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Chapter 1 Outline of field survey

1.1.Survey background and purpose

1.1.1.Project background

In response to a request from the Government of Democratic Republic of Timor-Leste (“Timor-Leste”™), the
Government of Japan (“Japan”) decided to implement the Project for Construction of Upriver Comoro
Bridge by grant aid in November 2015. The project constructed a 250-m-long road bridge with two
abutments and five piers, including revetments, pier protection works and 3.6 km of access roads, on the
Comoro River that runs through Dili City, the capital of Timor-Leste. The construction was completed in
November 2018 and the grant aid project was completed in November 2019 after the defect inspection. In
April 2021, the entire country of Timor-Leste was hit by torrential rainstorms that were said to be the largest
since the country's independence in 2002, which drew the attention of the Timorese people. A visual
inspection of the bridge site conducted by the JICA office found damage to some of the revetment blocks
of the piers, but no major damage to the piers, abutments or revetments was observed. Therefore, it is
necessary to confirm the current condition of the bridge and to study countermeasures or preventive
measures in case of another disaster.

1.1.2.Purpose and scope

The purpose of this project is to 1) confirm the damage caused by heavy rain and flooding in April 2021,
2) collect information on the amount of rainfall and river levels during the disaster, 3) identify the causes
of damage to roads and bridges, and 4) propose the necessary measures to protect these infrastructure assets.
1.1.3.Project area

The project area is the Hinode Bridge and the surrounding area in the Comoro Suco of Dili Municipality,

Timor-Leste, and along the Comoro River from the mouth of the Comoro River to about 10 km upstream.

1.2.Survey process

The preparation for this project started in Japan in late August 2021. The field survey work was conducted
in Timor-Leste from mid-September to early November 2021. A draft of the Post-disaster Situation Report
was prepared by mid-November 2021. The Post-disaster Situation Report will be submitted to JICA on 6
December 2021.

1.3.Composition of the survey team and main interviewees

The survey was carried out by a team consisting of the four members shown in the Appendix: a Chief of
Operations/Bridge Planning Consultant, a Revetment Planning Consultant/River Surveyor, Construction a
Planning Consultant * Project Cost Estimator and a Road Planning Consultant/Natural Conditions Surveyor.
The team met with key members of the Ministry of Public Works and the National Directorate for Roads,
Bridges and Flood Control, which were the counterparts for this survey. A list of the main interviewees is

shown in Appendix.

1.4 River conditions at the time of the disaster
In April 2021, heavy rains associated with the approach of tropical cyclone Seroja caused extensive flooding

throughout Timor-Leste. There are eight rainfall monitoring stations set up in and around the Comoro River
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basin (see Figure 1) to observe daily rainfall. The daily rainfall observed at each station from late March to
mid-April of the same year peaked on 4 April. In particular, the rainfall recorded at the stations in Dili City
(Dili Airport, Dili EDTL Office and WTP Bemos) in the downstream area and at Remexio in the eastern
part of the basin were very high, ranging from 305 mm to 466 mm. In the upper Comoro River basin

(Railako), 241 mm was recorded.

Dili Airport
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Figur'eb 1 Rainfall monitoring stations

There is a water level monitoring station set up at Railako in the upper reaches of the Comoro River. The
observed water level from March to April 2021 is shown in the Figure 2. The station recorded a sustained

peak water level for three days before the level began to decline on 8 April.

Railako WL Station

m)

Water level (
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Date (2021)

Figure 2 Water level from March to April 2021 (Railako station)
1.5.Damage situation and operation status around the road bridge after the disaster
1.5.1.Around Hinode Bridge
The area around the Hinode Bridge, including the access roads, was not affected by the floods this year,
and the roads and bridges are in operation without major problems.
However, there are large and small holes caused by gravel mining in the riverbed of the Comoro River as
far as the eye can see, and excavation work is also being carried out directly under the Hinode Bridge.
These activities have been seen since the time of the preparatory survey, but it appears that the extent of
mining is expanding year by year.
In addition, houses have been constructed in the flood channel (inside the river area), since the time of the
preparatory survey. In this flood, the buildings in the flood channel on the left bank downstream of Hinode
Bridge were damaged by riverbank erosion.
The survey results for bridges and ancillary structures are shown below. The abutments and piers P1 and
P5 near the riverbank are almost unaffected by floods. The protective blocks of piers P2, P3 and P4 located

in the center of the river have been damaged.
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Figure 3 Plan of Hinode Bridge
(1)Abutments and revetments

The abutments are protected by revetment blocks (block retaining walls) and no damage due to the flood
was observed. No traces made by the water level were found on the revetment blocks. The tops of the
revetments were checked with a level measuring device and both banks were found to be level. In addition,
gabions were installed at both the left and right ends of each revetment as connections to the existing ground

and these were found to be in a healthy condition.

(2)Piers

The Hinode Bridge is a continuous 6-span prestressed-concrete box girder bridge with 5 piers in the river.
These piers are named P1 to P5 from east to west. Protection blocks are installed on the riverbed around
each pier over an area of approximately 20 m in all directions to prevent scouring.

The conditions of each pier and its surroundings at the time of the site visit (as of September 2021) are as

follows.

(a)Pier P1

No trace of the flood was seen on the pier. In addition, the inclination of the pier was check and no
abnormality was found. No abnormality was found in any of the piers regarding their inclination.

The protection blocks of this pier were designed to be located about 1.5m lower than the current riverbed,
so their condition could not be visually confirmed. However, the area around the pier is covered with lush
grass, and the inhabitants of the river seem to have been cultivating crops such as corn for a long time, so
it is thought that the impact of the flood is not great near the riverbank. Therefore, it is presumed that the

protection blocks are in their designated position.
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(b)Pier P2
No trace of the flood water level was found on the

pier.

