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Anthropogenic Caused by humans (normally deleterious) 

Authigenic Formed by reactions in water or sediments 

Baseline Environmental conditions preceding project (may already be affected by 
other users)  

Bathing waters All (water) in which bathing is explicitly authorised, or is not prohibited 
and is traditionally practised by a large number of bathers.  

CEFAS The Centre for Environment, Fisheries and Aquaculture Science 

Contamination Addition of a substance, however caused, leading to a change in baseline 
conditions which is potentially harmful. 

EQS Environmental quality standards – Target maximum concentrations of 
potentially polluting substances in receiving waters. 

JNCC Joint Nature Conservation Committee. The statutory advisor to 
Government on UK and international nature conservation. 

MCA Maritime and Coastguard Agency. 

MEMG Marine Environmental Monitoring Group – A management group with 
representation from all Government organisations with statutory marine 
environmental protection monitoring obligations. 

NMMP National Marine Monitoring Programme, established by the MEMG to 
provide a coordinated approach to environmental monitoring in coastal 
and estuarine areas around the UK. 

OSPAR The Convention for the Protection of the Marine Environment of the 
North-East Atlantic 1992 and the Commission which overseas the 
convention. Supersedes the Oslo (1972) and Paris (1974) Conventions. 

Pollution Introduction by man, directly and indirectly, of substance or energy into 
the marine environment including estuaries, which results or is likely to 
result in such deleterious effects as harm to living resources and marine 
life, including fishing and other legitimate uses of the sea, impairment of 
quality for use of sea water and reduction of amenities (UNCLOS)   

Recreational 
water 

Waters used for activities where there is a high risk of swallowing water 
(e.g. canoeing, diving, sailing, surfing). 

River basin 
management plan 

Mechanism for achieving the objective of the WFD at individual river 
basin level. 

SEPA Scottish Environmental Protection Agency 

Shellfish water Coastal and brackish waters designated by the member states as 
needing protection or improvement in order to support shellfish (Bivalve 
and Gastropod Molluscs) life and growth and thus to contribute to the 
high quality of shellfish products directly edible by man. 

Shoreline waters Waters used for recreational purposes not involving direct contact with 
water. 

WFD Water Framework Directive – EC legislation for improved management of 
surface (including coastal) waters (2000/60/EEC) 

 

 

Glossary & Abbreviations 
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C4.1 Introduction 

 

This section considers the potential effects of the development of marine renewable energy 

devices on water and sediment quality in the SEA study area. In addition to direct effects there 

is also a potential for secondary effects on ecosystems. This latter effect is discussed in 

Chapters C6, 7, 8, 9 and 10 and is not considered further here. 

The baseline environment is described, mainly using information available from the Scottish 

Environment Protection Agency (SEPA) and the UK National Marine Monitoring Programme 

(NMMP).  The baseline against which potential effects are assessed is the currently existing 

situation, rather than the pre-human environment.  

Information on areas of sediment contamination has been determined from the Fisheries 

Research Service database of disposal sites and the NMMP reports noted above.  A number of 

statutory changes governing the types of waste that can be disposed of at sea have occurred 

over recent years.  Since 1994, the dumping of most types of industrial waste has been 

prohibited and the disposal of sewage sludge was phased out at the end of 1998 under the 

Urban Waste Water Treatment Directive (91/271/EEC).  Dredged material from port and 

navigation channel excavation and coastal engineering works now constitutes the majority of 

material that remains eligible for disposal at sea (Metoc, 2006).   

In addition to other historical waste material dumping there has been substantial disposal of 

munitions in the study area.  The distribution of munitions contamination across the study area 

has been assessed based on a specialist study undertaken by QinetiQ to inform this SEA (see 

Appendix C4.A).   

Figures C4.1-C4.4 accompany this chapter.  

 

C4.2 Baseline Environment 

 

C4.2.1 Background and Legislation 

 

C4.2.1.1 Water Framework Directive 

 

The most important piece of legislation governing the quality of natural surface waters is the 

Water Framework Directive (2000/60/EEC) Provisions of the WFD, while predominantly aimed 

at freshwater, apply to transitional waters (i.e. bodies of surface water in the vicinity of river 

mouths which are partly saline in character as a result of their vicinity to coastal waters, but 

which are substantially influenced by freshwater flows) and to all coastal waters (i.e. waters up 

to one mile from the from the territorial sea baseline – effectively the inner mile of territorial 

waters).  The Water, Environment and Water Services (Scotland) Act, 2003, which transposes 

the WFD in Scotland, extends the one mile limit out to three nautical miles.  Therefore, near 

coastal engineering projects will be subject to the provisions of relevant River Basin 

Management Plans and reinforces the need for environmentally sensitive design.  Additionally, 

under the WFD certain levels of geomorphological changes brought about by renewable energy 

developments may be considered to affect the character or quality of an area.  Effects on 

geomorphology are considered in Chapter C2 – Geology, Seabed Sediments, and Sediment 

Transport.  

 

C4 Seabed Contamination and Water 

Quality 
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In order to determine compliance with environmental quality standards (EQS) established under 

WFD and related Scottish environmental legislation, SEPA routinely monitor rivers, lochs 

(inland and sea), estuaries and coastal waters (SEPA 2005 a, b).  The EQS are a series of 

biological, chemical and aesthetic parameters designed to ensure that the monitored waters are 

not subject to undue contaminating influences and are suitable for the uses to which the water 

is put (e.g. abstraction for drinking, recreation). The ideal is that surface (including marine) 

waters should closely approach their natural condition. 

Levels of contamination in certain parts of the study area have been monitored and reported 

through programmes such as the OSPAR Commission Quality Status Reports and the 

associated UK National Marine Monitoring Programme (NMMP). The OSPAR Convention 

(1992) requires that contracting parties undertake and publish at regular intervals assessments 

of the quality of the marine environment (OSPAR Commission, 2000).  These reports give an 

overview of each of the five geographic areas that make up the North East Atlantic and draw 

upon a variety of data sources and research studies.  The NMMP was initiated by the Marine 

Environmental Monitoring Group in the late 1980’s to co-ordinate marine monitoring in the UK 

and fulfils the UK’s mandatory monitoring requirements under the OSPAR Joint Assessment 

and Monitoring Programme.  

