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5. Cost Estimation Borne by the Recipient Country 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix 5.  Cost Estimation Borne by the Recipient Country 
 

The Costs to be borne by Kiribati Side are estimated as shown table below. 

 

No. Item Q’ty Unit Unit Price
(AUD) 

Amount 
in AUD 

Equivalent 
in Yen Remarks 

1 Administration Cost 16.0 M/M 2,000 32,000 2,590,400 Incl. overhead cost 

2 Supplement of KPA’s Equipment  11,580 937,401  

 (Lease cost of Barge) 18 Days 360 (6,480) (524,556)  

 (Lease cost of Tug) 17 Days 300 (5,100) (412,845) Incl. operation cost 

3 Cost for Banking Arrangement  11,494 930,440  

 (For Payment to Consultant) 1 LS - (1,390) (112,521)  

 (For Payment to Consultant) 1 LS - (10,104) (817,919)  

 TOTAL  55,074 4,458,241  

 

5-1 Administration Cost 
(Including cost for periodical meeting, acquisition of construction permit and banking 

arrangement) 

• Average salary: 1,000 AUD/month 

• Allowance, office expenditure at 100% of total salary 

• Administration Cost: 1,000 AUD/Month x 200% x 1.0 Man/Month x 16 Month 

 

5-2 Provision of KPA’s Equipment 
(Lease of barge and tug for installation of silt screen and concrete bags) 

• Flat Barge: 360 AUD/day x 18 days = 6,480 AUD 

• Tug Boat: 300 AUD/day x 17 days = 5,100 AUD (including operation cost) 

 

5-3 Cost for Banking Arrangement 
(For payment to Consultant) 

• A/P advising commission: 75 AUD for opening, 50 AUD for amendment 

• Payment commission: 102,394,000 JPY / 80.95 JPY/AUD x 0.1% = 1,265 AUD 

(For payment to Contractor) 

• A/P advising commission: 75 AUD for opening, 50 AUD for amendment 

• Payment commission: 807,837,000 JPY / 80.95 JPY/AUD x 0.1% = 9,979 AUD 
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APPENDIX 6.A    FIELD INVESTIGATIONS ON DAMAGED FACILITIES 

 

A-1 Scope of Field Investigations on Damaged Facilities 
Field investigations containing following five items have been performed and the results of 

investigations were described hereinafter.  

1) Ocular Inspection of Damages  

2) Coring of Fabric Mat  

3) Measurement of Settlement  

4) Excavation of Rear Side of Revetment 

5) Wave Observation during HWL  

 

A-2 Ocular Inspection of Damages  
Ocular inspection has been performed not only for the facilities constructed by Japanese Grant Aid 

during 1996－2000 but also for the Fishery Jetty, East Mole and West Mole revetments.  The results 

of ocular inspection are summarized in Figures A-2-1 to A-2-3.  Figure A-2-1 shows damages caused 

for New Wharf revetment, Figure A-2-2 for Fishery Jetty/East Mole revetments and Figure A-2-3 for 

East Mole revetment.  

A-2-1 New Wharf Revetment （Figure A-2-1） 

New Wharf revetment having 150m long is composed of 100m fabric mat type and 50m concrete 

block type.  The revetment has been divided by 10m each sections for recording purpose.  From the 

west allocated Sections No. 1 to No. 10 for fabric mat type and Sections No.11 to No. 15 for concrete 

block type.  Major findings by the inspection are described below;  

a) The most severe damages of mat are observed at Sections No.1～2、No.4～5、No.7 and 

No.10 of fabric mat type revetment.  At these Sections the damages are caused at the lower 

part below LWL.  The bagged concrete used for urgent repair on the damaged parts were 

scattered on the seabed.（see Photo A-2-1 ①） 

b) Cracks appear at the shoulder part of fabric mat type revetment along whole section.（see 

Photo A-2-1 ②）  According to the hearing from KPA, the cracks at the shoulder had been 

observed about one year ahead of the large damage caused in November 2002.  

c) From the ocular inspection by diving operation to observe inside of the damaged part, 

opening depth of 1 to 3 m has been observed due to displacement of coral rocks.（see Photo 

A-2-1 ③）  Damaged parts are currently facing to the continuous wave action and backfill 

coral rocks and it is supposed that the reclaimed sand have being displaced continuously.  

