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ABSTRACT: Internal erosion occurs when fine-grained particles are allowed to erode in a material by the ac-
tion of seepage, and it is one of the major causes for the failure of embankment dams. Embankment dams are 
normally composed of zones, each with a purpose: the imperviousness of the core, the erosion-control and 
structure-stability provided by the filter and the support fill, respectively. A poorly functioning zone will ad-
versely affect the performance of a dam, and the filter, if inadequate, is thus unable to protect against internal 
erosion of the core. Two existing embankment dams are studied herein, both are located in Sweden and with 
cores composed of glacial till against granular filter, but with different performance records; one has suffered a 
sinkhole-event due to internal erosion, the other has operated without signs of distress. A comparative assess-
ment is performed by using available internal erosion criteria in the literature, and although relatively similar 
in design and composition the assessment reveals a possible explanation as to why there are differences in per-
formance of these dams in terms of internal erosion. 

 
1 INTRODUCTON 

Embankment dams impound water in reservoirs. 
The head of the reservoir is dissipated over the 
core, which normally causes some seepage. Seep-
age may turn into leakage, which, in turn, may 
cause internal erosion. The filter protects against 
internal erosion in the dam body. Surpassed only 
by overtopping, internal erosion is a major cause 
for the failure of embankment dams (ICOLD, 
2013). There are several methods available for the 
assessment of internal erosion susceptibility of 
dams (ICOLD, 2013). The methods are empirical, 
and more often than not there has been little sys-
tematic comparison to field experience (Rönnqvist 
et al., 2014).  

In  this  paper  two  dams  are  studied,  herein  
named dam J and dam 57, both located in Sweden. 
The former has suffered a sinkhole event in the 
early 1990s and the latter has performed without 
signs of distress. Little explanation is gained from 
the construction and design aspects as to the differ-
ent performance records. Herein, available criteria 
for the assessment of internal erosion are applied 
on the gradations of the filters; in terms of internal 
stability, the methods by Kenney and Lau (1985, 
1986) with its adaptation by Li and Fannin (2008), 
and the method by Wan and Fell (2004) are used. 
Furthermore, the Foster and Fell (2001) method for 
assessing filter function is applied, data which is 
then used in the unified-plot approach by 
Rönnqvist et al. (2014), a method which combines 
attributes  of  the  filter  gradation.  The  assessment  

reveals potential differences which may explain 
why dam J was susceptible to internal erosion and 
dam 57 is resilient. The denotations “J” and “57” 
are from Rönnqvist and Viklander (2015) in which 
the dams are traceable in a database comprising 80 
dams.    

2 INTERNAL EROSION MECHANISMS  

ICOLD (2013) recognizes four mechanisms as-
sociated with the initiation of internal erosion, 
namely i) concentrated leak erosion, ii) backward 
erosion, iii) contact erosion and iv) suffusion. Suf-
fusion, due to internal instability, erodes free fines 
inside of a soil and may cause a change in ge-
otechnical properties; in contrast, backward ero-
sion usually originates and erodes backwards pro-
gressively from an unfiltered or incompatible base-
filter interface (Fig. 1).  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Possible initiation mechanisms of internal erosion 
in dams 
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3   CASE STUDIES 

3.1 Dam J 
Dam  J,  located  in  the  north  part  of  Sweden  and  

was commissioned in 1972, is 600 m long and 15 
m high (Fig. 2). Founded on grouted bedrock, the 
core of glacial till was specified to maximum 85 % 
< 2 mm and 15 to 50 % < 0.075 mm (fines content) 
(at a dmax = 64 mm) (Eurenius and Sjödin, 1991). 
As-built gradations are shown in Fig. 3. Compac-
tion at 7 % optimum water content achieved dry 
densities in-situ averaging at 94 % of Modified 
Proctor; occasionally dipping to 88 % (Eurenius 
and Sjödin, 1991). Compaction was done with six 
passes of the 9.0 T rollers with lifts of 0.4 m (with 
dmax < 250 mm),  later  increased to 0.75 m (dmax < 
400 mm) and eight passes with reportedly accepta-
ble compaction (Eurenius and Sjödin, 1991). 
 
