them, strip land along the new scawall will be buffer zone

against wave over-topping during a cyclone.

Disadvantages are:
i. These arrangement make remaining lagoon width narrow, ihus,

wave over-topping  will ~increase. _
ii. If the seawall top height rises by reason above, natural scenery

may be disturbed.

Questions are: § |
i.  Will wave setup increase if the defense line gets into the existing
lagoon? ' '
ii. Are therc any specific spacies’ 10 be preserved here?.
iii.. Will the number of tourists visiling the island decrease by these

defence lines?

Discussions on these matters were carried out between the Committee and
the study team. Some member suggested: that the Line "B" was reasonable,
however final conclusion in the first meeting was postponed for further

study.



Fig. 7-15B Defense Line Alternative
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Note: Both eastern breakwaters  in Avarua and Avatin  Harbours

will be extended further scaward.



4} Experimental Allcrn'a'l'ivcs (Single Breakwater in Avarua)

These arc cxperimental layouls which were presented to the Committec at

the end of first visit. They consist of three alternative layouts, "Al} the

layouts include radical concepts, namely: no Avarua Eastern breakwater,

These layouts arc shown in Fig. 7-15C,

It seems that concept of no Avarua eastern breakwater based on the

assumption as follows. |

i) No yacht currch'tly" visits the island during the cyclone secason.  Same
situation will continue for future. There is no user of marina in the
cyclonc scason. Thus, no breakwater against the cyclone is required.

ii) The Avarua ecastern breakwater may accelerate wave sctup at the

Avarua East coast.

Note:  This scems just a conjecture and must be tesied by the technical
study. ' '
Characteristics of these alternative plans are as follows:

Experimental Plan_A L : :
This is similar layout with the de'fcns'e line alternative, Line “"A", except for

the removal of the Avarua East brecakwater.

Experimental Plan_ B
This layout is similar to the defensec line alternative, Line "B", except for

the removal of the Avarua FEast breakwater.

Ekperi'memai Plan C
This consists of a short deiached breakwater with an ariificial channel

running in front of the reclaimed beach front. The width of .the
recfamation is about 50 meters.  This plan expects lowering wave set-up by
the provision of a 70 mcter wide 700 meter long. channel having a depth of

3 meters.

Advantages of Plan C are:

i. Active water circulation in the lagoon may improve —marine

environment there,
ii. Scenery is better than for plan A and plan B

iii. The excess watcr basin in the channel may be utilized by small boats

and pleasure boats.



* Fig. 7-15C Experimental -Master Plans (Single Breakwater in Avarua)
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Questions:
i. Arc there any speeific spacies to be preserved in the Avarua lagoon?
ii. Will the artificial channel make radical improvements in wave set-up?

iii. Cau the channel depth be maintained from scdimentation of
particles/coral sand and fragment, which may be transported by littoral

current durmg cyclone ?
If siltation occurs, and lhc channcl depth bccomcs shallower, then o

more channel
The Experimental Plan C has basically been "supported by government
officers, subject to an exact cffect of an artificial channel in lowering
wave set-up. However an idea of artificial channel should go over various

barriers. including:

i, Estimated construction cost of an ‘artificial channel in the Plan ~"C" is
about 9 Miliion Dollars in 1992 price.
150,000 m3 x 60 $/m3 = 9,000,000 Dollars
Maintenance dredging cost should be added each year.
ii. Even if the chénnel could lower the wave setup, the channcl filled by

coral sand and fragment is nothing. Filled channel may glve risks 1o

villagers who would think that the channel prowdcs safety.

iii. Most hard barrier is technical justification to prove an artificial

channel works as . a natural passage does.
Further more, dcmcrits of Plans A, B and C are as follo.ws:

i. Due to removal of the Avarua eastern breakwater, the Avarua Marina

can not be protected against cyclone.

ii. Due to rcmoval of the Avarua eastern breakwater, wave calmness of the
Avarua Marina can not be assured even during the no cyclone scason.

It should be reminded that prevailing wave direction is East.

iii. Thesc mecan that the Avarua Marina is not suitable not only for tourism

usec bul also any other use.



" 5) Summary of Master Plan Discussion

Congclusion of previous. discussions are as follows:

i.

ii.

Breakwater _
It is concluded that Avarca Harbour should be protected by double
breakwaters ‘in order to provide safety service to Marina users. Marina

will ‘contribute to tourism industrics here. Chapter 8 will provide more

explanation on this matter.

Wave sctup

* Effect of land reclamation on the lagoon against wave sctup should be

tested technically.  Effect of an artificial channel on the lagoon to

lowering wave Sciup should "also be tested.

iii. Intrude wave into the passage

Effect of breakwater against neutralizing intrude wave into the passage
should be tested.

Thus Plans A, B and C can not be adopicd since conclusion (i) above.

However technical study on Plan C is conducted for technical knowledge.

The next subsection discusses the computer model simulation on the two

selected layouts.



7.6.3 Modelling of Coastal Protection at the Avarua Coast

1) Outline of Modelling

The purposc of the study is to find out characteristics .of hydrological
knowledge in different type of countermeasures in the lagoon.  Computer
analysis was dmplchd for this study. - Computer simulation may: not show
every phenomenon; however, it ':hay suggcsl"basic hydrological figures

‘during cyclores with required accuracy.

The simulation model was developed by Professo'r_M. Isobe of Tokyo
University.  Programing of the computer model was carried out by Pacific
Consultanis International, PCI, which is the leading consultant of study

team. 1t shows the physical plﬁﬁhérs the possible phenomena of:

i) Wave direction
i1} Wave height
iii) Current vector, (speed and direction) and

iv) Wave sct-up

Because of its complexity, this type of skudy is a must.

The simulation study has been conducted for the following two protection

alternatives:

[Cascl : Conservative Layoul, Fig. 7-16a j

Similar 1o the Defensc Line Alternative, Line C

lCaseZ : Experimental Layout Fig. 7-16b :I

Similar 1o the Experimental Master Plan "C"

Similar to subsection 5.3.7, a computer ‘simulation study was conducted for-
various coastal phenomenon at coastal area of 1,500 m between the center
of Avatiu Harbour and Village Ngatipa. __The' purpose of study was to
simulate the most. dangerous instance to these uﬁo alternatives when Sally

came,



Input _data_ for simulation

a) Wave
8.1 meter of 12.5 sec period as the maximum significant offshore wave
by Sally is given at 'décl) sea of 150 m .dcplh. |

b) Water depth

¢) Seabed configuration _

d) W_a_tcr level (basic water lcvel before the wave set-up)

MSL +0.70 m considering tidal level and air depression.

The simul_ation was conducted at the consultant's headoffice in Tokyo, the
beginning of January, 1992. The grid of caléu!z{tion was 50 meters. Thus, it
is the seabed configuration that' should be inputtcd accordingly. The
_eiisiing beach linc is smooth, however, it is shown as a zigzag line in the
coutut figure due to this reason.- Outputs of the four items shown above can
be obtaincd at each grid. The highlights are the wave set-up and current

_vector (current speed and direction).

In order to examine the difference of these various phenomena by general
arrangements, two alternative countermeasure layouts were prepared

(Case 1 and C'ase' 2} as discussed.

Case 1 is the conservative protection work consisting of:

(i) .Reclamation work for the 120 meter for future iand_use and buffer
zone

(ii) Seawall of rock mound type in 1:3.5 slope. |

(iii) Avarua Harbour to be protected by two breakwaters {(West and East)

In contrary to Case 1, Case 2 is an exberimental protection work consisting
of:

(i)  Reclamation works for the 50 meter buffer zone

(ii) Seawall as ame with Casc 1. |

(iii) Avarua Harbour will be an open harbour protected by only one
_ detached breakwater in the West

(i:v)'Artifi_cial chahhc] in front of the seawall, 700 mx M0mx3I m

Thé’ former is . a plah combined with established methods that provides firm
and stable ‘protection to the existing on-land property. While the latter is a
p'ro'vision'al plan with an artificial channcl aiming at testing the possible

effect  of channel.



Fig. 7-16a  Alternative Case 1: Conservative Layout
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2} Results of Simulation

The cvaluation of simulation studics is as follows:

[Wavé Dircctions; Figs 7-16¢ and Fig, 7-17’

Waves gradually change- their dircctions after the beginning of wave
breaking zone at -15 meter and they ‘arrive almost perpendicular to the
beachline. There are minor changes around the breakwaters, There are

no significant differcnces between (wo  cascs.
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[Wave Height; Figs, 7-18 and 7-19]

An offshore ~wave starts breaking at about -15 mcter depth, then, the
height decreases ™ gradually. When it arrives at the recf, the wave height is
reduced to an*ir.ucnsity of two or three meicrs which is one third of its
origin offshore. ~ Within 50 m after reef, wave height becomes one meter
‘lhen maintains same till the shore line.

In the lagoon, there arc generally no significant changes in both cases,
Advance of reclamalion in 70 meter in Casb 1 does mnot affect the wave
height. The existence of two breakwaters in Case 1 does not affect the wave
height at the lagoon, ' _

Larger waves scem to pcnclrate'dccply into the passage in Case 2. However,

the breakwater in Case 1 will protect the passage end.

. Om . : 500w o 1,000n "1,500m
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" Fig. 7-18  Wave & Current Simulations (Case: ¥ Conservative )
' Wave Height
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Wave height on the lagoon (section A- -A) for both cases are very similar.
Fxg 7-19A ‘shows wave height comparison between two cases on the Avarua
passage. = Difference is minor, thus the proposed double breakwater
arrangement will not raise the wave height
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Companc;on of wave height between Case-1 and Sally reappeared (Fig. 5-8A)
was- carrigd out. As sech is figure below, there is no difference. This means

that wave hexght will not increasc by land rechmauon of 120 m width.

. i [ Lo
MSL : , e
g | e e i e
Have - B

-Beight; p————— L ——Have Breakmg Zone -

- {m) : : f . Sectinn A‘-A

Distance{w)
900. . .

Fig 7-198  Wave Height Comparison,
Case-1 and Sally Reappeared

'Slmllarly to’ abovc, comparison of wave height betwcen Case-2 -and Sally
rcappeared was conducted.  As seen in figure below, there is no difference.

This means that an -artificial channel has no effcct to lower wave height..

Distaqoe(m)___
900 i

Fig. 7-19C  Wave Height 'Comparis_bn,
Case-2 and Sally Reappeared



Current Vector; Figs 7-20 and 7-21]

Current appears -15 meter line where the wave starts to break.  On the
lagoon, currents flow parallel to the beachline. All of the currents go to

‘the passage wherc they return to ‘the offshore.  The maximum speed is

about 1.5 meter per sccond (three knots) in the passage.

These are . similar o the current patiern in the Sally reappcared.

In the Case-1, current dlong the seawall of reclaimed land hits the
breakwater then dives into the Avarua Passage. At the head of both

breakwaters, two flows, from the East and the West, join and return to the

~offshore.
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In the Case-2, il can be seen that current gose to the end of Avarua Paséagc.

Then two currents join and turn their heads to the offshore.  This pattern is

similar to the current of Sally reappearcd.
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Figs. 7-22 -and 7-23 show current circulation patterns. There are two cores
besides the center of return current. The castei’n_ one seems to be
circulating in a clockwise dir'e_cli‘oh “while =1h'e= 6ppdsile' ‘one makes a
counterclockwise turn.  There are  no mgmfxcant differences between the

two cases except those around the breakwaters.
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| Wave Sél»up; Figs 7-24 and 7~'25]

Wave set-up pattern is very similar in both cases. The \_#atcr level goes
down slightly "in the middle of the wave breaking zones. - However, affer.
this érca, wave scl-up commences suddenly at -9 meter depth.  Then, the
water level rises steadily until  the reef cdge where sct-up is  about
1.3 meter. The water risc continucs by the firs{ 100 mcl'e_r lagoon,
“however set-up herc is 0.2 to 0.4 met.cr_'.only. _ After this zone, the rise is
very minor until the beach front. Wave sct-up in the _pass_ége is less than
those on the lagoon.  Water level at the middle of the passage is 0.3 to 0.6

meter lower than those in the lagoon. -
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Fig. 7-24  Wave & Current Simulation (Case: 1 Conscrvative)

Wave Set-up above MSL. +0.7 m



The water level of Case 1 is about 0.1 meter hlghcr than in Case 2. The
foilowmg may bc lc'wons for this dnffcrencc

i 70 mclcns in advance of the scawal] line in Casc 1 than Case-2 causes

more wave reflection then the water level becomes higher, or

. ii. The minus threec meter channel having  a width of 70 mecters causes

the water level 0 become lower by the smooth return current to the
passage.

Anyway, -the differences in the two cases as minor. Thus, the effect of an
artificial  channel decreasing the water level in the lagoon could not be

confirmed. T can not be justified 10 invest 9 million Dolars for lowering
water level by 0.1m only.
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Fig. 7.25 Wave & Current Simulalion (Case: 2 Experimental)
Wave Set-up above MSL +0.7m



Fig. 7-25A shows wave scltup comparison “between two cases on the Avarua

lagoon, Section

A-A. Tt can be scen thal wave setup in Case 1 is larger by

0.1lm ihah Case-2,

The most ‘impo
250 m from _the

rtant fact is that. wave setup slarts at the offshore area in

réef edge. . Fig. 7-25B shows this situation in Cas¢-1. It is

known that wave height and wave sctup are in inverse proportion to each

other.
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Fig. 7-25A

Wave Setup Comparison on the lagoon
Case 1/Case 2
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Fig. 7-25B

Relationship between Wave Height
and Wave Sectup: Case 1



Fig. 7-25C indicales wave setup diffecrence between Case 1 and Sally

reappeared.  Wave ‘sctup on the lagoon by both cases is same,

Since there

-were no breakwaters in Avarua and no land reclamation . of 120 m depth-

when Sally came in 1987, it is assumed that breakwater and reclamation

works did not increase wave sel-up. -

ne difference

" Casel and Sally”

300 400 500 &00

Section A A

' Distancé(m)

Fig. 7-25C  Wave Setup Comparison: Case 1/Sally Reappeared



Fig. 7-25D shows wave sctup cump’arisbn between two cases in the Avarua
Passage. Wave selup by Case 1 is larger by 0.2m than Case 2,

Flg 72‘31“ shows the relationship 'belween  wave: height and - wave sctup in
the passage. Similar to the lagoon it can be seen that wave hcnght and wave

setup are in inverse proportion o mch mhcr
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3) BEvalvation of Simulation Study

(i)

(ii)

Influence of reclamation and breakwater to wave set-up is very
minor.

