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Introduction 
 

This is a supplementary report for SEACAMS2 project ‘Micro-bubble curtains: impact on sediment 

dispersal’ project reference SC2-R&D-SU_03. The material in this report was produced as part of the 

overall project with Frog Environmental and deemed suitable presented in a separate report. It is 

recommended that this supplementary report is read ahead of the experimental report to familiarise 

with the product and studies surrounding its application.  

 

The experimental reports can be found and cited as; 

  

Mendzil, A., Davies, R. and Callaway, R. (2018) Micro bubble curtains: impact on sediment dispersal. 

Technical Report of the SEACAMS2 project (SC2-R&D-SU03) with Frog Environmental Ltd. Swansea 

University, 21 pp. 

 

Nuuttila, H. and Mendzil, A. (2017) Trialling the attenuation of low and mid frequency sounds in a 

pool environment using bubble curtain as a noise barrier. Technical Report of the SEACAMS2 project 

(SC2-R&D-SU03) with Frog Environmental Ltd. Swansea University, 16 pp. 

 

This report will assist in the background information, applications and scientific literature and studies 

associated with using bubble curtains in freshwater and marine environments. Although similar 

versions of bubble curtains i.e. silt curtains, have been used in freshwater systems for some time, the 

function of bubble curtains made with Bubble Tubing® is less well understood particularly in marine 

environments. Bubble curtains could have enormous applied potential for the protection of marine 

mammals, habitats and environments, recreational protection, in addition to meeting governmental 

guidelines during marine offshore industries.  Whilst there is a myriad of applications for Bubble 

Tubing® in the aquatic environment, the research by Mendzil, et al. (2018) and Nuuttila and Mendzil 

(2018) test the use of Bubble Tubing® as a sediment control and noise attenuation measure in 

controlled conditions. As a result this supplementary report focuses on these applications with 

particular reference to Marine Renewable Energy (MRE) developments.  

 

There is a requirement for increases in Marine Renewable Energy (MRE) resources and technology 

globally to tackle climate change through displacement of fossil fuel energy sources, essentially 

leading to a decrease in carbon emissions. As MRE becomes more widespread and advanced there is 

a need for marine environmental protection, in a field where the overall effects to the environment 

are largely unknown. Changes to sediment dynamics associated with MRE developments are likely to 

occur but to an unknown extent, and are likely to be based on several parameters; technological and 

environmental. 

 

Mitigating against changes in sediment regime is important to maintain the sensitive and equilibrium 

balance of the local natural marine environment and are routinely considered during MRE 

Environmental Impact Assessments (EIAs). Bubble Curtains made with Bubble Tubing®, could offer a 

mitigation solution to help prevent sediment transfer and movement during different phases of MRE 

development. 



SEACAMS2 Micro bubble curtains: impact on sediment dispersal: Supplementary Report. Project SC2-R&D-

SU03 

 
 
 

 
January 2018                                                                  5                                                                                        
 

Bubble Tubing ®: The product 
 

The Canadian-made and designed Bubble Tubing® by ‘Canadianpond.ca products Ltd.’ is a flexible 

linear air diffusion system that creates fine or micro-bubbles (less than 1 mm in diameter) from 

perforations along its entire length, when pumped with air and used in an aquatic environment 

(Figure 1). The Bubble Tubing® product is currently commercially available in four diameters: 15 mm 

(0.5”), 20 mm (0.75”), 25 mm (1.0”), and 30 mm (1.5”). 

 

 

 

 

 

 

 

 

 

Figure 1.Bubble Tubing® schematic and in-situ bubble barrier in operation. Schematic credit: (left) 
http://www.vitawatertech.com/product/bubble-tubingtm; (right) https://canadianpond.ca/bubble-tubing-fine-
bubble-linear-diffuser/ 

 

Constructed from a highly resistant PVC outer surface and a stainless-steel core make the Bubble 

Tubing® flexible, long-lasting and resistant to varying environmental conditions and parameters such 

as chemicals, salinity and temperature. A US environmental consultant company, GSEE Inc., tested 

the product for its oxygen transfer capabilities in their on-site test tank facilities. The product is 

marketed to have a high Standard Aeration Efficiency (SAE) and Standard Oxygen Transfer Rate 