 
 
 
 
 
Fig. 2 Dam J: cross-section 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Dam J: Core and filter gradations 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Dam J: observations of internal erosion 

   
A sinkhole on the upstream edge of the crest, 

measuring  0.4  by  0.5  m and  1.6  m deep,  was  dis-
covered in 1990, 18 years after commissioning. 
Extensive examination, involving a complete ex-
cavation in stages down to 13 m below the crest 
over  a  length  of  60  m,  revealed  several  signs  at-
tributed to internal erosion: e.g., cavities in the 
core,  wet  zones,  core  soils  devoid  of  fines  and  a  

leakage path through the core (Fig. 4). The cause 
of the sinkhole was hydraulic fracturing and con-
centrated leaks into an ineffective downstream fil-
ter (Eurenius and Sjödin, 1991). The dam was 
carefully rebuilt in 1991 (Eurenius and Sjödin, 
1991).  
 
 
 
 
 
 
 
 
 
 
Fig. 5 Dam 57: cross-section 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Dam 57: Core and filter gradations 

 
3.2 Dam 57 
Dam 57, located in the north part of Sweden and 

commissioned in 1992, is 70 m long and 15 m high 
with foundation on grouted and shot-creted bed-
rock (Fig. 5). Construction records reveals that the 
glacial till core comprises 25 to 35 % < 0.075 mm 
(fines  content)  at  dmax  60  mm and  amount  >  16  
mm approximately 20 % (Fig. 6). At 7 to 8 % op-
timum water content, the relative densities ranged 
from 97 to 100 % of Modified Proctor. There are 
no observations in the performance record of dam 
57 to indicate internal erosion. 

4 EVALUATION OF INTERNAL EROSION 
SUSCEPTIBILITY 

The particle size distributions of the core and fil-
ter are presented in Fig. 3 and Fig. 6; for dam J 
they comprise 43 filter gradations and 16 grada-
tions for dam 57. The core soil for both dams com-
prises  glacial  till,  for  dam  J  the  fines  content  (<  
0.075 mm) is 20 to 45 % at a dmax = 64 mm (30 to 
50 % when regraded to dmax =  4.75  mm),  and  for  
dam 57 there is  a  fines content  of  25 to 35 % at  a  
dmax  60 mm (35 to 45 % when regraded to dmax = 
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4.75 mm). The filters comprise sand and gravel 
which  for  dam  J  exhibit  0.3   D15  3.5  mm  and  
Dmax = 64 mm, and dam 57 it is 0.5  D15  0.9 mm 
and Dmax = 50 to 80 mm (in Fig. 6 the envelope for 
+16 mm is estimated based on reports and con-
struction photos).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 Internal stability evaluation using the Kenney and 
Lau (1985, 1986) method and Li and Fannin (2008) ad-
aptation: stability index of filter gradations 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8 Internal stability evaluation using the Wan and 
Fell (2004) method: plot of filter gradations  

 
Applying the Kenney and Lau method (1985, 

1986), and the Li and Fannin (2008) adaptation, 
the stability index, i.e., (H/F)min, for dam J and dam 
57, Fig. 7, reveals that 16 of the 43 gradations (37 
%) for dam J are potentially unstable (i.e., H/F < 1) 
with a lowest stability index (H/F)min =  0.43  (Fig.  
7).  Equivalently,  for  dam 57  reveals  1  of  16  filter  
gradations that is potentially unstable (6 %) and it 
has (H/F)min = 0.75. The method by Wan and Fell 
(2004), which evaluates internal instability from a 
characteristic value for the slope of the coarser 
fraction (D90/D60)  and the overall  slope of  the gra-
dation curve (D90/D15), establishes for dam J 18 of 
43 filter gradations (42 %) as potentially unstable, 
whereas 4 of  16 (25 %) for  dam 57 (Fig.  8).  Note 
that the D90 values of the gradations of dam 57 are 
estimated (Fig. 6). 