Many protection blocks could be visually checked in

the riverbed on the side facing pier P3, and the

current extent of the protection blocks was ';E

determined by measuring the site. Most of the other

blocks that could not be confirmed are located in the ‘ A A

peripheral area, which is lower in elevation than the ‘l - )

others by design, and it is assumed that they are

buried in place under sediment deposits.

: Confirmed block f

----- : Planned block area it

Source: JICA team
Figure 4 Protection blocks of Pier P2

(c)Pier P3

Traces of the flood water level were seen on the pier column. No noticeable damage was found on the pier.

i Blocks out
of area
r ------------------------- i A
26486
1 I
P R
Pit
1
L Inclined block |}
Pier P3 (P2 Side) t : Confirmed block
The blue line shows the posterior of the stain, and the same . : Planned block area
position was found in the interview. LR

Source: JICA team
Figure 5 Pier P3 (left) & Protection blocks of Pier P3 (right)

The protection blocks could be confirmed in parts of the planned area for block installation.
Of'the five piers, there were particularly many gravel pits near this pier. The size of the holes reaches several

meters and the depths are over 1 m.

(d)Pier P4

Faint traces of a water level were seen at a height of 2.7 m from the current riverbed height.

The riverbed is leveled with sand to facilitate driving on the protective blocks of this pier in the areas that
are frequent used by residents and mining companies. Some metal fittings connecting the blocks were

missing in places.
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: Confirmed block

Pier P4 (facing P5)

o Block out of area
Traces of water level can be seen at the formwork joints. L

----- : Planned block area

Source: JICA team
Figure 6 Pier P4 (left) & Protection block of Pier P4 (right)

(e)Pier P5
No trace of the flood water level was seen on the pier column.
As with Pier P1, the protection blocks of this pier were placed at a lower elevation (about 2 m below) than

the current riverbed, so it is assumed that the protective blocks are in their designated position.

(3)River flood channel i ,
At the location of Hinode Bridge, there are many Topography has Wl Al —:Before

changed significantly 8

parts where houses have been built closer to the
river center than the revetment on both sides of
the river without going through formal
procedures. Therefore, the width of the river is
narrower than that of the upstream sections.

The Figure 7 shows the contour lines created

from satellite elevation data before and after the

flood this year superimposed on a satellite : ;
. Figure 7 Contour lines before and after
image. The field survey confirmed that the the flood near Hinode Bridge
embankment gradient became shallower after the flood in the circled location and that the embankment has

collapsed due to erosion, despite not being on a curved section or part that would be impacted by the flow.

1.5.2.Comoro River
The April 2021 flood caused damage to the Comoro River, including damage to the river walls and resulting
riverbank erosion, flooding and loss of houses in the river channel, and loss of protection blocks around the

bridge piers of the Hinode Bridge (see Section 1.7.1).
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pont Comaro (21

(1)Damage to river walls and resulting riverbank erosion

The location of the damaged sections of the river wall are about 9 km from the
mouth of the Comoro River (upstream of the confluence with the Bemos River)
as shown in Figure 8. The damaged sections are mainly on the right bank.

Especially sections R7 to R12 on the right bank, which are 5.5 km upstream of £ ] =

the river mouth and which were constructed after 2013, have been continuously
damaged. The left bank of the same section has not been developed and no
revetments have been constructed because the road along that riverbank has
been cut off.

(a)L1 (Approximately 0.7 km from the mouth of the river, 460 m in length)

It is thought that the 3.5-to-4-m-high stone revetment collapsed due to scouring
caused by the current flood and due to a reduced the embedment depth of the

revetment caused by the level of the riverbed becoming lower over time. Since

the revetment does not contain any lateral strips, the collapse at one point is

Al A

thought to have adversely affected the adjacent revetments. The riverbank is ¢ . 110 A team

Cce

close to the airport runway, so the restoration of this section is a high priority. Figure 8 Locations of
damaged river walls

€sear

-
) (2 | » a A L

Source: (Left) Compiled by the research team from NTT DATA satellite images, (Right) Taken by the
Figure 9 Damage to river wall (L1)

(b)L2 (Approximately 3.8 km from the mouth of the river, 23 m long)

ch team

A low-water revetment (about 2m high) on the left bank 100 m downstream of the check dam has been
washed away. The structure is made of masonry and the surface is finished with mortar. With the
construction of the check dam 100m upstream in 2019, it is feared that sediment transport from upstream
during floods will be inhibited and the level of the riverbed will become lower. The check dam was

constructed in 2017 to prevent riverbed degradation due to the erosion of gravel.

Source: (Left) Compiled by the research team from NTT DATA satellite images, (Right) Taken by the research team
Figure 10 Damage to river wall (L2)

e
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(c)L3 (about 6.3 km from the river mouth, 374 m long)

There is a mixture of sections where the entire revetment has been washed away and sections where only
the upper part of the revetment has been left and the lower part has been washed away. The structure is a
masonry retaining wall. There are spur dikes on the right bank on the outside of the bend in the river. The
spur dikes may have caused the mainstream floodwaters to hit the left bank and scour the edge of the river
wall, leading to the collapse of the river wall.

These three spur dikes were constructed around 2013. Their purpose is to protect the riverbank by directing

the flow during floods toward the center of the river channel.

Source: (Left) Compiled by the research team from NTT DATA satellite images, (Right) Taken by the research team
Figure 11 Damage to river wall (L3)

=

(d)R1 (0.3 km from the mouth of the river, 168 m long), R2 (0.5 km from the mouth of the river, 39 m long)
and R3 (0.6 km from the mouth of the river, 38 m long)

The satellite image of before the flood shows that there are water routes near the riverbank, which suggests
that the foundation of the riverbank was washed away during the flood and collapsed. After the flood, a

small embankment with a width of 5 to 10 meters has been constructed at the edge of the riverbank.

