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TLSB 4-1  Clarification Note Chapter 4 
Topic: Comparison of lagoon seawall construction methodologies - Geotubes® or quarry run. 

1.0  Introduction 

1.1 The design of the seawall for the Swansea Bay Tidal Lagoon (the Project) is determined by a 
range of factors, including its function in retaining water with a minimum of leakage. This 
requirement dominates the design of the core material of the seawall, which needs to be 
sufficiently impermeable. A cost-effective and traditional solution is to construct the core of 
the seawall from granular material, with form of a sand bund, sometimes in combination 
with a cut-off screen, an example of which is describe 4.5.3.38. This solution has been 
chosen for the Project because sufficient sand is available from within the lagoon footprint 
area. 

1.2 Direct and uncontained placement of sand in marine environments leads to very flat sloped 
structures, which are consequently larger and require more material to attain a specific crest 
height.  As such, they are also uneconomical. A sand-water mixture will typically form slopes 
of 1:5 to 1:10 under water, which is further flattened by the effect of tides, waves and 
currents. In order to contain the sand, and thereby minimise the volume of material (and 
hence cost) required for the bund, two solutions have been proposed: quarry run bunds and 
Geotubes® bunds.  Quarry run is described below. For both solutions, the general installation 
method is as follows: 

 

Placement of lower bunds (either of quarry run or 
Geotubes®) on the sea bed using marine equipment 
 
 
Placement of sand fill in-between to form bund 
 
Placement of subsequent quarry run or Geotubes® 
bunds with layers of sand in-between. This sequence 
continues until marine placement is no longer possible. 
The section of the seawall above water is completed. 
 
Armour rock is placed over the quarry run or Geotubes® 
bunds to provide stability.  

Figure 1.1 General installation method  

1.4 Both methods have been used in a wide range of projects worldwide. Examples of projects 
where Geotubes® have been used for bund formation in the last 10 years are listed below:  
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Table 1.1 Examples of projects using Geotubes® 2004 - 2013 
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1.5 Further details of projects that have been delivered using Geotubes® are available on the 

TenCate website1, with the Saemangeum project in South Korea as one example of large 
scale application of Geotubes2. That project, which comprises land reclamation, involves a 
seawall that is 33km in length.   

2.0 Installation 

2.1 Quarry Run Bund Option 

2.1.1 Quarry run is the by-product from the quarrying activities at a rock armour quarry. The 
grading is typically very wide, ranging from 1 to 100kg or similar sizes. Quarry run can be 
bulk placed (as opposed to individual placing of large armour stones), and is normally done 
with side stone dumping vessels or split barges. See figure below. 

 

Figure 2.1 Illustration of quarry run placement 

2.1.2 Quarry run may be obtained from the quarry used to source rock armour, or from other 
commercial quarries in the UK or abroad.  Depending on the properties of the quarry run 
and the sand infill in-between, an additional (geofabric) filter may be required on the inside 
of the quarry run bunds to prevent wash-out of the infill material.  A wider bund or use of 
coarser sand could also be used to avoid the requirement for a geofabric filter.  

2.2 Geotubes® Bunds Option 

2.2.1 Several techniques exist for placement and filling of Geotubes required to support the 
seawall bunds. In previous projects this has been achieved by using a sand-water pump with 
a mechanical supply of sand, and using a small cutter dredger to fill the Geotubes® with the 
sand-water mixture directly. In these projects the Geotubes® were first placed in position 
(often with the help of divers).  Subsequently the Geotubes® have been filled via filling 
openings on top of the tube. While filling, water escapes through the pores of the geofabric 
and the sand remains inside the tube, filling out a predefined filling rate. For the Project a 
method has been developed which scales up this process. This involves direct filling and 
laying of the Geotubes® using a medium-size cutter dredger for the supply of the sand-water 
mixture and a modified laying barge to unroll the Geotubes® while they are filled.  This 
method is being laboratory tested and a full-scale field test is planned for June/July 2014. 
Initial results show prototype filling rates in the order of 5m3/s (of which 20% sand).  A plate 
showing a filled Geotube® is shown below (Photo 1). 