When land reclamation  of 120 m ~ width in lagoon and two
breakwaters are provided, an additional wave setup is less than
0.1m. This 'is very minor comparing to the total wave sctup of
1.5m. Since the existing Avarua East breakwater should extend for
the ca_l'm Marina basin, width of land reclamation would be about

80 m like Linc-B of Conscrvative Layoul.

Effect of an artificial channel 10 lower wave setup is only 0.1m

and negligible small in technical value.

This 0.1'm is only 7% of total wave setup of 1.5m.  Artificial

channe! in the Case 2 costs 9 million Dollars and has following

dimensions.
700 'm long
40 m width
3 m deep

If ‘its width and depth arc 140m and 6m respectively, cffect of

wave setup may become ltarge. 1t will cost about 36 million Dollars

. and 60 % of existing lagoon will excavated. This is not practical in

both techmical consideration and environmental aspect. ~ Thus, an

artificial channel is not adopted in the Master Plan,

(iii) Double breakwaters in Avarua -Harbour may increase the height of

wave intruded into the ‘Avarua Passage by 0.2 m.

However, this figure is just less than 10% of the intruded wave of

2~3m. in heighi. And this additional height will not makc any

basic difference in structurc design.
Thus, two breakwaters in Avarua will not damage the. coastal arca.

The breakwaters have various merits easily 1o overcome this minor

“problem.

It is rcasonable to improve the existing Avarua breakwaters in

order to redevelop the harbour as a Marina.



(iv) What simulation result tclls to us is that coastal protection should

(v)

be discussed by not comjecturc but exact technical background.

As a maiter of fact, before the simulation study here the_' study team

surmised various phenomena during a cyclone as follows:

a.
b.

c.

Wave breaking starts at the reef,
Wave setup starts at the recf,

Wave height in the lagoon is about 2m.

These are mere gucssworks, The truth is as follows:

a.

Wave breaking like ‘a. Sally starts at -15m depth, 250 m off the
reef. ' '
Wave sclup starts éu the wave breaking-zone and becomes 1.3 m-

on the reef edge. An additional wave setup in ihé lagoon is only
0.3m. Thus about 80 % of the total wave setup. is made until the

recf.

. Wave height. in th’c'Avarua lagoor is 1 m which is about 40 %

of the water dépth. _
(MSL + 0.7m + 1.5m + 0.2 m = 2.4 m)

Conclusions

Case 1 is more practical layout than Case 2 for the Avarua coastal

protection.

It is proposed that following concepts should be kept in thc. Master
Plan. Refer to Fig. 7-25F.

Concept @ New seawall normal line should advance in the lagoon

by 80 meter from the existing shoreline.

Concept @ Avarua Harbour should be protected by double

‘breakwaters, West and’ East.

Concept ® Avaiiu Harbour should be also protected by double

breakwater alignment.

Note: Arrangement of breakwater should meet with

the requirements as -discussed -in -Chapter 8.
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Fig. 7-25F  Conceptual General Layout of

Avarua Coast Protection



7.7

7.7.1

1)

2)

Avarua ~Coastal Protection Master Plan

This Section deals with the preparation of Avarua Coastal Protection Master
Plan, ' ' o
Planning Criteria

There are (wo harbours and most developed urban areas along the Avarua

Coast. Coastal protection plan should cover these functions.

Requirements in Coastal Protection

Avarua Coastal |

Requirements in Port Improvement — - Protection
Master Plan

Reguirements in maintenance of
the existing Urbanized Areas -

Requirement in respect to Coasial Protection

As discussed in section 7.6, protection work here _cohsists Qf.lahd
reclamation in about 50~80 m width and seawall construction similar to the
works by MOW. Width of new land a1 thc Avarva Central Coast is 50_m.= This
defense line is similar alignment to "Line-B" in Fig. 7-16a and shapes. a
straight line connecting corners of two breakwaters. Average land width

in the Avarua East Coast is also 50 m.

Requiremenis in respect to Port Improvement

According to the study results in. Chapter 8 "Master Plan of Port
Improvement”, both Avatiu and Avarua Harbours will be provided with

various arrangements as follows:

Avatiu Harbour

a. Major function here is both thc commercial port and the fisheries
port. o _

b. East breakwater should bec extended by. 150 m for both calm inner
basin and approach channel. .

c. New port area of 1.5 Ha should be given along the west part of new
reclaimed land. '

d. Higher development priority will be given than Avarua Harbour.



EY

1.7.2

Avatiu__Harbour

a. Major function here is a marine tourism center as marina.
Both breakwaters, West and East, will be construcied.  East
breakwaler will be extended by 100 m seawards.

¢c. Works 10 be implementcd in the Short-term .Dcvclopmem will be
the minimal impro_vcmem in order to concentrate lo Avatiu

Harbour improvement.

Requirements from the Avarua Urban Arcas

New land should be gained for the provision of public tand which is

currently in short of supply and for future Avatiu Harbour cxpansion.

Accor’ding't'o land wse estimation, ncw land should be 5 Ha or more. In the
new land long ‘the scawall, 'Cyclonc buffer zone will be provided in
emergency case.  New reclamation will be conducted both in Avarua

Central Coast and Avarua East Coast. These new land are called hereinafter

‘as "Port Park Complex”.

Port Park Complex

New Jand reclamation of 6 Ha will be carried out as follows:

Avarua Central Coast ---------- 4 Ha 500 m x 80 m
Avard_a East Coast -----=-------- 2 Ha 300 m x 50 m

Port park complex will be an open space for the public use, including
roads, parking area, bus terminal, park etc,. The complex will be
constructed in the reclaimed arcas between the cexisting shoreline and the

new seawall .to be constructed in the lagoon. The primary purpose of the

" complex during a cyclonc is to maintain the buffer zone in- order to absorb

cyclone energy before it arrives such dense urban areas as$ Ngatipa,

Avarua, Ruatonga and Avatiu.

"Avarua Coastal Protcction Master Plan

Two alternative plans, ..Casc-l and Case-2 were prepared. Figs, 7-26 and 7-27
show these (we layouts together with recommended port improvements.

Basic characteristics of plans are as follows:



1) .Casc~l

2Y Case-2

3)

Fig. 7-26

Characteristics of this plan are as follows;

Between Two Harbours

i,

iii.

iv.

Continvous wall of 500 m long consisting of .seawall and breakwater
will be provided.

Two third of the beachline will be reclaimed as’wide as 50 meters.
Western 100 meters will be utilized as the fulure Avatin port area.
Fastorn 150 meters will be .provided with a marina basin of -2.5
meter depth as a part of héw_ Avarua Harbour:

Avatiu stream will be relocaled to the East along the proposed port
bo'undary'and be joined with the other slrcam'_thch flow to the

lagoon.

East of Avarua Harbour .

ii.

iv.

Continuous wall of 300m long consisting of a breakwater and
seawall will be construcied. - h
The existing eastern breakwater will be relocated seawards by 70 m

and be connected to the new seawall

i. 50 meter wide land rcclamation will be undertaken.

Faccline of marina wharl will advance aboul 30 meters: seaward for

providing a wider apron.

Avarua Harbog r

ii.

iii.

Néw western port limit will ‘be relocated 150 m westwards.
New eastern port limit will be same arrangement as present.
New Avarua Harbour will cover coastal area of 400 m long. About 50

vachts will berth here.

Fig. 7-27

This is a modified layout of Case-1. Half of the new Avarua western

breakwater in Case-1 will not be constructed in order to maintain good

scenery and environment.

Total Evaluation

Two plans were evaluated by seven itcms.



Tabic 7-4A EQalualion of Alilernatives

Items Casc-1 Case-2 Remarks

a. _Constructibn Cost 3 3 Initial cost

b. Maintenance Cost 3 3 Maintenance dredging
¢. Scénery 3 4 -

d. Environmcnt_ 2 5 Walcr quality/circulation
e. Wave Calmness 4 3 During a normal climate
f. Wave in port 5 2 During a cyclone

g. Protection efficiency 4 4 -

' Total 24 - 24

Note: E:\fai_ﬁated by' the study 1cam _ .
Point system : Best(5), Beticr(4), Good(3), Fair(2), Worsc(5)

As scen in table above, both plans have been appraised as same marks.
There is no major difference in total cvaluation. The main difference

between two plans are:

i. g:gﬁé»l will provide more safely basin to marina than Case-2. However

this plan is less opecn-air fecling for marina than Case-2.

ii. Case-2 Will maintain an environmental port including open view,

‘however, wave calmness in the inner port basin is worsc than Casc-1.

It is. proposed to adopt Case-2 for further study giving priority on an openly

. feeling in Marina.
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7.8

7.8.1

)

2)

Summary of Coastal '.Protectio__n Master Plan

This section deals with the proposcd coastal protection work of . Rarotonga
Island. The cost cciling on the total cost has been made considering the -

estimated damage cost during the project life.
Cost Ceiling
Estimated Damage during the Project Life

It is assumed that an average project life is 30 years considering type of
countermeasures. As shown in subsection 12.2.7, it is 9.3 times of cyclone .
Sally damage that is equivalent to total disasters by cyclones may happen _

during the project life,  Since the cstimated damage in respect to wave

disasters by Sally is 13.9 million Dollars, it is 129.0 million Dollars that is 93 '

times of Sally disasters.

Reduction of Damage during the Project Life

Among this, reduced damage by the project will. be as follows:

a. Damage Reduction in the Master Plan Arcas

Master Plan should be respect to all the coastal line of the island.
However it is not practical to provide all damaged coast of 15.0 km with
coastal protection. It is recommended to provide protection by priority

rating from unit damage by unit coastal length.

It is also fecommended that damage reduction by Master Plan should be

two or less of unit damage by Sal_iy.

b. Short-term Coastal Protection Arcas

Unit damage per coastal length in the short-term areas is larger than
other low developed areas.  Because, 1th: shor_t-te’rm"a‘rcas are spécified
as the northern urbanized arcas. It is recom'mcnded'that_ reduction of
damage in this arcas should be 4 times of Sally damage. This means
disasters in future will be a half of damage amount in case of no project

implementation.

7-82



3)

4)

5

Thus, esti;}xated damage reduced by the Master Plan is 27.8 million Dollars.
13.9 x 2 = 27.8 million Dollars

Project Bencﬁts dtnfing the Project Life

It is a"s'sﬁmed that project benefits amount .to 27.8. million Dollars.

Scale of' Master Plan

It is-rccom.n.l'c.ndcd to ccil the project cost 27.8 million Dollars or less.

Implemcnthtion Ratio

The total cstimated cost of coastal proteciion work indicated in the Master

Plan is 60.4 million dollars before ceiling,
278 + 60.4 x 100 = 45.7 percent

Thus, about 45 percent of the 60.4 million Dollars will be the maximum
amount t0 be invested. Implementation ratio by year 2010 is 45 %. Table 7-

5 shows the total cost before ceiling.

Another considcration is the scale of the government's budget. The
maximum budget allocated to the coastal proteci work for fifteen years
(1996 10 2010). is assumed. If the annual budgct level is around 50 million
dollafs, the required rate of annual investment for coastal protection work

among the budget will be:

27.8 / 50.0 x 15 = 3.7 percent/year



Table 7-5  Total Coastal Protection Cost Before Ceiling

Zone Disaster Grade . Unit' Cost Length Total Cost =~ Remarks.
f.and Use ' NZ D/m m NZD '
One 1, I, Wl 5,400 870 4,698,000
"Urban"  Reclamation 4,000 870 3,480,000 50 m wide
v 3,200 0 0
\ 1,200 0 0
Zone _lotal ' 870 8,178,000 -
Two I, I, T 6,400 0o 0
"Rural A" v 2,000 1,000 2,000,000
v ' 700 1,170 819,000 .
Zone total - - 2,170 2,819,000 -
Three 0 | 5,200 0 0 S
“Tourism"  Art. Passage 4,(}()0 0o . 0 "I" shape
11 o520 0 0
111 . 5,200 o - . 0
v 5,700 400 . 2,280,000
Art. Passage 4,000 400 1,600,000 "I" shape
v 2,400 200 480,000
Zone total : 600 4,360,000 -
Four I, 10, TI 3,900 7,740 30,186,000 '
“Rural B" 18Y ' 2,000 1,850 3,700,000
Y - 1,200 720 864,000

Zone total 10,310 34,750,000
(13,950) (50,107,000)

Total Dircct Cost 50,107.000

A.

