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SUMMARY
Introduction
The densely populated coastal areas of Indonesia endures phenomena like earthquakes,
tsunamis and liquefactions. Large scale destruction and huge loss of life are common. Coastal
zones are especially vulnerable as earthquakes induce the risk of devastating tsunamis (e.g.
Sulawesi, Aceh).
On Friday September 28th 2018, an earthquake was recorded with an epicentre just off the
central Island of Sulawesi, at a shallow water depth of 10 km. The 7.5 Richter magnitude
earthquake that hit Palu is the most devastating earthquake to hit the country since 2004.
Buildings turned into rubble, more than 2,105 fatalities had been reported, over 11,000 people
were injured, almost 222,296 people were displaced and close to 68,451 houses were damaged.
The earthquake was triggered by a strike slip (lateral movement of the plate) earthquake to the
Palu-Koro fault, and caused number of major effects as listed below:
- Lateral displacement precisely at the middle of Palu city with Western plate moving ~4 m
southwards and Easter plate moving ~6 m northwards;
- Major vibration damaging building structures;
- Sub-aerial land sub-marine slides generating small scale and large scale tsunami;
- Liquefaction and landslide at inland locations.
The earthquake, tsunami and liquefaction that struck Central Sulawesi caused mass economic
and social devastation throughout the province. Public infrastructure that provides water, energy,
and telecommunications is under strain and basic service delivery of health care is inadequate to
cope with the scale of the disaster. Actually two disaster phases can be identified. The first phase
has brought major damages to the infrastructure, such as roads, ports, irrigation to the status of
disfunction. The physical disaster is then followed by social disruption and follow-up
consequences to the region.
Immediately after the tsunami event, the reconstruction of Palu has started by means of various
initiatives (both national and international). With respect to the coastal area of Palu, various plans
are currently developed, which are funded by different donor organizations. The design of new
coastal protection works have been more or less finished. In March of 2019, a DRR mission was
organized (upon request of the Ministry of Public Works and Housing) to review the design of a
sea wall. The sea wall should be implemented on short notice (procurement will start in a few
months) and will be funded by means of a loan from ADB.
Objective
An official request for such mission was sent from the Ministry of Public Works and Housing
Directorate General of Water Resources to the Dutch Embassy in Jakarta on 20 November 2018.
Subject of the letter is Central Sulawesi Disaster Recovery: support to reconstruction of urgent
Dikes in Palu Bay.
The main objective of the DRR mission is to advise the Ministry of Public Works and Housing
Directorate General of Water Resources on the technical soundness of the detailed engineering
design (DED) for the reconstruction of the sea dike to protect the coast of Palu Bay. The DED has
been prepared by the engineers engaged by DGWR. However the dikes are located in very
sensitive geotechnical areas with under water landslides. Independent review of the DED and
geotechnical conditions is needed to ensure that the proposed investment will be sustainable.
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Design review
The design of the sea dike as foreseen along the coast of Palu was reviewed based on a site visit
to Palu, various documents (as listed in Chapter 4) and discussions with the design team. In
Chapter 2, the findings from the review are presented. In this section, the main conclusions from
this (mainly) technical review are presented.
From a hydraulic boundary condition point of view, it is concluded that the assessment for
determining hydraulic boundary conditions for the emergency sea dike have not been performed
completely. It does not necessarily mean that the presently applied design level is wrong or too
small. It is deemed essential to justify the chosen design level more robustly by taking into
account or apply a justifiable method for all the aspects mentioned in section 2.IV.2.
From a geotechnical point of view it is concluded that not all possible relevant failure mechanism
(like piping) are elaborated and that boundary conditions and starting points are not always given.
It is furthermore unclear how the influence of seismic activity (earth quake acceleration) including
excess pore pressures (and possible local liquefaction) is incorporated is slope stability analyses.
Static liquefaction near or under the propose sea dike (or Tsunami dike) should be taken into
account unless proposed additional review reveals this is not an issue. Large part of the coastal
area near the dike seems prone to liquefaction and or (sub marine) landslides. This has not been
taken into account. Especially the coastal area at 3 locations/ stretches seems sensitive. The
location of the sea dike is located inside the area affected by liquefaction and (sub marine)
landslides. Especially at the locations mentioned above. SI is performed in 6 boreholes and
SPT’s that have reached a depth of 30. For several locations this seems not deep enough since
the failure mechanism of macro stability (seaward) shows that slip planes reach depths of >30m.
The same applies for the failure mechanism of liquefaction (if relevant) and submarine landslides.
The construction design of the sea dike (based on determined hydraulic boundary conditions) is
based on Indonesian codes/guidelines and common practise in Indonesia. Based on the review it
is concluded that the design does not comply with international standards and that the design is
mainly based on common practice in Indonesia.
Recommendations
As mentioned in Chapter 3.II, some follow-up actions could be taken to further verify/optimize the
design and to make sure that the sea dike will perform as expected and will be a sustainable
solution for protecting the coast of Palu against daily- as well as severe storm conditions. In short,
the following possible follow-up actions are recommended:
•
•
•

Check on hydraulic boundary conditions to make sure that applied boundary conditions
are correct or at least conservative;
Check on geotechnical stability of the sea dike for all possible failure mechanisms
(including seismic);
Optimization of the sea dike design to improve the integrity of the dike and to improve the
executability of the dike;

The abovementioned activities should (and could) be executed on relatively short notice. The
required budget for these studies could be earned back by:
•
•
•

A more easy (straight forward) execution method;
Reaching a sustainable (less maintenance) structure, which will protect the coast of Palu
for several decennia;
Added value on spatial quality (uniform coastal defence structure).
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Besides the technical aspects as mentioned above, it should be noted that the sea dike and
tsunami dike will exist for the next decades to come. From a spatial point of view, these dikes will
have a large impact on the landscape and experience of the coastal zone. It is therefore essential
to prepare an integrated (masterplan) design and vision of the coastal zone and its connection
with the city of Palu. Only then will it be possible to turn this emergency measure (as caused by
the devastating tsunami event) into a project which actually adds value to the city of Palu on the
long term.
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1.

INTRODUCTION
I.

Background

The densely populated coastal areas of Indonesia endures phenomena like earthquakes,
tsunamis and liquefactions. Large scale destruction and huge loss of life are common. Coastal
zones are especially vulnerable as earthquakes induce the risk of devastating tsunamis (e.g.
Sulawesi, Aceh).
On Friday September 28th 2018, an earthquake was recorded with an epicentre just off the
central Island of Sulawesi, at a shallow depth of 10 km water depth. The 7.5 Richter magnitude
earthquake that hit Palu is the most devastating earthquake to hit the country since 2004.
Buildings turned into rubble, more than 2,105 fatalities had been reported, over 11,000 people
were injured, almost 222,296 people were displaced, and close to 68,451 houses were damaged.
The earthquake was triggered by a strike slip (lateral movement of the plate) earthquake to the
Palu-Koro fault, and caused number of major effects as listed below:
- Lateral displacement precisely at the middle of Palu city with Western plate moving ~4 m
southwards and Easter plate moving ~6 m northwards;
- Major vibration damaging building structures;
- Sub-aerial land sub-marine slides generating small scale and large scale tsunami;
- Liquefaction and landslide at inland locations.
The earthquake, tsunami and liquefaction that struck Central Sulawesi caused mass economic
and social devastation throughout the province. Public infrastructure that provides water, energy,
and telecommunications is under strain and basic service delivery of health care is inadequate to
cope with the scale of the disaster. Actually two disaster phases can be identified. The first phase
has brought major damages to the infrastructure, such as roads, ports, irrigation to the status of
disfunction. The physical disaster is then followed by social disruption and follow-up
consequences to the region.
Immediately after the tsunami event, the reconstruction of Palu has started by means of various
initiatives (both national and international). With respect to the coastal area of Palu, various plans
are currently developed, which are funded by different donor organizations. The design of new
coastal protection works have been more or less finished. In March of 2019, a DRR mission was
organized (upon request of the Ministry of Public Works and Housing) to review the design of a
sea wall. The sea wall should be implemented on short notice (procurement will start in a few
months) and will be funded by means of a loan from ADB.
II.

Objectives

An official request for such mission was sent from the Ministry of Public Works and Housing
Directorate General of Water Resources to the Dutch Embassy in Jakarta on 20 November 2018.
Subject of the letter is Central Sulawesi Disaster Recovery: support to reconstruction of urgent
Dikes in Palu Bay.
The main objective of the DRR mission is to advise the Ministry of Public Works and Housing
Directorate General of Water Resources on the technical soundness of the detailed engineering
design (DED) for the reconstruction of the sea dike to protect the coast of Palu Bay. The DED has
been prepared by the engineers engaged by DGWR. However the dikes are located in a very
sensitive geotechnical areas with under water landslides. Independent review of the DED and
geotechnical conditions is needed to ensure that the proposed investment will be sustainable.
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III.

Reader manual

The analysis, based on findings during the mission, is presented in Chapter 2. Distinction is made
between:
• A detailed (technical) description of the tsunami event (Section 2.II)
• Problem description (Section 2.III)
• Review of
o Hydraulic boundary conditions (Section 2.IV.4)
o Geotechnical aspects (Section 0)
o Technical design of the sea wall (Section 2.VI)
• Lessons learnt from similar projects elsewhere (Section 2.VII)
• How to move forward after this mission (Section 2.VIII)
Conclusions and recommendations are presented in Chapter 3.
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2.

ANALYSIS
I.

Introduction

Between October 2018 and March 2019, a design was prepared for a sea dike along the coast of
Palu. This sea dike is considered to be an emergency measure since the tide is currently
inundating the coastal area twice a day during high tide. Action is needed to avoid further damage
and to recover the area which is affected by the tsunami. Besides an emergency measure, the
sea dike is also part of the final coastal protection. This means that the sea dike should also be
(part of) a viable, reliable and sustainable solution for the long coastal protection of Palu.
In this chapter, the results of a review of the sea wall design is presented. First in Section II, a
more detailed description of the occurred earthquake and tsunami event is presented. This
enables us to put this sea wall into a wider perspective and to set the requirements for the final
solution (Palu protected sufficiently against hazards from sea) and the role of the sea dike in the
integrated coastal defence (see Section 0).
The actual review of the design is presented in Sections 0 (hydraulic boundary conditions), 0
(geotechnical aspects) and VI (construction design).

II.

Earthquake and tsunami event

A 7.4 earthquake due to Palu Koro fault shook the Palu City and Donggala on September 28th
2018 at 17:02 hrs Indonesian Western Time (IWT) or 18.02 local time. The epicentre location
was determined by BMKG as 0.180S and 119.850E , 27 km northeast of Donggala and the
earthquake occurred at 10 km depth.
Interview with the head of BMKG Earthquake and Tsunami, Rahmat Triyono, ST, Dipl.Seis, M.Sc
and head of Information on Earthquake and Tsunami Early Warning system, Dr. Daryono, S.Si
M.Sc, on the 4th of April 2019 revealed, that the preliminary detection of the earthquake by BMKG
was based on two seismometer data within two minutes after the event and the earthquake
magnitude was initially estimated to be 7.7 following the Richter Scale. After receiving more
information from other seismometers at 18:07 local time, the earthquake magnitude was fixed as
being 7.4 and a tsunami early warning was issued. BMKG activated the warning with a tsunami
watch status (high tsunami potential 0.5 -3 m) in and near Palu and a tsunami alert (tsunami
potential 0.0 – 0.5 m) elsewhere. These tsunami height estimates are based on empirical relation
between earthquake magnitude, other earthquake parameters and tsunami heights. Landslide
effects were not considered1.
The landslide and earthquake tsunami arrived at Palu anywhere between 18.10 and 18.13 local
time. Based on social media videos the tsunami hit Palu at least 3 times at an interval of about
2.5 minutes. The warning was terminated at 18:36 local time (17:36 IWT) after receiving water
level data from the tidal gauge at Mamuju that showed a tsunami height of 6 cm.
The timeline of events that is kindly provided by BMKG [25] is depicted in Figure 1.
The earthquake, as we now know, triggered a multitude of local land subsidence, liquefaction in
different areas and landslides generating tsunami waves of several meters high, affecting
numerous places along the coast of Palu. The relatively very high tsunami waves at numerous

1

as far as we know, no tsunami EWS considers this aspect
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locations, arriving few minutes after the event, could not have been caused by the earthquake
itself, as shown by preliminary study by Deltares. Based on preliminary information by USGS
(and BMKG) the earthquake was of a strike slip nature (horizontal movement of earth surface)
instead of mega thrust type of earthquake along a subduction zone as that occurred in Aceh in
2004. Mega thrust earthquake has a large vertical component and strike slip earthquake can only
initiate small tsunami wave and would only cause a relatively small tsunami signal at Palu River
mouth, as computed by Deltares (see Figure 2).

