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1 INTRODUCTION 
 
Dikes and dams are integral components in almost 
every mine. They allow for open pit mines to stay dry 
and significantly reduces drawn down water in sur-
rounding areas by pumping the water out. Tailings 
dams contain huge amounts of tailings and prevent 
the downstream environment from being contami-
nated. Cut-off walls in dikes and dams are therefore 
very important for the safe operation of a mine. 

 
 

2 DIKES AND TAILINGS DAM 
CHARACTERISTICS 

2.1 Water dikes 

The risk of a water dike breach for mines located in 
or along lakes or oceans, is limited to the open pit 
mine being flooded with water. In case of any indica-
tion of dike failure, the mine itself is at risk and can 
be evacuated rapidly, with limited risk of life.  

Since the mine water dikes are built during the 
mine’s construction, they are built to civil engineer-
ing standards with suitable locally available material 
or even man-made material with a properly designed 
cut-off system and a controlled installation process of 
both dike and cut-off system. The entire construction 
is done under the supervision of one team from start 
to completion. 

At the end of mine life, the dikes are opened, and 
the mine flooded according to an engineered plan. No 
future risks are associated with the dike.  

2.2 Tailings dam 

A tailings dam breach risks the devastation of down-
stream populated areas and pollution by mud, with 
sometimes toxic contaminants, over many kilome-
ters. 

Only the first stage of the tailings dam is built at 
the beginning of the mine’s life, since at that time 
only a limited amount of locally suitable material or 
expensive man-made material is available. Later on, 
the tailings dams are raised step by step to increase 
the capacity of the tailings dam over a long period of 
time. Tailings of the mine are used for dam construc-
tion which may vary in quality over the decades of the 
life of the mine. Installation is supervised by various 
teams whose focus is only on the newly added dam 
section built at their time, and usually done under 
pressure of time and budget. 

At present, tailings dams contain mainly waste, 
adding costs to a mine and significant long term cost 
for maintenance or rehabilitation, at the end of active 
mine’s life. 

 
 

3 ACTIVE CUT-OFF SYSTEMS 
 
Under normal circumstances active cut-off systems, 
including the dikes and dams, are installed during 
construction of a mine. Later installation to improve 
the quality of the cut-off system or to raise the dam or 
dike crest to increase the capacity are possible, but 

Cut-off systems for dikes and tailings dams in mining 

S. Schwank 
BAUER Maschinen GmbH, Schrobenhausen, Germany 

 

ABSTRACT: Dikes with proper cut-off systems are essential components of an open-pit mine adjacent to riv-
ers, lakes and oceans to allow for safe operation. As have recently been experienced again, tailings dams also 
need to be constructed responsibly, which includes proper long-term sealing to minimize the risk of spillage 
and collapse in the case of uncontrolled seepage and erosion, changed loading, and seismic events. 

Two case studies are presented for dikes with active cut-off systems in open-pit mines next to lakes in the 
arctic in Canada as well as next to the Atlantic Ocean in Namibia. 
The third case study demonstrates the raise of a tailings dam in Alaska with a significant improvement of the 
cut-off system to guarantee long-term sealing under increased load pressure as well as the effect of climate 
change with the thawing of permafrost underneath the existing tailings dam. 



17th ARC Conference 2019 

 430 

more difficult and expensive. Various standard tech-
nologies, discussed below, are available. 

3.1 Clay Core 

Dams and dikes with clay core seals are typical for 
dike construction on solid ground. The clay core is 
installed in the dike body simultaneously with con-
struction of the dike itself. 

3.2 Soil Bentonite Wall 

Soil Bentonite cut-off systems are installed to seal an 
existing dike or dam and can be keyed into the bed-
rock or can be extended into a critical underground 
structure. During installation, the dam material is ex-
cavated by means of a long-stick backhoe or dia-
phragm wall grab, mixed with a thick bentonite slurry 
on surface and pushed back into the trench. This sys-
tem is for dikes with low gradients. 

3.3 Cement Bentonite Wall 

For dams with high gradients and therefore higher 
risk of erosion and leakage, grab excavated trenches 
are backfilled with an engineered slurry of cement, 
bentonite and water. With a proper excavation se-
quence in place, a continuous cut-off wall is installed 
with the hardening slurry, designed to a certain flexi-
bility, since the water or tailings fluid pressure only 
on one side of the dike or dam will create movements 
of the dike including cut-off system. 