The Foster and Fell (2001) filter boundaries 
analysis shows, moreover, that the dam-specific 
NE boundary is 0.7 mm for both dams (since both 
belong to Group 2A base soil for which the fines 

content is 35 to 85 % of base soil passing the No. 4 
(4.75  mm)  sieve  (Foster  and  Fell,  2001)),  the  EE  
boundary is approximately 4.5 mm and 10 mm for 
dam J and dam 57, respectively.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
Fig. 9 Unified-plot approach (Rönnqvist et al., 2014; 
Rönnqvist and Viklander, 2015) with dimensionless 
plots  for  a)  D15/D15NE and  b)  D15/D15EE, superimposed 
over Rönnqvist et al. (2014) database 
 

Rönnqvist et al. (2014) proposed a unified-plot 
method that combines attributes of the filter grada-
tion; filter internal stability and capacity for base 
soil retention (core-filter compatibility). On a dam-
specific level, in the dimensionless unified plot, 
analysis  with  respect  to  the  NE boundary  of  filter  
performance (Fig. 9a) shows that a considerable 
number of the gradations of dam J locate on the 
coarser side of the NE boundary (indicated by 
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D15/D15NE = 1) and to a large degree in the internal-
ly unstable zone, whereas for dam 57 in general on 
the finer side of NE and usually internally stable. 
Thus, dam J plots where many dams with probable 
occurrence of internal erosion are found to plot 
(found subjacent in Fig. 9a) and dam 57 plots in 
the area with dams which categorize with no indi-
cations to-date of internal erosion. With respect to 
the  EE  boundary,  Fig.  9(b),  the  data  of  dam J  are  
plotted in relation to its EE boundary of 4.5 mm 
and  dam 57  to  its  D15EE = 10 mm: the majority of 
dam J gradations plot in the Some erosion zone 
(which is located in the range between the NE and 
EE boundaries, which according to the method of 
Foster and Fell (2001) would make it equally likely 
that the filter will seal with Some erosion as with 
Large erosion in the case of a concentrated leak 
through the core. Conversely, that would make a 
scenario with no sealing of the filter unlikely and a 
continuing erosion process highly unlikely as the 
filter  of  dam  J  appears  finer-grained  than  one  
which would allow unrestricted erosion. This con-
tradicts the actual performance history of dam J, 
however, taking into account that the filter is po-
tentially unstable (Fig. 7; Fig. 8), its effective gra-
dation may be coarser in-situ than expected from 
the reported gradations, thus allowing for the con-
tinuation of an internal erosion process.   

5 CONCLUSIONS 

This paper investigates two dams, both located 
in  Sweden,  with  similar  design  but  different  per-
formance record. Dam J suffered a sinkhole event 
while dam 57 has operated without signs of dis-
tress. Applying available internal erosion criteria 
reveals a possible explanation as to why there are 
differences  in  performance  of  the  dams.  The  uni-
fied-plot (Rönnqvist et al., 2014; Rönnqvist and 
Viklander, 2015) shows that dam J, which have 
experienced internal erosion, have filter gradations 
potentially internally unstable and a potentially in-
compatible core-filter interface, thus having attrib-
utes of the filter in the unified-plot typical of dams 
with probable occurrence of internal erosion. On 
the other hand, dam 57 exhibit properties typical of 
dams with no indications of internal erosion in the 
unified-plot, in agreement with its performance 
record.       

NOTATION 

d    grain size of the base soil (mm) 
D    grain size of the filter (mm) 
F    mass passing at grain size D (%) 
H    mass increment between D and 4D (%) 

(H/F)min stability index, defined by the smallest 
value  of  H/F,  for  0  <  F   20  %  in  soil  
with a widely-graded coarse fraction 

NE The No Erosion boundary of Foster and 
Fell (2001) 

EE The Excessive Erosion boundary of Fos-
ter and Fell (2001) 

D15NE Filter D15 corresponding to NE (mm) 
D15EE Filter D15 corresponding to EE (mm) 
dmax  Maximum particle size (mm) 
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