d) At the toe part of the slope, gabions for toe protection were scattered and it was observed 

opening of 30 to 50 cm under the gabions.  
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e) It was observed at Sections No. 1 to 2 that significant deposit of sand on the seabed.  It is 

also observed that sand ripple having approximate height of 50 cm.  From this fact, it is 

supposed that standing waves exist and erosion at the toe part.  

f) It was observed moss at the top of fabric mat at Sections No. 1 to 2.  It reveals that the 

waves run-up and overtop to the road behind frequently at this section as compared with other 

section.  Since the road is not paved, KPA had casted concrete pavement partially at Section 

No. 1 to 3 where backfill sand had been washed out frequently.  Judging from the fact that 

the settlement at the unpaved ground were observed, it is supposed the overtopping wave 

action continues in washing out backfill sand. （see Photo A-2-1 ④）  At the lower part of 

parapet at Section Nos. 2 to 3, air sport due to phase difference of wave action.  It is 

suggested that the air course exists between the toe part and back of parapet wall.  

g) At Section Nos. 11 to 15 for concrete block type revetment, it was not observed any crack or 

damage to the concrete blocks.  It was observed slight movement of gabions at toe part by 

diving inspection, but no movement of blocks was observed. （see Photo A-2-1 ⑤）  

Judging from these facts, no significant change of seabed and scouring along the concrete 

block type revetment.  

h) No damage to concrete blocks was observed, but wire and geo-textile sheet of gabion were 

damaged appearing opening where coral rocks were dislocated. （see Photo A-2-1 ⑥）  As a 

whole, rust of flame of gabion is severe.  It is supposed the rust will progress and opening of 

wire/net will be enlarged resulted in scattering of more coral rocks and it is high possibility of 

collapse of whole structure in the near future.  

i) Parapet concrete was constructed with joint every 10m and cracks appear every location of 

drain holes provided in parapet wall. （see Photo A-2-1 ⑦⑧）  The cracks has been caused 

by bending force judged from its feature.  The most significant cracks were seen at Section 

Nos. 2 to 3 where the gaps of cracks were about 10mm.  Since the cracks and damages to the 

fabric mat coincide at the similar location, it is assumed that leakage of backfill due to 

damage of fabric mat caused concentration of external force acting to the parapet wall.  

According to the hearing obtained from KPA, the gaps of cracks are growing.  
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Figure A-2-1  Situaton of New Wharf Revetment 
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① Coral rocks scattered（vicinity of No.4） 

 

 
② Cracks at shoulder of fabric mat（vicinity of No.10） 

 

 
③ Displacement of coral rocks 

 

 
④ Repair done for apron/road（vicinity of No.1～3） 

 

 
⑤ Situation of concrete block type revetment 

 

 
⑥ Damage of gabion under concrete blocks 

 

 
⑦ Cracks appeared at parapet wall（land side） 

 

 
⑧ Cracks appeared at parapet wall（sea side） 

 
 

Photo A-2-1  Situation of New Wharf Revetment 
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A-2-2 Fishery Jetty Revetment ~ East Mole Revetment （Figure A-2-2） 

The results of ocular inspection of Fishery Jetty Revetment extending toward Old Port are 

summarized below;  

a) The most of the Steel sheet piles of Fishery Jetty Revetment facing to the North have 10 to 30 

cm holes caused by rusting near the elevation of LWL and backfill material with residual sea 

water get in and come out causing settlement of apron concrete.  

b) About 70 to 80 % of coping concrete at the top of sheet piles were fallen down.  

c) At the western part of Fishery Jetty Revetment, 20 to 40 cm holes were observed at four 

locations.  At the gravity type revetment by concrete block (constructed in 1970s) located 

between Fishery Jetty Revetment and East Mole Revetment, concrete peel off and re-bar 

exposed at lower part of the structure.  

d) Concrete pavement has been provided by the Betio Fish Port Complex Project (completed in 

2000), but a settlement of approximately 20cm caused due to leakage of backfill materials.  