Figure 1: Timeline of the early warning system for the 28th of September 2018 (top) and the (preliminary) early
warning issued as provided by BMKG, Indonesia.
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Initial USGS assessment;
297 segments

Initial tsunami wave determined
by Deltares

Figure 2: Initial assessment of initial tsunami wave height in Palu Bay using only (preliminary) earthquake
information by USGS (top) and the resulting computed tsunami wave heights at Palu River mouth.

In the same preliminary assessment, Deltares also hypothesized a number of landslides that
could have been triggered by the earthquake and may explain the tsunami that occurred on that
day (see Figure 3). It is stressed that the locations of the landslide sources are only hypothesis
and that the computation results are compared to preliminary and quick survey of the tsunami
heights along the coastal area of Palu Bay which has been updated after that.
Unfortunately, this landslide generated tsunami event that caused most of the devastation at the
coastal areas is rare compared to other earthquake and earthquake generated tsunami events.
Because of this, it is not an easy task to timely warn the public for this type of tsunami (and or
liquefactions that devastated many of the inland areas).
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Figure 3: Preliminary assessment of initial tsunami wave height in Palu Bay using combined earthquake and a
number of hypothesized large landslide sources (encircled area) and the resulting computed tsunami wave
heights at different coastal points along the Palu Bay (source: Deltares).
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III.

Problem description

2.III.1

Introduction

As a result of the earthquake in September 2018, the coastal defence has been heavily damaged
as a result of the tsunami as well as subsidence of the coastal zone (see Figure 4 and Figure 5
for photographs).

Figure 4: Photo’s, showing the damage of the tsunami near the Palu River mouth. Upper left: Destroyed sea wall
and inundation during high tide just east of the river mouth. Upper right: Destroyed houses, immediately west of
the river mouth. Lower left: Mosque, formally standing op piles into sea. Lower right: Destroyed coastal protection
and subsidence just west of the river mouth.
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Figure 5: Photo’s, showing the damage of the tsunami along the coast of Palu. Upper left: Damaged Mercure
Hotel. Upper right: Destroyed coastal protection and subsidence. Lower left: Shifted road axis as result of
horizontal slip earthquake. Lower right: Destroyed coastal protection and subsidence.

2.III.2

Defined solution for restoring the coastal zone of Palu

As an emergency measure, a sea dike is planned to rehabilitate the coastal zone and to protect
essential infrastructure against incoming tides and waves. It is not intended that this sea dike will
protect the city of Palu against future tsunamis. The sea dike is purely meant for protecting the
coast against daily conditions and heavy storm conditions. The proposed location of the dike
reconstruction is shown in Figure 2.6. The total length of the sea dike is approximately 8,000m
(from Swiss Bell Hotel (west side) to Hotel Wina (east side)).

Figure 2.6 Location of the proposed dike reconstruction along the Palu bay (source (SSR 2018)

Parallel to the design of the sea dike (of which the execution is funded by a loan from ADB), JICA
is preparing a design for a so-called tsunami dike, which will be positioned at the landward side of
the sea dike. For the long term, the system of these two dikes should provide an appropriate and
sustainable protection for hazards from sea.

2.III.3

Defined actions for design review

As the design of the sea dike is finished (and approved by the PUPR Task Force), the input of the
DRR mission is currently limited to the review of the design and to provide recommendations for
improvement. In this report, the following items are therefore addressed:
1. Section 2.III.4: Description of the required functionalities of the sea wall;
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2. Section 2.IV to 2.VI: Review of available design documents and results from discussions
to determine whether the designed sea wall is considered to be viable, reliable and
sustainable;
3. Section 2.VII: Integration of the sea wall into the integrated coastal protection scheme (in
combination with the tsunami dike) and lessons learnt from other, comparable
(international) projects;
With respect to a) additional studies to further verify the existing design and b) to provide advise
on possible optimizations and ‘design repairs’ (in case this is applicable), new concepts for
coastal protection schemes such as natural based protection schemes cannot be considered
anymore due to the time constrains and approval procedures.

2.III.4

Design functionalities

For a sound review of the prepared design, it is important to know the exact functionalities and
requirements of the sea dike. A preliminary set of design requirements (sufficient for the review)
is prepared based on a review of the available design documents, discussions with the design
team and international experience.
Functionalities
As mentioned, the sea dike is considered to be an emergency measure. The design of the sea
dike has finished and procurement for the execution is likely to start in May or June of 2019. The
sea dike should be designed and implemented in such way that:
• The sea dike protects critical infrastructure during frequently occurring storm conditions,
without being damaged. This means that the sea dike should be stable from a
geotechnical- and hydraulic point of view for a specific return period;
• The sea dike becomes part of the long term solution, which is currently being developed.
This means that the sea dike should be a no-regret measure, which a) does not rule out
potential long term solutions and b) should be part of the final solution;
• The sea dike should be implemented into an integrated coastal zone. Besides the
technical function (coastal protection), the sea dike should also accommodate nontechnical aspects such as, accessibility of Palu Bay with small (fishery) boats, add value
to the spatial quality of the coastal zone and provide potential for developments in the
coastal zone.
• In the final situation, the sea dike should be seen in combination with the tsunami dike.
The system of dike may have a significant impact on the water management in Palu itself,
both
o during normal conditions (in which excessive rain water should be discharged to
sea) and;
o in extreme (tsunami) conditions in which a large volume of salt water will overtop
the dikes and may become trapped behind the dikes (leading to floods in the city).
These water management issues should be accounted for in the technical design and
integration of the dikes in the coastal zone of Palu.
Technical design requirements
The technical design of the sea wall is prepared with use of local design experience, computer
modelling and local experience with similar types of coastal structures. Before starting the design
activities, a clear set of technical design requirements was however not prepared. Below, as an
example, a set of technical design requirements is presented (based on discussions with the
design team and international experience).
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•

•
•

•
•
•
•

Safety standard: The sea wall should be able to withstand specific hazards from sea.
These hazards (including return period) are not defined in available documents. Based on
international experience, the following is proposed:
o The sea wall should be able to withstand storm conditions with a return period of
100 years. This is based on the following arguments:
▪ Damage of the sea wall during storm conditions will not lead to loss of
lives (the hinterland is high enough to avoid large (hazardous) inundation
of sea water);
▪ Based on international experience, the return period of 100 years is in line
with the value of the coastal protection and the (financial and socioeconomic) damage, which is caused in case the coastal protection is
damaged or destroyed. For reference, port breakwaters are usually also
designed for 1/100 year design conditions;
o The sea wall should be designed for a lifetime of at least 50 years. Such design
life is in line with the lifetime of similar coastal structures (international practise)
and the expected development of Palu in the coming decades;
Resistance against earthquake conditions: The sea wall should be able to withstand
relatively mil earthquake conditions;
Resistance against tsunami conditions: The sea dike should not be designed for tsunami
conditions. Since a tsunami dike is foreseen at the landward side of the sea dike, the sea
dike itself is allowed to fail (large damage or fully destroyed) during severe tsunami
conditions;
The sea should be accessible for small boats;
Construction material should be locally available;
The construction and intended construction method should be such that execution of the
work can be done by local contractors (and local equipment);
The coastal structure should be monitored periodically and repair works should be
executed immediately after damage is observed and before next storm conditions
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IV.

Review of hydraulic boundary conditions

2.IV.1

Introduction

In general, when determining the design conditions for a sea wall or sea dike a standard
procedure involving a number of aspects should be followed. These aspects that contributes to
hydraulic boundary conditions for the design level of the emergency sea dike are addressed in
Section 2.IV.2.
In Section 2.IV.3 an overview of the documents obtained for the review is briefly discussed,
followed by an assessment of the information reviewed in Section 2.IV.4. The adopted design
level is presented in Section 2.IV.5. Conclusions and recommendations for additional analysis is
presented in Section 2.IV.7.
2.IV.2

Hydraulic boundary condition components to be considered

The following aspects, which should be treated as a complete checklist, must be addressed fully
for the determination of the hydraulic boundary / design condition of any coastal protection
measures:
1.
2.
3.
4.
5.
6.
7.

Highest astronomical tide
Maximum storm surge for the desired return period
Wave conditions for the desired return period (to determine wave run-up)
Wave setup (during storms) for the desired return period
Expected sea level rise for the considered life time of the emergency sea dike
Land subsidence for the considered life time of the emergency sea dike
Safety margin

In a conservative approach, the contribution from each of the aspects should be added to arrive
at a safe design condition for the dike height. In the checklist above the contribution from wave
set-up (increase in still water level caused by waves during storm) and storm surge are some
time difficult to differentiate and may be addressed as a combined phenomenon.
In the list, contribution from tsunami has been purposely omitted, as the focus of this mission is to
review the emergency sea dike. Separate tsunami dike, beside the emergency sea dike, is being
considered separately by PUPR and JICA.
2.IV.3

Reviewed documents

At the start of the mission as well as during the missing, various documents were made available
to the DRR-team. These documents (as listed in Chapter 4) have all been reviewed. In this
section, an overview (including a short description) of the relevant documents for the review of
the hydraulic boundary condition is presented.
•
•
•

In [1], the wind, wave and tide conditions were discussed briefly. Most of the information
in this document is a summary of [7] and [17] for tide, [15] and [17] for wind and wave.
See for detailed discussions on these documents further below;
In [2] the influences of several aspects on climate change and the impact of climate
changes on amongst others sea level rise is presented;
In [7] the tidal aspects at Palu were presented and discussed, based on two weeks hourly
water level observation between 13 - 27 November 2018 at Pantoloan Harbour. Tidal
analysis was performed to derive the 10 main tidal constituents. The constituents is then
used to make a tide forecast for a given date and for the duration of 20 year to determine
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•

•

the highest (2.88 m) and lowest (0.17 m) astronomical tide (denoted as HWS and LWS
respectively) as well as the largest tidal range (2.71 m). Based on some data the Mean
Sea Level (MSL) was determined as 1.35 m.
In [3] a study on sea wave modelling is presented. The study is performed using a
software called ‘Surface Water Modelling System (SWMS) version 12.2 ’ to obtain the
wave height and period for the dike design height at Palu Coast. The starting point of the
study is the recorded wind data for 10 years at location Mutiara SIS Al-Jufri (Palu Airport).
With different fetch lengths the wave generated by this wind at the centre of Palu Bay is
estimated. This result is subsequently applied as boundary condition to model the wave
propagation in the bay towards Palu Coast, using CGWAVE software component of the
SWMS system. .
In [4] the wave study performed in [15] is repeated as well as the summary of [7]. As far
as wave is concerned, the analysis goes further than [15] by calculating wave breaking
and wave run-up (Ru2%) for the waves derived for the centre of Palu Bay (Hs=1.25 m &
T=4.12 s). Apparently, the modelling results from CGWAVE for the coast were not used to
determine the wave run-up as part of the design conditions for the dike.
The analysis for Ru2% yielded a value of 1.23 m at the dike location; rounded down to
1.22 m. The method of analysis is not known and so its reliability remains to be
questioned.
In the remaining part of [4], aspects related to dike construction (boulder size and weight,
dike stability design parameters, consolidation etc. etc.) were presented.

2.IV.4

Review of applied hydraulic boundary conditions

From the documents received, it is concluded that only tide, wave height (to some degree – see
further) and safety margin was considered. Each of these three aspects is discussed below.
1) Tide
The tidal analysis were performed on two
weeks of observed hourly tide level using
methodology commonly applied in tidal
analysis methodology. Unfortunately the
software used was not mentioned, so the
quality/accuracy of this software is not
known. The number of tidal constituents
derived amounts to 10 in total (see the left
table copied from Table 2 in [7]).

However given the limited period of observation and the proximity of frequencies of component
K2 to S2 (formally 182.6 days of data is required) and N2 to M2 (formally 27.5 days of data is
required), it is not possible to outright derive the right amplitude for K2 and N2 without applying
some assumption on their inter-relation to S2 and M2 respectively during the analysis. This is
also true for the components P1 and K1 (formally 182.6days of data is required). How exactly the
amplitudes and phases of P1, N2 and K2 are determined is not mentioned in the documents
reviewed.
The tidal constituents, once determined, can be used to make a tide level forecast for any given
time and duration. With respect to duration, however, a correction to the tidal amplitude and
phase to account for the lunar nodal precession (moon’s orbital nodes) need to be applied. This is
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a periodical correction with a period of ~18.6 years which is the reason for the occurrences of socalled ‘king spring tides’. It is assumed that this correction has been applied, but it is advised to
mention this explicitly in the document.
Furthermore, the predicted tide to verify the accuracy of the tidal constituents computed were
performed against the same observed data to derive those constituents. This will by definition will
always match; hence verification against other observation period is more appropriate.
Finally, in [7] Section 1.4 a table is presented containing HWS, LWS and MSL for Pelabuhan
Sibigo which is confusing, as it is not mentioned and referred to at all in the text.
2) Wave
In [15], using 10 year wind data and assumed fetch length, the wave at the centre Palu Bay is
estimated (see table below copied from [15]).

