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Abstract. This paper presents analysis of the filtration processes in experimental soil embankment. The analysis is 
made during flooding experiments. The analysis is based on numerical modelling and temperature measurements. The 
measurements were performed on experimental embankment, which size is in scale 1:5 comparing to Polish typical 
river embankments. This experimental embankment was built in a frame of ISMOP project [1]. It was constructed by 
the NeoSentio company to investigate the influence of sensors installation for the filtration process and structure 
stability. The embankment was dry in the beginning of the experiment. The flooding and discharging process took 
about 8 hours. Filtration of water through the embankment caused changes of the inner temperature, which was 
measured by thermal sensors inside the embankment. Pore pressure sensors registered changes in water level in 
embankment. Furthermore, 2D numerical modelling in FLAC 7.0 software was performed. The model reflects the 
geometric and geotechnical attributes of the real embankment. Comparison between measured and modelled 
temperatures was performed. The model quite well predicts the time when water reach each sensor. But there is a 
difference in the rate of fall of water level. Modification the parameters of the model allows to fit the modelled data to 
measured values.  
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Figure 1. Small experimental embankment  
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2.1 Construction of the embankment 
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Figure 2. Cross section of experimental embankment���
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Figure 3. Top view of experimental embankment 
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2.2 Specification of flood experiments 
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2.3 Results of measurements  
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Figure 4. Measurements in piezometers in sector C.  
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3 The numerical simulation 
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3.2 Numerical model of the embankment��
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Figure 6. Water level in the container 
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4 Discussion of the results 
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Figure 7. The height of the water column in piezometers 

depending on the duration of the experiment 
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Figure 8. Piezometers temperature distribution depending on 

the duration of the experiment 

�
����	
� @� ������ ��
� ����	�������� ��� ���
	� �
�

	���	
�
�����������
���	
��������
�

	��
��������
�
�
2��
�
	��
�


�����������
���	�����������
�
�

	��
���*����
�����
-��
��	� ���
�	������ ��
� ������ ���
� ������ ��
� �
�

	���	
�
�����
�� ��
	� ���
� ������
�� ����� ��
� �
�
� ��� ���
	�����
���
������'�� ���� �
� �

�� ��� ��
� ���
� ��� 
�
2��
�
	�/1�
	
����
	
���
�

	���	
������
����	������
�
�

	��
�������
��� ���
	����� ���
�� �	
� ������	� ��� 
���� ���
	�� ��
�
����
	
��
�� �	
� ���	����� ��� ����� �	��� ��
� ���	��� ���	� ���
��
�
�

	��
���������	
����
������	
������	�����
�����������
	
�
�	��
	�� �
���� ��� 
��
� ���� ���
	� �	��� ��
� ��

���
��������������	�
�����
��
����	����
	�
	��
�����������������
��
�� ��� ��
� ���
	����� ���
��� ��
� 	
������ �	���

�
2��
�
	�� /%� ���� /.� ����
	� �������������� �	��� ��
�
	
������ ������
�� ��	���� ��
� ������������ 8�����
��
�
�

	���	
�����
���	
���������
	����
�	���������
���
�
������
�� ��� ��
� ���
��� ��
� ����
�� �	��� 
�
2��
�
	� /%�
�	
������
	��������
���	���/.�D�����	������������
���	�
��
�	��� ���
	����� ���
��� ,�����	���� ��
� ��������
�
�

	���	
������
���	
������*1�3�<%�4�G�/-�����
	������

   
 

 

 
DOI: 10.1051/03018 (2016), 6E3S Web of Conferences e3sconf/201

FLOODrisk 2016 - 3rd European Conference on Flood Risk Management 
7 0703018

5



 

��
�� ������� �	��� �
���	
�� ��	�
��� ,���� �� ��	�
�
����	

����� ���� �
� ��
� ��� ����
	
��
�� �
��

�� �������

�	��
�
	�� ��� ��
� ���
	����� ����
	
��� ���
	� �����
�
����������������
	
����
������������
����	����
	������
��
� ��
� ��
�� ��� ���
��� '������������ 
������
� ������
�����
�
���
�� ����� ����	� ��� 
��������� /%� ���� /.�

�
2��
�
	�� ���� ���� ���
�� ����� �������� )���	�����
����
������
	�����������������
�
��������
	��
��
���	
����������

��
��������
���������
��
�

	���	
������
�����������	
�
���������� ����� ��� ��
� ���
� ��� ���
����� �����
�� ��� ���
	�
�
�
�� 

5 Conclusions 
��
� 
�

	��
��� �
��	��
�� ��� ����� �	����
� ����

�������
�� ��
� ���
	����� ���
����� �	
� ��� ���
�
�� ���
�
��	��
���
����
�
������	������������
	����
	��
��
�������
�	
� ������� 
���
� ��� 	
��� 
�	��
�� 
������
����� '��
�
��	��
�� 
�	��
	� ����
� 
	��
��
�� ���� �
� ���
	
	
�
�� ����
�������
���	�����	
�����
�����������
������9�	��
�
	�������
��� �
�
	������� ����
��� ��� ����� ���
� ��� �����
��
� ��� ��
�

����� ��	����	
���� ��
� 
������
�������� ���� �
��
��������

�	��
�
	�� *
�	������� 

	�
�������� 
���-�� '�������� ���
��
	����
	��
��
������������	
������������B
����	����
	����
�� ���
�
�� 
	��
��
�� ����� ���� 	
�����2
�� ��� �� �����
��

��
��� ��� �
�
	��
�
���� �
��
	��� "�� �� �
��
	� ����� ��
	
�����
��� ���
�
� ��	����	
� *
�
2��
�
	� �	
�� /1-� ��
�
	
������ ��� ���
	����� ���
����� ��� �
�

	���	
� �����
��
�������
� ����� ��
� ����
�� �
���	
�� ��	���� ��
�

�

	��
�����

�"�� ��
� �	
�� ��� ��
� �
���	� /%� ���� �
���	� /.�

�

������� ��
	
� �����
��
� ��� S
������ *S
��
�-� ����
�	����� *9;/� �	�����
� 
�

�-� �	
� ���
������ 
	��
��
�� ���
���
�����
����������
��
�

	���	
������
���'�������������
��
���� ��� ���
�
�� �����	������� ���� ��
� 
������
���
���
����
�
	��
�������
����	����
	��
	�����
�
�����	������
	
������ ��
� 	
������ ��� ���
����� ��� ��
�
� �	
��� ����
	�
�������������� �	��� ��
� �
���	
�� ������ ��
� ��������
� ���
��
� 	
�
�	��� ��� �� 	�	
� �

�	������� ��� ���
�	
� ��
�
���
	��������
���������������
���	
�
�����
���
	
�����

�

	��
����� 
������
���� ��
� 	
������ �������
� ��
�

��
������ ����������
�� ��� ����������� ���� ���
	
	
����� �����
��

�����
���	
�
������������������
�	�������
���	
���	�
�

��������� ��� ��
� ���
� ��� ���
��� 
�	��
�� �����	������� ���
���
	�������

�

Acknowledgments 
�������������� ��
�
���� ��� ���������
�����
���� ���

��������� �
�� ���������
��  ��!��"#� $���
�#� ���%����
$!&'(!)('*(+,'-� 
���'*,.-."�/'0��

����� ����� ���� ������� ���������� ��� ���� 123�
4
��������� ��� &���
��� �
�� ����
���
�#� 5������� ���
2����
�#� 2���������� �
�� 6
����
��
���� $��������
#� ���
���������������������%����
���''�''�'7,�8'-��

 

6 References 
1. ISMOP - Computer System for Monitoring River 

Embankments (in Polish: Informatyczny System 
���������	��	
���	
��	�
���������������������

www.ismop.edu.pl 

2. Flood Control IJkdijk, www.floodontrolijkdijk.nl. 
3. UrbanFlood Project, www.urbanflood.eu. 
4. ��	����
 ���
������	
 ���
 !�"��	�
 ��
 	��
 #��$�����
%�


&'()*�
+���	��
�����,�
,������-./��
���	
��	��	

przeciwpowodziowe (eng. Selected levee monitoring 
�����,��
����0$/�
1��$�0������
62 10/2 699-703, in 
Polish. 

5. Rutqvist J., Wu Y.S., Tsang C.-F., Bodvarsson  G. 
(2002) A modeling approach for analysis of coupled 
multiphase fluid flow, heat transfer, and deformation 
in fractured porous rock Int J Rock Mech Min Sci, 
39, 4296442 

6. McKenzie J.M., Voss C.I., Siegel D.I. (2007),   
Groundwater flow with energy transport and water-
ice phase change: numerical simulations, 
benchmarks, and application to freezing in peat bogs 
Adv. Water Resour., 30, 9666983 

7. Pan P, Feng X (2013) Numerical study on coupled 
thermo-mechanical processes in Äspö Pillar Stability 
Experiment. J Rock Mech Geotech Eng 5(2):1366
144 

8. Radzicki K. and Bonelli S. (2012). Monitoring of 
suffusion process development using thermal 
analysis performed with IRFTA model, 6th 
International Conference on Scour and Erosion, 593-
600 

9. 7������
���
��8�	
��
	��
�	
	
��
 &'()9�
:-,����	$

modelling of temperature and pore pressure 
distribution in the embankment during flooding 
processes SGEM 2015: Science and Technologies in 
Geology, Exploration and Mining : 15th 
International Multidisciplinary Scientific 
Geoconference : 18-24, June, 2015, Albena, Bulgaria 
: conference proceedings Vol. 2, Hydrogeology, 
Engineering Geology and Geotechnics, 479-496. 

10. Carvajal C., Peyras L., Arnaud, P., Boissier D. and 
Royet P. (2009). Probabilistic Modeling of 
Floodwater Level for Dam Reservoirs, Journal of 
Hydrologic Engineering, 14(3), 223-232 

11. Liu Z., Bonelli S. and Mercier F. (2015) Breaching 
of levees: An erosion model that takes into account 
thesoil tensile strength, Scour and erosion: 
Proceedings of the 7th International Conference on 
Scour and Erosion, Taylor Francis Group, 419-425 

12. FLAC, User;s Manual, Itasca Consulting Group Inc. 
Minneapolis, 2011  

13. Farouki O. T. (1981). Thermal properties of soils. 
CRREL Monograph, 81-1, pp. 1-151. 
 

 
 

   
 

 

 
DOI: 10.1051/03018 (2016), 6E3S Web of Conferences e3sconf/201

FLOODrisk 2016 - 3rd European Conference on Flood Risk Management 
7 0703018

6