(SOTR) and Standard Oxygen Transfer Efficiency (SOTE) performance ratings based on in-house 

testing. Bubble Tubing® is also considered to be low maintenance, anti-fouling and anti-clogging. The 

products design and features are advantageous to a wide range of companies who wish to effectively 

control environmental conditions in aquatic environments. Bubble Tubing® is marketed as easy to 

install and suitable for use in freshwater or saline environments, and can be placed on the seabed, 

riverbed or along perimeters of aquatic environments in its weighted or non-weighted design, to 

create a continuous screen of bubbles within the water column. Originally designed as an aeration 

application in freshwater systems, particularly pond environments but the product has since been 

used for varying applications around the world in different aquatic environments and settings. 

http://www.vitawatertech.com/product/bubble-tubingtm
https://canadianpond.ca/bubble-tubing-fine-bubble-linear-diffuser/
https://canadianpond.ca/bubble-tubing-fine-bubble-linear-diffuser/
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The weighted design of the product allows it to self-sink without the need for additional equipment. 

The design of the bubble curtains allows air to enter the tubing to create an inner pressure which is 

released as micro-bubbles uniformly across perforations along the tubing into the water column (Fig. 

1). Two rows of micro-bubbles are produced continuously from the Bubble Tubing® from the bottom 

of the waterbody towards the top creating an oxygen curtain or barrier, with vacuum effect without 

disrupting the bottom layer of sediments in the waterbody. 

The product allows for the efficient oxygen mass transfer to the surrounding water, and when 

coupled with sediment and/or sewage waste, naturally occurring bacteria forms. It is the enzymes 

produced by the bacteria that can break down organic matter in the water column. For example, in 

Pushkar, India, the 0.75 mm Bubble Tubing® was introduced to increase Dissolved Oxygen (DO) to a 

heavily polluted lake where organic material accumulated over centuries and had dramatically 

reduced the water quality. The product has also been used in a myriad of ways to reduce 

contaminants, sludge, algae, odours and mosquito larvae. 

Whilst the product is moderately used as mitigation measures worldwide, there are only few case 

studies where the product has been used in England and Wales. More recently the Bubble Tubing® 

has undergone field trials by Frog Environmental Ltd. in conjunction with Natural Resources Wales 

(NRW) on the River Rhymney in Ystrad Mynach, Caerphilly. The fluvial environment of the Rhymney 

had accumulated large quantities of sediment in some areas and essential flood asset maintenance 

was required. To reduce the effects of sediment dispersal downstream the Bubble Tubing® was used 

to control the movement of sediment. The trials were successful in reducing turbidity in various flow 

velocities, particularly in flow velocities of less than 0.2 m/s, and with a successful secondary function 

as debris containment. Although these field trials have been used in freshwater environments there 

have been few trials in the marine environment. 

 

Marine Renewable Energy: Risk mitigation 
 

The 2008 Climate Change Act has set targets for the UK to reduce utilisation of fossil fuels in 

response to climate change by 34% by 2020, increasing to a 50% reduction by 2050 (Hooper and 

Austen, 2013). In more recent government targets, the climate budget outlined a reduction of carbon 

emissions of 57% by 2030 (Lamy and Azevedo, 2018), a significant increase from European Union 

(EU) outlined energy reduction targets of 40%. The government as well as private companies are 

sourcing new ways to generate electricity from the UK’s abundant natural resources to meet these 

targets. 

One approach is the drive for marine renewable technology developments to harness wind, wave 

and tidal resources. Compared to other renewable energy developments marine technologies are 

lagging behind, but as a result, the MRE sector is rapidly expanding worldwide, but particularly in 

England and Wales. The UK has more than 19,000 miles of coastline with some of the largest tidal 

ranges in the world, regularly experiencing up to 15 metres in tidal range in the Severn Estuary. This 

means that there are numerous development opportunities for renewable energy in the UK. The 
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government estimates the UK’s wave and tidal stream to deliver 20% of the UK’s electricity equating 

to 30-50 GW. The Hendry Review produced by Charles Hendry in early 2017 also sets out an 

independent argument for the development of tidal lagoons to harness tidal range power in the UK. 