Source: (Left) Compiled by the research team from NTT DATA satellite images, (Right) Taken by the research team
Figure 12 Damage to river wall (R1, R2, R3)

(e)R4 (about 1.6 km from the mouth of the river, 141 m long)

The alignment of the river channel changes direction to the left near the check dam, and the affected section
is located on the outer bank of the bend. Although a 4-to-5-m-wide embankment has been placed at the
edge of the riverbank to stabilize the slope, which is currently covered with earth, it is desirable to restore
the embankment as soon as possible or to place protection blocks on the embankment.

The check dam had been severely damaged since around 2017 and it was repaired in 2019 because the
missing section was causing sediment to be washed away on the upstream side and there was a risk that the

riverbed scour could extend to the Comoro Bridge.
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Source: (Left) Compiled by the research team from NTT DATA satellite images, (Right) Taken by the research team
Figure 13 Damage to river wall (R4)

()RS5 (3.8 km from the river mouth, 100 m long)

The gabions have collapsed near the middle of the 570-m-long gabion revetment section. Ten tiers of
gabions were piled up on the riverbank to a height of about 10 meters. In the remaining section, the shape
of the bottom gabions are deformed. The slope up to the road on the riverbank has collapsed and the road

is currently one-sided, so restoration is urgently needed.

Source: (Left) Corhpiled by the research team from NTT DATA satelite images,
(Right) Taken by the research team

Figure 14 Damage to river wall (R5)

(9)R6 (4.1 km from the mouth of the river, 110 m long)

A retaining wall about 7 m high collapsed, and gravel was piled up in front of the riverbank to protect the
slope as an emergency measure. The width of the river narrowed from 140 m to 115 m at a point 230 m
upstream of this section, which may have led to the collapse of the riverbank due to a higher flow velocity
of the river. The road on the riverbank is cracked and caved in, which has restricted traffic to one side of

the road, so the restoration of this section is highly urgent.

Source: (Left) Compiled by the research team from NTT DATA satellite images, (Right) Taken by the research team
Figure 15 Damage to river wall (R6)

(h)R7 (about 5.5 km from the mouth of the river, 142 m long)

The floodwaters directly hit the section because of the land reclamation in the river by a gravel mining
company on the right bank upstream of this section. The collapse of the revetment is thought to have been
caused the scouring of the revetment foundation and the removal of sediment from the behind the revetment.

The road surface of both lanes of the riverside road have been washed out, and vehicles are driving on the
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road surface about 2 meters lower than the original surface. Although the urgency of reconstruction is high,
countermeasures need to be considered in conjunction with measures to deal with the land reclamation

activities upstream.

«

Source: (Left) Compiled by the research team from NTT DATA satellite images, (Right) Taken by the research team
Figure 16 Damage to river wall (R7)

(i)R8 (approx. 6.3 km from the mouth of the river, 100 m long) and R9 (approx. 6.5 km from the mouth of
the river, 121 m long)

There are three spur dikes on the outer bank of the bend. The angle of the spur dikes is downstream (i.e.,
not at a right angle to the revetment), so it is possible that the flow over the spur dikes directly hit the
revetment during the flood and scoured the revetment foundation. Two of the three spur dikes on the
downstream side were severely damaged, so repairs to the spur dikes when restoring the revetments are

recommended.

i s, ¢ i $ RN VY
R8 Spur dike between R8&R9
Source: (Left) Compiled by the research team from NTT DATA satellite images, (Right) Taken by the research team
Figure 17 Damage to river wall (R8, R9)

(J)R10 (6.8 km from the river mouth, 223 m long)
The bedding area (about 1.5 m) of the remaining river wall in this vicinity was exposed and floating. In this

section, sediment was deposited in front of the riverbank before the flood, but it was eroded during the

flood and the flow reached the river wall, lifted the foundation and caused the wall collapse.

N ‘.-. 3
Source: (Left) Compiled by the research team from NTT DATA satellite images, (Right) Taken by the research team
Figure 18 Damage to river wall (R10)
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(K)RI1 (7.8 km from the mouth of the river, 560 m long) and R12 (8.6 km from the mouth of the river, 53
m long)

Gravel was piled up on the riverbank as a first measure, but the gravel was collected from the riverbed near
the damaged area that resulted in the formation of a channel near the riverbank. The length of the damaged
section on R11, 560 m, is the largest among the surveyed sections in this study. For the restoration, it is
recommended that the revetment be reinforced with lateral strips at regular intervals to prevent

displacement and damage from spreading to other areas, and that protection blocks be laid in front of the

revetment.

Sorce: (Left) Compiled b the research team from TT T see ims, (Right) Taken by erch te
Figure 19 Damage to river wall (R11, R12)

1.5.3.Road

There was no damage to the road pavement, drainage, sidewalk facilities and hand railings of the Hinode

Bridge due to heavy rains. Furthermore, there have been no traffic restrictions or other road operations after

the heavy rains. However, due to the aforementioned damage to the river wall of the Comoro River, the

access road to Hinode Bridge that is located on the riverbank was damaged in the following locations.

(a)Damage to the road at 1.6 km (R4) from the mouth of the river

The unpaved shoulder at the edge of the road on the riverbank of the Comoro River is partially damaged
due to the partial collapse of the retaining wall of the bank at points R1, R2 and R3 near the check dam,
which is located 1.7 km from the mouth of the river. The road itself has not been damaged.