B. Management- Cost 10,273,000
205% of A

C.  Grand Toial Cost, A+B : 60,380,000

Notes : 1. Management cost includes physical contingency, engineering
cost and training fee. -
2. Required cost for both Avarua Harbour and Avatiu Harbour

areas are excl.uded. (aboul 900'm long coastline)



7.8.2 Total Cost after Ceiling

Actual investment cost for coastal prolection can be obtained as follows:
Cc=CoxR

Where, Cec @ Cost: after. ceiling _
Co @ Original total cost before the ceiling
R Implementation rate (%)

The 'implementation' rate should be decided upon consideration of the land
use priority ‘and the - disaster grades. Zone One, the urban developed area,
should be top priority. Zone three, the tourism arca, will also have top
priority due fo ‘the need of maintaining the largest industry here for the
purpose of increasing employment opportunities. Zoncs Two and Four, the
rural areas, will be assigned a lower priority. Considering this, the

proposed the implementation rates for cach zonc will be;

) _ZOI;C. Land Use Implelrznsit;tati()i
Zone One @ Urbanized Areas 100 %
Zone Two : Rural Areas "A" 50 %
Zone Threc : Tourism Arcas 10 %
Zone Four : Rural Arcas "B" 30 %

Thus the total cost after ceiling will be:

Table 7-6 Total Coastal Protection Cost in Master Plan (After Ceiling)

Zone R Original Cost Cost after Sharc
. ceiling
Zone Onc 100 % 8,178,000 8,178,000 (35.5 %)
Zone Two 50 % 2,819,000 1,410,000 (6.1 %)
Zone Three 70 % 4,360,000 3,052,000 (13.3 %)
Zone - Four 30 % 34,750,000 10,425,000 (45.2 %)
A. Total Direct Cost 50,107,000 23,065,000 (100 %)
B. Management Cost (20.5% of A) 4,725,000
C. Grand Total Cost after Ceiling 27,790,000




Protected coastal arca will be as follows:

Table 7-7 Protected Coast Length in Mastcr:Plan (After Ceiling)

Zone Coastal Length (m) Remarks

Before Ceiling After Ceilfng

Zone One 870 870 - (15.9%) Urban
Zone Two 2,170 1,085  (19.8%) Rural "A"
Zone Three 600 420 (1.7%) Tourism
Zone Four 10,310 3,003 (56.6%) Rural "B"
Zone Five 0 0 Nature
Total 13,950 _ 5468 (100%)

Note, Both Avarua Harbour and Avatiu Harbour areas are excluded.

Thus, coverage by the Master Plan is 39% of all the coastal prdteclion

requiréd {13,950 meteré).

Table 7-8 shows the Ilst of typical countermcasures for each land use

category.



“Table 7-8 List of Typical Countermeasurecs per Land Usc

: . _ D ‘ d ~ {Coastline to
Land Use Disaster Grade Countermeasure amage be protected
: Coast(m) x R (m)

Gl MIC-1  Gravity Scawall 870 x 100% = 870 m

Urban Area

MAC-1  Oun-land Buffer Zone
‘MAC-3  Plantation with Dike

Gly  MIC-4 Flexible Hollow Slope LO0D x 50% = 500

1 IIAII . . .
Rura GV MIC-5  Elexible Gagion Slope 1,170 x 50% = - 585
[zone Three] Grv  Mic-3  Stepped Siope 400 x 0% = 280

Tourism  Arca MIC-6  Groin

: _MIC—S Beach Nourishment
MAC4  Artificial Passenge "l"
GV MIC-5  Flexible Gabion Slope 200 x 70% = 140
MIC-6 Groin
MIC-8 Beach Nourishment

GLII MIC-2 Rock Mound Seawall 7,140 x 0% = 2,322

Rural "B MAC-3 Plantation with Dike
GIv MIC-4 Flexible Hollow Slope 1,850 x 30% = 555
av MIC-6 Groin 720 x 30% = 216
Total 13,950 x 39% = 5,468 meter



7.9

7.9.1

7.9.2

Rough Design and ‘Prelimina:ry Cost  Estimation

This section deals with the rough design of structures and the preliminary

cost estimation for the coastal protection work outlined in the Master Plan.
Rough Design

Coastal protection works here were designed based on the past cxperience
in similar prdjcct with design condition discussed previously.  Structures in

the northern coast will be shown in Chapter 12 of Vol. II.

Basic Condition of Cost Estimale

The unit price of works is estimated based on similar work in the island.
Various cost data was also collected from the government agencies

including TLT and MOW in November 1991

It is understood that the unit prices herc are 1992 current prices.

Followings are the basic conditions:

a) Land cost is excluded.

b) Taxes arc cxcluded.

¢) Most of unit price for on-land work was obtained from MOW. MOW price
was adjusted by an additional allowance of 20 %. o '

d) Marine works, such as dredging cost, is based on the TLT information. It
is assumed that most of the previous dredging works for TLT were
conducted by foreign construction companies. An allowance of 20 % is
added to the TLT price.

¢) The government quarry existing behind the Blackrock and ahother
new site can supply the necessary amount of rock and concrete
aggregale. '

No royalty for the quarry is. included.

f) The engineering cost is included as 8 % of the construction cost.

g) The physical contingency is included as 12 % of the construction cost.
The physical contingency providcd here is only 12 % because there are
a few physical unknown factors. Gcbtechnical conditions here is so
excellent that no clayey layer which generates incremental cost was
found.

h ) Price escalation is not included.



7.9.3

i) Training cost of the government officials is included as 0.5 % of
construction cost.

Cost cslimaiion”is conducted using the following formula:
‘Ca = (1+A) Cd

where, Ca @ Actval cost after adding allowance
Cd : Direct consiruction cost
A : Allowance rate
= 80% + 120% + 0.5 %----n- (ltem f, g and i)
20.5 % '
Thus, Ca = 1.205 x Cd.

i

Unit Direct Cost per Countermcasure

Proposed countermeasure will be utilized solely or in combination with
several concepts. A summary of the unit  direct cost for cach
countermeasure is shown in Table 7-9, and the combined unit direct cost is -
shown in Table 7-10,



Table 7-9 Unit D;rcct Cost by Fach Countcrmcaqurc
Unit : Dollars per _-meter

Type of Protection Concept Unit Cost* " Remarks
and Countermeasurcs

a) Micro Concepts
Coastal Defense Works*®

MIC-1; Gravity Scawall 5,000 When necessary, deformed
concrete Dblocks will be provided.

MIC-2; Rock Mound Seawall 3,500
MIC-3; Stepped Slope 4,000
' MIC-4; Flexible Hollow Slope 2,000
MIC-5; Flexible Gabion Siope 7_00
MIC-6; Groin 1,200
MIC-7; Lagoon Breakwater 1,200

- MM
MIC-8; Beach Nourishment 500 $ 50 for ten ycarq
MIC-9; Trap Nourishment 400 $ 20 for ten years plus trap cost

b) Macro Concepts
On-land Works

MAC-1; On-land Buffer Zone 2,000 For 25 meter wide with surfacing
MAC-2; Facility Relocation 2,506 Relocation of road of 7m width
MAC-3; Plantation with Dike 400  For 20 meters

Works near the Reef :

MAC-4; Artificial Passage "I" - 4,000 Effective length 200m, 100 x 30. Ix 4
MAC-5; .Anificia] Passage "Y" 8,000 Effective length 200m, 200 x 30 x 4

Notes, 1. Unit cosl shows eslimated cost per shorcline meter.
2. Land reclamation cost is $ 2,000 for 25 meter width..

3. Cost for sand nourishment is total cost for ten years when five cublc :
meters per shoreline meter are required annualy for mamtcnance of
the beach.

4. Foot protection work to the coastal defense work will be added, if so
reguired.



‘Table 7-10 Unit Direct Cost by Combined Countermecasurc

Unit: Dollars/m

Zone ar’id

‘ MICRO CONCEPT MACRO CONCEPT Total
Disaster Grades . Unit  Price Unit Price Direct Cost
Zone One. Urban Area
Grade LILHI MIC-t - ~ MAC-1 MACS3 (Rec.)

5000 - - 2,000 400 5,400 + 2,000 = 7,400
Grade [V MIC-4 MIC-7 - - .
2,000 . 1,200 - ; . 3,200
Grade V MIC-7 - - . " '
o 1,200 - . ; ; 1,200
Zone Two: Rural Area "A"
Grade LILIII MIC-2 - - MAC-2 MAC-3
| 3,500 - - 2,500 400 6,400
Grade ' 1V MIC-4 - . .

' 2,000 - - - - 2,000
Grade V MIC-5 - ] ] ]

700 . - - - 700
Zone threc: Tourism Area
Grade 1 MIC-2 MIC-6 MIC-8 MAC-4 - (Pass.)

3,500 1,200 500 4,000 . 5200 + 4,000 = 9,200
Grade T1,III MIC-2 MIC-6 MIC-8 - -
| 3,500 1,200 500 - - = 5,200

. Grade IV MIC-3 MIC-6 MIC-8 MAC4 - {Pass.)

4,000 1,200 500 4,000 - 5700 + 4000 = 9,700
Grade V - MIC-5 MIC-6 MIC-8 - -
| 700 1,200 500 i . = 2,400
Zone_Four: _Rural Area "B"
Grade 111311 MIC-2 ; - MAC3 -
L 3,500 : . 400 . 3,900
Grade 1V MIC-4 - - - -
. 2,000 y . . - 2,000
Grade V MIC-6 - - - -
o 1,200 - : ! : 1,200
- Note,  Rec. = Reclamation  work,
Pass. = Artificial passage
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Chapter. 8 : Master Plan of Port Improvement

This chapter " deals with the preparation of Master Plan for.POl"t

improvcn‘l__em together with alternative studics.  Port improvement works

\fvill be provided for the two harbours, Avativ and Avarua.

Port area -cxpansicm= may “be recommended based on the facility

requirement in future and safety for calling ships.

The Port Park Complex, which will be developed on the newly reclaimed
buffer zone to defend Avarua coast against the cyclones is onc of items to
be studied. '

‘All port improvemenis will be made in harmony ‘with the coastal

protection, one of the other major aspects of this study.

Objectives

._Th_e primary objective of port improvement is (o provide proper port

facilities and maintain a gateport to the island. This is essential to the

people and various industries here. There is no  alternative than to
improve the existing two ports located along the northern coast of the

island.
The two ports are currcntly being affected by various impacts including

- Changes in marine transport mode by introduction of containers,
- Larger vessel calling, ' .

,"'Oﬁerational day is limited by the severe climatic conditions,

- Incremental requirement for tourism industries,

- Demands in fisheries wse, and

- Others

After this section, necessary analysis and study will be conducted and
discussed in respect to demaunds and facilities, The study team has developed
various components of the master plan, and has condensed in to the

planning  ideas.

The foilowiﬁg is the proposed ideas to improve both Avatiu and Avarua

Harbours:



aj

b)

c)

d)

)

f)

To  provide a container storage area to accommodate the  increase in -

container cargoes.

To expand. the cast'breakwate_r;'the width of t‘he-entranCé channel,
turning basin and depfll of the quay wall and the basin at  Avatiu

Harbour to ensure the safety of large vessels.
To repair the existing quay wall.

To preparc the facilities of the fishery port for the increase in both

number and size of fishing boats to realize more fish catches.

To construct a marina for the increase in the ‘number of pleasure boats,

especially large yachts to enhance tourism indu:str'y'development.

To protect small 'fishirig boats. from high waves during a cyclone.

For item d), since almost all large yachts come from foreign countries

between April and September, the’ yacht harbor will be a seasonal fac_il.ity.



8.2

8.2.1

1

Existing  Port Conditions

This section deals with the cxisting condition of the two ports. Current port
traffic will be discusscd at the begging of this section. The existing port
facilitics will .be cvaluated and 1he relationship between the port

development  and coastal protection will be discussed at the end.

"Por[ Traffic.

International Shipping

International shipping _operations  into the Cook Islands are mainly

provided under the Joint Shipping Servicess Agrcement betwecn New

- Zealand, Niue and _the Cook [slands. Under this agreement, iwo vessels,

Aotea Link and Ngamaru III; are currently operaied. And another vessel,
Urte, was operated ‘by a Hawaiian shipping service in 1991.

"Those three vessels, for general cargoes, operate based on the following

schedules and routes;

‘Table 8-2-1 Shipping Routes and Schedule at Cook Islands in 1991
[General Cargo)

Vessel Service Route
Name (days approx.)
Aotea Link 21 Auckland - Papeete

- Rarotonga - Auckland

Ngamaru 111 31 ‘Auckland - Niue - Apia
- Rarotonga - Aitutaki
- Auckland '

Urte 3 Honolulu - Pagopago

- Apia - Tonga - - Rarotonga
- Christmas Is‘. - Honolulu

Of these three vesscls, Aolca Link and Urte mainly transport containerized
cargoes, though they are not full-container ships.
In -addition to the above vessels, tankers operate at irrcgular intervals.

Pacific Rover an'd Pacific Explorer are principally used for the



transportation of liquid pctrolcum ploducts from Lautoka (Vuda Point) of
Fiji, and Coral Gas for the. lrampormuon of LPG from- FIJI

Particulars of thc vesscls are given in the followmg tables
Table 8-2-2a Dimensions of Vessels for Carg’o

[Carpo ‘vessels]

Particular Aotea Link Urte Ngamaru 111
D.W.T. 2,671 3,085 2,181
GT 1,829 2,696 . 1,464
Length overall (m) 79.58 92.51 72.42
Beam (m) | 13.17 13.85 1552
Full draft (m) 64 . 681 5.64
Speed (knots) _ 11.5 ' 11.5 12
TEUs | 118 166 60
Year buill 088 . 1985 1970

Note: TEU means twenly fect equivalent unit, or one container box of 20
feet long. One 40 feeter is calculated as two 20 feeters.