The Welsh Government is committed to reducing CO² emissions by transitioning from a fossil fuel-

based energy supply to utilising a mix of renewably harnessed low carbon solutions. Ultimately, the 

Welsh Government aspires for Wales to become a world-leader in the marine energy market, not 

solely by generating energy, but also supporting the marine energy supply chain such as exporting 

marine energy knowledge, technologies and services. In the global context, the UK is leading in 

planned ocean power projects (Zeyringer et al., 2018), with nearing 100 marine energy sites set out 

for the UK, 9 are in Wales and are predominantly associated with tidal stream and range, but these 

figures are set to increase as more interest and investment develops within this leading market 

(Figure 2). 

 

 

Figure 2.Percentage supply of global net electricity by different energy sources from 2012 and projection for 
2040 (after, Melikoglu, 2018). 

 

With such large-scale activity expected from Marine Renewable Energy Installations (MREIs) in highly 

dynamic, sensitive and often protected aquatic coastal and marine environments, mitigating negative 

impacts is an ever-increasing concern (Abbasi and Abbasi, 2000; Gill 2005; Michel et al., 2007; 

Sutherland et al., 2008; Uihlein and Magagna, 2016). The ecological implications of altering 

morphodynamics in marine environments are not well understood (Shields et al., 2011) but some 

potential negative and positive impacts of MRE devices are listed in Table 1. In a study by Mackinnon 

et al. (2018), views of stakeholders, influencers and developers of tidal lagoons were sought, all of 

whom agreed that a ‘Good Environment Status’ was a priority outcome for this technology. The top 

environmental impacts identified by Mackinnon et al. (2018) for both developers and influencers in 

order of significance were; sediment regime alterations and changing hydrodynamics, but fish 

passage and migration and water quality were also identified as key impacts. In a model simulated by 

Neill et al. (2009) they found that areas of marine energy extraction can have significant impact on 

morphodynamics of up to 50 km from the source of extraction. In high bed-stress areas where 
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mobile sediments are deficient, energy extraction by wave or tidal technology could alter this 

balance and lead to further erosion and a new source of sediment supply formed. 

Governmental organisations, private companies and Non-Governmental Organisations (NGOs) are 

continually seeking environmental mitigation measures to offset some of the challenges and 

unknown consequences posed by MRE developments. Environmental Impact Assessments (EIAs) 

consider the environmental implications of proposed actions but the lack of MRE developments 

means there is a deficiency of data surrounding the technology as well as baseline data (Wright, 

2015). 

Bubble curtains could be one such technology that could help mitigate against some of the negative 

impacts during life-cycle phases of MREIs, particularly in relation to sediment disturbance, transport 

and supply, a top concern amongst MRE influencers and developers (Mackinnon et al., 2018). Apart 

from sediment dynamics, the product could also offer additional benefits such as noise and vibration 

attenuation, fish re-diversion, turbidity control and debris re-direction. 

 

Table 1.Negative and positive impacts of MRE devices in marine environments. 

Negative 
Impacts 

• Habitat loss/degradation 

• Collision/entanglement/entrapment 

• Underwater and surface noise 

• Electrical and electromagnetic disturbance 

• Sediment dispersal and transfer/silting of devices 

• Contamination of the local environment 

• Species/sediment/habitat displacement 

• Coastal erosion and beach morphology 

• Fishing Industry and navigational hazards 

Positive 
Impacts 

• Artificial reefs/habitat creation 

• Fish aggregation devices 

• Marine protected areas 

• Reduced vessel activity 

• Increased research and evidence base for future installations 

• Reduction in greenhouse gases and enhances energy efficiency and security 

• Greener economy 

• Assist in achieving governmental renewable targets 

 

 

Applications of bubble curtains 
 

Air bubble curtains are referred to under a variety of different names i.e. air barrier, air curtain, 

bubble barrier, bubble curtain, pneumatic barrier or curtain, bubble wall and bubble screen. The 

name is also used interchangeably with other terms such as, silt curtain or fish bubble barrier, and 

these are often cited in research. The widespread and versatile application of Bubble Tubing® in 
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aquatic environments makes them a cost-effective and attainable product for varied commercial 

markets and applications such as wastewater, aquaculture, marinas and ports, canals and 

governmental organisations. 

 

Commercial examples of bubble curtain applications: 

• Freshwater and marine fish re-diversion; 

• Noise attenuation (including sound and shockwave cushioning); 

• Aquatic aeration; 

• Shockwave attenuation; 

• Pollution control; 

• Oil pollution control; 

• De-icing; 

• Invasive species and pathogen control; 

• Water quality – improving clarity, algae and odour; 

• Wastewater treatment. 