1 http://www.tencate.com/amer/geosynthetics/solutions/marine-structures/default.aspx 
2 See also ‘ Terra-et-Aqua, number 133, December 2013 [annex extract] 
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Photo 1 Prototype filled Geotubes® 

2.2.2 The basic Geotubes® installation sequence is explained below. 

 

 

 
*Principle of direct filling and laying of Geotubes®. 
 
Various options are being tested at the moment, all on the 
basis of simultaneous filling and placement. 

 

 

 

 For the tests the same sand properties are tested as have 
been found within the lagoon footprint area. Various grain 
size distributions, pumping rates, slurry densities and filling 
opening dimensions are used in the tests and the effect on 
pressures and filling rates is being monitored to fine-tune 
this technique further. 
 
*The sand infill is done with a spray pontoon, allowing for 
gradual filling of the bund wall core in several layers.  
*A geofabric filter is placed over the Geotubes® to provide a 
permanent filter. 
*The armour rock is then placed by using side stone 
dumping (smaller rock) and placement by crane (larger 
rock) from either barge or crest. 

 

 

 

 

Figure 2.2 Basic Geotubes® installation 

2.2.3 The simultaneous placement and filling of the Geotubes® results in a shorter construction 
period and also has a lower risk of damage to the Geotubes® material as less equipment and 
fewer movements are involved in installation.  This is because the approach employs a 
continuous process instead of multiple steps.   

2.2.4 The following provides details of the Geotubes® fabric material proposed for the Project: 
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2.3 Comparison of bund construction methods 

2.3.1 A summary of the main differences in both bund construction methods is presented in the 
table below. 

Table 2.1 Summary of key differences between Geotubes® and quarry run bunds 

Item Quarry Run Bunds Geotube® Bunds 
Proven 
technology 

++ Widely used, many applications and 
experience by a large range of Marine 
Contractors.  May be considered 
conventional. 

+ The use of Geotubes® has been proven 
worldwide in a multiple of projects. The 
laying/filling technique for the Swansea 
Project is now exclusively developed by 
Van Oord/TenCate. 

Availability of 
material 

+/- Quarry run is available from rock 
quarries. The quantities required for the 
Project dictate the production capacity 
and required quarry size. Apart from 
Dean Quarry in Cornwall, the reference 
case for the Project. alternatives exist in 
Scotland (eg Glensanda) and Norway. 

++ The Geotubes® material will be 
manufactured in Europe and shipped to 
site, probably in containers. This is a 
relatively simple operation and it could 
also be carried out by road transport. 
The sand is available in sufficient quantity 
and quality from the lagoon area. 

Construction / 
transport 
volumes 

-The volume of quarry run is approx. 
equal to the volume of sand required 
for the Geotubes® (approx 2M m3). This 
volume needs to be quarried and 
shipped to site using barges or vessels. 

++ The Geotubes® will be filled with sand 
sourced from the lagoon footprint.  

(Marine) 
equipment 
availability 

+ Quarry run placement equipment is 
widely available. Quarry run 
transportation requires the deployment 
of a fleet of large barges/vessels.  

+/- Traditional Geotubes® placement can 
be done by standard marine equipment. 
For the Swansea Project an existing barge 
will be modified specifically for this 
purpose. 

Installation 
risks 

++ Placement accuracy may be affected 
by currents and waves. Shaping of bund 
after placement can be done by 
backhoe.  
Marine placement is depth limited so 
construction work will be tide 
dependent in shallow waters.  
Some loss of material is to be expected 
during and after placement (particles < 
10mm) whilst unprotected by the outer 
rock armour due to wave and current 
scour.  This may lead to a longer 
construction time and reduced filter 

+ Placement accuracy may be affected by 
currents and waves. Shaping after 
placement is not possible, but a gravel 
filling layer is placed on top of the 
Geotubes® to even out the slope surface. 
Marine placement is depth limited so 
construction work will be tide dependent 
in shallow waters. 
Some (fine sand) fill material will be lost 
through the openings of the Geotubes. 
Once placed the Geotubes® are stable 
under moderate wave and current 
conditions. 

Length:  150m 
Diameter:  4.9m 
Fill volume: approx. 15m3/m 
Height: 2.8m 
Width: 6.1m 
Material: GT 1000 M 
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properties during design life. 
Robust solution, no risk of damage to 
material.  
The quarry run has a permanent filter 
function in the permanent structure 
which puts restrictions on the grading 
size and bund dimensions. 