This settlement was not recognized during the Preparatory Study of the project in December 

2003.  Such settlement has been observed in other part of the revetment. 

e) The East Mole Revetment having total length of 610m is initially constructed in 1960s by the 

sloped revetment type with bagged concrete.  Leakage of backfill materials was observed 

several locations where the bagged concrete is dislocated.  
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Figure A-2-2  Situation of Fishery Jetty Revetment and East Mole Revetment 
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A-2-3 West Mole Revetment at Old Port （Figure A-2-3） 

Damages caused to the West Mole Revetment are significant and it is markedly at the western 

section.  The damages caused for the West Mole Revetment are summarized below; 

a) The section of the revetment at the western part and offshore side is totally damaged and 

disappeared.  When the situation of damages examined by photos taken in December 2003 

by the Preparatory Study and taken by the Basic Design Study of the project in September 

2004, it is recognized some progress of damages.  

b) A revetment constructed inside of the original revetment at the western section (coral rocks 

cemented) has been damaged many times, the it was repaired in 2003 – 2004.  But the part 

of the section (about 8m) is collapsed again.  

c) Leakage of backfill materials from inner part of the revetment is significant and it is markedly 

damaged at the offshore side (about 30m section) where filled materials were dislocated 

totally and only vertical structure by bagged concrete remains.  This large scale leakage has 

been caused along with damages caused for fabric mat in December 2002 and it progressed 

after that time.  At the three locations at vertical structure of offshore section, sea water 

move freely through the opening of revetment.   

d) At the eastern section of the West Mole Revetment (facing to the approach channel to the Old 

Port), damages of dislocating bagged concrete, leakage of filled materials and collapse at the 

top part.  KPA repairs repeatedly at this section.  
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A-3 Coring of Fabric Mat  
In order to confirm leakage of backfilling of coral rock forming the structure of revetment, coring 

investigation of fabric mat has been carried out at slope and top parts and observation of cored holes 

has been made.   Coring has been performed at 9 locations at top part and 4 locations at slope part 

of undamaged section of fabric mat type revetment.  In addition to that, total of four cores (2 points 

each at slope and top parts) have been taken from the revetment located behind the container terminal.  

The results of coring investigation are summarized in Figure A-3-2 and major findings are described 

below;  

a) The structure of fabric mat, as shown in Figure A-3-1, is composed of fabric mat → filter 

sheet → sand for level adjustment → backfill coral rock （5～20kg/pc）.  At the location 

behind container terminal, bagged cement had been applied for backfill.  The sand for level 

adjustment had been used to obtain smooth surface in avoiding damage to the fabric sheet 

during construction.  

b) The sand at the damaged section of New Wharf Revetment has been leaked exposing coral 

rock behind.  

 
Figure A-3-1  Composition of fabric mat at New Wharf Revetment 

 
c) As the feature of coral rocks varied, voids exist in between.  Any displacement of coral rock 

has been observed for the undamaged section of revetment.  While, displacement of rocks 

and existence of voids have been noticed for the damaged section.  At the Section No. 5, 

where the damage of fabric mat is obvious, a large void with depth of 70 cm approximately 

has been seen.  

d) Spurting of air from cored holes has been observed due to phase difference of waves acting to 

the revetment and spurting of sea water as well during HWL.  It is concluded that 

transmission of air due to phase difference exist regardless of damage to the fabric mat.  

e) At the undamaged revetment east of the container terminal, the sand for level adjustment 

exist at the position in two locations and bagged cement could be seen about 20cm 

underneath.  
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A-4 Measurement of Settlement 
Figure A-4-1 shows comparative difference of settlement at crest of parapet and top of fabric mat. 

Leveling survey has been carried out at both end and center of all 15 sections.  Vertical ruler 

indicates each settlement from average value.  Judging from the graph, settlement value and 

damages to fabric mat correlate well.  It is noticed that the settlement at Section Nos. 3 to 4 

indicates high value and subsidence observed near to the boarder of these sections.  Settlement 

measured at parapet wall is less than that in fabric mat, but tendency of subsidence is noticeable at 

Section Nos. 3 to 4.  It is difficult to evaluate the result of settlement measurement, however it is 

revealed that the settlement is correlated to damage of fabric mat and significant settlement is seen 

at the Section Nos. 3 to 4. 
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Figure A-3-1 Settlement Measurement at Parapet and Fabric Mat 

 
A-5 Excavation of Rear Side of Revetment  

In order to confirm displacement and leakage of backfill of revetment, soil behind the revetment has 

been excavated.  Using backhoe, top soil has been digged to obtain 1 m wide and 1.7 m deep 

approximately  Excavation has been done at four locations (Section Nos. 1, 5, 7 and 9).   

Backhoe used for investigation 
 

Scene of excavation 

Photo A-5-1 Excavation Site 

［Section No.1］ 

This section causes significant leakage and wash out of backfill soil, then KPA had provided 

concrete pavement at Section Nos. 1 to 3.  Under the concrete pavement, gaps of 1 to 2 cm have been 

observed.  