 

Bubble curtains or bubble barriers have been used in aquatic environments for many decades. Taylor 

(1955) tested their effectiveness as breakwater barriers, and Abraham and Buirgh (1964) and 

Simmons (1967) studied their application to prevent saltwater incursions in freshwater 

environments. They have been used to keep harbours and coastal areas free of ice in winter months 

(Ince, 1964) and for diverting ocean oil spill movements (Lau and Engel, 1980; Lo, 1997). Whilst 

bubble curtains are a relatively innovative product in the UK, which modernises traditional silt 

curtains, bubble curtains such as the Bubble Tubing® are moderately well-utilised in the USA and 

Canada. The majority of literature focuses on bubble curtains being used for noise attenuation 

especially pile driving (Tsouvalas and Metrikine, 2016; Würsig et al., 2000) linked to marine industrial 

operations, but for other applications there is very little published, particularly surrounding sediment 

dispersal and transfer. More recently bubble curtains have gathered more commercial momentum 

due to increases in technology and research interest as a potential risk mitigation measure in MRE 

developments. 

Increasingly in Scotland and Wales, bubble curtains are being installed near power stations as an 

aquatic barrier to prevent jellyfish blocking water intake and waste pipes. Furthermore, bubble 

barriers are becoming increasingly popular at tourism beach sites to prevent the public from jellyfish 

blooms, algae blooms and debris. 
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 Fish re-diversion 

 

Bubble barriers have been studied as an alternative solution to electrical barriers and controlling 

passage of fish, particularly invasive species, although studies on migratory fish are limited. From the 

literature there is little evidence of any successful single bubble barrier study inhibiting fish passage, 

but there was some success in controlled laboratory trials by Dawson et al. (2006). Dawson et al. 

(2006) used bubble barriers as means to divert and limit movement of Eurasian Ruffe 

(Gymnocephalus cernuus) and white perch (Morone Americana) in laboratory trials, but this study 

was not found to be effective; but instead an increase in fish passage across the bubble barrier was 

observed. However, when bubble curtains were used in conjunction with another form of 

application, such as strobe lighting, up to 98% of fish confinement was observed. Taylor et al. (2003) 

showed that using a combination of bubble, sound and electrical barriers, had a positive effect in 

preventing passage of big head carp (Hypophthalmichthys nobilis). Other studies have also showed 

positive responses to fish containment when bubble curtains were used in conjunction with another 

control measure such as lighting or sound (Patrick et al., 1985; McIninch and Hocutt 1987; Welton et 

al., 2002; Pegg and Chick, 2004). A combination of air, sound and acoustic bubble barriers also 

proved to be effective at deterring Atlantic salmon smolts (Salmo salar L.) in the River Frome, UK, 

and was also found to be more effective at night (Welton et al., 2002). 

The success of bubble barriers in aquatic environments for fish movements is presumed to be based 

on the noise produced by the bubbles, or on the added illumination along the bubble barrier (Patrick 

et al., 1985). They showed that between 70-95% of baitfish avoided bubble barriers, and roundfish 

(Pollachius spp. and Labrus mixtus) would not pass through a bubble barrier at all (Stewart, 1981). 

Bubble barriers used in conjunction with acoustic deterrents on Asian carp (Cyprinus carpio) was 95% 

effective (Pegg and Chick, 2004). Further laboratory trials by Zielinski et al. (2014) indicated a 75-85% 

reduction of common carp crossing bubble barrier curtains in laboratory trials in upstream and 

downstream directions and suggest that bubble curtains could be a viable deterrence system to limit 

common carp movements.  

In 2014, Bennett et al. (2017) developed an alternative application for bubble curtains and tested its 

effectiveness as a barrier control for herbivorous fishes in restored patches of kelp and seagrass. 

Field studies indicated that the use of bubble curtains was an effective deterrent for marine 

herbivores to protect small vegetation patches (up to 3.14 m²), which offered an alternative solution 

to more conventional exclusion caged designs. 