Table 8-2-2b Dimensions of Tankers

[Tankers] _ _
Particulars Paéific Pacific Coral Gas
_ Rover Explorer _
D.W.T. | 1.963 1,642 2,366
GT . © 1,594 954 1,897
Longth overall (m) 80.02 71.94 . 77.0
Beam (m) | 133 11.7 12.7
Full draft (m) . 4.8 4.2 5.86
Speed (knots) : 12.5 12 " 12.9

Year built 1979 1973 1971

Since the nominal depth of Avatiu Harbour is 6.2m below M.S.L., vessels
having morc than a 5.5 to 6 meter full draft must be controlicd before port
entry into the harbour. : |
Number of ship calls at Avatiu harbour from 1985 to 1991 (up to Septcmber)
is shown in Fig. 8§-2-1. '
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Fig. 8-2-1  Number of Ship Calls at Avatiu Harbour

Imports from overseas ports, mainly New Zealand, but also from Japan,
South East Asia and Pacific ports (Fiji, Western and American Samoa, Tahiti)

are for consumption in “Rarotonga or transshipments to the outer islands.

.Cargo .volume handled in 1990 in Avatiu Harbour was recorded at approx.
39,200 freight tones. Recently (1988 1o 1990), total cargo volume handled
has been increasing steadily, but it can be said that total cargo velume has
fluctuated in the five-year span from 1986 to 1990,

The cargo volume handled for recent 5 yeafs is shown in Fig. 8-2-2.

1Bl
E i1l

Fig. 8-2-2  Past Records of Cargo Volume (1986 - 1990)
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Main imported commodities are foods, construction . materials,  motor
vehicles/parts and petroleum products. ~ Among those commodities,

petrolecum  products such as gasolene, diesel oil, aviation gas and LPG etc.

‘arc - increasing - annually excluding the year 1988 after cyclone Sally

'attac_:kcd the Cook Islands.

Most cargocé are well' containerized cxcept liquid fuel and construction
malerials that are long and heavy such as cement, _ steel ‘bars and plates,
plywood etc. The cargo volume handled ‘and ratio of containerization by

main commodities are shown in Table 8-2-3.

Volume of expoit cargoes arc much less than. that of imports. Main exporis

are fresh fruits, végetablcs, manufactured goods and pearl shell.

Table 8-2-3 - Ratio _of Containerization in 1990
(excluding Break Bulk)
Commodities Frgt. ton | Ratio of | In Cont.
(,000) Contnr, (,000)
1) ' Foods 10.0 | 095 9.5
2)  Construction :
Matorial : 3.? O..I_O | 0.4
3)  Vehicles . 3.8 - 0.00 0.0
4) Mmorcycles & Parls 0.9 0.71 0.6
5)  Others b 93 060 | 6.4
Total 27.7 0.61 16.9

All cargoes are handled by the Waterfront Commission under the control of

T.L.T. (Ministry of Trade, Labour and Transport).
Inter-island Shipping

Regular inter-island shipping services are provided. by Cdbk Isiands
Shipping & Development Co. Ltd. using Manava I, approx. 400 G.T. Cargoes
to and from the outer islands are all non-containerized. - Inward cargoes
are mainly agricultural pl_'o'duce_aﬁd empty “fucl drur’n_s'either from local
consumption or transshipments (o overseas ports mainly from Aitutaki and
Mangaia.  Outwards cargoes are mainly fuel, construction materials and

equipment, fertilizers and agricultural supplies, foods and beverages.
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8.2.2

Outward cargo volumc has been conslstcmly recorded at approx. 2,000 to
2,200 freight tones in the last few years.

Other Traffic

No regular ferry or passenger boais are presently 'se'rviciug in the Cook
Islands. Passengers arc transported by the above-méntioned inter-island

vessel when demand  arises.

As shown in Fig. 8-2-1 above, morc than 50% of the total number of ship
calls is accounted for by pleasure boat, mainly small ‘¢cruisers and yachts,
Thosc pleasure boats are principally moored at the cargo wharves in Avatiu

Harbour and moved as requested when a cargo. ship arrives. It is

.undesirable to utilize the harbour for the above purposes since the number

of calls for pleasure boats is expected to increase in the future.

Four large .p_asé_cﬁger .'s'hips called ‘al Avatiu Harbour in ‘1991 (up to October),
but éouid not enter the harbour due to a shallow depth basin and
passéﬁgefs were transporied by shutiled boats to a wharf. Tn this case, a
passenger. inteniionally or unintentionally avoids staying in the Cook
Istands.

Port Facilities

The major existing facilities at Avatiu Harbour are shown in Table 8-2-4
and Fig. 8-2-3 below.



Table 8-2-4 Existing Major Port Facilities at Avatiu Harbour

Facilities: ' ' Qu:_auii.tg.( ' Owner No.
Quay wall  (-6.2m) - 26 m LT |
(-4.0m) ' i16 m : TLT 2
Eastern - breakwater ' _abou[ 220 m .. - TLT 3
Western breakwater o about 270 m. TLT 4
Cargo shed ‘No. 1 580 _sq-;m - WFC. 5
No. 3 . 1,056 sq.m - WFC 6
Container freight station B ' 880 sq.’m. WFC 7
Maimenance. shop ' ~ 7170 sg.m WEFC 8
Canteen : o - 135 sg.m CWEC
High-tension and - low-lension ‘substation 60 sq.m : TLT - 13
Area of LPG lank ' 2,580 sq.m  Cook Is. Gas 9
Fisheries office and shed ' 230 .sq.m'Mariﬁa_ Resources 10
TLT work shop 380 squm ©TLT 11
Slipway : 1 | _ | MOT. | 12
Office of Waler Front Comm_ittee _ 226 8g.m WFC' 14
Cargo handling 'ég.uigmengsz | | ' '
Forklift 25 1oms 1
8 tons 1

3 tons 2

Note) The numbers on right column of this table corrcspond. to the
numbers indicated in Fig. 8-2-3.




The no.1 transit shed and the CFS are used for forcign trade cargoes and the
no.3 transit shed is used Tor domestic cargoes.  Almost all of the liquid bulk
cargo (major origin is Fiji) is scnt o the shortage tranker in the port arca
from the tanker by pipe line. |

There is a small container yard at Avatiuv Harbour. The capacity of this
yard is about 60 TEUs.

The major users of the deep-sca berths at Avatiu Harbor are three liner
vessels  for 'forcign trade = which are scmi-container vessels, internal
cdnvcm_ionai liner vessels and liner tankers. - The routes of liner vessels
'a’re_Shbwn in Table 8-2-1. The dimension of these liner vessels and the
‘tankers are shown in Table 8-2-2. The quay wall on the south side at Avatiu
Harbour is used 'by- small fishing boats and pleasure boats excluding large
yachts.  The large yachls arc moored dcc’p~éca berths on the ecast side of
-AVa{iu Harbour. The widths of the entrance channel and 1he tfurning basin
aI:AV;éllill Harbour arc about 30 meters and 130 meters respeclively which
are too small for large vessels that' present call.  Avarua Harbour is used by
only small boats for plcésure_ and fishing. Figures 8-2-4 and 8-2-5 show the

current plans of Avatiu and Avarua Harbours.



Fig. 8§-2-3 Existing Avarua - Harbour



8.2.,3 Relationship to Coastal Protection

Two ports, Avatin and Avarna are located at the center of northern coast of

island -where a large-scale of damage by Cyclone Sally was recorded.

A_s recommended in Chapter 7, urbanized coastal arca surrouﬁding the
pdrts-s_ho’uld be defended by protection works. Objective of this coastal
protection  is- to ensurc the safety of coastal area use and various
concentrated properties.

s reporicd that the existing breakwaters at Avatiu worked well as
barriers against an cxtrcmciy large wave of Sally. 1Tt is also observed that
there was overtopping water bodics over the Avatin wharf during Sally in
1987, however the intensity of this flood is much less than those at the
Avarua coast.  This mcans that the breakwaters reflectéed wave weather

side, thus limited wave could penetrate into the port basin.

It is assumed by local observers that additional wave set-up might happen’
in the weather side of breakwater and might affect wave run-up to the
land. Current induced by wave force might run along' the weather side of
breakwater and' might rush 1o the rtoot of it.  However, demerits of
breakwater are easily overridden by the merits. Scale of demerits are so

minor than the merits, namely;

- Wave set-up by breakwaier is so minor.
- Current direction along the weather side of breakwater is not to
coast but offshore.  This current will be against the introded wave

through passage and make it height lower.

Note: These arc based on the computer simulation at Avarua Harbour.

Wharf front elevation has been planhed as MSL + 2.0 meter for easy port
operation, cargo handling and passcnger Services. The immediate port
'hihtérland is low elevation. along the streams. - Elevation of the beach road
which runs within 30 meter behind the end wharf is about
MSL + 2.0 fneter. Thus if- wave overtopping the wharf, water bodies can
easily penet'réte' into the existing infand.  The maximum wave during a

cyclone at the end of inner basin should be minimized.

M_Ore:dcl=ai]c§i.discu§sion will be performed in section 8.6.

8- 11



8.3

3.3.1

8.3.2

1)

a)

Port Traffic Forecast
General  Description

It is difficult to forccast port traffic demands in the Avatiu Harbour- for

several reasons:

. prcécnce of a .govcrnmcm dev_elépmcn’p proj'cct p’osi_tiv'(_:ly_ affects
'cérgo volume handled; cargo volume is .u'sually much 1c's_s,
« the lack of lime series dala on commodity groups and the =ac:c:uracy- of
data on éargo movements at Avatiu Harbour,
. shi'ppiﬁg service changes in terms of vessel ‘types and call

frequencics (though the change is not dramatic).

As for the fishery, an accurate forecast cannot be carried out duc to the

significant quantity of fish that are caught but not recorded.

]

Tourism is one of .the most hopeful and promising indusiries in lhc'Cozok
islands.  Since tourist arrivals are relatively large in combarison 10 the
population cof the country (pOpljlalio_n:' approx.  18,000/tourist arrivals:
approx. 34,000), ‘il is necessary 1o carefully - consider the impact of tourists

for the demand forecast.

Based on the above-mentioned facts, a forecast will be carried out with the

following subsections.
Cargo Movements
Economic Frame for Future

Population

As described in Chapter 3, a peak in pbpulation was recorded in 1971 when
it subsequently decreased up to 1986. The future tren_d depends ._ .upon ‘both
domestic and overseas countries' (especially ‘New Zealand) ecbnﬁnﬁic
activities;, therefore, it is very difficult to _assess the fut_ur_é population
corrcc’t!y. Officers of MOP_ED_ have divided opinions on pbpu_lhtion in future,
that it will remain .conslant, fluctuate _o_f .occasion'a:lly_ decrease.
Accordingly, a 0.3% annual growth rate is (o be adopted for this study in
order that popuiazion in 2010 shall net exceed 2{),00'0-p'ersons for the whole

country.
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Results of population forccast for the target ycars arc as follows:

Table 8-3-1 Population Forecast

Year | Population ~ Plan -
1997 _ 18,500 Short-term  plan
2010 19,200 Master Plan

As mentioned above, tourist arrivals have been comsidored. In the recent
_ past, although tourist arrivals ‘stagiated from 1981 to 1983, the arrivals
Werc”generally inéraasing annually and are also expected 1o rise in the
futare to some extent since tourism is one of the main industries of the Cook

Islands.

In the Master Plan report prepared by the Asian Dcvelophtem Bank (ADB}-
' loan, an annual growth ratec of aroun.d 4% for tourist arrivals and about
106,000 tourist arrivals is forccast for the year 2010.

Considering facilities and attractions for tourism, the numbers seem to be
inflated; therefore, ja 20-year average growth rate of around 3.5% will be

adopted. Resulis are:

Table 8-3-2 Forccast for Tourist Arrivals

{—Year Tourist  Arrivals

1997 49,000
- 20190 73,000

Since the average length of stay for a tourist was approx. 10 days in 1990
- (from Tourist Authority), the number of tourists equivalent to permanent

residents is as follows.

Table 8-3-3 Equivalent Numbers of Tourists

Year Equiv, Tourists
1997 . 1,340
2010 2,000

The nominal growth rate of population is 0.53% annually taking into

consideration the equivalent number of tourists.
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b)

2)

With regard (o visilors by ship, 328 persons were recorded in 1990, about.
1% of the arrivals by ship, and so the effect of visitors by ship is ncgligible

for the demand  forecast.
GDP

As for GDP, MOPED has already estimated it for the pc'riod 1991 to 1995 and
that trcﬁd will be used for the cstimaie ovc'r. the p"cr.i0d:1996 to 2010, This
cstimate complies with a simple lincar _régressiqn_ analysis based on the
data of GDP from 1982 10 1990. In accordance with this anatysis, estimates of

GDP for the target years arc as follows.
Table 8-3-4 Forecast of GDP

GDP (NZ$ '000)

Year. at Current Prices - at 1990 Const.
L o “Prices

1997 177,560 19,168

2010 309,359 128,900

Forecast of Cargo Volume
Overseas Cargo (Inward)

As mentioned in 8.2.1, the data of cargos handled avai_lablé for the 'study _
have no time trend, and:.there is no relation  with population or GDP etc.
because of fluctuation of the data. The forecast can not be perform'ed using -
these past records.  Therclore, the (orecast will be carried- out according to

the estimated fwture trend of the economic frames.

Now, the following formula can be used in general as one of the methods of

estimating traffic demand.
T=(@Ex1/100+1)X@/100+1)-1

Annual ‘growth rate

T .
E. Transport demand-income clasticity (1.0 - 1.5 in general)
I' Growth rate for income in %

P

. Average annual growth’ rate of population in'_ %
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Occurrence of traffic demand is not' independent of, but rather has a close
relation  with cconomic activitics of the back-up areas concerned,
especially with the consumpli()n trend. In the Cook Islands, carge by sca
transport consists of, 10 a largs extent, consu'mbtinn goods such as foods and
beverages, clothes and houschold goods as stated above. In this respect the
~above formula is applicable for forccasting port traffic demand in this
country. When using the formula, GDP data is to be used for the calculation
sincé no information rcgeirding income (or consumption) is available.