3.4 Soil Mixing Wall  

Similar to the cement bentonite wall, soil mixing sys-
tems are also adding a cement / bentonite slurry to the 
loosened underground material, however avoiding 
excavation of any (contaminated) material. Strength 
of the in-situ mixed soil cement bentonite concrete 
and thus flexibility of the cut-off system can be con-
trolled by the mix design of the C / B slurry and the 
amount of slurry injected. Different systems are avail-
able based on auger or cutter technology. 

3.5 Two-Phase Cut-off Walls 

For deep cut-off walls or difficult soil and rock con-
ditions a two-phase cut off wall is the state-of-the-art 
sealing system for dikes and dams, especially when 
additional risks are added to the long-term perfor-
mance like potential thawing of permafrost under-
ground, risk of seismic events and underground ero-
sion. 

A trench is excavated my means of a diaphragm 
wall grab and or a trench cutter under the support of 
a bentonite slurry in a sequence of single panels and 
overlapping secondary panels. In a second step the 
bentonite slurry is replaced by engineered plastic con-
crete in tremie method to allow again for movements 
of the dike during dewatering or seismic events.  

4 CASE STUDIES 

4.1 Cut-off walls in the artic for the DIAVIK 
Diamond mine 

The DIAVIK project site is situated on a large island 
in Lac de Gras, located about 35 km southwest of the 
Ekati diamond mine, and 300 kilometers northeast of 
Yellowknife, the capital of the Northwest Territories 
in Canada. Four diamondiferous, economic kimber-
lite pipes lie within Lac de Gras, fairly close to shore, 
in water of 15 to 30 meter depth. Construction of the 
dikes for pipe A154 North and A154 South sur-
rounded by one dike was in 2001 and 2002, for pipe 
A418 in 2005 and 2006 and pipe A21 in 2016 and 
2017. 
 

 
Figure 1. Aerial view of the DIAVIK Mine with A154 and A418 
on top and A21 at bottom 

 
In all three dikes active cut-off systems were installed 
to secure safe operation of the open pit mines to a 
depth of about 200 m below lake water table and later 
the underground mines in A154 and A418 over a pe-
riod of approximately 30 years. After building the 
dikes with manmade crushed granite material mined 
on the island, the dikes were compacted by vibro-
compaction to an average depth of 20 m to increase 
internal stability and minimize settlements. 

 

 
Figure 2. Typical DIAVIK dike lay-out 
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On the A154 and A418 dikes, a two-phase cut-off 
wall was installed excavating the core material by 
grab and cutter, penetrating as much as possible into 
the underlying till with boulder fields to minimize jet-
grouting.  
 

 
Figure 3. Trench Cutter and hydraulic grab on A154 dike 

 
Based on the advanced development of the cutter soil 
mixing technology over the last 10 years with experi-
ence on numerous projects, cutter soil mixing (CSM) 
was selected as cut-off system for the man-made dike 
material and in till areas, where the till was removed 
by large diameter pre-drilling and back-filled with the 
same man-made crushed material as the dike mate-
rial.  

 

 
Figure 4. Cutter Soil Mixing on dike A21 

 
In all dikes the cut-off walls were complemented by 
jet grouting through the till with proper seating into 
the bedrock and on the upper side into the previous 
installed cut-off wall. Additional curtain grouting to 

greater depth seal any existing cracks in the granite 
bedrock. 
Amount of Cut-off wall installations: 

A154 total 32.700 sqm Two-phase cut-off wall 
A418 total 13.500 sqm Two-phase cut-off wall 
A21 total 19.200 sqm CSM wall 

4.2 Cement-Bentonite Cut-off Wall Pocket Beaches, 
Namdeb, Namibia 

The on-shore pocket beaches along the shore line of 
Namibia between Oranjemund and Luderitz, the so-
called Sperrgebiet, are mined by DeBeers and later on 
by Namdeb since the first discovery of diamonds in 
1908. Meanwhile most of the onshore alluvial depos-
its are mined out. The mining area is pushed out fur-
ther and further into the Atlantic ocean to allow open 
pit mining behind so called seawalls in dewatered 
pits. The system however reaches its limits with the 
increasing water depth behind the seawall.  