It is apparent that there are varying response mechanisms of different freshwater and marine fish 

species to bubble barriers. A combination of deterrents may be required to be used for the desired 

effect on a site-by-site and on a species-by-species basis. Although the research application of bubble 

curtains as fish deterrents is more advanced compared to other applications, it seems that research 

on this topic, particularly in field-based studies, is sparse. 
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 Noise attenuation 

 

Bubble barriers created by Bubble Tubing® are capable of muffling noise in water, which is 

potentially beneficial for protecting aquatic species. Offshore activities and noise created by 

engineering operations in aquatic environments is of concern. The noise created during different life-

cycle phases of MREIs can cause disturbance, stress and may physically harm aquatic species, 

particularly cetaceans, seabirds and fish, up to hundreds of kilometres away from the noise source 

(Hooper and Austen, 2013). Tsouvalas and Metrikine (2016) investigated the application of bubble 

curtains to reduce noise during marine piling which shows that the mechanism for noise reduction is 

largely based on the frequency of radiated sound and bubble characteristics. Lucke et al. (2011) 

investigated the use of bubble barriers to reduce marine piling sound for harbour porpoises 

(Phocoena phocoena) during a harbour wall replacement in Denmark in 2005, but found no 

significant changes in porpoise behaviour during marine piling, with or without the presence of a 

bubble curtain, but overall it did decrease marine noise when the bubble curtain was active. 

Wursig et al. (2000) investigated the noise effects of underwater pile-driving by using bubble curtains 

which showed to lower sounds within a 1km perimeter of the marine activity. In this study, Indo-

pacific hump backed dolphins (Sousa chinensis) were observed within the immediate area of pile-

driving, before and during the activity, with a lower abundance following the activity. It was noted 

that although there was no dolphin behavioural response to the pile driving or the installation, with 

or without the bubble curtain, their speed of travel was increased during the pile driving activity. 

More recently a study by Dahne et al. (2017) used bubble curtains to muffle pile-driving noise from 

offshore wind farms constructed with an acoustic deterrence device i.e. seal scarer, to prevent 

hearing loss by harbour porpoise, especially at close range to marine industry activities (Lucke et al., 

2009; Kastelein et al., 2015). Overall the study showed that when two bubble curtains were used 

together, noise was attenuated to 12 dB and when used separately noise attenuated was between 7-

10 dB, which effectively reduced temporary habitat loss and risk of hearing loss by porpoise. 

Displacement distances of porpoises because of pile-driving activity have varied but are generally 

reported up to 25km when used without bubble curtains (Tougaard et al., 2009, Brandt et al., 2011; 

2013; Haelters et al., 2015). At Borkum West II offshore wind farm in the North Sea, bubble curtains 

were used to muffle noise from pile-driving and found that there was a 90% noise reduction in the 

area of up to 5km (Nehls et al., 2016). 

Using bubble curtains for noise attenuation is still in its infancy but applied applications are more 

widespread for noise attenuation compared to other applications and purposes. There are many 

more gaps in the research that need addressing, but in Germany, regulatory underwater sound 

limitations have been developed e.g. from offshore wind farms, and bubble curtains have been 

actively tested to meet these industry standards (Eidnes et al., 2013; Rustemeier and Greißmann, 

2012). 
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 Pollution control 

 

Grace and Sowyrda (1970), Jones (1972), Lau and Engel (1980) and Delvigne (1984) have all 

investigated the use of bubble barriers for use as a pollution control measure, particularly for 

containing oil spills. Although the studies have overall found that bubble curtains do not fully contain 

an oil slick they could be effective at re-diverting oil slick movements. The effects of currents and 

waves on bubble barrier effectiveness have both been studied where no direct relationship was 

found. However, a more recent study by Eidnes et al. (2013) have tested rafts of bubble curtains as a 

pneumatic barrier in a tidal sound off the coast of Norway and found it contained oil spills in strong 

currents, up to 57 cm/s. Generally scientific literature surrounding the use of bubble barriers as 

pollution control devices is limited and its application is focussed on local small-scale remediation 

measures. 

 

 Sediment control 

 

Although “debris management” is mentioned on the manufacturer’s web page for applications of the 

bubble curtain, sediment control is not a listed parameter or a tested parameter of this equipment. If 

successful, this product would potentially lead to a whole new applied approach within the sediment 

management field and act as an alternative to silt curtains for high tidal range areas and during life-

cycle phases of MREIs. 