 

C4.2.1.2 Bathing and Shellfish Waters Directive 

 

In areas designated as Shellfish Growing Waters or Bathing Waters, there is additional 

monitoring to establish compliance with the EC Shellfish Waters Directive (79/923/EEC) or EC 

Bathing Water Directive (76/160/EEC) respectively.  

The Bathing Waters Directive requires that bathing waters
1
 meet specific mandatory standards 

(primarily relating to micro-biological, physical and chemical requirements).  Member States are 

also required to work towards more stringent guideline standards. The Scottish Environmental 

Protection Authority (SEPA) has committed to promoting the high standards of the Bathing 

Waters Directive for recreational and shoreline waters (i.e. waters that are not identified as 

‘bathing waters’, and although used by the public, have a lower priority for investment). The 

Bathing Water, Recreational Water and Shoreline Water sites identified by SEPA are illustrated 

in Figure C4.1.  There are approximately 19 Bathing Water sites, 188 Recreational Water sites 

and 244 Shoreline Water sites along the coastlines of the study area.  Data is currently only 

available on the status of the 19 Bathing Water sites within the study area, 16 of which met 

mandatory standards and 3 of which met excellent standards.  

The Shellfish Waters Directive is primarily concerned with ensuring that shellfish (either farmed 

or wild) are of marketable quality. In order to ensure this substances which will render toxic, 

taint or otherwise harm the shellfish are controlled.  

 

C4.2.1.3 Urban Waste Water Treatment Directive 

 

A series of statutory changes governing the types of waste that can be disposed of at sea has 

occurred over recent years. Since 1994, the dumping of most types of industrial waste has 

been prohibited and the disposal of sewage sludge was phased out at the end of 1998 under 

the Urban Waste Water Treatment Directive (91/271/EEC). Dredged material from port and 

navigation channel excavation and coastal engineering works now constitutes the majority of 

material that remains eligible for disposal at sea (Metoc, 2006).   

 

 

                                                      
1
 A Bathing Water is defined as fresh or sea water where bathing is either explicitly authorised and is traditionally practiced by a 

large number of bathers or is not prohibited. 
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C4.2.1.4 London Convention 

 

The "Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter 

1972", the "London Convention" for short, is one of the first global conventions to protect the 

marine environment from human activities and has been in force since 1975. Its objective is to 

promote the effective control of all sources of marine pollution and to take all practicable steps 

to prevent pollution of the sea by dumping of wastes and other matter. 

The convention enforces prohibitions for dumping of industrial and radioactive wastes, as well 

as for incineration at sea of industrial waste and sewage sludge. 

 

C4.2.1.5 Food and Environment Protection Act 

 

The Secretary of State for Environment, Food and Rural Affairs has a statutory duty to control 

the deposit of articles or materials in the sea / tidal waters; the primary objectives being to 

protect the marine ecosystem and human health, and minimising interference and nuisance to 

others.  

This duty is exercised under powers conferred by the Food and Environment Protection Act 

1985 Part II (FEPA), which require that a licence be obtained from the licensing authority to 

deposit any articles or substances in the sea or under the seabed. 

 

C4.2.2 Water Quality 

 

In their most recent report, for 2005, SEPA (2006) classified 97.2% of estuarine waters and 

99% of coastal waters as excellent or good (grade A or B) in 2005, under their national water 

quality classification scheme. Thus the marine and inshore water quality in Scotland is generally 

good, and has been improving over the last decade (OSPAR 2004, SEPA, 2006).  The quality 

of Scottish waters largely reflects the oceanographic regime, but is also influenced by 

settlement patterns. To the north of the study area the main source water entering across the 

shelf break is oceanic Atlantic surface water, showing relatively little anthropogenic influence 
(Morley et.al., 1996; OSPAR 2004; CEFAS 2005); however, there is a marked influx of 

anthropogenically influenced Irish Sea water from the south, which contributes to the coastal 

water throughout the study area, continuing into the North Sea (CEFAS 2005). The land use in 

the southern part of the study area (from the Solway Firth to the Clyde Estuary) is dominated by 

agricultural and developed land while semi-natural ground vegetation and blanket bog dominate 

the northern section. As a result the pollution pressures in the coastal and estuarine areas in 

southern sector of the study area are greater than those in the northern parts of the study area.  

 

C4.2.3 Suspended Sediments 

 

There are three main components of particulate material in the marine environment; living 

biological (planktonic) material, organic detritus and inorganic material, either originating from 

land or authigenically formed. This section considers only the inorganic fraction. 

The concentration of suspended inorganic material in UK waters depends upon a wide range of 

physical processes, and the presence or absence of fine sediment. Generally, mapped 

distributions of suspended sediment show highest concentrations in coastal zones, related to 

sediment re-suspension from the seabed, river discharge and coastal erosion. In the coastal 

zone, near-bed suspended sediment concentrations can be several orders of magnitude larger 

during winter storms, compared with calm summer conditions, because the associated surge- 

and wave-currents enhance re-suspension.  
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While there is a significant transport of suspended material northwards from the Irish Sea, 

suspended sediment loads in the study area are low, reflecting the influence of oceanic waters 

on the study region. 

The geology, including naturally occurring sediments, of the continental shelf in the study area 

is dealt with in detail elsewhere (Chapter C2) but is summarised here for convenience. The 

continental shelf off the west of Scotland is characterised by sand and coarse sediments of 

glacigenic origin which have been re-worked by tidal processes. In deeper areas close to the 

shelf break, sediments have been formed into iceberg ploughmarks; a complex matrix habitat of 

coarse gravel ridges and sand. There is an extensive area of rock exposure to the west of the 

Outer Hebrides. East of the Outer Hebrides the sediments are muddier, indicating lower energy 

environments (UK SeaMap, JNCC). 

 

C4.2.4 Potential Sources of Contamination 

 

The current key sources of contamination in the study area are outlined below.  This information 

is pertinent to the assessment of effects on water and seabed sediment quality as disturbance 

of contaminants is likely to have environmental effects. 

 

C4.2.4.1 Marine Inputs 

 

There is a significant influx of Irish Sea water to the study area through the North Channel.  This 

is a typical coastal water in that it has been impacted by a variety of natural and anthropogenic 

inputs, but its main effect is in the form of artificial radionuclides from Sellafield (both dissolved 

and associated with particulate material), considered independently in sub-section C4.2.3.4.  