Based on this data, it was concluded that the significant wave height2 at the centre of the Bay
equals 1.25 m with a period of 4.1 s with the wave coming from North direction. It is not clear how
this value of Hs was determined from the above data.
The estimated wave at central of Palu Bay is subsequently applied as boundary condition to
model the wave propagation in the bay towards Palu Coast, using CGWAVE software component
of the SWMS system. The conclusion from this modelling work is that the computed wave height
overall along the coast is anywhere between 0.5 - 1.0 m, except at the east of the river mouth
where the wave is ~1.5 m.
It is to be noted that, CGWAVE model is only capable of propagating monochromatic wave and is
therefore inadequate to calculate Hs at the coast. It is only capable of computing resonance in
harbours and does not take into account of wave generation by wind and wave-wave interaction.
For design studies such as this, a more appropriate model should be used. Therefore, the above
findings for Palu coast are to be questioned. Furthermore, although, wave modelling is presented
and discussed, it seems the CGWAVE modelling results has not been used at all as design
conditions of the emergency sea dike. It is not clear why the modelling effort for wave has been
carried out.

In physical oceanography, the significant wave height (Hs) is traditionally defined as the mean
wave height (trough to crest) of the highest third of the waves (H1/3).
2
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3) Safety margin
A safety margin of 0.5 m was applied in determining the emergency sea dike height as mentioned
in [17]. But apparently this was later reduced to 0.25 m (see also below).
2.IV.5

Presently adopted hydraulic boundary conditions for the design of the sea dike

With the tide level equal to 1.53, wave run-up height (Ru2%) of 1.22 m and a safety margin of
0.5 m, the design height of the dike is set equal to the sum of these three components:
1.53+1.22+0.5= 3.25 m.
But then it is reduced to 3.0 m as per advice of Balai Pantai (based on experience as mentioned
during discussions with Mr. Yandi from PT Indra Karya). This value is adopted as the design
height of the sea dike to be built in all relevant documents.
Given the review findings discussed above, it seems that the hydraulic boundary conditions need
to be substantiated more objectively and accurately:
• to including some of the missing aspects that has not been accounted for, such as storm
surge, SLR and subsidence etc.;
• a better verification of e.g. tide, and;
• apply a proper derivation of wave data at the coast using appropriate method and or
numerical modelling tools.
2.IV.6

Additional remarks with respect to the Tsunami dike

Although formally the design level of the planned tsunami dike is not considered during this
mission, some information was obtained that in our view need to be addressed.
At the moment JICA is using 6.5 m as the dike height, assuming the tsunami level with a return
period of 500 years is 3.5 m (6,5 m = 3.5 m + 3 m design level of the emergency sea dike).
However the 3.5 m, after our discussions with JICA, is based on a study that determines a
probabilistic tsunami event caused only by earthquakes and do not account for landslide triggered
tsunami. Therefore, given the importance of the tsunami dike for coastal protection in the long
term, we also recommend to perform additional activity include the effects of landslide induced
tsunamis for the determination of the design level of the tsunami dike.
It is noted, that given our advice to perform additional investigations / analysis of hydraulic
boundary conditions for the emergency sea dike, the design level of the emergency sea dike may
change. Accordingly, the design level for the tsunami dike may need to be adjusted.
2.IV.7

Conclusions and proposition of additional investigations and analyses

In view of the observations made above, it is concluded that the assessment for determining
hydraulic boundary conditions for the emergency sea dike have not been performed completely.
It does not necessarily mean that the presently applied design level is wrong or too small. It is
deemed essential to justify the chosen design level more robustly by taking into account or apply
a justifiable method for all the aspects mentioned in section 2.IV.2.
Because some essential components have not been addressed, it is therefore recommended to
perform a number of additional investigation and analyses to complete the hydraulic boundary
conditions for the design of the emergency sea dike.
Furthermore, it is proposed to consider events with a return period of 100 years. At the moment
the return period consideration is lacking.
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Most of the proposed additional work can be carried out within a very short period of time and
should be done prior to the execution of emergency works.
Below some of the essential components that need to be improved are discussed in more detail.
A Tide
It is recommended to verify the work that has been carried out so far. It is possible to request tidal
components data at Pantoloan from Badan Informasi Geospasial (BiG) directly, because
Pantoloan is a standard tide gauge of Indonesia. Therefore, it may also be possible to obtain long
term observed water level data from BiG for verification of the HWS and use the verified data in
the design level.
B Storm surge component
If long term observation data from BiG can be obtained, storm surge in the Bay can also be
estimated by removing the tide signal from the data. The storm surge component (and wave setup) in the design level is now not available. Alternatively, (maximum) storm surge at Palu can be
computed using Delft3D model using 10 years of wind data at Mutiara SIS Al-Jufri airport. From
this data a (extreme) storm event can be hypothesized for certain storm duration to determine the
storm surge height to be considered in the design level.
C Wave information at the coast
Wave conditions at Palu can be computed with a more appropriate model than CGWAVE during
an extreme event using the wave height at the middle of Palu Bay as boundary condition (see
discussions above). SWAN modelling software, which is more appropriate for this type of study, is
capable of including wave propagation, wave generation by wind and wave-wave interaction to
produce more reliable information on the coastal wave conditions. The results from SWAN are
moreover easier to translate to wave run-up determination for the design level of the emergency
sea dike.
D Sea Level Rise and subsidence
The contribution of SLR in the design height of the emergency sea dike is not explicitly accounted
for yet, but is implicitly assumed as part of the safety margin of 0.25 m for all components that are
missing in the hydraulic boundary condition. It is proposed here to make the SLR contribution
explicit based on proper values for the area (or normally applied for) Indonesia.
Within this context , the contribution of land subsidence need also to be investigated. Although it
is acknowledge that this type of study may take a long time and it may not fit within the time
available.
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V.

Review of geotechnical aspects

2.V.1

Introduction

A generally applicable framework could in principal be used to (eventually) reach a sound design
from a geotechnical point of view. For each aspect of this framework, the required data and
aspects which should or could be considered (or investigated) can be listed. In section 2.V.2 this
generally applicable framework is presented. This same framework is applied for reviewing the
quality and completeness of the sea dike design.
In Section 2.V.3 an overview is given of the reviewed documentation. In Section 2.V.4 a review of
the existing design of the sea dike (from a geotechnical point of view) is presented. In Section
2.V.12 a proposition for additional investigations and analyses is presented to further secure and
verify the existing design.
2.V.2

Framework for dike design

In general, the following aspects should be addressed for a sound geotechnical design of the sea
dike.
1. Safety standard
2. Type of water retaining structure and secondary functions (primary function is flood
protection)
3. Crest level and width
4. Dike stability
5. Materials and construction method
A description of each of these aspects is presented below.
1. Safety standard
A coastal protection (strategy) can provide (more) safety to the people of Palu. The main purpose
of the sea dike is not to protect the area of Palu against the worst possible hazard (tsunami). The
main focus lies with the reinforcement of the existing coastline for withstanding extreme nontsunami conditions. As mentioned earlier in this report, a tsunami dike is currently being design by
JICA. This tsunami dike (which is not included in the scope of work of this report) should protect
Palu against tsunamis to a specific (not yet defined) return period. During such tsunami event,
severe damage of the sea dike is allowed.
As mentioned, the sea dike should be able to withstand extreme non-tsunami conditions. In
general, such conditions should be specified by defining a certain return period of conditions (for
example 1 in 100 years) and the allowable damage during such conditions (for example
expressed in the safety factor in the geotechnical computations.
2. Type of water retaining structure
The alignment of the sea dike is located along the existing post-tsunami shoreline. Considering
that the sea dike should be executed quickly, a revetment type structure (consisting of an armor
layer of rock) will be applied. The exact type of structure partly determines the geotechnical
assessments which are required for verifying the design.
3. Crest level and width
The aspects that define the minimum required crest level are presented in section 2.IV.4. Apart
from these hydraulic boundary conditions the following aspects should be taken into account
when defining the final construction height of the sea dike:
•

Settlements
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o
o
o

Settlements during and after construction, residual settlement requirement;
Inclusion of autonomous subsidence;
Deformation / land subsidence due to earthquake.

In case of Palu, especially the last item (deformation) has a potentially high impact on the sea
dike design. As known, the coastal defense along Palu has subsided in the order of 0.5 to 1 m
during the 2018 earthquake. Inclusion of such possible subsidence would lead to a relatively high
sea dike, which may not be required from a hydraulic point of view. To avoid a relatively high
dike, subsidence could be excluded from the design. This does however mean that rehabilitation
of the sea dike may be required after an earthquake condition.
4. Dike stability
Once aspects 1 to 3 (safety standard, type of structure and crest height) are determined, the dike
stability should assessed. The following aspects define the dike strength or dike stability:
•

•

•

•
•

Codes and Standards
o Applicable codes and standard should be defined explicitly to verify the design to the
set of requirements and boundary conditions. Such codes and standards could for
example be the Indonesian Codes or internationally applied codes such as British
standard or Eurocode;
(External) loads on the dike:
o The hydraulic loads cause load effects on or in the dike like:
▪ Infiltration due to wave overtopping;
▪ Pore pressures in the dike and subsoil;
▪ Possible (dynamic) water loads due to mild tsunami events;
o External loads like traffic loads or loads due to equipment taking emergency
measures;
o Earthquake loads;
Relevant failure mechanisms (ways how a dike can fail):
o Macro-instability (geotechnical stability) of the landward and seaward slope of the sea
dike. These instabilities can be influenced by seismic activity. i.e. accelerations during
the earthquake and excess pore pressures (due to cyclic liquefaction) directly after
the earthquake;
o Instability of the underwater slope in front of the sea dike (submarine landslide). This
can be caused by gradual steepening of the underwater slope due to sedimentation
or erosion at the toe or be triggered by an earthquake. Dependent on the
characteristics of the subsoil, a landslide can be a ‘standard’ geotechnical failure or a
(either static of cyclic) liquefaction induced flow slide (excess pore pressures);
o (Liquefaction and landslides at inland locations with influence on the sea dike);
o Micro-instability of the inner slope (landward);
o Piping (sand boils);
o Stability of the (stone) revetment (outside and possibly crest and inside);
o Erosion of the submarine slope due to lateral water flow along the coast.
It is noted that for a revetment like structure especially the geotechnical assessments like
macro-stability (of the sea side slope) and stability of the revetment itself (stones) are
applicable.
Models:
By means of numerical models or formulae, the relevant failure mechanisms should be
assessed.
Parameters:
Soil parameters (including subsoil stratification and geo-hydrology) are required as input for
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the models. These parameters should be obtained mainly from available soil investigations
(CPT-tests, borings and laboratory tests).
5. Materials and construction method
In this case the sea dike is revetment type structure consisting of an armor layer of rock. The
aspects concerning the materials used and the construction method are presented in Section
2.V.11 and 2.VI.2.
2.V.3

Reviewed documents

At the start of the mission as well as during the missing, various documents were made available
to the DRR-team. These documents (as listed in Chapter 4) have all been reviewed. In this
section, an overview (including a short description) of the relevant documents for the review of
the geotechnical aspects is presented.
•

•
•

•
•

In [1], the implementation of the 8-km sea dike, for making the decision of construction
works, is discussed. The report gives a quick reaction to the tsunami disaster, to recover
normal daily life of local people is the main purpose. It is stated that geological condition
is capable to support loading of sea dike, and economic analysis evaluates the subproject
is economically viable. It is stated that a long-term study on resisting tsunami disaster in
the future, to create buffer and permanent tsunami dike, is considered necessary for Palu
City.
The report gives the results of the hydrological data, bathymetry survey, geology,
seismicity, geotechnical investigation including stability analysis and influence of climate
change. Furthermore it provides amongst others the design principles for the layout and
design criteria for the sea dike;
In [2] the influences of several aspects on climate change and the impact of climate
changes on amongst others sea level rise is presented;
In [3] a study is presented using optical satellite data to map the co-seismic
displacements for the Mw=7.5 strike-slip earthquake of 28 September 2018 in Palu,
Sulawesi, Indonesia. This was a strike-slip faulting event at shallow depth that occurred
within the interior of the Molucca Sea microplate, which is part of the Sunda tectonic
plate. The results include the mapping of a) the detailed trace of the ruptured fault at the
southern part of the region (Palu segment) and b) a more complex deformation pattern at
the northern part of the rupture. A mean displacement of 3-5 metres was calculated for a
total earthquake rupture length of more than 140 km. The results agree with the focal
mechanism solution for the earthquake which indicates that the rupture occurred on a leftlateral, north-south striking fault. The significance of this event is also associated with the
severity of the tsunami impact attributed to a strike slip fault;
In [4] an overview is presented of inundation depths and damage to coastal protection
(existing sea defence) and structures (buildings) at several locations within the Palu bay
due to the earthquake and tsunami on 28th of September 2018;
In [8] a memorandum concerning several geotechnical aspects for the emergency dike is
given. The memorandum mentions that Palu is one of the areas that often occurs in
earthquakes and has high seismicity. Palu City has a surface earthquake acceleration of
1 - 1.2 g along the plains of Teluk Palu. In table 2-1. We can see the classification of the
Indonesian earthquake zone based on earthquake sources and maximum magnitude
(Firmansyah, J., Irsyam, M, 1999) in Sriyati (2010). The regional geology of the Palu area
and its surroundings is dominated by quarter deposits which consist of fluviatyl and
alluvium deposits. These natural conditions have some liquefaction potential.
Especially for design of the coastal protection, soil investigation (SI) including laboratory
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•
•