Applications of pneumatic barriers as sediment management tools are used regularly in the marine 

environment, although they are poorly studied from a scientific research perspective and with little 

published literature available. Within the aquatic sediment management field, silt curtains are used 

more frequently (Fig. 3) as opposed to bubble curtains. There is a gap in our knowledge about the 

performance of bubble curtains as sediment control devices compared with traditional silt curtains, 

particularly in the marine environment. 

Pneumatic barriers such as bubble curtains aid sediment management by; a) discouraging 

sedimentation, or b) sediment transfer. Generally there are two types of pneumatic barriers used for 

sediment control; 1) as a line across the mouth of a basin e.g. across the mouth of a port, or, 2) in 

clusters throughout the basin. The former actively reduces sediment deposition by creating flow 

patterns of entrained water to allow suspended sediment particles to rise with the air bubbles in the 

water column and be transported away from the barrier. This acts as a physical barrier reducing the 

amount of sediment transferring through the barrier. The other way described decreases sediment 

deposition by increasing bottom currents which decreases the amount of fine sediment settling out 

around the structure and overall reducing sedimentation. 
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Figure 3.Types of silt curtain (after, Radermacher et al., 2015). 

 

Silt curtains are vertical devices comprising of geo-textile sheeting (Fig. 3) attached to an integral 

floating system from surface waters and often anchored to the benthic zone in the ocean, sea or 

riverbed by ballast chain, but can extend to varying desired depths in the water column. Their main 

purpose is to act as a barrier to enclose and control disturbed and re-suspended fine-grained 

sediment and material by advection and diffusion into the water column and from being further 

transported from its source. The main difference between the bubble curtains and silt curtains, are 

precisely the bubbles, i.e. the bubbles simply replacing geo-textile sheeting. Before now, silt curtains 

have always been used to control and reduce the spread of suspended sediment from dredging 

operations, but bubble curtains are infrequently used in a sediment control capacity in marine 

environments. 

Silt curtains, floating silt curtains or silt fences (or termed turbidity curtains and turbidity barriers in 

the USA) are commonly used in removal and transport options for contaminated sediment 

associated with dredging activities particularly for turbidity control, and some still question the 

practical value of such devices as their effectiveness can vary depending on many factors (Bridges et 

al., 2008; Ogilvile et al., 2012). Some of these factors are listed below: 

• Quantity and type of bed and suspended sediments; 

• Construction type; 

• Silt screen characteristics, construction and condition; 

• Area and configuration of the silt screen enclosure; 

• Mooring method; 

• Hydrodynamic conditions; 

• Water depth at site. 
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Sediment transport and accumulation is difficult to control and mitigation measures such as silt 

curtains are often employed to control sediment at source to avoid ecological and environmental 

damage. Whilst bubble curtains have not been used as sediment control devices to date they have 

been reported to be the only effective method to reduce underwater noise whilst also providing 

shielding, where other measures cannot be applied. These installed devices, however, run the risk of 

being left unmaintained, severely reducing their silt management function and have added 

limitations where they can be installed (Ogilvie et al., 2012). For example, bubble curtains have been 

reported to be of limited efficiency in certain hydrodynamic conditions such as high tidal ranges. 

Studies have shown that in turbid conditions, silt screens can actually hamper rather than assist in 

preventing the spread of various sediment particle-sizes during the dredging process (Radermacher, 

2013). Bubble curtains also require continuous air pumping to be effective, adding to operational and 

maintenance costs. 

 

Silts (3.9 -62.5 µm), but particularly clays (0.98-3.9 µm), due to their smaller grain-size and cohesive, 

low permeability and low porosity properties, are often of greatest environmental concern in 

waterbodies. They can be easily re-suspended from sediment storage locations, such as the riverbed 

or seabed, in high-flow velocities or varying hydrodynamic conditions, and be distributed in 

waterbodies large distances often tens of kilometres from their original source. Sediments are 

constructed of varying different grain-sizes and can be transported by varying processes, of which 

suspension is often the process that is of greatest concern as sediment is carried with the water 

column and are often made up of the smallest sediment grain-size fractions. This makes sediment 

transfer control in aquatic environment difficult. Whilst there are some similarities between silts and 

clays and they are often grouped together and collectively coined as mud, their grain-size ranges 

overlap but are chemically distinct and can be mechanically distinguished on their plasticity. The <63 

µm size fraction is therefore, often studied and adopted as the fine-grained fraction in many 

sedimentological studies and commonly the area of much research interest. 