 

C4.2.4.2 Terrestrial Inputs 

 

While most terrestrial inputs are the result of discrete sources there are also diffuse inputs from 

agriculture and transportation. Contaminant emissions to the sea tend to be focussed in areas 

close to large population centres. In the study area the major population centres are the 

surrounds of the Solway and Clyde estuaries and therefore monitoring efforts related to water 

quality and sediment contamination, through programmes such as the OSPAR Commission 

Quality Status Reports and the NMMP, are focussed in these areas.  Key sources of pollution 

emissions in these areas include sewage outfalls and refuse disposal, industrial discharges and 

port and shipping activities. 

While the River Clyde itself is a typical (post) industrial estuary, with a long history of 

anthropogenic influences, water quality has been improving over the last few decades.  This is 

likely to be largely the result of decreased economic activity in the form of heavy industry, but 

improvements in sewage treatment have also been a significant factor, particularly in the return 

of salmon to the upper Clyde. 

The Scottish Regional Report of the NMMP (2001) concluded that within the Firth of Clyde 

contaminant levels were highest in the inner Clyde Estuary with a decrease in concentration to 

seaward rapidly approaching natural background levels.  Results from the benthic survey of the 

Clyde indicated that no pollution impacts were identifiable beyond the immediate Clyde Estuary 

(i.e. to the landward of Port Glasgow) and the report concluded that factors other than 

anthropogenic influences are likely to be responsible for much of the observed biological 

variation between the Clyde and other sites.  Data for bioaccumulation of metals in mussels 

supported the above conclusion, although no values were reported for background sites. 
However, the metal results reported in samples of mussels (Mytelis edulis) taken in the Firth of 

Clyde were similar to those reported for samples from uncontaminated Norwegian coastal 

waters (Airas, 2003). Similarly dissolved and sedimentary metal concentrations reflect a 

decreasing influence of anthropogenic inputs to the seaward end of the Firth of Clyde.   
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Typically contaminant levels at the other sample sites within the study area were considerably 

lower than those found in the Clyde. 

 

C4.2.4.3 Atmospheric Inputs 

 

In addition to marine transport of contaminants to the study area and direct runoff of 
contaminants from land, contaminants, along with natural material, in the form of vapours, dusts 
and liquids will also be transported to the marine environment via the atmosphere.  
Contaminants can be transported extremely long distances if either volatile or injected into the 
upper atmosphere (e.g. Chernobyl fallout).  A study of a number of soil contaminants normally 
associated with atmospheric transport suggests that the west and north of Scotland are low 
input regions (Paterson et al, undated report).  On entering seawater soluble components of 
airborne material will dissolve, thus components entering the sediments are likely to be inert.  It 
is unlikely that offshore developments that are predominantly submarine or associated with the 
sea surface will interact significantly with atmospheric inputs. 

 

C4.2.4.4 Disposal Sites 

 

There are a number of designated disposal sites located in the study area (see Figure C4.1).  

The majority are used for disposal of silt, sand, gravel and rock originating from dredging 

operations.  However, within the study area there is one site that has been previously licensed 

for the disposal of sewage sludge and two sites that have been previously licensed for the 

disposal of fish waste (see Figure C4.1). Military waste is also widespread throughout the area 

and is discussed in sub-section C4.2.4.7 below.   

Evidence suggests that the Garroch Head Sludge dumping site remains a significant source of 

contaminants, particularly persistent organo-chlorine compounds, to the overlying waters and 
biota (Webster et al 2005). The site is non-dispersive (Jones et. al., 1993) and thus 

contaminants are likely to remain available for release to the environment following disturbance.   

Two historic fish waste dump sites exist in the region of the Orkneys, Stromness B and C. 

Dumping of sea fish waste (viscera, skeletal material, skins and fish heads) was permitted 

under the OSPAR convention up until 2004 as such material was considered non-hazardous. 

The most recent report of activity at these sites (CEFAS 2003) records that 66 tons of wet 

waste and 53 tons of dry waste were disposed of in 2001 at Stromness C. Up to 250 tons of fish 

waste were disposed of annually at the two sites in the preceding 5 years. This material is 

highly biodegradable and is likely to have been rapidly re-assimilated into the marine 

ecosystem. 

 

C4.2.4.5 Fish Farming 

 

Fish farming can cause elevated concentrations of certain compounds and organic enrichment 

in seawater and seabed sediments (see Figure C4.1 for the location of fish farms across the 

SEA study area).  The main inputs are from farming of fin fish and comprise faeces, excess 

food and chemicals used to treat bacteria and infections (OSPAR, 2000).  Accordingly 

sediments in the vicinity of fish farms should be regarded as contaminated. By contrast to fin-

fish farming shellfish farming does not require any direct inputs and will tend to decrease 

particulate loadings in water flowing through the farm and therefore the only output is of 

digested plankton.  

 

C4.2.4.6 Radioactive Contamination 

 

Radioactive substances may arise in water bodies from a number of sources including: 
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� Naturally occurring radioactive material 

� Disposals of radioactive waste from the nuclear industry 

� Disposals of radioactive waste from the non-nuclear industries (e.g. hospitals, universities 

and research establishments) 

� Accidental releases (e.g. Chernobyl and Windscale) 

� Residual fallout from nuclear weapons testing 

 

The dominant source of radiation in seawater and sediments throughout the region is from 

naturally occurring radionuclides. However, artificial radionuclides are highly detectable and 

various isotopes sourced from a number of sites both within and outside the study area have 

been characterised.  

Discharges from Sellafield enter the Irish Sea, and are entrained round the Scottish Coast, 

either in dissolved (e.g.Caesium-137) or particulate form (e.g. Plutonium and Americium 

isotopes). In both cases there is a sedimentary reservoir, but Caesium is readily released, while 

Plutonium and Americium are strongly associated with solid particles. Various studies by SEPA 

and the UKAEA state that there is no environmental or human risk due to these discharges of 

radioactive materials outside the immediate vicinity of the Sellafield outfall. It should be noted 

that the Radiological Protection Institute of Ireland has been unable to report any health risks to 

the Irish population arising from Sellafield discharges, despite considerable public and political 

pressure to do so. The region in the study area most subject to contamination from this source 

is the Dumfries and Galloway coast of the Solway Firth (SEPA).  