As for 'E, the values between ‘1.0 1o 1.5 arc known in general according to
past experience with the formula, and 1.1 is uscd for calculation from the
available p_ast data. I, cxprcssed ht 1990 consiant'prices is 1.7% up to 1997,
and 0.6% from 1997 10 2010. P is 0.53% including cquivalent number of
persons from tourists as mentioncd above. '

Therefore, estimated total cargo volume for the target years based on that

- of 1990 is as follows.

Tablc'8-3w5 'Forecasl of Cargo Volume

Year Tol;al Cargo Volume Handled
_ _ (000 Freight Ton)

1997 - 46.4

2010 54.2

Next, a forecast for each commodity will be carried out.

Among the five commoditics (foods, construction materials, motor vehicles,
fuel and dthers), construction materials, motor vehicles and others are not
strongly dependent on the number of visitors but purely on consumption
of the Cook Islanders. Thercfore, P is to be adopted at 0.3% instead on 0.53%
in the above formula, Results arc ‘as follows.

Tablc 8-3-6 Forecast of Cargo Volume by Commodities
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Commodities Cargo Volume Handled
('000 Freight Ton)
1997 2010
Foods . _ 11.9 13.9
Construction Materials 4.3 4.8
‘Motor Vehicles 5.5 6.2
Fuel 13.6 15.9
Othcrs' 10.8 - 12.3
Total 46.1 .53.1
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4)

Of the above two calculation cascs, the latter casc will be adopted as the

result of forccast.

Domestic Cargo (Oul.wélrd)

Domestic cargo volume handied at Avativ Harbour destined for outer islands

is as follows. A cargo volume of approximaicly _2,000 freight tones has been

recorded in recent years.

Table 8-3-7 Past Records of Cargo Volume for Domestic Cargo

Year Past rccords’ of Quiward Cargo
cd " Handled (000 Freight Ton)
1989 2.3
1990 - 2.1 -

Forécast for domestic cargo can be estimated by the same- 'procedurc as
overseas. Since GDP for the rcspecti{;é islands is not available, it is assumed
that future GDP of the rcs.pc‘é'tive' istands has the same tendency -as overall
GDP of the country. Wilh"rcgard 10 distribution_' of pc)pulatgi'o.n, the
proportien = of Rai'oton.ga and the other islands 'h.a's:-cohsislently ‘been
approx. 55% and 45% respectively since 1971 when a peak in population
was rtecorded and the same proportion is expécied to be unchanged up to

2010. Therefore, the growth ratc of population P in the formula will be

0.3%.

Results are shown below.

Table 8-3-8 Forecast of Cargo Volume ‘fqr_Dg':_me'stic Cargo

Year | Forecast of OGutward Cargd handied
. ('000 Freight Ton)

1997 ' 2.4

2010 | , 2.8

Also all cargoes are to be non-containerized in  the future,
Ratio of Containerization for Overseas 'Ca:_'go

Ratio of containerization for cargo in 1990, e#cluding break ‘bu‘lk, is 61_% ‘as
shown in table 8-2-3. From the table, cargoes entering the Cook Islands are

well conlaincrized.
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When forecasting the ratio of containerization, conditions of (he mother
port _an:d"olhcr ports where a vessel c@lls have to be considered. The ratio of
containeriza_ﬁon ar, lhc. port of Auckland in New Zealand and the port of
Suva in Fiji is 69% in 1990 and 74% in 1989 respeciively.  Since these ports
are a_lm_ost “fully containerized, the ratio of containerization in Avatiu

Harbour will become 70 to 75% in 2010, depending upon the proportion of
commodities.

.A ratio of 95% for foods was recorded .in 1990, which is practically the
maximum value.  Most construction matcrials are long and heavy, so. the
'ratio of 10% recorded in . 1990 will be limi[.ed in the future, .Small
machinéry; motorcycles and related parts and others can be containerized
with a ratio of 90 to 95% in the future.

Consequently, the expected ratio of containerization in 2010 can be shown
in Table 8-3-2 below.

Table 8-3-9 Ratio of Containcrization in 2010
('000 Freight ton)

Commodities ‘Frgi. ton| Ratio of | In Com. Non-Cont.
_ (,000) Contnr. EIID)] 000
: : —
1) Foods 13.9 0.95 { 132 0.7
2) Construction '
- Maierial 4'8. 0.10 05 4.3
3) Vehicles 5.0 0.00 0.0 5.0
4) Motorcycles & Parts 1.2 0.95 1.1 0.1
5) Others 12.3 0.90 1.1 1.2
Total | 37.2 0.70 25.9 11.3

In :ordcr_ to determine the required arca of CFS etc., a ratio of the number of
LCL c'on_taincrs toe the total number of containers  (LCL ratio) has to be
estimated. According to the investigations'of cargo manifests, the LCL ratio
is from 20 to 30% to the total number of containers though it depends on

the proportion of the commodities transported.

Theréfore’, the LCL' ratio is to be a maximum of 30% in the future, as the

proportion of imported commodities will basically remain unchanged.
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5) Number of Ship Calls

As aforementioned, the total containerized cargo v(jlnnlé in 2010 is 25,900
freight tones.  And assuming the ratio of containerization will lincarly
change from  61% in 1990 10 70% in 2010, the ratio in 1997 becomes 64% and

the total containerized cargo volume in 1997 is 20,800 freight tonnes.

An average of approximately 15 fréighi tones ﬁcr TEU was recorded ‘in' 1990
and using: this value, containers of approx. 1390 and 1730 TEUs annually
will be handled in 1997 and 2010 respectively. And approx. 35 TEUs per
vessel were unloaded at Avatiu Harbour in 1990 and considering this,
approx. 40 and 50 calls at Avatiu Harbour annually will be expected in 1997

and 2010 respectively.

As for future. trends in the types of container ships, large container ships
have been further cnlarged at a QLlile small rate recently in' international
shipping routes.  Shipping routc via the Cook Islands _and‘_other"Paciﬁc
countries is much smaller than main international routes in b'o_lh size and
TEUs loaded on ship. 'Théfe"fore, sizes of container ships in this area will

not radi'cally change in the future.

In addition, the number of calls for tankers will be estimated. According to
the records in 1990, fuel of approx. l,OOO_.tonnésNesscI was transported.
Using this value, the number of calls for tankers is expected to be 14 in
1997 and 16 calls in. 2010,

Numbers of ship calls arec summarized as follows.

Table 8-3-10 Forecast of Ship ' Calls

_ Number of Ship Calls
Year General : Cargo Ship  Tanker Tiotal
1997 40 14 - 54
2010 50 16 66 |
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Fishery

There are three typical fishery scciors, namely subsistence, artisanal and
commercial fishing in the Cook Istands.

Among thp above scctors, commercial fishing could not bc developed in the
Cook Islands for the following reasons:

- it takes a long timc 1o transport fish caught ncar outer islands to
-Rarotonga for transshipment to overseas, thus a freezer on ship and

large cold storage area at the fishing port are required,

- generally, the potential of fish resources cxcept migrant fish is not
high since a continental shelf does not exist around this arca,

- since there is no dircct airline roule to Asia where a big market for the
consumption of fish exists, it is difficult to kcep the fish fresh.

" Therefore, subsistence and artisanal fishing shall be considered only. That

is to say, fish in this country are for domestic consumption.

Since there is no available data for forecasting future demand for fishing
faci'lities at prcsem, the following description is based on an cexpectant

figurc of the fishery in the future in the Cook Islands.

Before the forecast (or assumption) hercunder, some reasons can be ‘given
for the necessity of developing fishing port facilities, such as landing

wharf, lay;by wharf, ice making plant, fish market and so omn:

- circulation of much more quantitative and qualitative fish in the
market and promotion ‘of protcin consumption important for the health
of the Cook Islands people,

- benefits for the development of fishery industry by controlling and

maintaining fishing gears and facilities systcmatically,

. contribution to the effective development and utilization of marine
resources, a higher standard of living for fishermen and analysis of
fishery trend by managing quantity of fish catches intensively,

. “demarcation of fishing port arca independent of commercial and
pleasﬁrc activities in the harbour (cargo ships, pleasure boats and

fishing boais congest the harbour at present).

8- 19



1) Forecast of Fish Catch Handled

2)

Approx. 55 fishing boats arc in part'—timc use (occasionally full-time) in
Rarotonga at present, and fish with a total weight of approx. 150 tons are

annually landed according to the hearing.  Accordingly,
150/55 = 2.7 tonfyear-boat

On condition that the rate of food consumption will be maintained i the
future, amount of fish caught will increase according 1o the growth of
popuiat'ion and income (o_r consumption), the same as in the forecast for
cargo volume.  When the growth rate of fish catches correlates o the
growth rate of population; when ‘including equivalent number of tourists,
the rate from 1990 to 2010 becomes approx. 10%. Thcrr;:foré, fish caiches of
approx. 170 tons are expected in 2010, Furthermore, the Ministry of Marine
Resources intends to vigorously develop the fishery’ industry in the future,

at which point 200 ton will be adopted for the Master Plan.

Number of Fishing Boats

It is assumed that fishing methods and fish caiches will not grow before
1997; then approx. 35 fishing boats cxisting at ‘both Avatiu and Avarua

Harbour are considered for the ycar 1997.

The same assufnplion used for fish catches \#il] be applled for forecasting
the number of boats in 2010. The number of boats will .reach approx. 60,
increasing at a rate- of 10% from 1997 to 2010, provided that types of all’
boats remain unéhangcd. In the event that 30% of the fishing boats a're.o.f

a larger typc with the maximum length- of 10m, the total number of boats

would be approx. 50.
The results are summarized as follows.

Table 8-3-11 Forccast of Number of Fishery Boats

Year Type of Boat Number of Boats
1997 L=4-6m 35
(existing) -
2010 L=4-6m 4
L =max. 10 m _ 10:Total 50




8.3.4 Tourism

In this section, ih_c_dcinand for marina facilitics will be f()récast. Since
pl;asnnrc"boals using harbours in the Cook Islands arc prin¢ipally from
~overseas, the number of calls of pleasure boats is basically indepcndcnt'of.
quio ceonomic conditions in the country; however, they arc occasionally
“affected by the existent facilities of a marina. Fig. 8-3-1 shows that the
nugmbcr of calls of pleasure boats al Avatiu Harbour has consistently grown

from 1985 to 1990, and the number can be ecxpected to increase in the
future.

129} '
.Im- /EFH/

=P oB

1986 ' 1968 1990
: Year

Fig.” 8-3-1 Number of Calis for Plcasurc Boats at Avatiu Harbouf (1985 ~ 1990)

'Wilcn a sifnple lincar regression analysis is applicd for forecasting the
number of calls for plcasuré boats using the above time series data, the
antual number of calls is 190 in 1997 and 340 in 2010. The maximum
riumber of boats simultancously staying in the harbour was recorded at 20
‘boats in 1990 as shown in Fig. 8-3-2, 17% of the annual calls.  This
_concentration degree will be applied for estimating the maximum number
in thé'fﬂluré; s0 it is expecied 1hé_t approx. 33 in 1997 and 60 boats in 2010

will be moored simultancously at a marina.



According. to past data and information from the Tourist Authority, an
avcra'gc' of around three peesons. are on -b'o'ard. ' Thcrefore', the maximum
number of persons who will utilize marina facilities can be .cxpééted to be
100 in 1997 and 180 persons in 2010 at most. " Appropriate facilities will be

required to accommodate the above number of pleasure boats and pecrsons.
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Fig. 8-3-2  Number of Calls for Pleasure Boats Simultaneously Moored
al Avatiu Harbour by Month in 1990 and 1991

8.3.5 Port Park Complex

The coastal area between Avatiu  and Avafua lS the center of commercial
activities in Rarotonga Island. This arca was rééi_aiinéd in 1:9_917 by MOW for
buffer zone against cyclone waves and more épace for ‘public use and port.
New reclamation of this area is proposed in the coasial proteciion plan as
discussed in Chapter 7. This reclaimed arca is named as the Port Park

Complex, where various land use can 'bc_ expected including,



‘a) Buffer zone against cyclone waves and SUrges,
b) Park with plantation,

c) Sports ground,

d} Car parking space, and

e) Avatiu Harbour oxpansion arca (1.5 Ha)

f) Others, ;

There arc not directly related 10 the -port activities, however, estimation of
vehicular traffics are conducted for (he smooth road traffic along the Port

Park Complex and the port areas.

“There "are many cars passing through and parking in the area during the
day, and. this sometimes causes a traffic jam. In order to resolve this
relalively overcmwded condumn a parking arca will be required as an

allowance of land usc plan,

An dbscrva{i_on of the number of parked cars in this arca was conducted at
10 am., 12 pm. and 3 p.m. on 11th (Mon.) to 15th (Fri.) of November 1991,
According to the observations, the variation of ‘the number of parked cars
in each (ime during the day was very small while the variation among  the
five days was slightly larger.  The maximum number was observed on

Friday, followed by Monday.

Most cars entering this arca on week days are used by local pbopk: of the
isl_and'. There are a few cars used by lourists if we consider the number of
rental cars in comparison (o the total number of cars. Therefore, the
expected number of parked cars in the future is subject to the population
growth excluding the number of tourists, The population in Rarotonga is
55 9% of -the total population and is assumed to maintain thalt proportion - as
aforcmennoned Under this assumption, the population in 2010 will be
approx. 1.1 times that of 1991. Since an average of 410 parked cars in a day
was ()bserved approx. 450 cars will bc expected in 2010. The maximum
numbcr of parked cars was observed on Friday, it was approx. 115 times of
lhe average number. Accordmgly, a maximum numbcr of approx. 520 cars

is expccted to park in this arca cach day in 2010.



