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Preface
This report is written by students of different master programs of the faculty of Civil En-
gineering at the Delft University of Technology, for the course CIE4061. This course is an
opportunity to study abroad with a group of Dutch students. It is a contribution to bring the
theoretical knowledge into the real world problems.

The group collaborated with the Dutch Technical University, the Can Tho University, the
Thuy Loi University and the Can Tho Resilient Office. This is the group who helped us to
gather data and showed us around in the problem area. There were several meetings with
the Dutch students and one of the Universities or the Office. The World Bank project also
provided us a lot of data.

The objective of the report is to define the resiliency of the city and to describe the effects and
impacts of the World Bank project. The city centre of Can Tho city struggles with flooding
in the current situation. The polder designed by the World Bank is helping the environment
protecting the city centre from floods. First, the current situation is and the future situation
is analysed by two different models, the hydraulic part and the transport part. The validity of
the current situation ensures the availability of the future situation models. By implement-
ing the scenario analysis, recommendations of can be made about the future for Can Tho
City, based on the flood problems.

Thismultidisciplinary team consists of 5 students, Reinier Frõlke, Watermanagement; Berend
Meijer, Structural Engineering; Oscar van den Heuvel, Offshore & Dredging Engineering and
Nadieh Maarse and Eveline Frouws of Transport, Infrastructure and Logistics. By combining
the different background an integrated solution and analysis of the above described objective
can be made. The team lived in Ho Chi Minh City during the months September and October.
The team made several trips to the case area.

The team was not able to go to Vietnam without the supervisors, Ir. T.J. Zitman (TU Delft),
Dr. ir. R. van Nes (TU Delft), Dr. ir. G. Schoups (TU Delft). The project was defined by J.D.
Bricker, he brought us in contact with the University of Ho Chi Minh and our supervisor
there Mister Van (Thuy Loi University) and Mister Trung (Can Tho University). They all gave
us helpful feedback and provided models and data. We would like to thank all the supervi-
sors involved in the project and Sweco, HKV-group and DIMI for providing us with financial
support.

Delft, 19 February 2019

Reinier Frõlke
Berend Meijer
Oscar van den Heuvel
Nadieh Maarse
Eveline Frouws
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Abstract
Vietnam is one of the five countries that is severely affected by the consequences of climate
change. The extreme weather conditions and the increase of the sea level results in floods in
the Mekong Delta, located in the South of Vietnam. Can Tho city, found in the heart of the
Mekong Delta, is one of the cities that copes with water related issues on a regular basis. To
be prepared for the future, the environmental and infrastructural issues need to be tackled.
The resiliency of Can Tho got included of the World Bank program. The objective of this
project of the World Bank is to reduce the flood risk in the urban core area and to improve
connectivity between the city centre and the low risk urban growth areas.

A resilient city is defined as a ɂcity that can adapt to a variety of changing conditions and
withstand shocks while providing essential services to its residentsɂ. Resiliency concerns the
land and waters of a city. Currently, the city is connected to the southern surrounding area
and Ho Chi Minh City with several highways and bridges. The high availability of water in
Can Tho city is usable for agriculture activities, transportation and touristic activities. How-
ever, the connectivity is limited and highly influenced by the occurring floods. With that,
the frequent floods lead to significant economical damages to the city and the inhabitants.
Improving the infrastructure of Can Tho is important in overcoming these issues.

In order to realise infrastructural improvements, Can Tho city is included in the Resilient
Cities Programme of the World Bank. The objective of this programme is to reduce the floods
in this area with the creation of a polder in the city. The structural solutions of the polder
will be sluice gates, tidal sluice gates, the construction of river embankment, rehabilitation
of the drainage system and constructing two regulation and water retention lakes. Addition-
ally, building dykes with new roads and expanding or building new bridges will increase the
connectivity of the city. All these measures will contribute on the resiliency of the city.

The aim of this report is to identify the impact of the polder on the city, considering the
infrastructural and the hydraulic aspects. To measure the impact, the current situation is
simulated into two models, an infrastructure model and a hydraulic model. The results of
hydraulic model show whether and when locations are flooded, whereas the aim of the in-
frastructure model is to identify flows on the network, the connectivity of the city and the
flow changes after implementation of the new roads.
The models are build with data gathered from experts and literature. A Four Step Model is
used to indicate whether there will be changes in flows of the motorbike on the road net-
work. This is validated by real-time counts during a visit of the city. To model the hydraulic
system, a Simplified ShallowWater Equation System (SSWES) model is created using MatLab.