(b)Road damage at 3.8 km (R5) and 4.1 km (R6) from the river mouth

As mentioned above, no road damage was observed in the Hinode Bridge area, but the foundation of a
masonry retaining wall upstream of the Hinode Bridge was washed away causing the retaining wall to
collapse and the sidewalk and pavement of the road on the embankment collapsed along with it. The
damaged retaining wall was upstream and downstream of the check dam that is located 3.9 km from the
mouth of the river and it was constructed to a height of 7-10 m from the riverbed. As a result, the road has
been reduced to a single lane, which is not only a hindrance to vehicular traffic, but also affects the houses
that are in the vicinity. If left unattended, the damage to the road will continue to interfere with traffic and
may also increase the risk of flooding for nearby residents.

The restoration structure of this river wall will be described later.

10
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Source: JICA eam
Figure 20 Road damage at 3.8 km (left, RS) & at 4.1 km (right, R6)

(c)Road damage at the point 5.5 km (R7) to 6.3 km (R8) from the mouth of the river

There is road damage near the Bemos Water Treatment Plant at the point where the alluvial fan of the
Comoro River begins at 5.5 km from the mouth of the river. In this location, the revetment had been
damaged in the past, causing overflow and flooding of the city downstream. Therefore, the current ground
near the embankment had been raised in the past to prevent the overflow from occurring, but the reinforced
concrete revetment collapsed because the foundation was washed away and the road collapsed along with
the embankment.

This section of the road was blocked by a private stone quarrying factory and the road overhang was
damaged by the muddy water caused by heavy rain. In addition, there are many bare areas in this section
because the hills are close together and the vegetation in the valleys has been stripped by the crushed stones.
As aresult, counterpart organizations have been removing mud and stones from the roads immediately after
the disaster to allow the passage of traffic.

However, the intrusion into the river area and damage to the revetment caused by the blockage of road
facilities by the private sector is a problem that should be addressed by the maintenance of revetments and
roads in the original river area. As for Japan's measures to deal with the current damage, since this is a
domestic issue, it is recommended that the local government improve the location of the river and the

structure of the riverbank, and restore the existing riverbank road or the original road position.

Sorc:JIA team ol
Figure 21 Road damage at 5.5 km (left, R7), Mudslide at 6.3 km (center, R8)
& Road plan for 5.5-6.3 km (right)

(d)Road damage from 6.8 km (R10) to 7.8 km (R11) from the river mouth

A four-lane paved road has been completed, but the foundation of the revetment along the river has been
washed away, causing the road embankment to slip away and the pavement to crack and collapse. However,
the masonry retaining wall in this section is only about 3-4m above the riverbed, so there are few technical
problems in reconstruction. It is recommended that foundation protection works be constructed and the

damaged road facilities be reconstructed from the roadbed.
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(e)Damaged road at 12.2 km from the mouth of the river

A four-lane paved road has been constructed up to 8.9 km from the mouth of the river, which is the junction
of the Comoro River and the Bemos River. From this point on, the road upstream of the Comoro River
becomes a two-lane paved road that passing through mountainous areas.

At the crossing box culvert 12.2 km from the mouth of the river after the junction, heavy rains from the
mountains have washed away the road and river side retaining walls, resulting in the road being reduced to
a single lane and the unpaved lower subbase is severely scoured. The section upstream of this point is under
construction up to the lower subbase, but since two lanes of traffic are maintained in the section before and

after this point, it is recommended that restoration work be carried out as soon as possible.

(f)Damaged roads at 14.6 km and 15.4 km from the mouth of the river
At the 14.6 km and 15.4 km points from the mouth of the river as well as at the 12.2 km point, heavy rains
from the mountain side have washed away the road and retaining wall, reducing the road to a single lane,

so it is recommended that restoration work be carried out as soon as possible.

Source: JICA team
Figure 22 Cross culvert and road damage at 12.2 km (left) & Road damage at 15.4 km (right)
(g)After the above-mentioned sections, there is little damage to the road and only erosion of the lower
subbase by rainwater. The construction of the lower subbase under construction should proceed. The upper
subbase of the section connecting to National Highway No.2 from further upstream has been completed,

and a wide two-lane road has been completed.

(h)Status of National Highway No. 2 (NH2)

NH2, which connects the southern part of the country, is undergoing a complete renovation of the existing
drainage facilities and embankment retaining walls along almost the entire route. In addition, the road is
muddy because it is only one lane and is made of earth road, which significantly hinders the safe passage
of vehicles and motorcycles, resulting in low traffic volume. The Ex-Japan Road along the Comoro River

is used as a bypass for NH2.
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Source: JICA team
Figure 23 Construction of subbase on Ex-Japan Road (left)
& Cross culvert / retaining wall on NH2 (right)

For this reason, the rehabilitation of the three narrowed sections of the unpaved Ex-Japan Road is expected
to be completed as soon as possible, as the road is still functioning as a bypass for NH2 and will also be
important as a distribution route for large cargo vehicles to the southern region of the country as the Port of

Tibar develops into an international cargo port.

1.6.Confirmation of the cause of the damage

This section will assess the possibility that the protection blocks were washed away by the flood flow.

As described in "1.7.1(d)", the trace water level during the current flood was found to be 2.7 m above the

riverbed at pier P4. The flow rate of the trace water level at the bridge site was approximately 650-750 m3/s

and the velocity was 3-4 m/s according to a back-calculation of the flow rate using a non-uniform flow

calculation and a river channel cross section created from AW3D data. The evaluation including the flow

rate of this year's flood will be discussed based on the latest survey results from the Post Situation Data

Collection Survey for the Flood Countermeasures in Dili (hereafter the “Collection Survey in Dili”’) which

is being conducted separately.