•

•

•
•
•
•

testing was performed to determine the soil parameters. This memorandum gives the
results of the performed SI with the objective to be able to calculate the bearing capacity
of foundation and slope stability analysis. It describes the morphology, geology, seismicity
of the area. 6 Boreholes and SPT’s were performed along the dike perimeter. Laboratory
test are performed but not given. Slope stability analysis were performed using the
Geostudio slope / w application for the outer slope (sea ward) with and without the
emergency dike;
In [9] the design drawings of the sea dike of Palu are presented, including top views, 86
cross section of the sea dike and bathymetry;
Document [13] shows the result of a field survey showing damage to coastline, buildings
and infrastructure. A surface rupture zone was observed at Jalan Padanjakaya (a few km
land inward) The trigger is an earthquake which occurred on September 28 2018 17:02h
(local time), with epicentre at 10 km depth and with a magnitude of Mw=7.5. Furthermore
it shows the affected area with a distance up to 350 m from the coastline. Furthermore it
shows the locations at the coast and land inward where liquefaction and sub marine
landslides have taken place. The conclusion at that moment (November 27, 2018) was
that liquefaction is mail cause of damage (including land subsidence).
Document [14] shows a presentation of detailed analysis of the fault systems, magnitudes
and displacements of past earthquakes. Geological information of the shallow subsurface
relevant for response analysis (amplification), such as the shear wave velocities of upper
30 m (Vs30).
In [17] the Chapters 2 and 3 of report ‘River Basin Project ADB Loan No. 3440 – INO,
Palu Coastal Protection, date unknown) are provided. This report concerns the data
analysis for water levels, wind data, wave data etc. to arrive at the hydraulic boundary
conditions for the sea dike like water level, wave height Hs, Wave period Ts. In chapter 3
the required stone thickness is analysed. In Chapter 4 the results for the coastal slope
stability analysis are presented including the used (but not elaborated) soil parameters.
Displacements are calculated using the Plaxis code;
In paper [21] by Heidarzadeh et al 2018 - 8 Insights on the Source of the 28 September
2018 Sulawesi Tsunami, Indonesia Based on Spectral Analyses and Numerical
Simulations are given.
In [22] cross sections of the R2 Model are given with 4 cross sections of the sea dike with
the proposed tsunami dike.
In [23] a total of 23 boreholes named BAY-1 to BAY-23, around the entire Palu Bay. Up
to depth of 20 m. Only part of the boreholes in Palu area. It is noted that the borehole
numbers in Palu area not all readable
In [24] 12 Geotechnical cross and length profiles (‘Geologi Profile’) by PT. INDRA
KARYA (PERSERO) are presented, based on boreholes (see [23]) in the Palu area,
including the location of the planned sea dike. Each cross/length section is based on a
single borehole, assuming horizontal layers:
o STA 03+250, based on borehole BAY-1
o STA 03+850, based on borehole BAY-23
o STA 00+800, based on borehole BAY-18
o STA 02+150, based on borehole BAY-2
o STA 04+250, based on borehole BAY-3
o STA 05+550, based on borehole BAY-19
o 6 length profiles
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2.V.4

Design review from a geotechnical point of view

In this section, an overview is given of geotechnical boundary conditions and starting points as
obtained from review of available information (see Section 2.V.3). For the available information
the reliability and validity is evaluated for application with the mentioned failure mechanisms:
1. Crest level of the sea dike;
2. Macro-instability (Geotechnical stability) of the sea dike;
3. Instability of the underwater slope in front of the sea dike (submarine landslide);
4. (Liquefaction and landslides at inland locations with influence on the sea dike);
5. Micro-instability of the inner slope (landward);
6. Piping (sand boils);
7. Stability of the (stone) revetment.
2.V.5
•

•

Crest level of the sea dike:

In [1], wind and wave data is analysed. The tide is studied in [7]. The return period to which
these hydraulic conditions are applicable is however not specified clearly. Secondly, based on
the hydraulic boundary conditions (Section 2), boundary conditions should be reassessed (in
relation to the specified safety standard). This may lead to different values;
In report [2] it is concluded that climate change will increase the average sea level. The mean
sea level in the Jakarta Bay will increase as high as 0.57 cm per year. The report mentions a
surface decline (subsidence) as high as 0.8 cm per year for Jakarta bay (although this value
is not applicable for Palu),.

Evaluation of reliability and validity gives that it is a fact that these effects take place although
there might be more recent information/reports on the quantity of sea level rise. The local
subsidence at Palu is not given and is of interest.
• The memorandum [8] the graphical results of the slope stability calculations show a Mean
Sea Level (MSL) of 0.00m and a High(est) Water Level (HWL) of +2.68m. It is unclear how
this water level is determined nor what safety standard is applied. For the review on hydraulic
boundary conditions see section 2.IV of this report.
• In [17] the data analysis for water levels, wind data, wave data etc. is given to arrive at the
hydraulic boundary conditions for the sea dike like water level. This report is in the Indonesian
language and for this review it has been translated in English using Google translate. It is
noted that that due to this possible poor translation by us, parts of this report may be
misinterpreted.
In Section 2.11 of the report it is concluded that the water level HWS is MSL+1.53 m, wave
run-up is 1.25 m and an extra elevation of 0.5m used. This gives a calculated crest level of
MSL+3.25 m. The used crest level is +3.00m. The used design graph to derive wave run-up
is unknown to us. Maybe this graph is based on regular waves or the give Ru value is an
average value and not a Ru2% value. Roughly estimated, the Ru2% is in the order of
1.7*Hs=2.1 m, meaning that minimum crest level is at least (1.53+2.1+0.5=) +4.15 m. This is
than based on a water level of MSL+1.53 m. It is also not clear if sea level rise and
settlements are taken into account.
• Based on [13] is was observed that there were several locations (near the coast) along Palu
Bay where the ground subsided about 2 m. This subsidence is causing liquefaction. In
relation to the safety standard, it should be defined whether possible subsidence should be
accounted for in the design of the sea dike. If so, this may lead to a relatively high crest.
2.V.6
•

Macro-instability (Geotechnical stability) of the sea dike:

Based on [3], the Palu-Kora fault intersects the proposed sea dike at Palu. Satisfactory
imaging of the earthquake (horizontal) displacement field were obtained from Sentinel-2
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images (see Figure 2.7). The horizontal displacement east from the fault zone is about 3 to 4
m into northern direction. West from the fault zone, a displacement of 1 to 2 m is recorded.
This yields a relative difference of about 4 to 6 m for the location at the fault. The location of
the fault near the coast is shown in Figure 2.8.

Figure 2.7 (Valkanotis e.a. 2018) Left panel): Horizontal displacement (N-S component) using optical image
correlation from Sentinel-2 imagery, processed with MicMac software. Areas in red color moved to the north;
areas in blue moved towards the south. The horizontal displacement is larger than 4 m along a large portion of
the rupture. Right panel) delineation of the rupture trace (thick black lines), with dotted lines depicting areas
showing lack of data or low-quality data. The Pantoloan Port tide gauge position is marked with a blue triangle.
Red solid circles indicate USGS epicentres (M > 4) for the period Sep 28 – Oct 12, 2018.
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Figure 2.8 (Valkanotis e.a. 2018) Location of fault. Surface deformation associated with co-seismic gravitational
effects displayed as E-W horizontal displacement. Red-yellow colors mark the main zone of deformation at the
eastern side of Palu alluvial valley, that was dislocated towards west. Arrows mark the location of major
catastrophic slides.

Based on field survey on 26-03-2019 by the DRR team, a differential horizontal displacement of
approximately 3.7 m was observed at 1.85 km west from the Palu River mouth (see Figure 2.9
below). This corresponds well with the figures above. A similar displacement was observed by
JICA: a lateral displacement of 4.6 m was observed a few km land inward (and no vertical offset
(see [13]).
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Figure 2.9 (DRR-team): Rupture zone at 1.85 km west of the river a differential horizontal displacement of
approximately 3.7m was observed.

Especially at the location of the fault line, a horizontal slip may lead to serious damage to the sea
dike. Such damage could however be acceptable since an earthquake event will most probably
not occur on the same moment as a severe storm event. In case the sea dike becomes damaged
at the location of the fault line, this damage should be repaired as soon as possible (before a
severe storm event).
The tsunami dike as being designed by JICA is not allowed to become severely damaged as a
result of a horizontal slip earthquake. For that reason, a relatively wide dike (14 m crest width) is
applied in their design. It should be noted that such wide crest is only needed (at least from a
tsunami protection point of view) at the location of the fault line.
Based on [8], the dike alignment is divided in 6 sections based on bathymetry and topography.
(see Figure 2.10 and Figure 2.11 below). In total, 6 boreholes and SPT’s to a depth of 30 m were
performed along the dike perimeter. Laboratory test are performed but the results of the tests and
determination of the design values for the parameters are not presented. A number of additional
boreholes to a depth of 20 m were performed (see [23]), being part of a series of 23 boreholes
around the bay.
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Figure 2.10: Alignment of the sea dike

Figure 2.11 Map of bathymetric survey (source [2])

Slope stability analyses were performed using the Geostudio slope / w application for the outer
slope (seaward). Situations with and without the sea dike were considered. It is unclear which
boreholes were used for soil layer schematization although it was mentioned during discussions,
that the worst case scenario was applied. This can however not be checked at the moment.
Based on [8] (Section 2.4.2) Palu is one of the areas where earthquakes often occur and has high
seismicity. Palu City has a surface earthquake acceleration of 1 - 1.2 g along the plains of Teluk
Palu. Based on the Indonesian Earthquake Zonation Map published by The Ministry of Public
Works (2010).
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The regional geology of the Palu area and its surroundings is dominated by quarter deposits
which consist of fluvial and alluvium deposits. These natural conditions result in some liquefaction
potential.
For design of the coastal protection, soil investigation (SI) including laboratory testing was
performed to determine the soil parameters. This report provides the results of the performed soil
investigation. The objective of the investigation is to be able to calculate the bearing capacity of
foundation and slope stability analysis. The report describes the morphology, geology, seismicity
of the area.
Evaluation of reliability and validity is yet difficult because of:
• Lab results are not presented (like shear strength parameters) nor is given how design
parameters are determined;
• Slope stability analysis were performed, but input is unclear and not elaborated nor are
results elaborated. Input such as seismic parameters, possible liquefaction, external loads.
Water levels, pore pressures is missing. Also input with respect to subsoil layering (which
boreholes were used?), bulk weights, shear strength parameters is not elaborated clearly;
• The slip planes seem rather shallow and it looks as if they are restricted by de model
boundary (bottom and left). If this is indeed the case, this should be elaborated in more
detail;
• Boreholes are performed to a depth of 30 m. As mentioned above slip planes might be
deeper than 30 m depending on type of subsoil (especially considering the large water depth
in Palu Bay). Information for soil parameters deeper that 30 m is not available from the bore
holes. Furthermore, only 2 of the 6 bore holes are provided and due to low resolution not all
information in the bore log can be read;
In [17] slope stability calculations were performed (using the Plaxis codes). These slope stability
calculations concern the embankment of the sea dike itself. Large slip planes are not included in
the assessment (see Figure 2.12 below and Figure 2.13). Based on the reported assessment it is
concluded that:
• Input is not all clear;
• No elaboration on the used data is given nor are the results elaborated:
o Input like seismic parameters, possible liquefaction, external loads, water
pressures are not given;
o Input like sub soil layering, bulk weights, shear strength parameters is given but
not elaborated.