Material discharged from Dounreay included an unknown number of radioactive sand-sized 

particles (UKAEA, SEPA). Single particles were first found on Sandside Beach (2.5 km south 

west of Dounreay itself) and Dounreay Foreshore during 1983/4. Subsequently, up to early 

2006, a total of 239 (Dounreay Foreshore) and 56 (Sandside) particles have been found. In 

addition 1 particle has been found at Dunnet Beach, 22 km to the east of Dounreay. Since 

1997, when a particle was found during diving operations off Dounreay, a further 929 particles 

have been recovered by divers, forming a plume extending from about 0.5 km to the west of the 

outfall diffuser and some 5 km down current to the north west.  It is suggested that the outer 

depth limit of the plume is the 30 m contour, as recovery was decreasing at this depth.  It 

appears that the distribution of these particles is strictly local, but that any engineering works in 

the vicinity of Dounreay would have to assess any hazards (human or environmental) arising 

from the possibility of disturbing this material. 

 

C4.2.4.7 Munitions Contamination 

 

Military waste in the study area was the subject of a specialist study (Appendix C4.A) carried 

out by QinetiQ.  The study looked at current and historic records to identify areas of potential 

munitions contamination in the study area, the nature of the safety and contamination risk those 

munitions posed, and the potential for munitions to migrate along the seabed away from the site 

where they were disposed of.  The findings of the report are summarised below.  

Munitions may be present on the seabed as a result of:  

� Intentional disposal (official and unofficial).   

� Live firing ranges and naval exercise areas.  

� Wrecks of military vessels and some merchant ships.  

� Minefields 

� Migration from the original site  

 

Types of potential munitions contamination that may be encountered in the SEA study area and 

the associated issues associated with disturbance are summarised in Table C4.1 below. 
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Table C4 1: Munitions Disposal Sites in SEA Study Area 

Site Type of Site Location 
Water 
Depth 
(m) 

Munitions Type 
and Quantity (if 
known) 

Potential 
Consequences of 
Disturbances 

Comments 

Beaufort’s 
Dyke 

Official dump 
site 

North 
Channel 

~200 

1,000,000 tons 
of all types of 
munitions 
including 14,500 
tons of 
phosgene 
artillery shells 

Occasional reports 
of detonations. 
Disturbance has 
already caused 
phosphorous 
munitions to float to 
surface, drift ashore 
and ignite. 

The official deep 
dump site for 
munitions 
surplus at the 
end of WWII. 
Disposals 
continued 
periodically until 
the early 1970s. 

SE of 
Beaufort’s 
Dyke 

Unofficial dump 
site 

North 
Channel 

~30 
As Beaufort’s 
Dyke 

As Beaufort’s Dyke 

Munitions which 
should have 
been dumped in 
Beaufort’s Dyke 
but which were 
instead dumped 
in shallower 
waters adjacent 
to it. 

Loch Linnhe 
Official 
dumpsite 

Inner Isles <20 
Conventional 
munitions 

Probably not armed 
so unlikely to 
explode if disturbed 

Listed in the 
OSPAR report 

Luce Bay 
Official 
bombing range 

North 
Channel 

10 - 20 Cluster bombs 

A proportion of 
cluster bombs fail to 
explode but many 
do so when 
disturbed. 

Site currently in 
operation 

Dundrennan 
Official weapon 
test  site 

North 
Channel 

10 - 60 

Shells fired from 
tanks including 
depleted 
uranium (DU) 

DU rounds are inert 
and harmless 
unless converted to 
dust and inhaled. 
Other types of tank 
round containing 
high explosive 
which may have 
been fired but did 
not detonate may 
do so if disturbed. 

Site currently in 
operation 

Inner Sound  
of Raasay 

Official weapon 
test  site and 
two sunk mine 
lighters 

Inner Isles 
150 - 
300 

Heavyweight 
and lightweight 
torpedoes, 
sonobuoys plus 
>500 mines and 
4,000 AA gun 
shells from HMS 
Port Napier. 

Any torpedoes are 
probably without 
their warheads and 
unlikely to explode 
if disturbed, but 
may contain 
hazardous 
substances. Mines 
and shells not 
armed but such a 
large and 
concentrated 
quantity of high 
explosive (i.e., ~100 
tons) should be 
treated with great 
care. 

Includes 
BUTEC, i.e., the 
current official 
test site for 
underwater 
weapons. 
Weapons should 
be recovered at 
the end of each 
test. 

Cape Wrath 
Official gunnery 
and  bombing 
range 

North Coast 0 - 30 

Shells of various 
calibres from 
naval guns. 
1,000 and 500lb 
bombs. 

Some shells and 
bombs will have 
failed to detonate 
on impact but 
remain armed and 
liable to explode if 
disturbed. 

The current 
official gunnery 
range. Also used 
by NATO navies 
and the RAF as 
a bombing 
range. 

Hebrides 
Official 
weapons  test 
site 

Western 
isles  and 
outer isles 

>1,000 

Missiles, rockets 
and shells of 
various types 
and calibres. 

Risk of fired but 
unexploded 
munitions exploding 
if disturbed. 

The current 
official test site 
for missiles and 
artillery systems. 
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Site Type of Site Location 
Water 
Depth 
(m) 

Munitions Type 
and Quantity (if 
known) 

Potential 
Consequences of 
Disturbances 

Comments 

Lower Loch  
Fyne &  
Inchmarnock  
Water 

Old weapon 
test site 

Argyll and 
Bute 

10 - 
150 

Heavyweight 
and lightweight 
torpedoes 

Likely to be 
unarmed, so highly 
unlikely to explode 
if disturbed, but 
may contain 
hazardous 
substances 

Used for 
underwater 
weapon tests in 
the 1970s 
without being 
designated as 
an official site 

The Gareloch 
Unofficial 
dumpsite 

Argyll and 
Bute 

<20 
Quantity and 
type not know 

Munitions are 
unlikely to have 
been armed so 
there is probably 
little risk of them 
exploding if 
undisturbed. 

Anecdotal 
evidence of 
naval munitions 
dumped at the 
end of WWII. 