In comparison to the design hydraulic capacity of the weight of protection blocks, the severity of this year's

flood was small and, according to calculations, the 3tf of protection blocks should be sufficient.

The reason for the absence of the blocks is assumed to be because of the behavior of the flowing water

during the flood, the following may be considered.

In section "2.1 River wall restoration policy and measures to prevent recurrence based on revised design

conditions," the following points will be taken into consideration and measures will be proposed to prevent

another disaster.

- Asthe metal fittings that connect the blocks to each other were removed, the blocks lost their resistance
as a group and were washed away,

- Asthe riverbed was in contact with the blocks at the edge of the laying area, the flow was disturbed by
the sudden change in roughness, and the blocks were washed away by local scouring at the edge.

- Acircular hole dug during gravel extraction near the protection block was enlarged by the flood current

and reached the protection block, causing the block to slide and be washed away.

1.7.Counterpart emergency repair and full-scale repair policy
In response to the recent flood damage, a survey was conducted to investigate whether there were any repair
measures for bridges and roads carried out by counterpart organizations. The survey found that the Hinode

Bridge has not been repaired since there was no major damage and no operational problems. As for roads
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and especially the NH2 bypass, several landslides occurred about 6 km upstream from the mouth of the
Comoro River and the landslides blocked the road. Other than that, there are some damaged areas as shown
in the results of the field survey of the road, but no repairs have been carried out so far. The necessary repair
measures are being studied by the Flood Damage Assessment Task Force (Chairperson: Dr. Benjamin),
which includes the DRBFC, ADN, IPG and other related organizations, and the Ad Hoc Team (Coordinator:
Mr. Vital, Advisor of the DRBFC), which is studying the technical aspects. A close coordination between
these teams and the Collection Survey in Dili survey teams will be necessary. Based on the results of these

studies, emergency repair measures will be compiled.

1.8.Review of planning conditions at the outline design stage

The outline design is developing a channel plan for the 3.6 km section of the Comoro River from its mouth
to accommodate the 50-year probability flow rate (2,500 m3/s) for the basic design of the Hinode Bridge
(which is located 2.6 km from the river mouth). In the ongoing Collection Survey in Dili, the river channel

plan is being reviewed with a wider scope up to approximately 10 km from the mouth of the river.

Chapter 2 Study to resolve inconveniences

2.1.Policy for river wall restoration and measures to prevent recurrence

The policy for restoration of the river wall and recurrence prevention measures based on revised design

conditions are as follows.

(@) The river channel plan is being reviewed and developed using the latest survey data and climate models
as part of the Collection Survey in Dili. The restoration plan will be based on the plan reviewed in that
study.

(b) The following measures are proposed for the protection blocks around the piers of the Hinode Bridge.

- Although the existing 3tf blocks are stable against the flow according to calculations, it is recommended
that the weight of the additional blocks should be 3tf or more to prevent another disaster;

- The protection blocks should be laid between the piers to prevent gravel extraction in the vicinity of
the protection blocks and to prevent the riverbed against erosion in that section;

- The upstream and downstream ends of the protection blocks should be covered with gabion mats within
around 10 m of the ends to improve the fit with the surrounding riverbed;

- The blocks should be connected to each other in such a way that they cannot be detached easily.

(c) The following measures are proposed for the restoration of the river wall.

- In addition to securing a sufficiently safe embedment length against scouring, protection blocks should
be placed in front of the river wall to prevent local scouring of the edge of the river wall;

- Lateral strips should be laid across the length of the river wall to separate certain sections of the river
wall and prevent any effects of shifting or damage in one section from spreading to others;

- When the riverbank height is high, a step should be provided in the middle of the slope to stabilize the
slope. However, if the width of the step is large, it may be used as a site for housing construction, which
should be taken into consideration when determining the width of the step;

- Upstream of 6.6 km, development has not progressed because the left bank is mountainous and roads

have been cut off;
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When restoring the right bank revetment upstream of 6.6 km, spur dikes (groynes) will be considered
to defend the riverbank.

2.2.Recommendations for the Bemos River Bridge Plan

A survey of the Bemos River Bridge Project, which is being planned by the government of Timor-Leste,

was carried out.

[Outline of the Bemos River Bridge Project]

Location of the bridge: at the confluence of the Bemos and Comoro rivers (about 8.9 km upstream from
the mouth of the Comoro River)
Bridge width: (2 lanes) 8m
Bridge structure: (superstructure) steel Nielsen arch bridge, bridge length 120 m
(substructure) inverted T abutment
(foundation) Steel pipe piles ¢700 mm
Approach roads: (North side) approx. 400 m, (South side) approx. 250 m
Riverbank: Reverse T-type retaining wall, (right bank side) approx. 270 m, (left bank side) approx. 90

m

The basic concept of the bridge plan is to cross the
Bemos River by using the existing NH2 bypass road.
The bridge straddles the Bemos River with a single
span. A single span is desirable to avoid installing
bridge piers in the river, because the confluence of
rivers with different river characteristics causes
large-scale eddies, scouring and sedimentation of the
riverbed, and it is a weak point for flood control. In

addition, the following recommendations are made

Comoro River

\\
River Training
Ccross section

\/
=

Water colliding s

based on the plans prepared by the government.

front . L.
i River Training

Figure 24 River training construction plan

levels are low and do not seem to take into account the volume of water in the Comoro River, which

joins the Bemos River. It is necessary to review the river plan in the future based on the results of the

The back of the abutment may be eroded because the southern abutment (A2 abutment) is at the water
colliding front on the outside of the bend of the Comoro River. However, since river training is not
sufficiently planned for the flow and water level of the Comoro River, it is important to review the
location of the revetment to protect the back of the abutment from erosion, taking into account the

above water level and the flow speed of the river. It is also necessary to take measures against erosion

> There is an indication of the 50-year and 100- Source: Processed from drawings prepared by DRBFC
year probable flood levels. Obviously, these
recommendations made in the information gathering survey.