Risk of tearing of geotextile by 
mechanical equipment (mitigated by 
process-fitted design of lay-barge) and 
debris (mitigated by sea bed scan prior to 
placement).  
The basis of the Geotubes® design is that 
the tubes only have a temporary function 
to enable construction of a steep sloped 
structure. The permanent filter function 
is provided by a separate geofabric.  

Turbidity / 
environment 

+ Limited turbidity due to loss of fines 
during quarry run dumping 
Dumping generates some airborne 
noise, but mainly under water.  Noise 
levels will be similar to those assessed 
for dredging within the Environmental 
Statement (Chapter 19, Table 19.23). 

+/- Turbidity source term in the order of 
about c. 10kg/s for dredging and c. 
90kg/s due to filling. Effects are described 
and assessed in Chapter 6, Coastal 
Processes, Sediment Transport and 
Contamination of the Environmental 
Statement. 
 

Viability - Due to restricted availability / large 
transport distance / higher unit rate, 
the overall price for the bund wall is 
expected to be significantly higher. 

+ Use of locally available material and 
relatively cheap geofabric material lead 
to a significant reduction in construction 
costs. 

 

4.0 Operation and maintenance 

4.1 The design of the bund wall has been tailored to minimise life cycle costs for an economic 
design life of 50 years. The technical design life is 120 years.  

4.2 On the basis of the above, some allowance for damage and subsequent maintenance is 
made in the design of the armour rock. After the expiration of economic design life, there 
may be need for additional placement of rock in more exposed sections. The core material is 
expected to remain viable for 120 years without, or with very limited, maintenance.  

4.3 Table 3.1 below provides a shortlist of the key advantages and disadvantages in terms of 
operation and maintenance of both solutions. 

Table 3.1 Summary of operation and maintenance key issues for quarry run and Geotubes® bunds 

Item Quarry Run Bunds Geotubes® Bund 
Permeability / 
leakage 

+/- Quarry run is more permeable than 
Geotubes®, which will result in a higher 
degree of leakage, and consequently a 
higher risk of fines migration from the 
core. Filter requirements and properties 
of quarry run grade would be assessed 
before transport to site so that the 
leakage is limited to prevent losses. 

+ The design of the Geotubes® bund wall results in very 
low leakage (c. 25mm per cycle under extreme 
conditions).  

Durability ++ Quarry run is very durable and is 
expected to remain viable for 120years 
without maintenance. 

+ A design life of 120 years for the geofabric is 
considered feasible by TenCate. To prevent thermal 
oxidation (which occurs when polypropylene material is 
in contact with water) low leach stabilisers will be 
added. To prevent UV breakdown, the Geotubes® will 
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be covered with gravel and rock in all sections.  
The life time expectancy of the Geotubes® material was 
tested in TUV Rheinland in The Netherlands following 
Dutch Standard NEN 5132. This standard was developed 
following the requirement by the Dutch Ministry of 
Public Works for 200 year life time expectancy for 
geofabrics used in the Delta Works programme. The 
test results showed a life time expectancy of ‘a multiple 
of 30years’ (standard wording in durability tests) 
indicating that a 120 year life time is entirely feasible. 
Test results are presented in test report 12097R-
89201640.01, 25 April 2012. 
 
Although tests confirm that the Geotubes are expected 
to last for 120 years, a precautionary approach has 
been applied to the design of the lagoon.  The 
geotechnical design of the lagoon wall has assumed 
that the Geotubes themselves have no permanent 
strength on the critical (seaward) slope and only partial 
permanent strength on the landward slopes. Rock 
armour has therefore been incorporated into the design 
to compensate for this.  The rationale behind this is that 
in the unlikely case that they do not last for 120years, it 
is much easier to strengthen the rear slope than the 
front slope.  
  
To avoid any risk of sand loss, a second geofabric filter 
is placed on top of the Geotubes®. This provides a 
robust back-up in addition to the filter already provided 
by the Geotubes®.   