 

In addition to the above there is an anonymous report (http://www.mod.uk/NR/rdonlyres/52954E9D-A12E-

4DB8-85D5-BA5AC8EFB45C/0/bd_backgrd.doc) which suggests that fuses and detonators may also 

have been dumped at Beauforts Dyke. Immersion over an extended period is likely to render 

these highly unstable and hazardous. 

Munitions may also be present at a number of wreck sites across the SEA study (see Figure 

C4.2).  However any munitions at wreck sites are unlikely to have been armed and are 

therefore unlikely to explode.  Additionally, mines were laid in the waters around Orkney during 

the first and second world wars.  Such known mined areas were cleared but it is possible that a 

very small number of un-detonated mines still exist on the sea bed in this part of the study area.   

Figure C4.2 gives an overview of the locations of potential munitions contamination sites in the 

SEA study area and Figure C4.3 gives an indication of those areas where it is predicted that 

munitions may migrate along the seabed.  Anecdotal evidence suggests that, in areas where 

munitions migration has been predicted, munitions could migrate up to several kilometres along 

the seabed depending on the nature of the munitions and the environmental characteristics.   

Further information on munitions contamination issues is given in Appendix C4.A. 

 

C4.3 Potential Key Effects 

 

C4.3.1 Introduction 

 

The following is a description of the potential effects that the installation and operation of wave 

and tidal devices could have on water and sediment quality in the study area. It should be noted 

that the hydrodynamic environment for energy extraction from currents and waves is such that 

potential contaminants will tend to be dispersed, effectively diluting any potentially harmful 

inputs.   

During installation and operation of devices and installation of cables, environmental quality in 

the vicinity of installation operations could be impacted as described below. 
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C4.3.2 Installation Effects 

 

Disturbance of natural sediments: Any seabed operation carried out on a sediment substrate 

is likely to temporarily re-suspend particulate material. It is not possible here to quantify this 

effect for individual projects, because of the high number of variables involved in determining 

background and project caused suspended sediment levels.  However, given that the wave 

power generators and tidal turbines will be placed in high energy environments, it is likely that 

readily disturbed sediments (e.g. unconsolidated silts and muds) will not be present at actual 

generator sites. Such sedimentary material, as exists is likely to be sand sized or greater, 

although consolidated clays, deposited under more favourable conditions and subsequently 

exposed, may be encountered. There is; however, an area of mud plain south-west of Skye 

which intersects tidal and wave resource study areas. The increase in suspended sediment 

load is likely to be local for coarse material, but fine particles may remain in suspension and 

increase turbidity.  

The coarser fraction of the sediment disturbed is likely to be initially re-deposited on the seabed 

close the works, but will remain mobile. Any fine material released in a high energy area will 

distribute widely with eventual deposition over a large area. Where seabed operations affect 

low energy sites (e.g. in laying cables to shore sites) fine sediments may be disturbed and large 

quantities of fine material could be released.  

Release of additional sediment during construction: Production of extra sedimentary 

material on site (for example during drilling to insert piles into bedrock or in the course of 

trenching operations) is likely to have a solely local effect.  Contamination to water and seabed 

sediments from this source is likely to be restricted to changes in particulate material 

distribution, but there is a possibility of dissolution of newly exposed particulate material through 

normal weathering reactions. It is unlikely that this will produce any significant change in water 

quality as only superficial bedrock is likely to be exposed.   

Release of contaminants during construction: Various installation activities including 

grouting drilling or piling operations and vessel movements may lead to the release of toxic or 

otherwise hazardous materials, temporarily affecting the water quality of the local environment.  

The main route for contamination from this source is through the dissolved phase. Release of 

inert particulate material is discussed above.   

Use and discharge of chemicals in construction operations will be subject to controls as part of 

consent requirements. Special conditions (e.g. that all spent or unused muds and cuttings must 

be transferred ashore for disposal) may be recommended. 

It is impossible to predict the nature and quantity of such releases at this time due to a lack of 

detailed information on the variety of installation operations.  Such effects will have to be 

assessed on a case-by-case basis for specific developments 

Disturbance of contaminated sediments: The potential adverse effects of disturbing 

historically contaminated sediments during device and cable installation depend on the nature 

(e.g. domestic or industrial waste, radionuclides, munitions) of the contamination and local 

receptors.  However, disturbance of contaminants is likely to temporarily reduce water quality 

and has the potential to extend areas of existing contamination with adverse effects beyond the 

lifetime of the project.   

Accidental release of contaminants: There is a possibility that installation activities may lead 

to release of contaminants to water and sediments.  These could include fuel and lubricating 

oils, cleaning fluids, paints, specialised chemicals and litter.  Contamination from accidental 

spillages is likely to enter the environment either through the dissolved phase or as low 

solubility, slick forming, organics.  The presence of visible litter can lead to failure of bathing 

waters to reach mandatory standards.  Accidental contamination could also result from leakage 

of cargoes or fuel carried by a vessel involved in a collision with renewable device arrays.  
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It is impossible to predict the nature and probability of accidental contaminant releases at this 

time, as installation methods will vary from development to development. Any use and 

discharge of chemicals in maintenance operations are likely to be subject to controls as part of 

consent requirements.  Special conditions regarding storage and disposal may be 

recommended.  

Should navigating vessels be involved in collisions with vessels involved in construction there is 

an additional effect associated with release of contaminants being carried by the vessel in 

question.   

 

C4.3.3 Operation Effects 

 

Cables, once in place, are likely to have no effect on water quality. During device operation the 

following effects are possible: 

Accidental release of contaminants: There is a possibility that routine maintenance 

operations may lead to release of contaminants to water and sediments.  As noted above, 

these could include fuel and lubricating oils, cleaning fluids, paints, specialised chemicals and 

litter.  Contamination from accidental spillages is likely to enter the environment either through 

the dissolved phase or as low solubility, slick forming organics. In the case of significant oil 

spills damage can be widespread and long lasting, affecting a wide range of ecosystems and 

amenities.  

It is impossible to predict the nature and probability of accidental contaminant releases at this 

time, due to a lack of detailed information on device characteristics.  Any use and discharge of 

chemicals in maintenance operations are likely to be subject to controls as part of consent 

requirements.  Special conditions regarding storage and disposal may be recommended. 

Accidental contamination could also result from leakage of cargoes or fuel carried by a vessel 

involved in a collision with renewable device arrays.   