To achieve a view on the future, four scenarios are created with varying relevant values for
environmental and economic factors. After entering these values in the respective models,
conclusions are drawn. One of the main findings of the Four Step Model is a range of increase
in trips on the network of 3-10% in 2050. It should be noted that an increase of trips may
not serve as a positive impact on the network as the capacity of the lanes is not taken into
account in the model. Future research could therefore focus on congestion on the network
based on capacity of the lanes since this influences the choice behaviour of travellers on a
certain route. Moreover, the execution of the counts could be improved in order to obtain
more effective and more reliable outcomes. Using the hydraulic model resulted in the con-
clusion that the construction of a polder improves the resiliency as floods can be prevented.
However, this requires a good control plan regarding the sluices. By using the extended SS-
WES model, it makes further research on the hydraulics of the polder more accessible and
applicable.
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������ �:�D�W�H�U �K�H�L�J�K�W �D�Q�G �Z�D�W�H�U �I�O�R�Z �L�Q �Q�R�G�H �� �G�X�U�L�Q�J �Z�H�W �V�H�D�V�R�Q ���5�&�3���������� �� �� �� �� �� ������
������ �7�R�W�D�O �I�O�R�Z�V �S�H�U �V�F�H�Q�D�U�L�R�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �'�L�I�I�H�U�H�Q�F�H �S�H�U�F�H�Q�W�D�J�H�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�(���� �0�H�D�Q ���V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q�� �Y�D�O�X�H�V �R�I �V�R�L�O �Z�D�W�H�U �U�H�W�H�Q�W�L�R�Q �S�D�U�D�P�H�W�H�U�V �X�V�H�G �I�R�U
�L�Q�I�L�O�W�U�D�W�L�R�Q �F�D�O�F�X�O�D�W�L�R�Q �R�E�W�D�L�Q�H�G �I�U�R�P �&�D�U�V�H�O �D�Q�G �3�D�U�U�L�V�K�� ���������� �� �� �� �� �� �� �� �� ������

�*���� �'�U�\ �V�H�D�V�R�Q �Z�D�W�H�U �O�H�Y�H�O �G�D�W�D �D�Q�G �I�L�W�W�H�G �F�X�U�Y�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�*���� �:�H�W �V�H�D�V�R�Q �Z�D�W�H�U �O�H�Y�H�O �G�D�W�D �D�Q�G �I�L�W�W�H�G �F�X�U�Y�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�-���� �&�R�X�Q�W�L�Q�J �S�O�D�F�H�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�-���� �&�R�X�Q�W�V �W�D�E�O�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�-���� �2�X�W�F�R�P�H�W�D�E�O�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�-���� �5�H�V�X�O�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�.���� �0�X�O�W�L�S�O�H �U�R�X�W�H�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�/���� �*�H�Q�H�U�D�O �L�Q�I�R�U�P�D�W�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�/���� �(�[�W�U�D �L�Q�I�R�U�P�D�W�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�/���� �7�U�D�Y�H�O �W�L�P�H �E�D�V�H �\�H�D�U�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�/���� �'�L�V�W�U�L�E�X�W�L�R�Q �E�D�V�H �\�H�D�U�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�/���� �,�W�H�U�D�W�L�R�Q �W�R �S�U�R�G�X�F�W�L�R�Q �E�D�V�H �\�H�D�U�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�/���� �,�W�H�U�D�W�L�R�Q �W�R �D�W�W�U�D�F�W�L�R�Q �E�D�V�H �\�H�D�U�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�/���� �(�Q�G �R�I �L�W�H�U�D�W�L�R�Q �E�D�V�H �\�H�D�U�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�/���� �7�U�D�Y�H�O �W�L�P�H �I�X�W�X�U�H �\�H�D�U�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�/���� �'�L�V�W�U�L�E�X�W�L�R�Q �I�X�W�X�U�H �\�H�D�U�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�/������ �,�W�H�U�D�W�L�R�Q �W�R �S�U�R�G�X�F�W�L�R�Q �I�X�W�X�U�H �\�H�D�U�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�/������ �,�W�H�U�D�W�L�R�Q �W�R �D�W�W�U�D�F�W�L�R�Q �I�X�W�X�U�H �\�H�D�U�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�/������ �(�Q�G �R�I �L�W�H�U�D�W�L�R�Q �I�X�W�X�U�H �\�H�D�U�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�1���� �6�S�H�H�G �X�V�H�G �I�R�U �V�F�H�Q�D�U�L�R �, �D�Q�G �,�9�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�1���� �(�[�D�P�S�O�H �I�D�F�W�R�U�V �X�V�H�G �I�R�U �V�F�H�Q�D�U�L�R �,�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�1���� �6�F�H�Q�D�U�L�R ���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�1���� �6�F�H�Q�D�U�L�R ���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�1���� �6�F�H�Q�D�U�L�R ���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�1���� �6�F�H�Q�D�U�L�R ���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
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������ �3�H�U�F�H�Q�W�X�D�O �L�Q�F�U�H�D�V�H �I�R�U�5�D�L�Q�I�D�O�O�D�Q�G�+�D�X �Z�D�W�H�U �O�H�Y�H�O�L�Q �������� �S�H�U�5�H�S�U�H�V�H�Q�W�D�W�L�Y�H
�&�R�Q�F�H�Q�W�U�D�W�L�R�Q �3�D�W�K�Z�D�\�V ���5�&�3���� �5�D�L�Q�I�D�O�O �Y�D�O�X�H�V �D�U�H �J�L�Y�H�Q �U�H�O�D�W�L�Y�H�O�\ �I�R�U �W�K�H �S�H�U�L�R�G
�������������������� �D�V�V�X�P�H�G �I�R�U �������� �>�����@�� �:�D�W�H�U �O�H�Y�H�O �U�L�Y�H�U �L�Q�F�U�H�D�V�H �Y�D�O�X�H�V �D�U�H �U�H�O�D�W�L�Y�H
�W�R �E�D�V�H�O�L�Q�H �\�H�D�U ���������������������� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �7�K�H �W�Z�R �S�D�W�K�Z�D�\�V �U�H�J�D�U�G�L�Q�J �H�F�R�Q�R�P�L�F �J�U�R�Z�W�K���(�*������ �D�Q�G�(�*�� �D�Q�G �W�K�H�L�U �Y�D�O�X�H�V
�I�R�U �S�R�S�X�O�D�W�L�R�Q ���U�H�O�D�W�L�Y�H �W�R ���������� �D�Q�G �K�R�X�V�H�K�R�O�G �F�R�Q�Q�H�F�W�L�Y�L�W�\���� �� �� �� �� �� �� �� �� �� ������

�$���� �6�L�W�H �Y�L�V�L�W ���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�$���� �6�L�W�H �Y�L�V�L�W ���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�%���� �3�R�S�X�O�D�W�L�R�Q �Y�D�O�X�H�V �I�R�U �G�L�I�I�H�U�H�Q�W �H�F�R�Q�R�P�L�F �S�D�W�K�Z�D�\�V���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�&���� �&�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �W�K�H �F�D�Q�D�O�V�� �U�H�W�H�Q�W�L�R�Q �O�D�N�H�V �D�Q�G �W�L�G�D�O �V�O�X�L�F�H���J�D�W�H�V �X�V�H�G �L�Q �W�K�H
�K�\�G�U�D�X�O�L�F �P�R�G�H�O���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�+���� �'�L�V�W�D�Q�F�H �I�U�R�P �D �I�L�[�H�G �S�R�L�Q�W �L�Q �W�K�H �+�D�X �U�L�Y�H�U �W�R�Z�D�U�G�V �H�Y�H�U�\ �J�D�W�H �X�V�H�G �D�V �L�Q�S�X�W
�I�R�U �W�K�H �P�R�G�H�O�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�,���� �'�D�W�D �I�R�U �H�V�W�L�P�D�W�L�R�Q �R�I �W�K�H �F�X�U�U�H�Q�W �Z�D�V�W�H �Z�D�W�H�U �G�L�V�F�K�D�U�J�H �L�Q�W�R �W�K�H �F�D�Q�D�O�V �I�R�U �W�K�H
�S�R�O�G�H�U �D�U�H�D�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�,���� �'�D�W�D �I�R�U �H�V�W�L�P�D�W�L�R�Q �R�I �W�K�H �I�X�W�X�U�H �Z�D�V�W�H �Z�D�W�H�U �G�L�V�F�K�D�U�J�H �L�Q�W�R �W�K�H �F�D�Q�D�O�V �I�R�U �W�K�H
�S�R�O�G�H�U �D�U�H�D�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�,���� �)�X�W�X�U�H �Z�D�V�W�H �Z�D�W�H�U �G�L�V�F�K�D�U�J�H �F�D�O�F�X�O�D�W�L�R�Q �I�R�U �G�L�I�I�H�U�H�Q�W �H�F�R�Q�R�P�L�F �S�D�W�K�Z�D�\�V �L�Q
�1�L�Q�K �.�L�H�X ���1�.���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
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�0�2�1�5�( �0�L�Q�L�V�W�U�\ �R�I �1�D�W�X�U�D�O �5�H�V�R�X�U�F�H�V �D�Q�G �(�Q�Y�L�U�R�Q�P�H�Q�W

�6�,�:�5�5 �6�R�X�W�K�H�U�Q �,�Q�V�W�L�W�X�W�H �R�I �:�D�W�H�U �5�H�V�R�X�U�F�H�V �5�H�V�H�D�U�F�K

�5�&�3 �5�H�S�U�H�V�H�Q�W�D�W�L�Y�H �&�R�Q�F�H�Q�W�U�D�W�L�R�Q �3�D�W�K�Z�D�\�V

�&�%�$ �&�R�V�W �%�H�Q�H�I�L�W �$�Q�D�O�\�V�H�V

�,�'�) �,�Q�W�H�Q�V�L�W�\���'�X�U�D�W�L�R�Q���)�U�H�T�X�H�Q�F�\

�*�'�3 �*�U�R�V�V �'�R�P�H�V�W�L�F �3�U�R�G�X�F�W

�$�5�� �� �W�K�$�V�V�H�V�V�P�H�Q�W �5�H�S�R�U�W

�6�,�8�5�3 �6�R�X�W�K�H�U�Q �,�Q�V�W�L�W�X�W�H �R�I �8�U�E�D�Q �D�Q�G �5�X�U�D�O �3�O�D�Q�Q�L�Q�J

�*�6�2�9 �*�H�Q�H�U�D�O �6�W�D�W�L�V�W�L�F�V �2�I�I�L�F�H �R�I �9�L�H�W�Q�D�P
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