Significant Cracks 
at Parapet 

Damaged Part of Fabric Mat 

Parapet 
Fabric Mat 
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Excavated hole 

 
Opening underneath of concrete 

 
Photo A-1-3  Section No.1 

［Section No. 5］ 

Near the end of fabric mat, a large opening of 50cm high, 1 m wide and 1 m long has been 

observed.  

 
Situation of excavated hole 

 
Gap under parapet 

 
Photo A-5-2  Section No.5 

［Section No.7］ 

Noticeable opening or gap has not been observed at this section.  

 
Situation of excavated surface ① 

 
Situation of excavated surface ② 

 
Photo A-5-3  Section No.7 
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［Section No.9］ 

Near the parapet wall, significant openings have been observed.  The size of opening was 30 cm 

high, 50 cm wide and 1 m long.  A drainage hole of parapet wall was located near this opening.  

Also gap of about 10 cm has been seen under the fabric mat. 

 
Opening observed 

 
Gap below fabric mat 

 
Photo A-5-4  Section No.9 

 

The results of excavation of rear side of revetment are summarized below; 

• The site among four excavation points where wash out of top soil experience most frequently 

is Section No. 1 and an opening of 1 to 2 cm appeared under the concrete pavement, but it was 

not significant.  It is not confident about existence of leakage of soil at this location, since 

additional soil has been spread after it was washed out.  Also the soil is not well compacted 

causing soaking of water smoothly avoiding creation of void.  

• Large openings have been found at Section Nos. 5 and 9 where damages of fabric mat have 

been observed.  At both locations, drainage holes were located nearby.  Therefore, it is 

supposed that leakage of backfill soil is being experienced through water course created 

between top soil and toe part.   

• Except for the location where large damages had been caused, it is hardly found existence of 

leakage from road/container yard to the sea.  While, significant openings have been observed 

near the damaged sections of fabric mat and it is likely progressing in the future.  For the 

sections where noticeable opening is found, there is high potential of similar leakage and 

creation of opening in longer term.   
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A-6 Wave Observation during HWL  
During the field survey period of this study, the date of August 30, 2004 falls on spring tide, and 

then wave observation has been performed.  Photo A-1-7 shows situation of waves during the time.  

The time of the observation was 17:00 and the tidal elevation was +2.61m（DL+1.87m）. 

Photo ① shows situation of wave overtopping at Section No. 1.  The tidal elevation at that time 

was lower than the highest higher water level recorded (+2.97 m) in March 1997 by 36 cm.  The 

wave condition was not particularly rough, but significant overtopping waves were caused.  It was 

appeared only at the location near Section Nos. 1 and 2 and overtopped waves were soaked into the 

top soil at the road.   

Photo ② shows situation around the area and sea water spurt out from the boarder between paved 

and unpaved areas due to the phase difference of waves, thus it was confirmed sea water transmit 

between the backfill rocks and toe part of the revetment.  

Photo ③ shows situation of core holes during HWL.  It was observed sea water has spurted up 

from whole core holes and spurt height at those holes where damages are significant was higher.  It 

reveals that transmission of sea water at damaged parts is much significant in compared with 

undamaged part.  

 

 
① Situation of Overtopping Waves（Section No.1） 

 

 
② Spurting of sea water at road（Section No.1） 

 
③ Spurting of sea water at cored holes 

 
Photo A-6-1 Situation during HWL （30 August 2004） 
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Appendix-6.B  WATER LEVEL AND ESTIMATED WAVES DURING 
DISASTER 

 

B-1 Water Level  
Figure B-1-1 shows difference of forecasted and actual water levels before and after disaster caused 

for the revetment.  Water setup has been observed between 29 November and 6 December 2002 due 

to wind-drift effect inside lagoon while the strong westerly wind blows.  The maximum water level 

of +2.88 m has been recorded on December 3.  
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Source） South Pacific Sea Level and Climate Monitoring Project 

 
Figure B-1-1 Forecasted/Actual and difference of Water Levels during Disaster 

After the completion of the revetment in 1999 till the time of disaster caused in December 2002, the 

days with water level higher than +2.83 (at the time of disaster) were extracted and tabulated in Table 
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B-1-1.  It revealed that strong westerly wind blow recorded during higher water in the limited period 

between 5th to 8th September 2002 and 4th to 9th October 2002. 