Figure 2.12 Plaxis model sea dike with soil layers (source [17])
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Figure 2.13 Typical calculation result Plaxis model of sea dike (source [17])

2.V.7

Instability of the underwater slope in front of the sea dike (submarine landslide):

Based on [8] and [14] the regional geology of the Palu area and its surroundings is dominated by
quaternary deposits which consist of fluviatile and alluvium deposits. Mainly the fine sands, as
encountered in many of the boreholes, have some liquefaction potential.
Based on [8], a significant part of the coastal area near the dike seems prone to liquefaction and
or (sub marine) landslides. Especially the coastal area at 3 locations / stretches seems sensitive.
At those locations, bathymetry shows steep slopes. The arc shapes in the bathymetry in Figure
2.11 could be back scarps of former submarine landslides. Time laps pictures from Google Earth
show that due to the last tsunami event the coastline has changed a lot. See also the Figure 2.14
to Figure 2.16 as shown below.

Figure 2.14 Dominant Coast retreat after Tsunami 1/3) (source: [1])
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Figure 2.15 Dominant Coast retreat after Tsunami (2/3) and picture (source: [1] and [13])

Figure 2.16 Dominant Coast retreat after Tsunami 3/3) (source: [1])

The typical arc form of the coastal retreat in the figures is an indication that these are the result of
submarine landslides. At the most western location (see Figure 2.14) the ‘breakwater’ has
completely disappeared. At the middle location (see Figure 2.15), a few hundred meters east
from the river, the landslide took approximately 75 m from the coast. At the third location (see
Figure 2.16) locally a landslide took more than 100 m from the coast.
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In Figure 2.10 the principles for the layout of the sea dike are given. The location of the sea dike
should be in line with current coastline. At most locations, this aligns with the coastal protection
works that originally existed before the tsunami. At some other locations land is lost. At those
locations, the sea dike will be positioned landward of the coastal protection as it existed before
the tsunami. This does not seem in line with the area potentially affected by liquefaction and (sub
marine) landslides, especially at the mentioned locations. The area affected by these failure
mechanisms is large and could potentially be 50 or 100 m or more land inward. This advocates
for more distance between the actual coastline and the sea dike
Dependent on the characteristics of the soil in the underwater slopes, the submarine landslides
may be related to static or cyclic liquefaction. Liquefaction entails the generation of excess pore
pressures and reduction of the shear strength of the soil. Conditions for liquefaction are a
sufficiently steep slope, loosely packed sand and a trigger. In case of static liquefaction the trigger
can just be a gradual steepening of the underwater slope by erosion or sedimentation, but this
can also be an earthquake. Cyclic liquefaction is the result of an earthquake and can occur in
more densely packed sands as well.
The risk of liquefaction both below the sea dike and in the underwater slope can be assessed
using the EERI MNO-12 monograph framework (Idriss & Boulanger, 2008), which is based on
SPTs and requires a PGA. It is noted that the probability of occurrence of a dominant earthquake
load in combination with a dominant hydraulic load is very small. It is possible to design the sea
dike with dominant earthquake load and non-dominant hydraulic load (excluding tsunami) or to
design the sea dike with a non-dominant earthquake load and dominant hydraulic load (excluding
tsunami).
Information on the subsoil in the underwater slopes is not present. At the moment only three
boreholes, i.e. BH02, BH03 and BH04, have been completed (out of 6 boreholes). [5] only gives
the upper 15 m of BH02 and the upper 8 m of BH03. The boreholes named BAY-1 to BAY-23,
depth 20 m, and performed in the Palu area show that the subsoil is fairly heterogeneous.
Predominantly silty sand and sandy silt over entire depth, locally also thick gravel layers (BAY-20)
or clay (BAY-19). Looking at the N-values in the SPTs sandy layers are fairly densely packed,
however, also loosely packed layers occur, mainly at shallow depth.
Due to the more gradual process of erosion and sedimentation steepening of the underwater
slope can occur which provides a negative starting point for the stability of the underwater slope.
No mention is made in in the available data/information concerning possible erosion or
sedimentation of the underwater slope at Palu. To verify this mechanism, a coastal morphological
study would be required in which the erosion and sedimentation aspects along the coast of Palu
are assessed.
2.V.8

Liquefaction and landslides at inland locations with influence on the sea dike

Based on [3] it is concluded that the co-seismic landslides occurred at a relative large distance
from the coast and do not seem to affect the coastline and proposed sea dike directly. Document
[3] shows that the closest liquefaction area (Balaroa) lies more than 1,000 m from the coast land
inward (see Figure 2.17) . It is recommended to confirm this statement by means of geological
survey including SI (bore holes and CPT’s or SPT’s) if not available.
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Figure 2.17: Liquefaction at Balaroa, Palu (source JICA 2018)

2.V.9

Micro-instability of the inner slope (landward)

No mention is made in the available data/information about this failure mechanism. However,
given the structure and used materials for the sea dike (see Figure 2.19) there is no reason to
assume that this failure mechanism is relevant since no sand(y) material is being used in de dike
core.
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2.V.10

Piping (sand boils)

No mention is made in the available data/information about this failure mechanism. This might be
a relevant failure mechanism for the sea dike.
2.V.11

Stability of the (stone) revetment:

In various reports (see also Section 2.IV.3), design parameters are presented for hydraulic loads
such as water levels, wind and waves. The required stone dimensions are determined in [17]
including layer thickness and filter layer (see Figure 2.18).
Based on the calculation results presented in chapter 3 of the mentioned report the stability of the
armour stone is sufficient concerning the used Hs of 1.25m. This means that layer thickness of
the armour stone of 1.5 m is sufficient but should be applied in the dike toe as well.

Figure 2.18 Principal cross section of revetment sea dike (source [17])

Nevertheless there are some concerns regarding the construction of the revetment. See section
2.VI.2 for details.
The slope stability calculations were performed in [17] chapter 4 (using the Plaxis codes). These
slope stability calculations concern the embankment of the sea dike itself. No large slip planes
were considered. Apart from large slip planes, that need to be assessed, the slope stability of the
embankment of the sea dike itself is sufficient taken into account the derived FoS (Factor of
Safety) which is higher that 1.0 (Further details see section 2.V.6)

2.V.12

Conclusions and proposition of additional investigations

Conclusions geotechnical review:
• No analysis is provided to arrive at a substantiated flood protection level (safety standard /
return period):The sea dike protects critical infrastructure during frequently occurring storm
conditions, without being damaged. This means that the sea dike should be stable from a
geotechnical point of view and hydraulic point of view for a specific return period;
• The determined crest level of 3.0 m is based on an Wave run-up of 1.2 m. but it is unclear
how this value is determined. Roughly, the Ru2% is in the order of 2.1 m, meaning that
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•
•
•

minimum crest level is at least +4.2 m. It is also not clear whether sea level rise and
settlements are taken into account;
Not all possible relevant failure mechanism (like piping) are elaborated and boundary
conditions and starting point are not always given. Elaboration is missing;
It is unclear how the influence of seismic activity (earth quake acceleration) including excess
pore pressures (and possible local liquefaction) is incorporated is slope stability analyses.
Static liquefaction near or under the propose sea dike (or Tsunami dike) should be taken into
account unless proposed additional review reveals this is not an issue.
Large part of the coastal area near the dike seems prone to liquefaction and or (sub marine)
landslides. This has not been taken into account. Especially the coastal area at 3 locations/
stretches seems sensitive for liquefaction. The location of the sea dike is located inside the
area affected by liquefaction and (sub marine) landslides. Especially at the locations
mentioned above. SI is performed in 6 boreholes and SPT’s that have reached a depth of 30
m. For several locations this seems not deep enough since the failure mechanism of macro
stability (seaward) shows that slip planes reach depths of >30 m. The same applies for the
failure mechanism of liquefaction (if relevant) and submarine landslides.

Proposition for additional assessments:
In the previous section, the existing design of the sea wall has been reviewed from a geotechnical
point of view. Based on the review it is concluded that some aspects should be studied more
thoroughly to guarantee that the existing design is viable, reliable and sustainable. Below, an
overview is presented of additional investigations and analyses which should in our opinion be
performed. Based on these results, it can be concluded whether adjustments to the design are
required.
1. Further review of a Geotechnical assessment report
Many data and results are already provided for the performed review. For performing a more
extensive review, it is recommended to provide:
o All SI, elaboration of the data and insight how is arrived at the used parameters for
the design.
o Starting points, boundary conditions and elaboration (including applied safety
standard)
o Calculations results for all relevant failure mechanisms (as mentioned in this report in
section 2.V.2) and elaboration. At this moment only some slope stability calculation
results are provided. Also calculations and results for the stone revetment of the sea
dike are provided. Other failure mechanisms should be elaborated.
o Discussion, conclusions and recommendations for design
2. Additional SI and lab testing. At this moment in time only boreholes are available with a depth
of 30 m. For dike design it is recommended to perform more boreholes and SPT’s. Since the
steep under water slopes reach depths of more than 60 m it is recommended to gain
information (parameters) for the deeper layers (unless it is clear that a hard rock base is
present at low depths).
With an extensive SI the location of possible loose sands, prone to liquefaction, can be
localized. This can be taken into account or if possible these soil layers can be compacted to
prevent liquefaction. Accurate bathymetry near the dike area is essential in determining the
landslide or liquefaction locations. This data is also important in determining the landslide of
liquefaction sources in the whole Palu bay.
3. A detailed bathymetric survey along the coast and the Palu Bay area should be performed to
identify areas which are subject to potential future slides. This survey should include the
occurred submerged slides during the 2018 earthquake event;
4. The required safety standard / return period for the design of the sea dike should be defined.
Two situations need to be considered:
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o

5.

6.

7.
8.

Period between construction sea dike and construction of tsunami dike (5 years?):
Failure of sea dike leads to flooding of hinterland. High safety level required. However
the sea dike will not protect against a tsunami and damage will/may occur and is
(should be) acceptable. It is unclear whether the sea dike (at present location) is
sufficiently resistant to earth quakes.
o Period after construction of tsunami dike:
The sea dike is providing protection to the tsunami dike. Failure of sea dike only leads
to possible damage of tsunami dike, no flooding of the hinterland. So a lower safety
level can be accepted.
For both situations yields that the probability that high water/storm coincides with damage due
to earthquake (without tsunami) is probably negligible, but this needs further elaboration.
Study of the crest level. Based on a detailed assessment, the most suitable crest level should
be determined. Within this assessment, at least the allowable wave overtopping and
subsidence should be addressed;
Studies of the dike stability:
• Additional stability calculations should be performed including the influence of seismic
activity (earthquake acceleration) including excess pore pressures (and possible local
liquefaction)
• Static Liquefaction near or under the propose sea dike should be assessed, unless
additional review (see point 1) reveals this is not an issue;
(Re)Assessment of all other failure mechanism if the hydraulic boundary conditions and /or
the design changes.
Study of the influence of a fault (rupture zone) on the sea dike design.
For dike design it is of importance to map the exact location(s) of the fault(s) near the dike.
This defines the locations (a) where the design of the dike needs to cope with these large
deformations or (b) where the dike needs to be repaired immediately after damage has
occurred due to an earth quake (and before the next storm event). Based on received
information during the mission the fault locations will be mapped by performing extensive
survey including boreholes.

VI.

Review of the technical design of the sea dike

2.VI.1

Introduction

A design of a sea wall has been prepared with use of Indonesian Standards, design formulae and
experience with similar coastal defence works in Indonesia. Below, a representative cross-section
of the sea dike is shown.

Figure 2.19: Typical cross-section of the seawall. Left: Applicable cross-section for sections where the existing
seawall is fully destroyed or absent. Right: Applicable cross-section for sections where the existing seawall is still
functional
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The design is characterised by the following:
• The construction consists of loose rock. The armour layer consists of rocks, larger than
800 kg as determined with use of the Hudson formula;
• A crest height of MSL+3 m is defined. At the crest of the sea dike, a geotextile is places
inside the armour layer to reduce the impact of overtopping water;
• At locations where the existing seawall is still functional, this sea wall is applied as the
landward boundary of the construction (rocks are simply placed against the sea wall. At
locations where the seawall is destroyed, a landward slope of 1:1.5 is applied.
In Section 2.VI.2 review of the design, as presented in various reviewed documents is presented.
Next in Section2.VI.3, some recommendations are presented for improving the design from a
technical point of view.
2.VI.2

Findings from the review

Relevant documents were analysed for the review of the designed sea dike. In this section, an
overview of the general findings is presented and some propositions for improving the design are
given based on these general findings.
Dimensions of rocks and layer thicknesses.
Based on the Hudson design formula, a minimum rock size of 800 kg is defined. The design
formula has been applied correctly based on the determined hydraulic boundary conditions. The
size of the rock is however not the only parameter which is important for the stability of the
armour layer. Also the shape of the rock and the weight distribution of the applied rocks is of
importance. It is recommended to apply international standards and guidelines for the application
of rocks.
Two representative cross-sections of the sea dike are presented in Figure 2.19. In the left panel,
a non-constant layer thickness is defined. In the right panel, a constant layer thickness of 2 m is
applied. In practice, both options are not executable since these layer thickness cannot be
prepared accurately with use of 800 kg rocks. Generally speaking, armour layers of rock are
placed in a double layer (2*Dn50). In such case, the resulting layer thickness is determined by the
rock size itself. When for example applying internationally standard rock fractions, the layer
thickness as a function of the rock size is given as shown in Table 1.
Rock size class (kg)
10-60 kg
60-300 kg
300-1,000 kg
1,000-3,000 kg
3,000-6,000 kg

Resulting layer thickness (m)
0.4
0.8
1.3
1.8
2.4

Table 1: Layer thickness as a function of the rock size class.