>
of the approach road embankment slopes.

>

In contrast to the above, the revetment of the north abutment (A1 abutment) is arranged to protect the

abutment and approach road extensively.
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2.3.0utlined design and estimated construction cost for emergency bridge repair

2.3.1 Emergency restoration

Based on the survey of the damage, it was found that the areas around the bridge that needed to be restored
were the protection works around piers P2, P3 and P4. The bridge piers will be scoured during flood without
the protection blocks, which will have a negative impact on the piers, so immediate restoration is desirable.
The restoration policy is to reuse the remaining blocks as much as possible and to manufacture the missing

blocks on site to restore the bridge to its original condition. The approximate construction cost is calculated

as follows.
Table 1 Approximate construction cost
Protection block on Indirect General management Total
Piers P2, P3, P4 construction costs costs (1000USD)

179 164 61 404
Source: JICA team
2.3.2 Full-scale restoration

During the meeting with the counterparts, it was reported that the construction of the second Hinode Bridge
was underway in the vicinity of the current Hinode Bridge. Therefore, in addition to the above emergency
restoration, the measures proposed in 2.1 to prevent recurrence, such as the addition of protection blocks
between the piers and the installation of gabions around the blocks, should be considered in conjunction

with the construction plan for the second Hinode Bridge.

2.4.0utlined design and estimated construction quantities for rehabilitation of river wall
2.4.1. Emergency restoration

12.5m 12.5m

(R5(3 . 8km)] fL5m 9.5m 1.5m [R6(4 1km)] fL5my 9.5m 1.5m

:l_ Block

Block retaining wall

retaining wall

8M| Leaning

10m Retaining wall

Leaning
Retaining wall

Protection

Protection

Figure 25 Standard cross section of restored river wall

The restoration of 110 m and 120 m of revetments (R5 and R6 as discussed in 1.7.2(1)) upstream and
downstream of the upstream check dam are necessary. Furthermore, the associated road rehabilitation
works will necessitate the removal of the damaged parts of the concrete revetments, gabions, pavement,
subbase and embankment, and then the restoration of the lower subbase, upper subbase and pavement. In
addition, ancillary facilities such as guardrails, curbs and road marking should be installed where necessary.
The Figure 25 shows the proposed restoration structure for the river wall and road, and the restoration

quantities for R5 and R6 were calculated based on this idea.
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Table 2 Main construction quantities

Leaning and block Riverbed Pavement . Removal of
retaining wall protection (subbase, asphalt) Guardrails concrete / gabions
R5 110m 440m 935m2 110m 800m3
R6 120m 480m 1020m2 120m 1210m3

Source: JICA team

2.4.2.Full-scale restoration

Of the 15 damaged sections of the river wall shown in Figure 8, RS and R6 on the right bank will be restored

as a Japanese grant aid project as described in 2.4.1. The restoration of the other 13 locations (total length

of 2,442 m) is described below.

The river plan for the Comoro River is being studied in the Collection Survey in Dili. The plane alignment,

height, channel cross-section, etc. of the river wall will be studied based on this plan. In addition, it is

appropriate to consider the Hinode Bridge and the Ex-Japan Road as critical infrastructure in order to

maintain logistical functions in the event of a flood.

Table 3 Restoration of 13 other locations

. From
Letfzrrllf(ght Symbol | mouth of Length Restoration concept
river
Left bank | L1 0.7 km 460 m Because of the proximity to the critical infrastructure (the airport runway), the
structure needs to be a more stable form than just an L-shaped retaining wall,
and repairs should be prioritized.

L2 3.8 km 23 m For localized damage, the structure should be the same as the existing river
walls (masonry retaining walls) upstream and downstream. Where the
foundation is exposed on the existing revetment, fill it with gravel to prevent
scouring in front of the foundation.

L3 6.3 km 374 m The riverbank has been eroded by about 30 meters before and after the flood.
Further erosion needs to be prevented, but there are not that many resources
to protect the riverbank.

Right R1 0.3 km 168 m Since it is a continuous section, these 3 sections should be repaired at the same
bank time. A large excavation is being done in front of bottom of the bank, leaving

R2 0.5 km 39m a flat area of 4 m to 10 m wide. First, reclamation should be carried out to

R3 0.6 km 38 m maintain a certain width (20 m or more) from the bottom of the bank, and then
the river wall should be repaired.

R4 1.6 km 141 m Since the height of riverbank is more than 7m, it should be designed as a two-
stage revetment structure with a small step as shown in 2.4.1.

R7 5.5km 142 m The width of the two lanes has been restored through emergency works.
However, the road surface has been lowered by about 1.5 m, and there is a risk
of flooding in the event of a water outflow from the river, so restoration is a
high priority.

R8 6.3 km 100 m This is a continuous section and the 2 sections should be repaired at the same

R9 6.5 km 112 m time. Since the riverbank is high (7-8 m), a two-stage revetment structure
should be used. As it is located on the outer bank of the bend, spur dikes
(groynes) should be used proactively and on a trial basis.

R10 6.8 km 232 m Since the riverbank is as high as 7-8m, a two-stage revetment structure should
be used.

R11 7.8 km 560 m Since it is a straight line and a long distance, an embankment with a slope of

R12 8.6 km 53m about 20% should be considered instead of a revetment. In such a case, there
is a concern that it might be used as a way for trucks and other vehicles to
enter the river.

