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Abstract. Levees offer an ideal environment for the diffusion of European Badgers (Meles Meles), whose burrowing 
activity can be a main cause of breaching in dikes. This paper evaluates the contribution of burrows dug by badgers to 
the initiation of a dike failure. For example, a breach in a dike near Modena (Italy), where animal burrowing activity 
was active, took place on the 19th January 2014. While the distribution of the underground system inside the dike is 
usually unknown, the burrow entrances are easily identified along the slopes. Different scenarios of burrow entrances 
located along the outer and inner slope are considered and their contribution to sliding of the inner slope, micro-
instability and internal erosion is investigated. The most dangerous positions of entrances for the stability of the dike 
are assessed and presented.  

1 Introduction  
European Badgers are medium-sized omnivorous with 

nocturnal life habits. They live in Europe and eastern 
Asia, in clans, that are family groups up to 12 members.  

 
Figure 1 �������	
���
��
������
������� 

 
The considered animal burrows are the tunnels 

excavated by the European badgers into the ground. They 
create complex systems called setts, which are mostly 
located at low altitude and in steep slopes, preferably 
with cover. Most of the setts are constructed in loam, 
sandy and clay soils. The preference for sandy and dry 
soils is justified by the fact that they are more friable and 
thus it is easier to dig in them (Kruuk 1978 ; Reid et al. 
2008). The presence of setts is facilitated by vegetation 
cover, slope and diggable soil. The vegetation protects 
them, the roots provide structural support to the tunnel 
system and facilitate the drainage. Also, slopes can 
improve drainage, keeping the setts dry (Byrne et al. 
2012).  

 

 

 
Piping resulting by animal holes was observed in 

Arizona, along the San Pietro River(Carrol, 1949). The 
pipes which are created by gophers erode becoming huge 
tunnels which connect to the main one. On 5 January 
2008, a failure occurred in the Truckee Canal (Fernley, 
Nevada). The post-investigation revealed that the flow 
rates were not exceptional and that the extensive network 
constructed by animals would have caused piping to 
occur (Paul & Slaven, 2009). Other historical failure 
caused by internal erosion due to animal burrowing are 
the followings (Richards & Reddy, 2007): Big Sand 
Creek Str Y032032, MS (1996), Lower Stichcomb, GA 
(1978), Mallard Lake, TN (1996) and Prospect Reservoir 
Dam, CO (2002). 

The recent failure of the levee of San Matteo 
(Modena, Italy) on 19th January 2014 is most likely also 
due to the contribution of European Badgers, Foxes and 
Crested Porcupines (��
 ��������
 ��
 ��). The post-event 
analyses revealed that internal erosion was the likely 
mechanism leading to failure. The underground system 
dug by the animals consisted of connected tunnels 
between the outer to the inner slope. When the water 
level in the river Secchia overcame the entrance of the 
burrows at the inner slope, water filled the burrows and 
starting eroding them, till collapse occurred. (Taccari & 
van der Meij) 

These recent events and the little guidance and 
literature available on the topic underline the importance 
of the investigation into the subject. The current paper 
investigates the contribution of animal burrows created 
by European Badgers to Macro-Instability, internal 
erosion and Micro-Instability. European badgers and 
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Crested Porcupines create similar underground systems, 
which they often share with Red Foxes. Thus, the 
conclusions of the paper can be generalized also to the 
burrows created by these animals.  

 The paper aims to give guidelines for the definition 
of the most dangerous underground systems for the three 
mentioned failure mechanisms. A proper field survey, 
which can recognise the critical entrances of the burrows 
and networks, and successive interventions can reduce 
the risk of flooding. 
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2.1 Macro-Instability 

2.1.1 Introduction 
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2.1.2 Influence of animal burrows 
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2.2 Internal Erosion 

2.2.1 Introduction 
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2.2.2 Influence of animal burrows 
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2.3 Micro-Instability 

2.3.1 Introduction 
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Figure 5 $����
�������
���
��
�����2�	��������+
�F���
���+	
��

���&
 ''A���

2.3.2 Influence of animal burrows 
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3 Underground systems  

3.1 Setts 
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Figure 6 $�������,����	
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3.2 Burrows geometry 
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3.3 Development of system with time 

1��
�	���
���	�
��
 ���
����
 ��
 �+������+
�
 ��	����	
��

�������
�������&
����
��
���
����
�
�&
���
��,�
��
���
������


����
���	

 ���
 ����&
 ���
���	
�
 �	
 ���
��,�
��
 ���
������


����
�	�
���
����
���������������
�7����&
 '('��



N+
 ���	

 ����
 ����
���
��
 �����
 �	
9+����
9����&

*-���������&
 OP&
 ����
 D������
 �	�
 L�
 ��
 F����

���������
 �
�����
 ��
 ���������
 ���
���������	
�+	�����

�	�
 ���
 ,��
���������
 �������+
 �D������
 ?
 F����&

 '()��
 1��. �������. ����6. ����	��. ��. ���. =�-��	�. ��.
�-����	

���	��
�	�
�����>6.�	�.���.������.����.���.���	.
�-�������
�	
���
����������
���
����������
��
�������
����

��
���
��	����
	�����
��
+����
���
%����
���
����
�-����&

���
	�����
��
�-�������	
+����
�+����
��
������	�+
��
���

���
���
�	
 ���
�����&
 ���
 
����
 ����	���+
�	�����
��
�����

�	�
 ���
	�����
��
 ������
 ������	�
 �	
 ���
 �����
��������&

�������	

 ��
 7����
 � '('�&
 ���
 �����
�
 
��%�	

 ����
 ��

���
��
�����
��
�	�
�	���	��
����+
�%�
+����



3.4 Estimation of the likely underground system 
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4 Influence of animal burrows on failure 
modes 

4.1 Analyses 
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4.2 Effect of different positions of burrows 

4.2.1 Macro-Instability 
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4.2.2 Internal Erosion 
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Figure 11 N����%�	
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4.2.3 Micro-Instability 

1��
�����	��
��
�����%�
��	
������
�����2�	��������+�

N����%�
%���
�	���	��
���	

���
�����
�����
��	
�	������

���
 ����������+
 ��
 �����2�	��������+
 ��
 ������
 3�
 ���+
 ���

�������
 �	
 ���
 �����
 ����
 ��
 ���
 ��#�
 �	�
 ���+
 ��
 	��

�	�������
 ���
 ��������
 ��	�
 �����
 (
 �	
 ��
���
 ( ( �&
 �����

�	����	��
��
	���
�	�
���
����������+
��
�����2�	��������+
��

�4���
��
���
����
��
	�
�����%�
��
���
�	���	��
��
��%��&

�����2�	��������+
 ��	
 �����K
 ��%��
 �����%�
 �	������
 ���

����
 %����
 ���������&
 ��
 ����
 ���
 ��������
 ��	�
 �����	��

��
���
�-��
���	�
���	

���
�		��
�����
�����
 
�	�
8��



��	���+&
 ��
 ���
��������
 ��	�
 �-���
 ����%
 ���
 �		��
 ���

%��	
	�
�����%�
���
�����	�&
���
�	���������	
��
��������

��	
 ����
 ��
 �	
 �-��
 ���	�
 ���	

 ���
 �		��
 �����
 ��
 ����

�����2�	��������+
��	
������
��
���
�����%
�	���	��
���	


���
�����
�����
��
��%��&
���
�������	

�-��
���	�
��
��
���

��
�	������	

���
���#
��
�����2�	��������+�








 
Figure 12 3	����	��
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Figure 13 3	����	��
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