Contamination - erosion of sacrificial anodes: Sacrificial anodes are designed to corrode, 

and thus dissolve, in preference to constructional iron and steel, prolonging the useful life of 

structures exposed to seawater. The technology is widely used in marine construction with no 

noted adverse effects. However, two of the most commonly used anode materials (Zinc and 

Aluminium) are potentially toxic to marine organisms and have EQS values of 10 µgl
-1 

and 40 

µgl
-1

 respectively.  These represent concentrations below which there is not predicted to be any 

significant environmental effect. In practice anode dissolution rates are sufficiently low that 

contaminant concentrations are unlikely to approach the EQS in any but the most restricted 

waters (see sub-section B2.3.9).  

Contamination - leakage of hydraulic fluids: During the normal operation of some types of 

generation system it is possible that there will be minor leakages of hydraulic fluids.  

Contamination may be through the dissolved phase or in the form of slick forming low solubility 

liquids.  Local water quality may be impacted by the leakage of hydraulic fluids and depending 

on the nature and quantity of material lost there is a risk of tainting of shellfish.  However, it 

should be noted that developers will seek to avoid such effects as it will increase the 

maintenance requirements for the devices.  There is currently insufficient information on the 

uses of such substances and it is therefore impossible to quantify the effects.   

Contamination - anti-fouling compounds: As discussed in Section B, Chapter B2: Device 

Information, it is expected that use of antifouling coatings will be minimised as far as possible. 

In many applications non-toxic materials, which prevent settling of fouling organisms by 

mechanical means are now available.  Assuming non-toxic materials are used no measurable 

effects, on water or sediment quality from the use of anti-fouling paints, are predicted.  Even if 

small quantities of toxic materials such as copper are used it is expected that the highly 

energetic environment in which devices are likely to be located will result in rapid dilution and 

dispersal. 
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Changes in sediment dynamics: Removal of energy may increase sedimentation in the 

vicinity of generator arrays (see Section C, Chapters C2 and C3 for further details of this 

potential effect).  High confidence estimates, based on expert knowledge can be given for the 

extent of effects on sediment processes of up to 50 m from devices (Chapter C3).  Changes in 

sediment dynamics could also result in disturbance of natural and contaminated sediments.  

These effects are described under installation effects.  The same effect, if it occurred during 

operation, is likely to be of a lesser magnitude than during installation. 

Table C4.2 below provides a summary of the potential effects on sediment and water quality.  

Biological receptors that will potentially be affected by changes in water quality are addressed 

in the relevant chapters of the report. 

 

Table C4.2: Summary of Potential Effects on Water and Sediment Quality 

Effect 
Development 
Phase 

Receptor 
Direct/ 
Indirect 

Duration Extent 

Disturbance of 
natural sediments 
during 
construction 

CC 
CD 

 
Water quality Direct 

Temporary 
(during 
installation) 

Coarser fraction of 
material likely to settle 
within 50m 
Fine material will spread 
widely, but with negligible 
effect 

Release of 
additional 
sediments during 
construction 

CC 
CD 

 
Water quality Direct 

Temporary 
(during 
installation) 

Impossible to quantify but 
likely to be similar to 
natural sediment 

Release of 
contaminants 
during 
construction 

CD 
OD 

 
Water quality Direct 

Temporary 
(during 
installation) 

Unquantifiable but likely to 
be negligible in practice 

Disturbance of 
contaminated 
sediments 

CC 
CD 

Water quality 
Shellfish waters 
Bathing waters 

Direct 
Temporary 
(during 
installation) 

Not possible to quantify – 
unlikely to occur in 
practice 

Accidental 
release of 
contaminants 

CD 
CC 
OD 

Water quality 
Shellfish waters 
Bathing waters 

Direct 
Temporary 
(during 
installation) 

Impossible to quantify, 
could be significant and 
widespread 

Contamination – 
erosion of 
sacrificial anodes 

OD Water quality Direct 
Long term 
(device life) 

Negligible 

Contamination – 
leakage of 
hydraulic fluids 

OD 
Water quality 
Shellfish waters 
Bathing waters 

Direct 
Long term 
(device life) 

Design dependant 

Contamination of 
anti-fouling 
compounds 

OD Water quality Direct 
Long term 
(device life) 

Negligible 

Changes in 
sediment 
dynamics 

OD Water quality Indirect 
Long term 
(device life) 

Dependant on individual 
site conditions 

Disturbance of 
natural sediments 
(Operation) 

OD Water quality Indirect 
Long term 
(device life) 

Dependant on individual 
site conditions 

Disturbance of 
contaminated 
sediments 
(operation) 

OD Water quality Indirect 
Long term 
(device life) 

Dependant on individual 
site conditions 

CD = Construction/decommissioning effect – devices  
CC = Construction/decommissioning effect - cables   
OD = Operation effect – devices    
OC = Operation effect – cables 
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C4.4 Sensitivity of Receptors 

 

Water and sediment quality throughout the study area is typically very good with decreased 

water and sediment quality only likely to occur in areas located close to the major population 

centres such as the Clyde and Solway Firth, or areas currently or previously used for disposal 

of waste materials.  Therefore the water and sediments of the study area can generally be 

characterised as sensitive to decreases in water and sediment quality.  Bathing and Shellfish 

waters are both sensitive to spillage of hydrocarbons. They are also sensitive to contamination 

by bacteria which may be present in sewage contaminated areas such as Garroch Head (note: 

post cessation monitoring of the sewage sludge disposal site at Garroch Head has not shown 

significant contamination by bacteria associated with sewage sludge). The Firth of Clyde hosts 

a number of designated bathing beaches, thus sediment disturbance should be minimized. 

Bathing waters are sensitive to litter.  

The energetic nature of the hydro-dynamic regime in much of the study area means that 

dissolved or suspended contaminants from the installation and operation of renewable energy 

devices could be expected to dilute or disperse rapidly and therefore recoverability of water and 

sediment quality could be considered to be good in much of the study area, but this would 

obviously have to be assessed in more detail in specific project EIAs.  Bulk, slick forming 

hydrocarbons and litter disperse less readily and can be persistent. 

Specific sensitivity of organisms to contamination is dealt with under the relevant chapters.  