It is recommended to apply international standards for rock class sizes and corresponding layer
thicknesses. This enables both national and international contractors to construct the sea dike
exactly as specified on design drawings.
Application of geotextile
Applying geotextile for reducing the impact of overtopping waves is not advised. The geotextile is
expected to get damaged as a result of large rocks, which will slightly move during storm
conditions as well as the wave impact itself. Secondly the geotextile in between the armour layer
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and the secondary layer is not of any use in case design rules for the application of rock filters are
followed properly.

Figure 2.20: Damaged geotextile inside armor layer of (large) rocks

It is recommended to only use geotextile between the original sea bed and the first layer of rock.
The geotextile should be sand tight and will prevent leakage of sediment from underneath (and
with that gradual subsidence of the sea dike).
Thirdly the geotextile will not prevent water flow through the porous sea dike. For water levels
higher than the hinterland water will flow through the sea dike. This can only be prevented using a
more or less impermeable wall or clay core near the crest to a minimal level of HWS and
preferably higher. On top of this level the minimum layer thickness of rock should be applied,
unless the impermeable wall consists of a concrete wall with sufficient strength.
Application of a sea wall at the landwards side of the sea dike
At locations where the existing concrete sea wall is still in place, the sea wall is applied as the
landward boundary of the sea dike. At locations where the sea wall is destroyed, a rock slope is
applied at the landward side of the sea dike. It is proposed to apply a concrete seawall at the
landward side of the entire sea dike. This sea wall prevents loss of rock towards land (as a result
of wave overtopping, reduces wave overtopping, prevents water flow through the dike and last,
only a single type of cross-section will remain. This is more convenient with respect to the
implementation of the works and will result in a uniform construction, which means that there are
no interfaces between different types of structures.
Conclusive proposition for optimised sea dike
A proposition for an optimized cross-section is prepared based on the propositions as presented
above. This is shown in Figure 2.21.
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Figure 2.21: Principle sketch of sea dike after implementation of proposition for improvements.

2.VI.3

Conclusions and proposition for improvements

A sea dike construction was designed for the protection of the coast of Palu. The design (based
on determined hydraulic boundary conditions) is based on Indonesian codes/guidelines and
common practise in Indonesia. Based on the review, the following conclusions and
recommendations for improving the sea dike design are made:
•

•
•
•
•
•

As concluded from the review of the hydraulic aspects (Section 2.IV), the hydraulic
boundary conditions should be reassessed to be sure whether these conditions are
correct (or at least conservative). Based on these conclusions, the crest height and
armour should be reassessed;
The sea dike is positioned in an area which is subject to earthquakes. In such situation a
more gentle slope should be applied based on stability calculations;
Layer thicknesses of rock armour follow directly from the stone size distribution. It is
recommended to apply internationally accepted rock gradations and resulting layer
thicknesses. As a result, the procurement and execution of the works will go smoother;
The application of geotextile in the original design is questionable. It is recommended to
apply geotextile under the first (filter) layer only;
A concrete wall is recommended along the entire trajectory of the sea dike. This prevents
losses of rock in landward direction and prevents excessive volumes of water to flow
though the sea dike;
To protect the toe of the sea dike, the filter layer should be extended further seaward. As
this scour protection protects the toe of the sea dike, it should be monitored periodically
and repaired if damaged.

VII.

Lessons learned elsewhere

2.VII.1

Opportunities to add value

The necessity of a new sea dike originates from the tsunami event, which has struck the coast of
Palu. There are currently initiatives to make Palu more resistant against such hazards from sea.
The sea dike and especially the tsunami dike will have a large impact on the coastal zone of Palu.
From what we’ve experienced so far, is that the coastal defence is mostly considered from a
technical point of view. Restoration of the coastal area of Palu should however also be seen as
an opportunity to improve the coastal zone of Palu from a socio-economic point of view. On the
one hand, the two dikes should be integrated in the landscape of the coastal zone. In this way,
the connection between the city and the coast could enhanced instead of creating a physical
obstacle. On the other hand, the sea dike should be designed in such way that (like the pre-
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tsunami situation) a stable sandy beach can exist at the seaward side of the dike. For this, the
coastal morphological system should be analysed in detail.
Some examples of integrated coastal defence systems are given below.
2.VII.2

Design of coastal defence structures

Coastal protection Katwijk, The Netherlands
Katwijk is a coastal village along the coast of The Netherlands. Because the safety level of the
coastal defense was insufficient, a reinforcement of the coastal defense was initiated. The most
financially attractive option was to create a wide and high dune area in front of the existing
boulevard. This would however disrupt the character of the village and people would loose
contact with the sea. In stead, a coastal protection was created in which the hinterland is
protected by means of a combination of a relatively low sandy dune in combination with a dike,
which lies in this dune (hybrid coastal defense). From a spatial point of view, this type of solution
is more efficient than only sand. As a result, also an underground parking could be implemented
within the given footprint of the coastal defense. Although this solution was more expensive, the
combination of a hybrid coastal defense was still feasible because:
- The solution preserved the contact between the village and the sea. And even better, the
coastal zone of Katwijk was enhanced from a spatial quality point of view. This has led to
improved recreational facilities;
- The parking problem of Katwijk was solved by creating the underground parking.

Figure 2.22: Cross-section of the coastal defense of Katwijk, The Netherlands.

Coastal protection Batumi, Georgia
Since decades, the coast at Batumi, Georgia is slowly eroding. The erosion is the result of
autonomous and man made changes in the Chorokhi River, which feeds the coast of Batumi with
sediment (both pebbles and sand. Various alternatives were considered for protecting the coast
of Batumi against ongoing erosion. The alternatives were evaluated by means of a Multi-CriteriaAnalysis in which the alternatives were scored from various points of view (technical,
socio/economic, financial, environmental, sustainability. This has resulted in a coastal protection
scheme, which not only protects the coast, but also provides an enhancement of the touristic
attractiveness of the city (which is crucial since the main income of Batumi comes from
tourism....).
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Figure 2.23: Coastal protection at Batumi, combination basic and efficient protection where possible and high
quality coastal protection with touristic features where needed.

Pulau Tekong polder project, Singapore
A new polder area (land reclamation) has been designed and is currently in execution. Around
this new polder in the sea near the existing Island of Pulau Tekong a sea defence with a total
length of 10 km protects the area against inundation due to extreme storm surges at sea.
Extensive SI works and lab tests have been performed and are ongoing. All relevant failure
mechanisms are assessed. Within the sea defence with a core of sand and a cement-bentonite
wall to prevent saline intrusion has an armour stone revetment. To prevent severe settlements
due to thick layers of soft marine soils a so called sand key was dredged as foundation for the
sea dike.

2.VII.3

Coastal defence works in earthquake sensitive areas

Development of design protocols for earthquake-proof flood defences in The Netherlands
and Safety assessment of 35 km channel dike along Eemskanaal, The Netherlands
A couple tens of kilometres of the sea dikes protecting the North of the Netherlands against high
sea water levels is currently being reinforced, taking into account the effects of gas-extraction
induced earthquakes. In particular the presence of potentially liquefiable Holocene deposits
underlying the levee have raised issues of liquefaction induced instability. A detailed
characterisation of the subsurface was done based on extensive SI and lab testing. Seismic and
post-seismic displacements were evaluated with dynamic coupled effective stress analyses with
the Finite Element method. A semi-probabilistic design method was applied, i.e. deterministic
calculations, using ground motions and water levels with a return periods and design values of
the relevant parameters (partial factors), that were derived based on a code calibration.
The same method was applied for the earthquake-proof assessment and design of the flood
defence along a 35 km long channel (Eemskanaal), consisting of sheet pile walls.
2.VII.4

Protection against tsunami conditions

Masterplan Tacloban, Philippines
In 2013, the city of Tacloban was hit by a 1/1,000 year cyclone and caused devastating damage.
Soon after the event, a masterplan was developed for a sustainable development of the city. This
involved the development in higher regions of the city. In the second stage of the masterplan
development, the integration of the coastal protection in the city masterplan was assessed. The
most straight forward way for protecting the city against hazards from sea would be the
construction of a relatively high and wide coastal protection along the coast of Tacloban. Once
studying the coastal area of Tacloban (and the needs from a socio-economic point of view),
various other options were however developed. These include:
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-

Rehabilitation of mangroves as coastal protection;
Create levees along existing infrastructure (main roads) to minimize the impact of coastal
protection measures;
Improve the early warning system;
Evacuation routes and elevated shelter areas;

By implementing such measures, the coastal zone of Tacloban is integrated in the socioeconomic situation of the city. In this way, the use of the coastal area (for example fishery or
recreation) remains.
2.VII.5

Tsunami EWS, example form Aceh province and future developments by BMKG

As far as known, all existing Tsunami Early Warning Systems (EWS) do not account for landslide
tsunamis. Therefore the discussions below will focus on earthquake induced tsunami’s. With
respect to landslide triggered tsunamis, the only way to include this type of tsunami in the
prevailing system is by including additional text(s) on possible additional landside effects for
regions that are known to be sensitive to landslide occurrences, like Palu and e.g. North of Irian
Jaya (other areas maybe included based on investigations of such an event in the past).

A EWS practice
Tsunami early warning systems for tsunami generated by earthquake far away, after detection of
the earthquake through seismometers, is based on level measurements at deep water that is
capable to detect a tsunami wave long (hours) before it reaches the coast. When such an event is
detected, timely warning can be issued for evacuation measures and preparative actions. USA
(Hawaii) relies heavily on such a system because most of the tsunami sources lie far away from
US coast. India also relies partly on such a system. Indonesian INA-TEWS also has a number of
deep water buoys (22 in total) to detect tsunamis that could enter (or leave) Indonesian waters
from far away sources and provides a supportive role in their EWS. A buoy based EWS system
has a high maintenance cost (of the buoys).
For locally generated tsunami, because of limited time available for warning (20-30 minutes), the
EWS relies either on:
I.
collect earthquake information from seismometers, apply empirical formula based on
earthquake parameters for warning issuance and later use water level observations at or
near the coast to confirm / revoke the warning. Observations are collected using tide
gauges, tsunami radar or CCTV cameras. Often in the time available models are run to
confirm / revoke the warnings, or;
II.
pre-prepared model runs based on different earthquake strengths and parameters
(scenario based) to issue the warning and later use water level observations at or near
the coast to confirm / revoke the warning.
The Indonesian system is based on option I, except for some specific locations where preprepared scenarios using tsunami propagation model have been computed (e.g. for Padang).
Japan is using option II as well as the system the Sea Defense Consultants developed for Aceh
Province in 2009 (funded by the Royal Dutch Embassy in Jakarta).
B Example from Tsunami EWS from Aceh
The system developed for Aceh is based on > 1,250 earthquake scenario simulations that could
have triggered a tsunami. The results of the simulation are stored in a database.
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If and when an earthquake is reported by BMKG with information on the strength, parameters and
depth, the EWS system searches for the nearest possible run that resembles the prevailing
event. It takes < 10 s to do so and can issue a warning immediately after receiving the
earthquake information (see figure below). Another advantage of such a system is that it could be
used as a multi hazard EWS.

Figure 2.24: Example of database based tsunami EWS built for the province of Aceh in 2009.

C BMKG plans to improve the tsunami EWS
During the interview with the head of BMKG Earthquake and Tsunami, Rahmat Triyono, ST,
Dipl.Seis, M.Sc and the head of Information on Earthquake and Tsunami Early Warning system,
Dr. Daryono, S.Si M.Sc, on the 4th of April 2019 it is revealed that detection of the earthquake
now is based on ~170 local seismometers and 83 seismometer that is located in other nearby
countries and ~>20 tide gauge operated by BiG.
It is the intension of BMKG to extend the numbers of seismometers with 200 new meters and 20
tide gauges by 2020. With the additional meters, BMKG intends to shorten the warning time
under the two minutes (instead of ~5 minutes now). Also, a plan is underway to extend the INA
Tews system extensively using a network of tsunami radars and CCTV cameras. The BMKG plan
is financed by themselves (with possible assistance from other countries).
The intension of BMKG and their plans are encouraging is believed will be able to achieve their
target.
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VIII.