Considering time distribution, the n_umb’cf of parked cars - did not
significantly vary but the peak number was observed al noon, and was
approx. 1.04 times greater than the average number by time periods. Using
this value, thercfore, the maximum number of parked cars can be 'expeclcd

at 180 in 2010 for each time .pcriod.

Large vehicles such as buses and trucks were observed at a rate of 3.5 %
according to the result of the observation ‘and this ratc is used for the

calculation of a required arca for parking.

According to the Handbook of Traffic 'Enginecﬁhg, a rcquircd: parking area
for a common car and a large vehicle is 11.25 sqm (Sm x 2.25m) and 42.25
sq.m (13m x 3.25m) respectively.

The number of large vehicles cqui\.ra'lem o a common car is;

180 x 0.035 x (42.25/11.25) = 24

The total number of parked cars is; .

180 x 0.965 + 24 = 200



8.4

8.4.1

3.4.2

Projection of Port Facilities

This scction deals with required port facilities.  The existing facilitics will
be utilized as much as possible if they are properly arranged to meel the
future traffic demands and mode of transport.

Land use of the Port Park Complex will ‘be discussed in section 8.9.

General Description

The -i'cc[pired number of deep-sea berths for foreign trade is ~determined
using. the berth  occupancy rate. - The calling vessels for the foreign trade
at the deep-sea berths of this project are assumed to be liner vessels which
are 'semi~comaint_:r type and tankers. The total number of each typé of

calling vessel for foreign trade is shown in section 8.3.

The berth for d_omcst_ic'tracle should be separated from forcign trade berih
10 facilitale customs procedures. Therefore, the domestic trade berth will

be established at the south side of the east wharf.

The .scale of the required facilities for the fishing port and the marina is

determined by the number and scale of the fishing boais and the large

~ calling yachts, which arc cstimated also in scction 8.3

The width of the entrance channel and the scale of the turning basin are

decided conmsidering the safety of the large calling vessels .in the target

year of this project.

The reQuired scale of the cargo handling facilities for the function of a
commercial ."po'rl, namely, the container storage yard, CFS and transit shed,

is decided considering the cargo flow and dwelling time of cargoes in these

~ facilitics. (Note: Dwelling time means length of stay of cargo.)

Deep Sea Port Area

Function allocation will be discussed in scction 8.5. At any rate, the deep

sea port arca will be located in Avatiu Harbour. Thus, at any rate, facilities

| required for deep sea berth will be atlocated to Avativ Harbour.



1)} Mooring Facilities and Basin

As mentioned in scction 8.4.1, the reqoircd number of deep _sea berths for
foreign tradc 18 determmcd using lhe bcr[h occupancy rate, | '
The formula of the calculation is as follows
= (/365)/(S x (m/Va))
where r: Berth  occupancy ratc

n: Number of larger vessels calling per year
(General cargo -ship: 50 Vesscls, Tankc: 16 Vessels)

S: Number of berths (1 berth)
m: Cargo. handimg capacity (ancludmg jdle time) per berth per
day (General® cargo’ ship: 390 tons, Tanker: 840 - tons)

Va: Average cargo handling. volume per vessel - -

(General cargo ship: 744 tons, Tanker: 993 -lons) S

(General cargo ships)
r = (50/365)/{1 x (390/744)} +0.261

{Tanker)
r= (16/365)/!1 x (840/993)) +0 052

(Total)
r =0.261 + 0.052 =0.313

The berth occupancy rate of the deep-sea berths for foreign trade dn 2010
is about 31.3 percent. Therefore, an additional deep-sea. berth for foreign

trade need not be constructed in 2010.

The dcpth of the deep- sca bcrlhq for forcign trade at prcsent is. about 62
meters below  the Mcan -Sea Level. Consequemly, the dapth of the berths
and the basin for foreign trade vessels will have 1o be dredged to -7.5
meters because the depth of the berths is currently not sufficient for lorgc

vessels.

The quay wall.at the south side of the east wharf in Avatiu Harbour will be

used by domestic trade vessels in the Master Plan.

The width of the. basin in front of the foreign trade berths will have to be
expanded to facilitate the safe turning of large vessels. The width of the

basin in case of using a tugboat is calculated using the following formula.



2)

B=15L
where B:  Widih of the basin (m)

L Léngth of the maximum liner vessel (93.0 m)

B =1.5x93.0=140.0

The required width of the basin is épproximatcly 140 meters. The depth of
the basin is -7.5 meters, the same as the depth of berths.

Cargo Handling Facilitics

The dimensions of the present transit sheds in Avatiu Harbour do not need
10 be expanded in the Master Plan because the cargo volume of foreign
trade and domestic trade will not greatly increase in the Master Plan. In

addition, the prcéent condition of the transit sheds have enough room for

sorting and storage.

The required area of the container freight station(CFS) is 'calculat'cd using

~the following formula:

A={McxDwx P)'/'(w % 'r‘ x Dy)

where -A: Required floor area of CFS§ (Sq.m)

Mc: Aanual cargo throughput of containerized cargo
through  CF$ (7,770 tons)

Dw: Dwelling time at terminal(7 days)
P:  Peak ratio(1.5) -
w: Volume of cargo per unit area (1.3 tons)
r; Utilization rate of CFS Floor (0.3)
: Dy: -Op'crating days(302 days)
A= (1,770 x 7T x 1.5)/(13 x 0.5 x 302) = 415.6

The result of the calculation shows that approximately 420 square meters
will be needed, which is less than the present area. So, the area of the CFS

will not be changed in the Master Plan,

The"aréa' of the container storage yard is decided based on the rcquired
slorage. ﬁumbcr of containers at the storage yard. The required storage
pumber of containers is calculated by the following formula:



(My/Dy) xDPDwx P

where M: chuucd storage number of containers (TEU)
My: Annual conl.uncr wraffic (3,454 'IEU)
Dy: Annual opcrating days (302 days)

Dw: Dwelling time of a container box at the storage yard
(8.63 days)

P: Peak ratio (1. 5)
(Refcr o Append:x D4.3.)

M = (3,454/302) x 8.63 x 1. 5 = 148. 06 = 148

The required data on the storage cbndilioﬁ of the container yard was not
available in the Cook islands, therefore, the condition of the storage yard in
the Master Plan is decided based ou Japancse data. The :required' arca of the
container storage yard in casc of the forklift system in combmatmn with

tractor-trailers  is caiwlated by the following formula

= [(M/Hc) x As}/Ad
where Ay: Required arca of container storage yard (sq.m)
M: Required storage number of containers (148.0 TEU)
Hc: Average stacking height of container (1.5)
As: Area of a slot (150 $q.m) '
d:  Utilization rate of storage yard (0. 22)

Ay = {(148.064/1.5) x 15.0}/0.22% 6,746

The result of the calculation show that approxim'atcly 6,800 squarc meters

are needed for the container storage area in the Master Plan.

The number of storage containers at the marshaling yard is the same as the
number of handling containers per vessel. The required area of the

marshaling yard is calculated using the following formula.
Am = [{(Mi x PYHc} x As)/d |

where  Am: Required “area of container marshaling. yaf'd--(sq.m)_

Mi: ‘Average number of handlmg container per vessel
(70 ’IEU)

Hc:  Average sml{ing hcight' of container (1.5)
Peak ratio (1.6) ' | '
d: Utilization ratc of marshaling ya'rd (0.22) .
As: Area of a slot {15.0 sq.m)

= [{(70 x 1.6)/1.5} x 15.01/0.22 % 5.103
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4)

The required marshaling arca in the master Pan in casc of the same
container cargo handling system as the system at the containcr storage
yard is about 5,100- squarc meters. |

The following cquipment will be réqﬁircd in the Master f’lan.
Container hahdling: 3 large forklifls (32 tons)

2 tractor-trailers’ (for  transported
containers between the marshaling -yard
and the storage yard and between the
alongside and ‘the marshaling * yard)

2 forklifts (2.5 tons at CES) |

Conventional cargo handling: 4 forklifts (2.5 tons) for use on board

4 forklifts (5 tons) for use during ground

gpecration

The cargo handling equipment for conventional cargoes is used for
foreign trade and domestic trade.

Breakwater

The predominant direction of the offshore wave around Avatiu Harbour is
ENE. So, to ensure a calm water space, the improvement of the east side
brcakwatek against these waves is a fundamental ncc'cssity. The direction
and length of the breakwater are decided considering the result of the
wave ca.lmr.xcss analysis and the cohstruction cost.  The .rough plane and the

effect of the improved breakwater is mentioned in sections 8.6 and 8.7.

Other Facilities

Other facilities 1o be installed al the deep-sea. berths at Avatiu Harbour,

including the domcsiic trade berth, are as follows:

Maintenance shop for the cargo handling equipment
about 170 sq. meters

Control office of containcr terminal -1 200 sq. meters

Others:  Water supply facilities, electric supply facilitics and eic.



8.4.3

1)

2)

Fishing Port Arca

Some of the required data for the fishery port planning is not available in
the Cook Islands because the related offices of the f;shely do not yet have a
research system or kccp statistics.  Therefore, requircd data is substituted

with data gathered from similar projects.

Landing Wharf

The main factors in determining the léngth' of the landi'ng wharf are the
length of the fishing boat, namber of mooring boats per day ‘at the landing

wharf, working timc of the landing wharf “and "the landi'ng_time per boat.

. However, except the length of flshmg boat, the neccssary data is not

available in the island lhercfére, lhc'le’ligth of the landing wharf is

-deteunmed using available Japanese data. “The requircd length of the

landmg whari is calculated using the following formula:
={(NHpxL}+A

where Li: Requxrcd length of the iandmg whdrf (m)
N: Averagc number, of boats, per day (30 boats)
t:  Turnover rate (10.0)
L: Berth length per'.boat {7.2 m)
A:  Allowance (7.0 m)

Lr = {(30/10) x 7.2} + 7.0 =28.6
r = Tw/Th '

where Tw:  Available working time of the iandfng whart. (2..'5 hotrs)

Th: Landing time per boat (0.25 hours)

ro= 25/025=10

According to the resull of the calculation, rcqulred landing wharf lenglh is
approximately 30 meters.. So in this study, the length  of the landmg wharf

will be set at 50 meters to allow for future expansion.
Lay-by Wharl

The requlred Iength of the lay by wharf is calculatcd usmg the followmg

“formula.
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La:'.an

where La:  Required !cngih of the lay-by wharf (m)
n:  Average number of boats per day (60 boats)
- B: (Boal beam) x 1.5=2.0x15=3.0 (m)

La = 3.0 x 60 = 180

The average length of the boat in the Master Plan was determined in
section 8.3. The beam of the fishery boat is determined based on the above
length using the Japanese standard. (Refer to Table 8-4-1)

The result of the calculation shows that the -requiréd length of the lay-by
wharf s app‘ro’ximalely 180 meters.

Sorting - Facilities
The requ'ired area for the sorting al the market hall is determined using
the following formula:

§=N/R xd x p}

wherc 8: Required area for sorting (sq.m) _
' N:  Volume of the fish cawch per day (700 kg)
R: Turnover ratio per day (1.0) '
| p: Volume of -cargo per umit area (40 kg)
d: Utilization ratc of the floor (0.25)

S = 700/(1 x 0.25 x 40} = 70

According to the  result of the calculation, required sorting area is

approximately 70 square meters.

There arc several activities at a marketing hall, such -as sorting, washing,

-wcighing, auction and packing.  Therefore, a marketing hall must be

composed of three areas, namely, a sorting arca, packing arca and.
weighing - area. The arca of marketing hall is detérmined to be
approximately 200 square meters becausc the packing area is as large as

the sorting - area.
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Table 8-4—1 Dimension of Fishing Boat
Draf[- :
- Gr L.O.A. Breadth Max. Mini.
(TONS) | (M) (M) (M) (M)
1 v 1.8 1
2 8 2.2 1.2
3 9 2.4 1.4
4 10 2.6 1.6
5 11 2.8 1.8
10 13 3.5 2.0 1.9
20 17 43 2.2 2.1
30 20 4.7 2.5 2.3
40 22 52 2.7 2.5
50 24 5.5 2.9 2.6
100 30 6.5 3.7 3.2
150 35 7.2 4.2 3.5
200 40 7.6 4.6 3.8
500 55 9.4 5.9 4.5
Source: Japanese Standard

ice Making Plant

The primary factors in determining the area of the ice making facility are

the relation between the volume of fish catch and ‘the volume of ice used

per unit fish caich and the capacity of the icc making machine.

According to the actual data in Japan, the relation between the volume of

ice used for fish catch and the volumec of fish caich is as follows:

(volume of ice used for fish catch)/(volume of fish catch) = 0.86

The capacity of the ice plant is determined using the following formula:
Ci = {0.86 x (volume of fish caich)}/r x Wd) |

where Ci: Requisite capacity of the ice -plant (tons per day)

r:  Working ratio of ice plant {0.517)
Wd: Working day of the ice plant {365 _days)
Volume of fish catch per year: 200 tons

Ci = {0.86 x (200)}/(0.517 x 365) = 0.91 % 1.0




The working ratio of the ice plant is determined wsing actual data in Japan,
According to the result of the calculation, the required capacity of the ice
maker is approximately '1.t0n per day,

The ice making Tfacility requires an arca of approximately 55 squarc meters

according to the cstimation using Japanese data, (Refer to Table 8-4-2)

The related office of the ice making plant should be localed in the same
arca as the ice making plant itself. Therefore, the area of the ice making
facility is dectermined to be approximately 75 squarc meters.