 

C4.5 Potential Significance of Effects 

 

C4.5.1 Assessment Criteria 

 

The assessment of effect significance has been undertaken based on the criteria below. These 

have been developed specifically for the SEA, and take into account the information available to 

inform the assessment of significance. Due to the strategic nature of this assessment, it has not 

been possible to quantify magnitude of effects, and the assessment of significance is therefore 

based primarily on the sensitivity and importance of receptors, as described in the table below: 

 

Table C4.3 Sediment Assessment Criteria - Water and Sediment Quality 

Significance Level Determining Criteria 

Major 

An effect resulting in a negative effect at greater levels than can be caused by natural 
processes which would compromise the required quality of a site designated for its water 
quality (i.e., areas recognised under the bathing water directive; areas recognised under 
the Shellfish Waters Directive). 

Moderate 

A local or regional change to the water or sediment quality of the environment that is 
greater than that which can be caused by natural processes, but not sufficiently high to 
compromise the required quality of a site designated for its water quality (i.e., areas 
recognised under the bathing water directive; areas recognised under the Shellfish 
Waters Directive). 

Minor 
A local or regional change to the water or sediment quality of the environment that is 
within levels than can be caused by natural processes 

Negligible/No Effect No measurable change to water or sediment quality. 

 

C4.5.2 Results of Potential Effect Significance  

 

It should be noted that that the assessment of significance has been undertaken at a strategic 

level, based on the reasonable worst case scenario for effects.  The results are presented in 

Table C4.4 below.  

Where possible or meaningful the significance of key effects on water and sediment quality has 

been mapped and the results are shown on Figure C4.4.    
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Table C4.4: Potential Significance of Effects – Seabed Contamination and Water Quality 
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Disturbance of 
natural 
sediments 

Devices 
and 
cables 

CD 
CC 

Water 
quality 
Shellfish 
waters 

Minor to 
50m 
Negligible 
beyond 
50m 

Coarser 
fraction of 
material likely 
to re-settle 
within 50 m 
Fine material 
will spread 
widely, but 
with negligible 
effect 

Section C3 High 

Not 
mapped, 
see section 
C10 for 
information 
on effects 
on shellfish 
species 

Release of 
additional 
sediment 
during 
construction 

Piled 
devices 
or gravity 
structures 
and 
cables 

CD 
CC 

 

Water 
quality 
Shellfish 
waters 

Minor to 
50m 
Negligible 
beyond 
50m 

Impossible to 
quantify but 
expected to 
be similar to 
natural 
sediment 

Estimate 
based on 
expert 
knowledge 

High 

Not 
mapped, 
see section 
C10 for 
information 
on effects 
on shellfish 
species 

Release of 
contaminants 
during 
construction 

Piled 
devices 
or gravity 
structures 
and 
cables 

CD 
CC 

Water 
quality 

Moderate 

Unquantifiable 
but likely to be 
negligible in 
practice 

Estimate 
based on 
expert 
knowledge 

Moderate 
Not 
mapped 

Disturbance of 
contaminated 
sediments 

Piled 
devices 
or gravity 
structures 
and 
cables 

CD 
CC 
OD 

Water 
quality 
Shellfish 
waters 
Bathing 
waters 

Major 

Not possible 
to quantify – 
unlikely to 
occur in 
practice 

Estimate 
based on 
expert 
knowledge 

High Fig. C4.4 

Accidental 
release of 
contaminants 

Devices 
and 
cables 

CD 
CC 
OD 

Water 
quality 
Shellfish 
waters 
Bathing 
waters 

Major 

Impossible to 
quantify, could 
be 
widespread 
should an 
accident occur 

Estimate 
based on 
expert 
knowledge 

High 
Not 
mapped 

Contamination 
– erosion of 
sacrificial 
anodes 

Devices 
using 
sacrificial 
anodes 

OD 
Water 
quality 

Negligible Negligible 

Estimate 
based on 
expert 
knowledge 

High 
Not 
mapped 

Contamination 
– leakage of 
hydraulic fluids 

Devices 
using 
hydraulic 
fluids 

OD 

Water 
quality 
Shellfish 
waters 
Bathing 
waters 

Negligible 
to minor 

Design 
dependant 

Estimate 
based on 
expert 
knowledge 

High 
Not 
mapped 

Contamination 
– anti-fouling 
compounds 

Devices 
using 
biocidal 
anti-
fouling 

OD 
Water 
quality 

Moderate Negligible 

Estimate 
based on 
expert 
knowledge 

High 
Not 
mapped 

Changes in 
sediment 
dynamics 

Devices OD 
Water 
quality 

Negligible 
to 
moderate 

500 m 

Modelling 
for MCT 
Seaflow 
and 
Seagen 
projects 

Low 
Not 
mapped 

Disturbance of 
natural 
sediments 
(operation) 

All 
devices 
and 
cables 

OD 

Water 
quality 
Shellfish 
waters 

Minor to 
50m 
Negligible 
beyond 
50m 

500 m 

Modelling 
for MCT 
Seaflow 
and 
Seagen 
projects 

Low 
Not 
mapped 
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Disturbance of 
contaminated 
sediments 
(operation) 

All 
devices 
and 
cables 

OD 

Water 
quality 
Shellfish 
waters 
Bathing 
waters 

Major 500 m 

Modelling 
for MCT 
Seaflow 
and 
Seagen 
projects 

Low 
Not 
mapped 

CD = Construction/decommissioning effect – devices   
CC = Construction/decommissioning effect - cables  
OD = Operation effect – devices    
OC = Operation effect – cables 

 

It should be noted that only effects on disturbing contaminated sites have been mapped.  This 

is because effects upon sites designated for their water quality cannot be accurately quantified 

without project level information. 

 

C4.6 Mitigation Measures 

 

Where potentially significant effects have been identified for a specific area, the following 

mitigation measures are appropriate for reducing/mitigating effects.  