To allow open pit mining of the diamond rich 
pocket beaches in the dry in vicinity of the Bogenfels, 
the seawalls had to be sealed with a bentonite-cement 
cut-off wall to a depth of 25 m from the surface. 

 

 
Figure 5. Cut-off Wall installation with 2 hydraulic grabs 

 
Due to the high hydraulic gradient in the seawall, a 
cement bentonite wall, excavated by hydraulic grabs 
was installed. Excavation sequence in primary and 
overlapping secondary panels while continuously 
adding cement bentonite slurry at the surface (wet-in 
wet), guaranties the integrity of the cut-off system. 
After installation of the underground wall the cement 
causes the slurry to harden to a strength comparable 
to a stiff clay. The cement-bentonite slurry contains 
no aggregate other than some suspended soil particles 
from the excavation process. The permeability of C/B 
cut-off walls depends on the proportions of bentonite, 
cement and sometimes filler used in the mix.  
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The design asked for a 400 mm wide cut-off wall. 
Since no fresh water was available in this very remote 
arid area, seawater directly pumped from the Atlantic 
had been used for the slurry mix. To achieve the re-
quired properties with salt water, Attapulgite had to 
be used instead of bentonite, which also forms gel 
structures when mixed with salt water. The fresh 
slurry finally had a density of around 1,20 kg/dm³ and 
reached a compressive strength of 1,2 N/mm² after 35 
days. Excavation of sections of the completed wall 
showed a final wall thickness of around 45 cm. 
 

 
Figure 6. Open pit mining behind seawall (Namdeb Diamond 
Corporation) 

 
In total, approximately 54,600 m² Attapulgite-ben-
tonite cut-off wall had been installed over a length of 
approximately 3000 m to allow for the safe mining of 
the diamond hot-spots in the Bogenfels area over a 
period of 2 years. 

4.3 Two-Phase Cut-off Wall for a Tailings Dam, 
Red Dog Mine, Alaska 

To extend the life of the Teck Cominco Red Dog 
Mine in Alaska for another 20 years by mining the so 
called Aqqualuk Deposit, also the capacity of the tail-
ings pond needed to be increased by raising the dam 
crest for about 10 m. Additionally tightened mine reg-
ulations required the owner of the mine to avoid any 
possible seepage through the dam the foundation of 
the tailings dam. Due to the ph-value of 3.5 of the 
mine water in the pond with high concentrations of 
heavy minerals and other chemicals, seating the cut-
off wall into the shale rock base was mandatory. 

The mine being located in Alaska permafrost re-
gion 150 km south of the arctic circle, global warming 
with thawing of the permafrost had also to be taken 
into consideration. 

The cut-off wall had to be socketed in competent 
rock. Competent was specified as 1 m core length 
with maximum one visible crack. In consequence 
quite a number of panels had to be excavated to a total 
depth of 48 m, seated up to 25 m deep into hard rock 
with 150 MPa. 

 
Figure 7. Red Dog mine with tailings pond [Arctic Today] 

 
Reducing the depth of the cut-off wall in less compe-
tent rock and grouting the rock cracks as a second step 
was not an options, since the voids and cracks are 
filled with frozen water, being watertight at present, 
unable to replace the ice by grout. However, since the 
wall socketed in permafrost with a temperature of mi-
nus 1 degree only, global warming could lead to 
thawing of the ice in the cracks and cause risk of seep-
age of contaminated fluids.  

A 2-phase cut-off system was chosen be able to 
prove the sufficient penetration depth into hard rock 
as specified by the engineers. 
 

 
Figure 8. Installation of Cut-off wall with BAUER BC 40 cutter 

 
Due to the remote location in Alaska with limited ac-
cess by sea and road for only 100 days a year, three 
arctic summers were needed to execute 53.300 m² 
cut-off wall seated into hard rock basements over a 
length of 1500 m, with a wall thickness of 800 mm.  
 
 
5 CONCLUSIONS 
 
Active cut-off systems are common technology today 
in a lot of water holding dikes with only very little 
failures. However, in tailings dams such systems are 
still regarded as too expensive to hold back tailings 
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which are quite often contaminated. With past expe-
rience of broken tailings dams causing disasters not 
only to the mine but for very long distances down-
stream to the public, it is necessary to review the de-
sign and the associated risks of such structures and 
take pro-active measures including cut-off systems to 
avoid these catastrophes in the future.  
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