Tablc 8-4-2 Relation Between Area of lce Machine Building and
Capacity of Ice Machine

Capacity.of :ice mach_ine (ions[day) 1 3 5 190 20 3q _ 50 100
| Capacity of sworage reom of ice (tons)| 60 {180 [300 |00 [1ico [1500 | 2000 { 3000
’ ice machine room 248 | 484} 59.41 86.6]178.21231.0] 376.8] 752.4]
Area of [ Storage room of ice | 26.4 1 72.0(100.7}178.2(290.4{396.0{ 534.6] 772.2
ice machine | Machinery r.eom - 23.14 33,0} 49 5] 79.2] 66.¢ 89.1 138.6
building | Bleciric_supply room - - - - - - 19.8 11.0
(sq.meter) | Office ' - | o] 12.4] 24.8] a6.2] 39.6] s2.8] s2.8
Others }_3_;1 11.63 12.4) -19.3} 33.0p 594 15.3 16}.7
B Taial . 54.5 1165.05217.91358.9/627.0(792.0}1,148.411,910.7

Source: “Gyokou keikaku no Tebiki®, 1980

5) Repair Shop for Fishing boals

Th.c' required area of the répair shop for fishing boats is approximately 80
.square meiers, which is caleulated using the Japanese standard.

"The area of the current work shop (TLT workshop in Avatin Harbour) is
approximately 380 square meters, which is larger than the. required area of
the workshop for the fishing boats. Therefore, the arca of the workshop in
the Masier plan  will ‘be the same as at present, approximately 380 square
meters. It is assumed (hat the existing one can be utilized moving from

present area to the planning area
The required area is calculated using the foltowing formula:

A = (D/P) x X x (1/r) = (300/302) x 40 x (1/0.5) = 80






D=VxNxd=60x25x2=300

A _Required area of repair shop (sq.m)

D:  Total number of days used in the service of hoats

(300 days)
P:° Total number of available working days per year
(302 days) :
X Occupied area of a fishing boat for repair {40 sq.in)
V:  Number of 1'ei)air boats per year (60 boats)
d:  Number of days for a repair per boats (2 days)
N: Nufnbcr of repair ‘fihies per boat per yéar (2.5 times)

r:  Utilization raie of the area at the work shop (0.5)

8.4.4 Marina

Almost all of the required data for the marina is not available in Rarotonga.

Therefore, the niajority of the required data comes from Japan.

1) Quay wall

The required length of a quay wall differs according to the type of mooring
method. In this study, a fixed fork-shaped iype is adopted for the mooring
- facilities of the marina.

The dimensions of the type are shown in fig 8-4-1.

'Fig._ 8-4-1 Dimensions of Adopted Pier for the Yacht Harbour

where Bl= (1.0~12)xL
b= 1~ 1.5 meters
- B=  beam of the yachts: 4.5 m
W2= (2 x B) +b+ (1.5 ~ 2.0 meers)
= (2x45)+15+20=125






The majority of yachis calling at Rarotonga are cruisers. The length of the
large cruisers calling ai Rarotonga is 20 meters or more. So, theé length of
the calling model yacht is qssumed 10 be 20 meters. |

_"I‘hc- Beam 6f the yacht is estimated using the relation between the length of
yacht and. a beam of yacht. The data for this is obtained from thc Japan
Ports and Harbour, Association,

According to the result of the estimation, the beam of the model yacht for
this plan is . approximately 4.5 meters. The number of calling yachis
mooring simultaneously at Rarotonga in the target yecar of the master plan
is .approximately 60 yachts.  (Please refer to scction 8.3.)

Therefore, the required length of the wharf for the calling yachts is
approximately 300 meters.



8.5

8.5.1

8.5.2

Zoning and Function Allocation

Allocation Alternatives

The required functions both -at Avatiu  and “Avarua Harbours are-
commercial port, fishery port and ' marina.

The function of the commercial po'n will '.be_ established at Avatiu Harbor
because"thé deep-sca‘ berths have aiready been established there; besides,
A suitably wide water area for large vessels could not be obtained at Avarua
Harbour since the passage length is shorter than Avatiu Harbour.  There
are four alternatives for zoning of the masicr “plan concerning the

functions of fishery port and marina,

Alternative 1: The function of fishéry port is established at Avatiu
Harbour and ‘the function of marina is established at
Avarua Harbour, L _
Alternative 2:  The function of fishery port is established at Avarua
Harbour and the function of marina is established at
_ Avatui Harbour. | |
Alternative 3: The function of fishery port and marina arc established
at Avarua Harbour. '
Alternative 4:  The function of fishery port and marina are established

at Avatui Harbour.
Evaluation

The fish catch al the North Islands area of the Cook Islands are transporied
to Avatiu Harbour in Rarolonga by large vesscls. Then, the catch'.is
handled at the deep-sea berths in this harbour. Several facilitics, such as
sorting facilitics, ice-plani, fish market, parking area etc., neced to be.
established at the fishery port. For the above reasons, it is recommended
that the fishery port be established at Avatiu Harbour because Avarua
Harbour does not have the sufficient area (o construci the related facilities.
in addi{ion., Avarua Harbour currently does not have a deep-séa berith for

mooring the large vessels from the North Islands area.



According to the cargo forcoast in scciion 8.3, in the target yecar of the
Master plan year 2010, the number of fishing boats and pleasure boats
including }érgc yachts will rcach morc than 60. So., if the fishery pori and
marina 'are' b_oth ¢stablished at Avatiu Harﬁour, the basin, the land arca for
the installation of the ncbeSsa_ry facilitics and the possible faccline length
for the requircd guay wall are insufficient. For the above reasons,
aliernativ_c 4 is not viable for the Master plan. Therefore, alternative 1 is
adopted for the Master plan of this project.



8.6

8.6.1

1)

Countermeasures against Wave and Surge

This section deals with the protection works of portTacilitiés against wave
and surge. Studies are conducted in both cases, the cyclone condition and
the normal climatic condition. The former aims at estimation of wave
heights in order to provide necessary port p_role'c"tion.for 'initigatioh of
wave overtopping ‘the wharf and rushing _into. inland arcas. . While the
latier is for forecasting occurrence probability of wave height by size to
ensute the por! operation safety against the normal wave generated by the

prevailing Eastern winds.

Computer simulation of Sally wave at Avarua coast and Avarua Harbour are

" discussed in subsections 5.3.7 and 7.6.3.

Waves during Cyclone
Condition of Study

This = subsection will provide nccessary wave information at three
observation points during the cyclone. Two alternative breakwater
arrangements have becen studied in respect to the wave intensity at the end

wharf which is located at the deepest south.
Observation points are:

(i) Point F.-----enu--- Foreshore -6.0 m _
About 120 m off the reef edge

(ii} Point E----------- Near the recf edge
(Almost port entrance)

(iii) Point Q----------- Southern end wharf
Each observation point for two harbours is shown in Fig. 8-6-1.
Condition of study is as follows:

a) Wave by Cyclone Sally
Ho = 8.1 meter
To = 12.5 sec.

g -38



b) Water level
Water level in the inner basin is assumed as [ollows.

Tide + Air dopression rise + wave s[cp up
=036 + 0.24 + 0.8
=140 m abovc MSL.

Note: Tlus data is shown in the previous JICA report, however is lower
by 0.5m than simulation results conducted by the team.

2) Wave Refraction.

Fig. 8-6-1 shows wave refraction diagram.  As seen on it, estimated
refraction coefficient at Point F of both ports is rclatlvely small.  This is
mainly due to the fact that the existing seabed configuration at passages
are typical submerged strcam valleies. This makes wave dispersion at the
passage then wave concentration at the neatby lagoon.

Note: Refer 1o subsection 5.3.3 for the .meaning of refraction diagram.
This phenomenon can be translated that;
a) Wave intensity penetrating into the port basin is smaller ones.

b) while, wave intensity at the closed lagoon is larger ones. Thus, coastal
protection works near the passage should be more durable one than
other .area..

Note:  Statement above do not include wave height reduction effect by

the ~possible. back-rush through passage. At present
technology, it is difficult to take the back-rush- into
consideration - of wave refraction. In this mean, it is

recommended to refer to waves in computer simulation,
subsection 5.3.7 and 7.6.3.

Wave height at Points F and E can be calculated by following formula.
Ho' = Ho = Kr = Ho » Ybo/b
- Where Ho': Equivalent offshore significant wave (m)

(or wave at Point F/E)

Ho: Offshore significant wave (m)
(or wave before refraction)

Kr: chfrziczion coefficient
Kr = Vbo/b .
bo: offshore wave propagating density in meter

b: Inshore wave density in meter, refer to
Fig. 8-6-1,






3) Wave height ncar the Avatiu Port

Point_F

Ho' =81 x V30/130

= 8.1 x 0.48

=39 meler

- Point B

Ho' =8.1x V30/250

=8.1 x 0.35

= 2.8 meter

4) Wave height ncar the Avarua Port

Poiit F
Ho'=8.1 x V120/190
=8.1x% 0.79
" =6.4 meter
Poini E

Ho' =8.1 x ¥120/270

5) Wave height in the Avatiu Port: Point Q.

=8.1 x 0.67

= 5.2 meter

Two allernative breakwater layomis are provided to analyze the cyclone

wave intensity in the port basin,

Case

Existing breakwater arrangemeni, Fig, §-6-2.

"Present”:

Conditions,

Wave at Point E (Entrance)
Wave period
Water depth

~Wave length in deep water

Wave length at Point E
Entrance width

Diffraction coefficient by irregular

Smax =75

Wave direction at Point E (entrance)
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Ho = 2.8 meter
To= 12.5 sec.

h = 6.2 meter in average

'Lo =244 meter

L = 95 meter
B= 86 mcter

wave diffraction diagram in

N20°E
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As shown in Fig. 8-6-2, wave at point 0y during cyclone is calculated.

Using Smax. diagram, diffraction coefficicnt KD is,
KD =0.55

Thus, wave. height is,
Ho' = 2.8 x 0.55
= 1.54 meter

Shoaling coefficient Ks is obtained by the diagram,
h/Lo = 6.2/244 = 0.025
Ho'/Lo = 1.54/244 = 0.006
Ks = 1.29

Thus, Wavé at point 0y is
' H = 129x 1.54

= 20 meter

Case_"Extension"; = Improved breakwater arrangement, Fig, 8-6-3.

B=75m%0.8L
Since entrance width is smaller than wave length, KD in regular wave

diffraction diagram is adopted.

KD =0.41
Ho' = 2.8 x 0.41
" =1.20 meter

Shoaling coefficient KS is obtained by the diagram.
h/Lo =0.025
Ho'/Lo = 1.20/244 = 0.005
Ks = 1.24

i

Thus, H= 124 x 120

= 1.5 meter

Wave during cycldne in Case "Extension” is smaller than Case "Prescnt" by

22% in the port basin.

" This -study  result’ shows that Case "Extension” provides more calm condition

in the port basin during cyclone. -
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. 6)

Wave run-up on the end-wharf by this wave is cstimated. . Run-iip height in

MSL is calculated by following formula,

hr =R + h'
Where, hr: Wave run-up above MSL m _
Wave run-up above the water lcvel _ m

Since water depth in front of end thrf is deep enough not

to break wave, run-up height wxll be as clapotis.

R=H=15 , m-
h': Water level
h': =14 . m

- Thus, hr=1.5+ 1.4

= MSL + 2.9 m

Since the existing wharf height is about MSL+20 m, Wwave 'ovcr-to'p'pihg
may appear on the wharf by 09m. Wharf hight in MSL- +2.0m ‘is
rcasonable for cargo handling by ' domestic small vessels, thus this. level of

wave over-topping should be accépiéd.

Wave height in the Avarua Port: Point 0.

_ Similar to Avatiu port case, two alternative breakwater layouts arc provided

to analyze the cyclone wave intensily in the port basin.

Case "Present”; Existing breakwater arrangement, Fig. 8-6-3A

Conditions,
- Wave él Port E (Entrancc) Ho' = 5.2 meter
- Wave period To = 12.5sec.:
- Water depth H = 4.5 meter in average
- Wave Length (offshore) Lo = 244 meter
- Wave length (point E) - Lo = 8? meter.
- Diffraction coefficient by irregular wave diffraction diagram in
Smax = 75
- Wave direction at Point E N. -

As shown in Fig. 8-6-3A, wave at point 0; during cyclone is calcu.lated.
Using Smax diagram, diffraction coefficient Kb is, ' '
KD =0.40 | |
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Thus, wave height is,
Ho' = 5.2 x 0.40
=2.9 m

- Shoaling cocfficient Ks is obtained by the diagram,
Ks =1.25

Thus, wave at point-0; is
H =125x29
= 3.6 m

Case__"Extension": Improved breakwater arrangement, Fig. §-6-3B

Similar to Case "Prosent”

Ks =0.30
Ho' =52 x 0.30
=16 m
Ks =1.25
H =125x 16 .
= 2.0 : ni

Wave during cyclone in Casc "Extension” is smaller than Case "Present” by
44% in tihe port basin.  This study result shows the Case "Extension"

provides more calm condition in the port basin during cyclone.