Total 2,442 m

Chapter 3 Summary and recommendations of the field survey

In this survey, the post-disaster situation of the Hinode Bridge on the Comoro River, its surrounding areas

and the area about 10 km from the mouth of the Comoro River were confirmed. Although the damage
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around the Hinode Bridge was limited to the protection blocks of the bridge piers, the Comoro River and
the Ex-Japan Road along the bridge were damaged in many places by the collapse of the river wall,
subsidence of the road and cracks in the pavement.

As for the protection of the bridge piers, many protection blocks remained in the planned locations even
after the heavy rains, which indicates a good level of durability. However, the gravel mining in the river,
especially around the bridge piers, has been continuously carried out and the resulting mining pits are
estimated to be the cause of riverbed lowering and turbulent flow. As for the river revetments, they are
thought to have collapsed because the revetments are a gravity-type masonry structure even though the
structural height is over 5 meters, because of multiple stacking of gabions, because the footing of the
revetments were washed away, or a combination of these causes. This collapse and overturning of the river
revetments caused the subsidence of the roadsides and cracks in the pavements.

Based on the results of the above survey and analysis, countermeasures are proposed in Chapter 2.

For the implementation of the countermeasure works, it is recommended that the local government restore
the protection blocks around the bridge piers to their original state as soon as possible, since the technical
level of the country is sufficient and the construction cost is not significant. As for measures to prevent
recurrence, it is recommended that improvement measures be considered in conjunction with the
construction plan for second Hinode Bridge. As for the restoration of river revetments and riverside roads,
prioritization of the works is recommended based on urgency as well as cost, because the damaged areas
are scattered and the scale of each damaged area varies. However, the road between the Hinode Bridge and
the upstream check dam (RS, R6) has been narrowed due to damage to the road surface, which affects
vehicle traffic and requires urgent attention. Also, this section of road is crowded with buildings, and it is
recommended that the road be restored as soon as possible through grant aid.

The Ex-Japan Road, which branches off from the Hinode Bridge and connects to NH2, is a paved road from
the bridge to the cross culvert (12.2 km from mouth of Comoro River), except for some damaged sections.
However, upstream of this point, there is a section where the lower subbase is under construction and there
are three sections where the road is severely damaged. We recommend that the counterpart organizations
urgently repair the section that has been reduced to one-lane to ensure the function of the national highway
bypass.

In addition, the result of the traffic volume survey conducted by the counterpart organizations during the
outline design stage are required for the post evaluation after the completion of the Hinode Bridge. However,
Timor-Leste has yet to conduct regular traffic volume monitoring surveys on major roads such as national
highways. For this reason, a two-day traffic survey was conducted with counterparts at the Comoro Bridge
and the Hinode Bridge during the current survey as on-the-job training. A TOR for conducting traffic
surveys by private sector orders was presented as a reference for future implementation of regular traffic
observation. The result of traffic volume observation/evaluation and TOR are shown in the Appendix.

At the same time, it was confirmed that the roadside blocks were removed by the stores on the access road
towards the airport. Since the paving of the sidewalk had been re-laid after the removal, the counterpart
organizations were requested to instruct Dili City, the road management authority, to properly maintain the

road facilities provided to them.
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1 Composition of the survey team

Composition of the survey team

Conditions Surveyor

Responsibility Member name Affiliation

Chief of Operations.”Bridge Planning NAGANO Seishi INGEROSEC
Consultant
Revetment Planning Consultant.” River USUI Yosuke IDEA
Surveyor
Construction Planning Consultant - OGAWA Fujio INGEROSEC

Project Cost Estimator
Road Planning Consultant.”Natural MUTO Hisashi INGEROSEC




Main Interviewees

2 Main Interviewees

Department Position Position Person Note

Directorate Director General Mr. Rui Hernani F.

General Guterres

National National Director Mr. Nene Lobato

Directorate of

Road, Bridge and

Flood Control

(DRBFC)
Advisor of DRBFC Mr. Vital Naique Coordinator for Ad

Hoc team
Planning and Chief of Mr. Rogerio Freitas New Bemos bridge
Inspection Dept. Department
Construction and Chief of Mr. Nazario de Ex—Japan road
Maintenance Dept. | Construction JesusFrette
Section

Construction and Maintenance Mr. Antonio Araujo Person in charge
Maintenance Dept. | Section for the project

Construction and

Maintenance Dept.

Maintenance
Section

Mr. Emidio Daniel S
Alves

Civil engineer

Construction and

Maintenance Dept.

Maintenance
Section

Mr. Zebedeu de
Araujo

Civil engineer

Cooperation Dept.

Mr. Cipriano da Silva
Guterres

Civil engineer




3 Traffic Survey Results and Post Project Evaluation

A. Traffic Survey

A.1 Sample Traffic Counting

For the post evaluation of the construction project of the Hinode Bridge and Access Road,
Traffic Volume on both bridges across the Comoro River is the key element of the project
evaluation.

But there is no official traffic survey conducting on both of the bridges.

Therefor sampling traffic counting has been conducted by direct force of the two members of
the planning section of DRBFC starting from 01 PM to 06 PM on 26" October 2021 and from
8AM to 01 PM on 27% October 2021 at Hinode bridge and Comoro bridge

Survey time was about 20 to 15 minutes sampling within each survey one hour.

After the traffic counting, normal hourly traffic volume, 12-hour traffic volume and then 24

hour traffic volume have also been calculated as shown in below table.

At the original period of the project, Traffic counting had been conducted in 2013 on Comoro
bridge by the JICA study team and after the construction of the Hinode bridge second time
traffic counting had been conducted by the Supervision Consultant.

And also traffic estimation on both of the bridge has also been conducted by the JICA study

team.