 

Table B-1-1  Higher Water with Strong Wind Record（1999 - 2002） 

Wind Speed Wind Speed 
Year Month/ 

Date 
Water 
Level 

Wind 
Dir. Mean 

(m/s) 
Max 
(m/s) 

Year Month/ 
Date 

Water 
Level 

Wind 
Dir. Mean

(m/s) 
Max 
(m/s) 

23 Nov. 2.83 27 Mar. 2.89 
24 Nov. 2.89 28 Mar. 2.92 
25 Nov. 2.85 

E 5.7 9.8
29 Mar. 2.91 

1999 

22 Jan. 2.85 E 3.3 5.1 30 Mar. 2.85 

E～S～
SW～

SE 
4.8 9.9

19 Feb. 2.83 26 May 2.83 E 2.4 4.5
20 Feb. 2.80 

E 8.7 10.8
11 July 2.84 

31 July 2.81 12 July 2.80 
S 2.4 4.5

1 Aug. 2.83 
E 2.8 4.1

8 Aug. 2.87 
29 Aug. 2.87 9 Aug. 2.86 
30 Aug. 2.80 

SE 1.8 4.1
10 Aug. 2.96 

11 Dec. 2.81 11 Aug. 2.88 

S～E～
NE 3.6 8.0

12 Dec. 2.85 
SE 4.1 6.2

5 Sept. 2.80 

2000 

9 Jan. 2.83 6 Sept. 2.93 
10 Jan. 2.83 7 Sept. 2.95 
11 Jan. 2.84 

E 8.8 10.5
8 Sept. 2.90 

W 5.3 11.1

8 Feb. 2.86 4 Ｏｃｔ． 2.87 
9 Feb. 2.84 

E 6.8 8.5
5 Oct. 2.90 

8 Mar. 2.82 6 Oct. 2.92 
9 Mar. 2.87 7 Oct. 2.93 

10 Mar. 2.86 8 Oct. 2.88 
11 Mar. 2.80 

E～SE 6.0 11.5

9 Oct. 2.83 

W～

NW～N 
5.8 12.0

18 Aug. 2.81 4 Nov. 2.90 
19 Aug. 2.86 5 Nov. 2.92 
20 Aug. 2.90 

E 4.4 9.2
6 Nov. 2.88 

E～SE 2.9 7.3

16 Sept. 2.87 29 Nov. 2.40 
17 Sept. 2.94 30 Nov. 2.55 
18 Sept. 2.84 

E 4.2 6.3
1 Dec. 2.71 

W 

17 Oct. 2.83 2 Dec. 2.78 

2001 

18 Oct. 2.81 
E 2.9 6.6

3 Dec. 2.88 
1 Jan. 2.85 - 2.2 4.7 4 Dec. 2.87 

29 Jan. 2.85 

2002

5 Dec. 2.85 

NW 

7.2 17.1

30 Jan. 2.87 
NE 4.1 7.5

   
26 Feb. 2.82    
27 Feb. 2.87    
28 Feb. 2.90   

2002 

1 Mar. 2.89 

NE～E 4.3 9.7

  
Source) South Pacific Sea Level and Climate Monitoring Project 
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B-2 Estimated Wave 
At the end of November 2002 when disaster took place, westerly wind blow considerably longer 

period of 44 hours.   

The waves caused damages to the revetment had been developed by strong westerly wind blow 

from outside of lagoon during higher water level and the wave characteristics at the time has been 

estimated as below.  Offshore wave has been estimated applying SMB method and the following 

progressive waves passing through the reef have been estimated by Takayama formula.  The assumed 

parameters for estimating nearshore waves are listed below.  

 

Table B-2-1 Assumed Parameters for Estimating Nearshore Waves 

Item Assumed Condition 

Timing of wind more than 10m/s  AM 5:00 on 29 November to AM 0:00 on 1st December, 2002

Duration of wind more than 10m/s  44 hours 

Average Wind Speed 11 m/sec 

Average Depth at the Edge of Reef  -1.5 m 

Tidal Elevation +2.88 (DL+2.14) 
Distance between the edge of reef and 
location of estimating nearshore waves 2,700 m 

 

Applying above parameters, the nearshore wave height （H1/3） at the designated location of 

revetment has been assumed at 0.77 m, thus it is less than the design waves assumed by the Basic 

Design in 1997 （H1/3＝1.54m、T1/3＝4～5s）. 

 

Table B-2-2 Estimated Nearshore Waves 

Ho (m) 2.70 
Offshore Wave 

To (m) 7.00 
H1/3 (m) 0.77 
Hmax (m) 1.38 Nearshore Wave 

T1/3 (m) 7.00 
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