Increased suspended sediment and sediment accumulation by siltation is caused naturally and 

anthropogenically by erosion, sediment spills and in-water activities e.g. dredging, pile-driving, and 

fishing. Once sediment is released downstream or re-suspended to the water column it can be 

difficult to control and it can have significant and often devastating environmental and ecological 

impacts (Table 2) e.g. suspended sediments can settle on protected fish eggs during spawning season 

and reduce survival rates of salmonids (Collins et al., 2010). Spawning gravels can also become 

compacted and invertebrate abundance reduced. In marine habitats, fish have been known to 

directly avoid sediment plumes, but sessile bottom and benthic communities are at most risk. 

Suspended sediments interfere with filter feeding organisms such as mussels and oysters, the 

American Oyster eggs being particularly sensitive to turbidity, and other organisms are at risk of 

being suffocated by burial due to settling particulates and accumulation (Hooper and Austen, 2013). 

Silts and clays are often the sediment fractions which are commonly associated with pollution by 

siltation, a process by which terrestrial clastic particulates create turbidity and decrease water quality 

in waterbodies. The fine-grained sediment fraction is also often associated with additional chemical 

contamination concerns as their electrostatic particulate forces often transport heavy metals and 
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organic-bound matter with the particulates. Releases of contaminants from sediments by dredging 

can occur in particulate, dissolved or volatile fractions, each differing in characteristics and exposure 

pathways (Thibodeaux, 2005). Fine particles re-suspended into the water column can remain in 

suspension for hours due to their low settling velocities and can release their associated 

contaminants in the dissolved phase making contaminants bioavailable in the water column 

(Eggleton and Thomas, 2004). Bioavailability of contaminants such as heavy metals is dependent on a 

variety of different factors e.g. particulate binding strength; presence of other chemicals and/or 

contaminants; external factors such as temperature and pH; rate and uptake of contaminants by 

species and its associated ability to metabolise contaminants. 

Whilst silt curtains are frequently used and cited for risk mitigation to reduce turbidity and control 

sediment, there is a severe lack of research surrounding this field in marine environments, and even 

less so surrounding bubble curtains in general. Most research focuses on mixing and aeration of 

water bodies and encourages vertical structures of salinity, temperature, dissolved oxygen and 

turbidity. This is particularly common for artificial destratification in lakes, estuaries, reservoirs and 

rivers where eutrophication can occur from nutrient cycling and phytoplankton biomass in the water 

column and encourage oxygenation of bottom sediments. 

 

Table 2.Physical impacts of sediment re-suspension and their environmental effects (after, PIANC, 2009). 

Physical change 

Potential 

environmental 

effect 

Examples of impact 

Re-suspension of 

sediment matrix 

into water 

column 

Release of 

particulate matter 

Behavioural / physiological responses to increased 

suspended solids (e.g. physical abrasion, visual effect of 

plume, effect on water intakes) 

Reduced light 

penetration 

Behavioural / physiological responses to increased 

turbidity (e.g. loss of growth for eelgrass beds, 

reduction in primary production for phytoplankton) 

Release of 

nutrients 

Behavioural / physiological responses to enrichment 

(e.g. algal blooms) 

Release of toxic 

chemicals 

Behavioural / physiological responses to contaminants 

(e.g. bioaccumulation of metals in fish) 

Release of organic 

matter 

Behavioural / physiological responses to oxygen 

depletion 

User conflicts E.g. aesthetics, diving, fishing 
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Bubble tubing® can also be beneficial in reducing sedimentation particularly in ports or navigational 

channels where there is large sediment input due to their coastal and estuarine location and most 

vessels require deep navigable water depths to reach port. Bubble Tubing® could be used effectively 

together with many other common sediment management techniques such as silt collection mats, 

Water Lynx blocks and natural silt wattles to create an integrated sediment management approach in 

freshwater and marine environments. 

 

 

 

This research addresses some gaps in the knowledge surrounding bubble curtains as a sediment 

transfer control measure. Laboratory trials were carried out by Swansea University researchers to 

aim to address some of these gaps by quantifying the effectiveness of different numbers of bubble 

curtains on medium, fine and very fine sands. The research contributes to determine if bubble 

curtains using bubble tubing® could be used as form of risk mitigation associated with sediment 

movement and transfer during marine and coastal engineering operations. 
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