Wave fun-up on the end wharf (Point 0;) by this wave is estimaies. Run-up

height in MSL is calculated by following formula.

hr =R+ h'
Here, - R =2.0 m
h' = 1.4 m
Thus, hr=20+1.4
=3.4 - m

Since the existing wharf height is ‘about MSL +2.0 m, wave over-topping
may happen on the wharf apron by [.4m. Wharf height in MSL +2.0m is
reasonable for small boats in marina, thus this wave over-topping level

"should be accepted.
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Fig. §-6-3A Diffraction Coefficient Kd at 01 (Avarua Port)

in the Existing Breakwater Arrangément

Fig. 8-6-3B  Diffraction Cocflicicnt K.d at 01 ('A'varuﬂ.P.orl)_}.g

in the Improved Bircakwater Arrangement
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8.6.2 Wave Calmness during Normal Climatic Condition: Avatiu

I is well known shat the prevailing  wind  dircction here, thus wave
direction, is the East. In ordcr to estimate the annual workability of port in
respeci to wave calmness, offshore wave height during normal condition
are listed up from the _existing wave observation rccords of the Avatiu
Wave-Rider: Buoy located at 800 meter offshore for the period of one year,

March 1985 to February 1986. During the 365 days observation, available
data is 230 days (63% covcrage).

Based on these, Scatter diagram in respect o wave height and period has
been analyzed.  Fig. 8_—6~4 shows wave the period diagram' using both the
peak spectral period and zero crossing period. As seen in the figure,

domtinant period is different in two analyzes.

‘By peak spectral period------ semmms-e------6 to 12 second

‘By zero crossing period----«-----oooooooal. 5 to 7 second

Considering that the significant wave period is similar to ones by the

former, analysis here will be conducted by the peak spectral period.
a) Wave Direction off Avatiu

According io the wave direction record in Ship Report Data (swell),  Grid
Square No. 5 (15.0-25.0°8, 155.1-165.0°W), prevailing wave direction are E,
SE and S. Thus, waves off the Avatiu are assumed ones from the East

direction due to the sheltering effect by northern comer of island.

When, a cyclonc happens, waves may also come from the opposite
direction, however these are neglected from the calculation considering
the lower late".of cyclone occurrence than the normal climatic condition.
There is also NE waves (swell) of 1.5 to 2.5 meter height of 6 % occurrence.
Sincé the rate of this deéay' is not clear yet, this wave was regrouped into

ones from the East direction.

Based on this consideration, wave occurrence diagram is developed as

shown in Table 8-6-1.

8 - 47



ilt‘.‘l!ll(l'!.l uaYE KEIGuT we 2080 {EOSS1wG PLEIDO (REFLILY: .

N $16m1cant verg RELGAT sy PO faQiSE #LRIQ

F1CA1¥ [LANT NAR] N[TGH! w1 FLAE §RECTRL PLRYOD:
LR r—— —1
I3 ! 2 ' s 1
:‘:u I - S Zaa :
x z S H ol 1 t
Iy — B HEX]
” ! % Ty E 1 O BT I A
ES vy E,, I
R e I It R N ERS 33
s by |2 ' t|n ' ' ] 1 2 V
(W e Lt s
zlw W]t ' nf w s {n 1 H wlwfunlnjn 1 1]
] L LS
| s ju whiw |12 I o {w {n |w ER S I BEUI TI S ' t
12 L 1.t Wt - -
3] no| e fy 4 | o ] ¥ o ] ren | e 1 LI LTSN LR 3 u I H
[%} LR 2.4
wfw e fupn i | 2 ] we |13 1w LU L L B L IR
LX] o.é .4
u|lnjn [ 3 uol o aw b wl
8,3 for— 0.} o1
1 1 v
LX oz
M w 1 o1 % B o® u L] 1 % PR I H uoonou ] PO H ] + w4 o-uw N
: et PERICD 1) ~ PERIOD {5}

—— PERIGE Is]

Fig. 8-6-4(1)  Avatiu Harbour Wave rider buoy data ('orie_yeaf): Scatter

diagrams.

SRELL HEEGHT {A11) vs SWELL DIAN.
0

PROPORTION (%1

R OKE E 56 5 v ¥ oM
—— DIRECTION

Fig. 8-6-4(2)

PROPORTION (%)

CUSSRUL WEIGHT {E.5-2.5 al vs SWELL DIRN,
0

SE 0§ W W
———DIRECTION

g

PROPORTION {%)

Ship report data from.grid squaré No.

165.0°W): Histograms of swell height.

8 - 48

" SHEILL HELGHT (3-6 m) ws SWELL DIRR. .

w0k
w0
10 j-
o """]_‘ ST L
K ML E SE 5 SW W W
- DIRECTIOH

5 (15.0=0.25°S, 155.1-



Table 8-6-1 shows the wave occurrence by wave period.

Table 8-6-1 Wave Qccurrence by Wave Period.

T (scc.) Wave Dircction, E
Wave B |
H 7 9 11 Total
<0.9 | 142 11.3 13.3 | 38.8
0O9SH<12 10.6 9.2 17.9 37.7
12<H <15 3.3 3.9 8.0 15.2
ISSH< 1.8 20 | 1.6 | 3.1 6.7
1L9<H < 2:1 0.5 0.5 0.4 B 1.4
>2.1 0.1 0.2 0.6 0.9
Total | 207 267 | 433 | 1007

Note: 7 sec. line includes ones for five second or less.
11 sec. linc represents twelve second or larger period

b) Wave Occurtence necar the Port Entrance

Refraction coefficient is calculated to the wave direction of E10°N since the
erroir in refraction diagram in the East direction will be large because
wave dircction in East is parallel to coast. Refraction coefficient at the

entrance is obtained for three wave periods, T =7 sec., 9 sec. and 11 sec.

Table 8-6-2 Refraction Coefficient al Entrance (Kr) Avatin

Wave Direction East o
T. period (sec.) 7 -9 11
Kr | 0.49 0.46 0.50
Wave dircction N43°E N39°E N30°E

Note, Wave direction is those at the port entrance.

Reffact’ion diagrams for three wave periods are shown in Figs. 8-6-5,
8-6-6 and 8-6-7.

Wave occurrence by wave direction and period can be calculated by

combining both data in Tables 8-6-1 and 8-6-2.

Table 8-6-3 shows the wave oc‘cu'rrcncer by wave direction at the Avatiu port

entrance.
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Fig. 8-6-5
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Table 8-6-3 Wave Occurrence by direction at Avatiu

port entrance

T (s¢c.)| Wave Direction, B
3 ) I ° L
<05 19.7 | 18.0 21.5 59.2
05<H<06 | 54 4.3 9.8 | 19.5
06<H<0.7 2.3 2.1 6.3 10.7
07<H<0.8 191 14 | 32 6.5
08<H <09 0.9 0.6 1.5 1 3.0 |
09<H<1.0 0.4 0.2 | 03 0.9
10€H < 1.1 0.1 0.1 0.3 0.5
1ISH< 1.2 . - 0.2 0.2
1.2< _ ; } 0.2 0.2 -
Wave Diecion] wasee | naon | N0

c) Wave Calmness inside Port

Port workability is calculated in both Case "Present" and Casc "Extension"

Four observation poinis are sclected in the inner port basin.

(Note, Port workability in respect to wave effect is the percentage of days
when the wave height is 0.3 meter or fess. Wave of 0.3 meter is assumed as

the limit one allowing the normal container cargo handliﬁg.)

Case “Present": The existing breakwater arrangement, Fig, 8-6-8

i Diffraction Cocfficient KD and Shoaling Coefficient (KS)

Water depth (b) is -6.2 meter ‘below MSL. Diffraction coefficients
have been obtained from the ir'rcguiar wave diffraction diagram
(Smax =75, B=1L). Figs. 8-6-8(1) ~ 8-6-8(3) show KD in the X-Y

grids by each wave direction.

Shoaling coefficient Ks are,

T=7sC ~-n---m-mmmmmmammomo o Ks = 098, h/lo=6.2/76.4=0.081
g Ks = 1.03, h/Lo=6.2/126.4 = 0.049
T=11s€C.-----=rermcmmmaa Ks = 1.10, h/Lo=6.2/188.8 = 0.033



Table 8-6-4 Diffraction and Shoaling Coefficiem

in Case "Present", at- Avaliu Harbour

T (sec) | 7. 9 11
Wave Dir. N43°E N39°E N30°E
N 0.29 0.33 0.40
PL No.| 2 0.25 0.28 0.40
3 0.15 0.37_ 0.48
4 0,60 0.61 _ 053
Ks _0.98 1.03 1.10

ii Wave Occurrence by Wave Dircction/Period

Wave' occurrence at the observation points by wave diréction and
period can be obtained muliplying figures in Table 8-6-3 by KD-KS
in Table 8-6-4.

Table $-6-5 shows wave occurrence by wave period at the specified

four point.
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Table 8-6-5 Wave Occurrence inside Avatiu: Case "Present”

P1- No. 1 N Pt - No, 2 ' )
T 7 9. | 11 T 1 ] ® i1
(see)l k= 028 K =034 : K = 044 | {sec) __5:_‘0.25 K - 029 K = 044
H(m) 3 KH | Nij KH.| Ni | KH | Ni }‘H (m) | kH | Ni| KM | Ni | kH | N |
0.5 ~ 11.0 8.7 - | 21.8 ] 0.5 ~ 21.8
0.6 ~ 5.6 4.4 {026 ~|12.0 0.6 - § 026 -| 12.0)
07~ I 3.3 2.3 103t ~f 5.7 | |07 ~ 031 = 5.7 |
0.8 ~ 1.4 1027~} 0.9 lo3s -] 0.5 | 0.8 ~ 035 ~| 2.5
0.9 - 0.5 1031 <] 0.3 |oa0~| 1.0 0.9 - 0.40 ~1 1.0
KitZ03 m o0 0.4% 1 6.6 [KHZ03 m . - 5.6%
|kHZ03 m=70 % P KHZ0.3 m=66 % -
m - —
Pt - No. 3 ] Pt - No. 4
T Y 9 1| T 7 9. 11
Gseed] - 0us K=038 |K =053 Gecd] x-0s9 | K=063 |K=o058
Hem | oka | omi | k| N ke | wi Hon) | k| M| ®ka | Ni | ke | Ni
0.5 = 0.26 ~|21.8 0.5~ 029 -111,0]031 ~| 8.7 {020 ~|21.5
6.'6 ~ . 032 ~| 12.0 06~ ]035-~]5.6|038~| 4.4 |035~]12.0
0.7 ~ 037 ~| 5.7 07~ 044 ~| 2.1 | 041 | 5.7
0.8 ~ 036 -| 0.9 {042 ~| 2.5 0.8 ~ o loso<| 0.9 |oar ~| 2.5
0.9 ~ 0.34 -~ 0.4. 0.48 ~} 1.0 0.9 -~ 0.57 ~] 0.4 o352 ~| 1.0
KH203. m ; 0.9% 14.6% KHZ03 i |ig.0% 8.1% 18.49
KH203 m=155 % KH203 m=37t %

Note: Figure here is accumulated occurrence.
K =Kp-Ks, MNi in percent.



“Case

From the Table 8-6-5 the port workability at ‘cach observation points

will be as follows:

o Point Workability.~
No. 1 . 93.0%
No. 2 93.4%
‘No. 3 84.5%
No. 4 62.9%
Average _ 83.5%

It is recommended to maintain workability in: the commercial port
95% or more. Thus, it can be said that breakwater layout Case
"Present”  is not suitable. - The ekisling breakwater -should be

rearranged for the better port quality.

"Exiension": Improved breakwater arrangement, Fig. 8-6-9,

Fig. 8-6-9 shows new breakwater arrangement.  As seen in “the
figure, Kp diffraction cocfficient is small ‘due to nartow port
entrance against the prevailing wave  directions, by the extension of

cast breakwater.

Table 8-6-6 shows KD and KS.

Table 8-6-6 Kp and Ks; Case "Extension” Avatiu Harbour

| Wave Dir N43°E N39°E N30°F
T (sec.) 7 9 o 11
i 023 0.28 0.38

PL No.| 2 0.18 02t | 028
3 0.18 0.22 0.29

4 0.26 0.29 0.38

Ks 0.98 1.03 1.10

As seen in the table, only waves with 11 second period can be larger
than the limit wave, 0.3 meter. Thus waves of 11 sec period larger

than the fimit height arc considered for calmness analysis.
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Table 8-6-7 Wave Occurrence inside Avatiu; Case "Extension”

Pt No. 1 2 3 o 4
T 11 i1 11 a1
(se0)| goo042 | K =0.31 K=032 | K=042
H @ | KH.|Ni| KA | Ni| KH |Ni| KH | Ni
07~ | 029~] 5.7 | 0.20 ~| 5.7
08~ | 033~| 25 033 ~7 25|
09~ | 038~| 1.0] 028~]12] 020~| 12| 038~] 1.0
10~ | 042~]07] 031~ 08| 032~] 08| 042~]0.7
KH203 m | 4.8% 0.9% 1.1% 4.8%
Workability | 95.2% 99.1% 98.9% - 95.2%
Average workability is 97.1% N

Port workability in Casc "Extension” is 95 % or more at every points
and beticr than Case “Present”, that it is also confirmed ‘that
extension of breakwater proposed here is. a suitable scale and not

over . investment.

Table 8-6-8 shows difference of two schemes in respect o wave

calmness during ‘the normal climatic condition.

Table 8-6-8 'Compar‘ison of Calmness

Unit: %
Obscrvation Point Present Extension  Balance
No.1 International  Wharf ©93.0 95.2 +2.2
No.2 Domestic Wharf 93.4 99.1 +5.7
No.3 Small boat Wharf 84.5 98.9 +14.4
No.4  Fisheries Wharf 62.9 95.2 +32.3
Average 83.5 97.1 +13.6

As seen in the (able, large improvemcnt"by extension of breakwater
can be achieved in both the Small Boat Wharf and Fishery area.

Commercial wharfs arc also improyed.
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