How to move forward

2.VIII.1

Definition of the ultimate goal

The sea dike as reviewed within the scope of work of this DRR-mission is a first step in the long
term development of the coastal zone of Palu. As an emergency measure, the sea dike is meant
for protecting the coastal zone against the intrusion of sea water, twice a day, during high tide
conditions. On the longer term, this same sea dike should protect the coast of Palu against storm
conditions and resulting wave impact.
The final ultimate goal however is to provide a suitable safety level for Palu against hazards from
sea. As such, a tsunami dike is currently designed by a team of JICA. It should be noted that also
after construction of the tsunami dike (as planned somewhere in the coming years), the sea dike
should still be functional. The sea dike should protect the coastline of Palu against erosion and
secondly the sea dike should guarantee that the tsunami dike is always functional and with that,
withstand the tsunami hazards which it is designed for.
Besides the technical aspects as mentioned above, it should be noted that the sea dike and
tsunami dike will exist for the next decades to come. From a spatial point of view, these dikes will
have a large impact on the landscape and experience of the coastal zone. It is therefore essential
to prepare an integrated (masterplan) design and vision of the coastal zone and its connection
with the city of Palu taking into account the relevant functions of the coastal zone. Only then it will
be possible to turn this emergency measure (as caused by the devastating tsunami event) into a
project which actually adds value to the city of Palu on the long term.

2.VIII.2

In time

The emergency sea dike is part of a final solution for the coastal zone of Palu. In this document,
the design of the sea dike is reviewed and recommendations were given for verifying and
improving the design. Below, actions are defined which in our opinion should be executed to
pursue the ultimate goal as specified in the previous section:
•

•

•

Immediate (0 to 2 months) actions for finalizing the sea wall design:
o Prepare a set of functional and technical design requirements to which the design
should be verified
o Manage the interfaces between the sea dike and tsunami dike
o Verify hydraulic boundary conditions by means of numerical modelling
o Verify the geotechnical stability of the sea dike by assessing the following failure
mechanisms: slope stability (including earth quake influence), static liquefaction,
stability of the stone revetment.
o Perform a coastal morphological assessment for analysing the coastal zone of
Palu and the possible impact of the sea dike (and other activities in the coastal
zone) on sediment transports and the overall stability of the coastal zone
Short term (2 months to 1 year) actions:
o Prepare a master plan for the city of Palu (or at least for the coastal zone) in
consultation with relevant stakeholders, in which the long term development of the
coastal zone (and the position of the sea dike and tsunami dike) is visualized;
o Procurement and execution of the sea dike
Medium term (1 to 3 years)
o Monitoring of the behaviour of the sea dike and monitoring of the seabed in the
vicinity of the sea wall
o Finalization of the masterplan for Palu
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•

2.VIII.3

o Procurement and execution of the tsunami dike
o Landscaping of the coastal zone of Palu
Long term (>3 years)
o Further development of the coastal zone of Palu according to the masterplan.
Financial aspects

In principle, the financing for the coastal protection works along the coast of Palu are already
arranged. The sea dike design, as reviewed in this document, will eventually be financed by
means of a loan from the ADB. Simultaneously to the sea dike design, a tsunami dike is designed
by a team of JICA. Once finished, this tsunami dike is most likely to be financed by means of a
Japanese loan.
As mentioned in the report, there are a number of aspects, which should be addressed for
finalizing the design of the sea dike and the implementation of the coastal defence system (a
combination of the sea dike and tsunami dike) in the coastal zone of Palu. In short:
-

-

Hydraulic design conditions for the design of the sea dike should be assessed in more
detail to make sure that the design is sufficiently robust and sustainable;
Geotechnical assessments should be executed to secure the design from a geotechnical
point of view. This assessment should involve at least a) additional SI (or detailed
assessment of available SI data) and b) geotechnical calculations for verifying the design
for all possible failure mechanisms;
Prepare a detailed design of the sea dike based on findings from the abovementioned
assessments and according to international standards;
Integration of the coastal defence system into the coastal zone of Palu by means of a
thorough masterplan study (including socio-economic assessment).

It is noted that the DRR-team, who performed this mission, included technical experts only.
Knowledge of finance options was not available in the team.
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3.

CONCLUSIONS AND RECOMMENDATIONS
I.

Conclusions

On Friday September 28th 2018, an earthquake was recorded with an epicentre just off the
central Island of Sulawesi, at a shallow depth of 10 km water depth. The 7.5 Richter magnitude
earthquake that hit Palu is the most devastating earthquake to hit the country since 2004. The
earthquake, tsunami and liquefaction that struck Central Sulawesi caused mass economic and
social devastation throughout the province. An official request for a DRR mission was sent from
the Ministry of Public Works and Housing Directorate General of Water Resources to the Dutch
Embassy in Jakarta on 20 November 2018. Subject of the letter is Central Sulawesi Disaster
Recovery: support to reconstruction of urgent Dikes in Palu Bay.
The main objective of the DRR mission is to advise the Ministry of Public Works and Housing
Directorate General of Water Resources on the technical soundness of the detailed engineering
design (DED) for the reconstruction of the sea dike to protect the coast of Palu Bay. The DED has
been prepared by the engineers engaged by DGWR. The dikes are located in a very sensitive
geotechnical area with under water landslides. Therefor independent review of the DED and
geotechnical conditions is needed to ensure that the proposed investment will be stable and
sustainable.
The design of the sea dike as foreseen along the coast of Palu was reviewed based on a site visit
to Palu, the review of various documents (as listed in Chapter 4) and the discussions with the
design team. In Chapter 2, the findings from the review are presented. In this section, the main
conclusions from this (mainly) technical review are presented.
Review of hydraulic boundary conditions
It is concluded that the assessment for determining hydraulic boundary conditions for the
emergency sea dike have not been performed completely. It does not necessarily mean that the
presently applied design level is wrong or too low. It is deemed essential to justify the chosen
design level more robustly by taking into account or apply a justifiable method for all the aspects
mentioned in section 2.IV.2.
Review of geotechnical aspects
• No analysis is provided to arrive at a substantiated flood protection level (safety standard /
return period):The sea dike protects critical infrastructure during frequently occurring storm
conditions, without being damaged. This means that the sea dike should be stable from a
geotechnical point of view and hydraulic point of view for a specific return period;
• The determined crest level of 3.0 m is based on an Wave run-up of 1.2 m. but it is unclear
how this value is determined. Roughly estimated, Ru2% could be in the order of 2.1 m,
meaning that minimum crest level is at least +4.2 m. It is also not clear whether sea level rise
and settlements are taken into account;
• Not all possible relevant failure mechanism (like piping) are elaborated and boundary
conditions and starting point are not always given. Elaboration is missing;
• It is unclear how the influence of seismic activity (earth quake acceleration) including excess
pore pressures (and possible local liquefaction) is incorporated is the slope stability analyses.
• Static liquefaction near or under the propose sea dike (or Tsunami dike) should be taken into
account unless proposed additional review reveals this is not an issue.
Large part of the coastal area near the dike seems prone to liquefaction and or (sub marine)
landslides. This has not been taken into account. Especially the coastal area at 3 locations/
stretches seems sensitive. The location of the sea dike is located inside the area affected by
liquefaction and (sub marine) landslides. Especially at the locations mentioned above. SI is
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performed in 6 boreholes and SPT’s that have reached a depth of 30 m. For several locations
this seems not deep enough since the failure mechanism of macro stability (seaward) shows
that slip planes reach depths of >30 m. The same applies for the failure mechanism of
liquefaction (if relevant) and submarine landslides.
Hydraulic design of the sea dike
A sea dike construction was designed for the protection of the coast of Palu. The design (based
on determined hydraulic boundary conditions) is based on Indonesian codes/guidelines and
common practise in Indonesia. Based on the review, the following conclusions are made:
•

II.

The design of the sea dike does not comply with international standards. It is
recommended to reassess the following aspects in the design:
o Use of standard rock gradings and corresponding layer thicknesses;
o Use of geotextile;
o Application of scour protection at the toe of the sea dike;
o Application of a concrete sea wall as landward side of the sea dike

Recommendations

Hydraulic boundary conditions
Because some essential components have not been addressed, it is therefore recommended to
perform a number of additional investigation and analyses to complete the hydraulic boundary
conditions for the design of the emergency sea dike. It is proposed to consider events with a
return period of 100 years. Most of the proposed additional work can be carried out within a
relative short period of time and should be done prior to the execution of emergency works.
Some of the essential boundary conditions that need to be improved are:
- Tidal conditions;
- Storm surge levels;
- Wave conditions near the coast;
- Sea level rise and subsidence.
Additional geotechnical assessments
Based on the review it is concluded that some aspects should be studied more thoroughly to
guarantee that the existing design is viable, reliable and sustainable. Below, an overview is
presented of additional investigations and analyses which should in our opinion be performed.
Based on the results, it should be concluded whether adjustments to the design are required:
•

•
•

Provision and review of additional information, which should already be available:
o All SI, elaboration of the data and insight how is arrived at the used parameters for
the design.
o Starting points, boundary conditions and elaboration (including applied safety
standard).
o Calculations results for all relevant failure mechanisms (as mentioned in this report in
section 2.V.2) and elaboration. At this moment only some slope stability calculation
results are provided. Also calculations and results for the stone revetment of the sea
dike are provided. Other failure mechanisms should be elaborated.
o Discussion, conclusions and recommendations for design.
Performing additional SI and lab testing
Identification of areas which are subject to (future) submerged slides (during earthquake
events);
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•
•
•
•
•

Definition of the required safety standard / return period for the design of the sea dike.
Study of the crest level;
Study of the dike stability:
(Re)assessment of all other failure mechanism if the hydraulic boundary conditions and /or
the design changes.
Study on the influence of the fault (rupture zone) on the sea dike design.

Redesign of the sea dike
Based on the review, the following recommendations for improving the sea dike design are made:
•
•
•
•
•
•

Prepare a design based on international standards;
Reassessment of the hydraulic boundary conditions and the impact on the design of the
sea dike;
Layer thicknesses of rock armour follow directly from the stone size distribution. It is
recommended to apply internationally accepted rock gradations and resulting layer
thicknesses. As a result, the procurement and execution of the works will go smoother;
The application of geotextile in the original design is questionable. It is recommended to
apply geotextile under the first (filter) layer only;
A concrete wall is recommended along the entire trajectory of the sea dike. This prevents
losses of rock in landward direction and prevents excessive volumes of water to flow
though the sea dike;
To protect the toe of the sea dike, the filter layer should be extended further seaward. As
this scour protection protects the toe of the sea dike, it should be monitored periodically
and repaired if damaged.

Integration of the sea dike and tsunami dike in the coastal zone of Palu
The sea dike as reviewed within the scope of work of this DRR-mission is a first step in the long
term development of the coastal zone of Palu. As an emergency measure, the sea dike is meant
for protecting the coastal zone against the intrusion of sea water, twice a day, during high tide
conditions. On the longer term, this same sea dike should protect the coast of Palu against storm
conditions and resulting wave impact.
The final ultimate goal however is to provide a suitable safety level for Palu against hazards from
the sea. As such, a tsunami dike is currently designed by a team of JICA. It should be noted that
also after construction of the tsunami dike (as planned somewhere in the coming years), the sea
dike should still be functional. The sea dike should protect the coastline of Palu against erosion
and secondly the sea dike should guarantee that the tsunami dike is always functional to
withstand the tsunami hazards where it is designed for.
Besides the technical aspects as mentioned above, it should be noted that the sea dike and
tsunami dike will exist for the next decades to come. From a spatial point of view, these dikes will
have a large impact on the landscape and experience of the coastal zone. It is therefore essential
to prepare an integrated (masterplan) design and vision of the coastal zone and its connection
with the city of Palu. Only then it will be possible to turn this emergency measure (as caused by
the devastating tsunami event) into a project which actually adds value to the city of Palu on the
long term.
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I.

DRR-mission

Members of the DRR-team in Palu
Waterfront Engineer and Mission Leader: Martijn Onderwater
Email: martijn.onderwater@arcadis.com
Mobile: +31 6 4612 9799

Coastal Flooding and Storm Surge Engineer : Deepak Vatvani
Email: Deepak.vatvani@deltares.nl
Mobile: +31 6 1205 3246

Back office support from The Netherlands
Dike Technology Expert : Arno Rozing
Email: Arno.rozing@deltares.nl

Geotechnical expert: Geeralt van der Ham
Email: Geeralt.vandenHam@deltares.nl
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Mission Schedule
Below, the mission schedule as prepared by the team of Ministry of Public Works and Housing is presented
Date

Day 1
25th, Mon.