Risk of 
progressive 
collapse 

+/- In the case of an extreme storm (>1 in 
1000 years), and the (unlikely) situation 
that the main rock armour is totally 
removed in a localised area, damage 
would occur to the main lagoon wall. With 
the loss of rock armour this damage would 
progress faster where a quarry run bund is 
used as once its outer protection is 
removed, it is exposed to the elements. As 
such rapid repair needs to be undertaken.  
On the same note, a quarry run core will 
provide better stability for the main 
armour (higher permeability).  

+ In the (unlikely) case that the main rock armour is 
removed under extreme storm conditions, the 
Geotubes® will prohibit further erosion of the core 
material and this would prevent progressive collapse 
prior to maintenance taking – namely replacing the 
missing rock armour. 

 

5.0 Modelling  worst case assessment  

5.1 As identified in Table 2.1, above the assessment of potential effects of construction of the 
lagoon wall undertaken in Chapter 6 of the Environmental Statement has been based on the 
dredging and filling of Geotubes®. This would have a turbidity source in the order of about c. 
10kg/s for dredging and c. 90kg/s due to filling. 

5.2 TLSB's assumption has been that quarry run bund installation will result in less turbidity than 
that of the installation of the Geotubes®. Consequently, TLSB's assessment in the 
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Environmental Statement is considered to represent a worst case and is applicable to both 
proposed construction methods. The following provides the rationale behind this reasoning. 

5.3 The total amount of quarry run used for the seawall bund would be similar to the volume of 
material required for the Geotubes®. Therefore, the quarry run would basically replace this 
volume albeit sourced and delivered differently. 

5.4 For Geotubes® placement, the assessment in Chapter 6 assumed a total installation time of 
50min during which time the following sediment source terms are modelled: 

a.  Dredging: 10kg/s; and 

b.  Geotubes® filling: 90kg/s. 

5.5 For the installation of 2250m3 of Geotubes® (150m length x 15m2) the total amount of 
released fines would be approximately 300 tons.  (Fines is typically defined as all material 
with a grain size <0.063mm.) 

5.6 Quarry run is a by-product from a armour rock quarry.  Literature on the amount of “fines” 
production in UK aggregate quarries3 suggests a range of fines production between 15-40% 
without processing. Fines are then generally defined as quarry waste, i.e. material< 4mm.  

5.7 The amount of fines in aggregate producing quarries is much higher than in an armour stone 
quarry, as the amount of repetitive crushing is much higher to produce aggregates. Most 
aggregate quarries aim at materials in the range of 10-40mm, whilst for rock armour 
production, large rocks are required with a nominal diameter in the order of 0.5-2m. The 
smallest grading required would have a diameter in the range of 150mm.  

5.8 There is little literature on fines production in armour rock quarries. Figure 3.24 in the Rock 
Manual4 suggest a typical range of 1-2% for fines without further processing (fines removal). 

5.9 For the Project, quarry run will be collected in the quarry, stockpiled, then loaded into 
barges and shipped to site. During this handling, it is expected that the amount of fines 
transported to the Project is likely to reduce.  

5.10 Assuming a conservative figure of 5% of fines at the Project, then the following can be 
calculated: 

a.  5% of 2250m3 (equivalent of 1 Geotubes®) at 1.9 t/m3 (density of quarry run) gives 214 
tons of fines (which is approximately 28% less than that modelled); and 

b.  the construction time of the bund wall is the same as for the quarry run solution.  

5.11 In addition, the definition of fines for the quarry run is conservative, as it includes all 
particles < 4mm. The settling velocity is much more rapid for particles of a few mm 
compared to particles < 0.063mm, and this will lead to much quicker settling of the sediment 
cloud and therefore reduced extent of effect.  

3 www.goodquarry.com 
4 CIRIA 1991 
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5.12 Finally, during the mass dumping of material (as will happen when there is side-stone 

dumping or split barge dumping of the quarry run), it is very unlikely that all the fines will be 
able to escape and be released into the water column, thereby reducing levels even further.  

5.13 The overall conclusion is that time-averaged release of fines into the marine environment 
from the quarry run would be less than that modelled for Geotubes® (approximately 28% 
less based on conservative assumptions). As such a worst case construction sediment 
modelling assessment has been undertaken within the Environmental Statement. 
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