Therefor evaluation of the construction project of the Hinode bridge can be conducted
through the comparison between the actual traffic volume and the estimated traffic volume as
shown in table XX.

The Table shows that the existing traffic volume on Comoro bridge is about 38,000 in 2013,
30,000 in 2018 and 55,000 pcu par day in 2021 and the estimated traffic volume is about
40,000 in 2018 and 45,000 pcu par day in 2021. Therefore, the actual traffic volume is only
lower than the estimation on just opening of the project and the existing traffic volume

growing than that of estimation.

The actual traffic volume on the Hinode Bridge is about 15,000 in 2018 and 33,000 pcu par
day in 2021 and the estimated traffic volume is about 13,000 in 2018 and 14,000 pcu par day
in 2021. Therefor the actual traffic volume on the Hinode bridge is larger than that of the
estimated traffic and the actual across traffic of the Comoro River of about 88,000 pcu par day

in 2021 is also increased than that of the estimation volume of 57,000 pcu par day in 2021.



And also actual truck and trailer traffic volume on both bridge is about 5,700 vehicles par day

is larger than that of the estimated truck volume of 4,700 vehicle par day.

But the traffic congestion rate on Comoro bridge was 0.68 in 2013 and the existing congestion
rate become 1.18 on both bridges due to dramatical increase of the cross river traffic and city

expansion toward west area of the city and need widening of the facilities will be considered.

This is showing that the purpose of the construction bridge project is successfully achieved
and the city expansion toward the west area of the city has streamline by the opening of new

access bridge and access road development

A.2 Annual Traffic survey

Annal traffic survey on certain points on each of the national road is the basic information
both for traffic characteristics and socio-economic index. Therefor many country conducting
such annual traffic survey on national road and it is recommended that DRBFC should

consider to introduced annual traffic counting.

The recommendable annual traffic counting is also consisting not only count 12 hour traffic
count the main purpose of the survey is to define the average annual daily traffic (AATD).
Therefor seasonal variation, weekly variation and daytime and nigh time variation should also

be conducted on certain point of the national road.

Actual traffic counting will be on average weekday and average season and counting place will

not be changed at each of the survey time.
In case of the 12hour traffic counting on one point, minimum 3 person will be required for
the survey consisting of 2 persons for counting for each direction and one person will be

supporting.

In case of the Traffic counting by the private, following Terms of Reference and the contract

will be considerable.

Table XX Traffic Survey Results and Comparison with estimated traffic volume
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(Sample)

TERMES OF REFERENCES (TOR) for Traffic Survey

in accordance with

the Comoro and Hinode bridges and access roads across the Comoro River in Dili

1. General

These specifications shall be applied on the Traffic Survey for the post evaluation of the
construction project of the Hinode Bridge and Access Road, Traffic Volume on Comoro
and Hinode bridges across the Comoro River.

Under this evaluation, a qualified local consultant shall be engaged to execute the traffic
surveys.

2. Traffic Count Survey
The objective of traffic count survey is to understand traffic volume that passes through
the survey point by each vehicle type. Traffic count survey shall be conducted as follows:

(1) Survey Point
The survey point is shown as figure-**

(2) Date and Duration
- Date : weekday 1 day
- Duration : 12 hours from 7h 00 to 19h 00

(3) Vehicle type Classification
- The vehicles passing the survey point shall be counted by 4 vehicle types,
“Motorcycle”, “Passenger car & Taxi®, “Bus®, “Truck & Trailer”
- The unusual traffic flow caused by traffic accident or event or disaster shall
be noted in the survey form.

Table-1 Example of vehicle type

Vehicle type Example

Motorcycle

Passenger car & Taxi




Bus

Truck

(4) Method
- Counting by each vehicle type and each direction,

- Recording the survey result in the survey sheet by every hour.

(5)Preparation
- Contractor should prepare all the survey instruments by himself,

- Survey form and input form will be provided by the Client.

3. Materials
3.1 Materials to be submitted
The Contractor shall input the survey result in the input form provided by the Client.




Annex-1

BILL OF QUANTITIES
FOR
TOPOGRAPHIC SURVEY

Currency Unit: US$

No. Work Items Unit Q’ty | Unit Price | Amount Remark
Sub-Total(Topographic Survey)
1 Traffic Survey
1-1 | Preparation of Survey LS
1-2 | Traffic Count Survey(12h/ 1day) Point
1-3 | Data Input LS
Subtotal
Tax (%)
Total Amount
Note:

1. Contractor shall acquire all necessary approvals and permissions from the relevant authorities to

conduct the survey.

2. Contractor shall provide all equipment, materials, personnel which are necessary to perform the survey

work.

3. Contractor shall provide all transportation to/from the survey site for all personnel, equipment and

materials. In addition, Contractor shall provide all accommodation and other allowance for all

personnel, if any.




Annex-2

PAYMENT SCHEDULE
The First Party will pay to the Second Party in compliance with the following payment schedule:

1)  Anadvance payment, USD *¥*¥* (**#¥* [JSD only) equivalent to forty percent (**%) of
the total contracted amount, will be paid to the Second Party within five (*) days after
signing the contract by remittance from the First Party to the bank account mentioned

below of the Second party.

2) The final payments, USD ***** (***** [JSD only) equivalent to sixty percent (**%) of
the total contracted amount, will be paid by the First Party within five (*) days after the
approval of the fulfillment of Services by the First Party by remittance from the First Party
to the bank account of the Second party.

3)  As for modifications to the ordinances in the site of work, these will be performed
multiplying the unit price by the quantity; such amount will be credited in the final payment

(Contract by unit price.)

Bank Account of the Second Party
Consultant:

Banker's Name:

Address:

BSB:

Account No:

Swift Code:
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