Mission member

DRR(2), MPWH

Time

Location

03.00–07.00

Palu Airport

07.00-09.00

Santika Hotel (TBC)

(2),
BWS Sulawesi 3

ADB(1)
13.00-18.00

BWS Sulawesi 3
Day 2
26th, Tues.

Day 3
27th, Wed.

28th, Thu.

Day 5
29th, Fri.

Move to Palu
(Garuda Airline)

(2),

- DPR mission introduction (PPT)

- BWS Sulawesi 3

- location map (A3 size, color, hard board

- CS01 consultant

panel, 7 copy)

- BWS Sulawesi 3

- location map

- CS01 consultant

- survey equipment, GPS, drone, camera

- BWS Sulawesi 3

09.00-12.00

Palu Coast

Field Visit

13.00-15.00

BWS Sulawesi 3

Wrap up meeting (with task force)

DRR(2)

14.00-18.00

9:00-17:00

Sulteng, +62 812 9021 1966

mission introduction

ADB(1)

ADB(1)

(Mr. Audi Satker, PJSA
- CS01 consultant

Field Visit

(2),

- BWS Sulawesi 3

- FMSRB briefing (PPT)

Palu Coast

Remark

- BWS Sulawesi 3

FMSRB project briefing and DRR

10.00-18.00

10.00-12.00

Coordinator

- BWS Sulawesi 3

(Meeting with Pak Ari)

DRR(2), MPWH

DRR(2), MPWH

2 Avanza Vans with driver

Courtesy visit to BWS Sulawesi 3

ADB(1)

(2),

Material

Move to Hotel (Break)

DRR(2), MPWH

16.00

Day 4

Activity

- Draft mission report
- Finding report

Flight back to Jakarta
Directorate River and

- Review coastal modeling (SMS) and

Coastal, Jakarta

geotechnical modeling

Directorate River and
Coastal, Jakarta
Jakarta

Skype Call with Dyke Expert in DRR
- Agenda : technical recommendation to
sea dike

- Base model and related report
- Skype Call connection
- Meeting room arrangement

Reporting
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- CS01 consultant, Mr. Iwan
Sutiyoko
- CS01 consultant

Mr. Arno Rozing (Dyke
Technology Expert)

Contact information
Below, the contact information is presented of key-experts with respect to the design and
execution of the sea dike.
Representative of ADB with respect to sea dike: Sangyoung Park
Email: Spark.consultant@adb.org
Mobile Phone: +62 858 8747 6377

Representative of the Dutch Embassy in Indonisia: Carel de Groot
Email: Carel-de.Groot@minbuza.nl
Mobile Phone: +62 811 886 027

Kepala Satuan Tugas Penanggulangan Bencana Kementerian PUPR di Sulawesi Tengah: Arie
Setiadi Moerwanto
Email: ariemoerwanto@yahoo.com
Mobile Phone: +62 811 200 421

Design of sea dike: Yandi Hermawan
Email: indra.karya.adbcs01@gmail.com
Telephone: +62 21 2793 8287

Geotechnical expert: Prof. Ir. Masyhur Irsyam, MSE. Ph.D.
Email: Masyhur.irsyam@yahoo.co.id
Mobile: +62 812 2387 873

Design expert: Prof. Dr. Ir. H. Slamet Imam Wahyudi, DEA
Email: Wahyudi@unissula.ac.id
Mobile: +62 812 2920 826

Design of tsunami dike: Junichi Fukushima (JICA)
Email: Fukuchima0011@gmail.com
Mobile: +62 811 7980 048
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II.

Terms of Reference

Below, the overall mission specifications and required expertise (as obtained from the ToR is
presented.
1. Overall Mission specifications
a. Scope and objectives
The scope for the DRR-Team mission concerns an assessment in the recovery phase of areas
affected by the recent earthquake, tsunami and liquefaction in Central Sulawesi. One of the
urgent needs is to reconstruct a sea dike to protect the coast in the Palu Bay. Reconstruction of
coastal protection is urgently needed as high waves and tides are eroding the sea front at risk
critical infrastructure such a roads. Some parts of the coast suffered from subsidence making the
previous dikes obsolete.
The goal is to advise the Ministry of Public Works and Housing Directorate General of Water
Resources on the technical soundness of the detailed engineering design (DED) for the
reconstruction of the sea dike to protect the coast of Palu Bay. The DED has been prepared by
the engineers engaged by DGWR. However the dikes are located in a very sensitive geotechnical
areas with under water landslides. Independent review of the DED and geotechnical conditions is
needed to ensure that the proposed investment will be sustainable. Tasks should include but not
be limited to:
•
•
•
•
•
•
•

Review the soundness of the coastal modeling (SMS) prepared by the design consultants to
ensure all key assumptions (wave, wind, tide) are adequately inputted.
Review the soundness of the geotechnical modeling for relevant failure mechanisms and
recommend improvements (modeling/additional surveys) as needed
Assess options for coastal protection taking into account (i) sea level rise with future climate
change, (ii) seismic movement and (iii) upstream sediment management;
provide technical recommendations on selection of the most suitable type of sea dike, and the
construction materials, based on the geological and geotechnical conditions of the coast.
Advise on how to handle the settlement of sea dike in the long term
Review and recommend an optimal and applicable construction method for coastal sea dike
in Palu;
Based on the review (which doesn’t concern performing analysis), provide advice to the
MPWH engineering team about how to proceed with the detailed engineering design for the
dikes and port reconstruction.
b. Deliverables

The DRR-Team is expected to deliver the following output:

•

A mission report with recommendations for the authorities the national authorities of
Indonesia including (see format enclosed):
o A management summary;
o Description of conducted activities (meetings, field trips, surveys etc.);
o Overview of the outcomes of the assessment with observations and conclusions on
the mission scope and the objectives of the reconstruction of a sea dike to protect
the coast of the Palu Bay;
o Recommendations for possible follow up activities
o Framework of funding, including third party and NLD options related to the
recommendations and follow up activities.
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•

Each of the experts will contribute to the mission report by providing their specified
contribution in agreement with the Team leader.
• A presentation at the end of the mission with the preliminary results and advice of the
mission for the Indonesia authorities.
• A presentation on the outcome of the mission in The Netherlands to interested Dutch
parties in
which the following will be presented:
o Opportunities on short – medium and long-term interventions
o If possible indications of financial arrangements in Indonesia
Time, place and venue for this presentation will be organised by NWP and RVO in close
consultation with the expert team.
In addition the following is asked:

•
•
•
•
•
•
•
•
•
•

During the mission, exposure on social media will be limited;
Minimum one short update on proceedings during the mission to the project advisor RVO
(contact Lisa Hartog: Lisa.Hartog@rvo.nl) and the NWP (contact Daniël van Dijk:
d.vandijk@nwp.nl)
The findings and recommendations shall be presented in a professional and reader friendly
manner and may include illustrations and photos;
An electronic version of the final report along with all the relevant annexes within 2 weeks
after
the mission has ended;
A summary of the visit of maximum 2 pages, which can be used for publication on websites
of the EKN and RVO.nl/drrteam.nl;
Representative(s) of the expert team should be available to present the findings during a
(sector)
meeting in the Netherlands.
Establish and explain expectation levels with the national authorities of Indonesia (Ministry
of Public Works and Housing Directorate General of Water Resources)
All reports and communication will be in English including a management summary. If
necessary the report can be translated into the Indonesian language.
Evaluation of the DRR-Team procedure and mission to enable M&E of tool.
The DRR-Team will represent the Dutch Water sector and the DRR-Team in a professional
and
constructive way

The Dutch embassy in Jakarta will be a close counterpart in preparation of the mission, during the
mission and for follow up. The EKN (contact Carel de Groot: carel-de.groot@minbuza.nl) will join
and/ or support the mission. Arranging flight tickets, visa and hotels is the responsibility of the
team DRR members, although the embassy probably can assist.

2. Required expertise and tasks DRR Team
The engineers for Palu emergency technical support are preferred to have a degree in civil
engineering and costal engineering or related field. He/she should have relevant experience in
preparing large scale coastal management and protection in national and local level. Experience
in hydrodynamic modelling and sound knowledge on dike design and seismic resilience
infrastructure is essential. He/she will assist Indonesian national authorities in the early design
phase of areas affected by the recent earthquake, tsunami, and liquefaction in Central Sulawesi.
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It is proposed that the DRR-Team for Indonesia consists of 1 Team Leader and 2 experts. The
mission will where possible be accompanied by Embassy staff members. The required expertise
is as follows:
•

Team Leader: Civil Engineer (Water Front Civil Engineer)

The task of Water Front Civil engineer is to provide technical knowledge in the reconstruction of a
sea dike to protect the coast of the Palu Bay and the major duties and responsibilities will include,
but are not limited to the followings:
Table 1. Assignment of Water Front Civil Engineer
Priority Description
1.
Review the design criteria (dimension, material, and location) of coastal dike from a
coastal morphological and coastal safety point of view;
2. Assess options for coastal protection taking into account (i) sea level rise with future climate
change, (ii) seismic movement and (iii) upstream sediment management;
3. Integration of the coastal defence in the local environment from the point of view of coastal
morphology, socio economics, city masterplan and landscaping.
Expert on: Coastal Flooding or Storm Surge Engineer
The task of Coastal Flooding or Storm Surge engineer is to provide technical knowledge in the
reconstruction of a sea dike to protect the coast of the Palu Bay and the major duties and
responsibilities will include, but are not limited to the followings:
Table 2. Assignment of Coastal Flooding or Storm Surge Engineer
Priority Description
1. Review the existing coastal model for Palu including the degree and origin of earthquake and
recommend long-term development plan for tsunami resilience coastal development;
2. Review the existing disaster early warning system (EWS) and recommend a applicable plan for
structural/ non-structural measure based on international best practices and local condition;
3. Review the proposed tsunami protection dike and recommend on the functionality of the dike
(type, crest height, position), based on results from coastal hydrodynamic model for Palu Bay. If
needed also the crest level of the sea dike;
4. Provide advice to the MPWH engineering team in proceeding with the detailed engineering
design for the dikes and port reconstruction.
Expert on: Dike Technology Expert
The task of Dike Technology expert is to provide technical knowledge in the reconstruction of a
sea dike to protect the coast of the Palu Bay and the major duties and responsibilities will include,
but are not limited to the followings:
Table 3. Assignment of Dike Technology Expert
Priority Description
1. Review the current design of the coastal sea dike and provide recommendation for
geotechnical dike stability design
2.Review the design of the coastal dike with respect to the combination of effects from
earthquake and liquefaction (For review of the influence of earthquake and liquefaction on the
dike design other (GEO) specialists are also needed);
3. Provide international best practices of geotechnical dike assessment and standard process for
dike design and development;
4.
Review the design criteria (dimension, material, and location) of coastal dike including
geotechnical calculation and construction method;
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5. Review and recommend an optimal and applicable construction method and material for
coastal sea dike in Palu.
More detailed tasks and deliverables will be discussed and planned in preparation of and during
the DRR-Team mission with the DRR-Team leader, the national authorities of Indonesia and the
RVO.

III.

Opportunities document

Considering time and since design of sea wall has been approved, opportunities with respect to
the design of the sea dike are very limited. As mentioned in Chapter 3.II, some follow-up actions
could be taken to further verify/optimize the design and to make sure that the sea dike will
perform as expected and will be a sustainable solution for protecting the coast of Palu against
daily- as well as severe storm conditions. The following possible follow-up actions are defined:
•
•
•

Check on hydraulic boundary conditions to make sure that applied boundary conditions
are correct or at least conservative;
Check on geotechnical stability of the sea dike for all possible failure mechanisms
(including seismic);
Optimization of the sea dike design to improve the integrity of the dike and to improve the
executability of the dike;

The abovementioned activities should (and could) be executed on relatively short notice and with
limited budget. The required budget for these studies could be earned back by:
•
•
•

A more easy (straight forward) execution method;
Reaching a sustainable (less maintenance) structure, which will protect the coast of Palu
for several decennia;
Added value on spatial quality (uniform coastal defence structure).

Besides the technical aspects as mentioned above, it should be noted that the sea dike and
tsunami dike will exist for the next decades to come. From a spatial point of view, these dikes will
have a large impact on the landscape and experience of the coastal zone. It is therefore essential
to prepare an integrated (masterplan) design and vision of the coastal zone and its connection
with the city of Palu. Only then will it be possible to turn this emergency measure (as caused by
the devastating tsunami event) into a project which actually adds value to the city of Palu on the
long term.
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IV.

Dutch contact details

DRR-counter
Rijksdienst voor Ondernemend Nederland
Prinses Beatrixlaan 2 | Den Haag
Postbus 93144 | 2509 AC | Den Haag
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