 

Table C4.5: Mitigation Measures – Seabed Contamination and Water Quality 

 

Potential Effect 
Project 
Phase 

Mitigation Measure 

Disturbance of natural 
sediments 

CD 
CC 

� Minimise Dredging 
� Use cable and device installation methods that minimise sediment re-

suspension 
� Carry out work in appropriate tidal conditions to minimise effect 

Release of additional 
sediment during construction 

CD 

� Minimise depth of piling 
� Use cable and device installation methods that minimise sediment re-

suspension 
� Release sediment in appropriate tidal conditions to minimise effect 

Release of contaminants 
during construction 

CD 
� Use low toxicity materials 
� Minimise contact of materials with water 
� Minimise quantity of materials used 

Disturbance of contaminated 
sediments 

CD 
CC 

� Avoid device/infrastructure placement within 500m of areas of known 
sediment contamination  

� Carry out pre-installation bottom surveys 
� Use installation methods that minimise disturbance of sediments 
� Carry out work in appropriate tidal conditions to minimise effect 
� Avoid sensitive time periods for local receptors 
� Risk assessment and contingency planning     

Accidental release of 
contaminants 

CD 
CC 
OD 

� Carry out potentially hazardous operations under appropriate 
weather/tide conditions 

� Use low toxicity and biodegradeable materials 
� Use minimum quantities 
� Design for minimum maintenance 
� Risk assessment and contingency planning   

Contamination – erosion of 
sacrificial anodes 

OD � Minimise use of sacrificial anodes 

Contamination – leakage of 
hydraulic fluids 

OD 
� Design devices to minimise risk of leakage 
� Use low toxicity/biodegradable materials 

Contamination – anti-fouling 
compounds 

OD 
� Use non-biocidal antifoulants 
� Minimise use of antifoulants 

Changes in sediment 
dynamics 

OD 
� Site structures in areas with low suspended sediment loads 
� Carry out hydrodynamic studies prior to installation 
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C4.7 Likelihood of Occurrence 

 

C4.7.1 Potential Effects on Designated Bathing Waters 

 

There are 18 bathing waters within the overall study area. Of these, 4 are located within the 

areas identified as being of interest for wave or tidal development which could be impacted by 

disturbances of contaminated sediments (Figure C4.1).  These are all monitored for potential 

pollutants on a regular basis during the bathing season. Additional to the designated bathing 

waters there are a further 197 recognised recreational waters and 258 shoreline waters within 

the study area. These are not currently monitored. The probability of an incident occurring that 

will impact designated bathing waters is likely to be low. 

 

C4.7.2 Potential for Effects on Designated Shellfish Waters 

 

The shellfish production industry is intensive throughout the study region and is discussed in 

Section C7. Although individual farms will be in more sheltered inshore waters, the conditions 

for successful production of shellfish for human consumption are related to those required for 

marine, particularly tidal, energy extraction. Thus a pollution incident resulting from activities 

associated with energy extraction would have the potential to have an effect of major 

significance on Shellfish Waters. The greatest effects are likely to be associated with fuel 

spillages through construction accidents, or with re-suspension of contaminated sediments, the 

latter being avoidable through normal project planning. Shellfish waters are regularly monitored 

for potential contaminants. The probability of an incident occurring that will cause damage to 

shellfish waters is likely to be low. 

 

C4.8 Confidence and Knowledge Gaps 

 

Baseline water quality conditions in the study region have been studied in a number of contexts. 

Regular monitoring is carried out by SEPA for chemical constituents of water considered as 

particularly likely to pose environmental hazards (List I and II substances). CEFAS carries out 

monitoring for artificial radionuclides in the study region within its UK wide monitoring 

programme.  

Naturally occurring seabed types in the region have been investigated and mapped by the BGS 

and others, and reported by the JNCC. Positions of waste dumping sites are recorded (there 

has been an intensive study of the Dounreay impacted area concerned with the presence of 

radioactive particles in the sediments of the area). There has been an extensive investigation 

into the munitions deployment and loss in the study region. In addition there have been a 

number of research studies on individual lochs and estuaries in the study region. Accordingly 

there can be a high degree of confidence in general conditions through the study region. 

Potential deviations from baseline conditions resulting from individual projects can only be 

conjectural in the absence of known design criteria and this has resulted in low confidence in 

some assessments of residual environmental risks of potential effect significance.  The table 

has been adapted from ABPmer, 2006. 

Table C4.6 below summarises the current data gaps which will require further research / 

investigation in order to assign greater confidence to the assessment 
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Table C4.6: Data gaps – Seabed Contamination and Water Quality  

Identified Data Gap Potential to Fill Data Gap Priority 

Potential for chemical contamination 
Review chemicals used in 

construction and maintenance 
Project specific 

Potential for enhanced sedimentation 

Modelling energy changes and 

sediment redistribution around 

structures 

Comparison with existing structures 

Project specific 

Distribution of existing hazards from 

munitions outside known dumping 

sites and ranges 

Seabed survey Project specific 

Risk of encountering unmapped foul 

ground 
Seabed Survey Project specific 

 

C4.9 Residual Significance of Effects 

 

The table in this section summarises the significance of the potential and residual effects 

identified for water quality and sedimentation. This assessment has been undertaken at the 

overview level and has focussed on the implications from marine renewable energy 

development for sites designated for their water quality, namely Bathing Waters and Shellfish 

Waters. The effects of disturbing contaminated sites have also been assessed. 

Table C4.7, below, summarises the potential and residual effect significance, and confidence 

for the key possible effects identified in the preceding sections, and provides an overview of 

effects over the entire study area.  The table should be read in conjunction with Figure C4.4 

which illustrates the estimated extents of significant effects. 

 

Table C4.7: Potential and Residual Significance of Effect – Seabed Contamination and Water Quality 
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Disturbance of 
natural 
sediments 
(construction) 

All devices 
and cables 

CD 
CC 

Water 
quality 
Shellfish 
waters 

Minor to 
50m 
Negligible 
beyond 
50m 

Carry out 
work in 
appropriate 
tidal 
conditions to 
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C4.10 Recommendations for Site Specific Survey and Monitoring 

 

In general the effects of wave and tidal energy device deployment on water quality and 

sedimentation are not well studied or understood, and there is therefore a low confidence on 

several aspects of the risk assessment. However, installations are likely to have low potential 

for environmental effects. Monitoring for specific contaminants may be needed if a significant 

risk to water quality is identified at the project planning stage.  

Targeted monitoring of water quality issues associated with a specific development will need to 

be determined and agreed as part of the EIA and consenting process, but some suggested 

aspects this would need to take account of are given below.  In each case, it is important that 

the surveying protocols and post-construction monitoring methodologies agreed upon need to 

be both scientifically and statistically robust. 



Faber Maunsell & Metoc  Scottish Marine SEA: Environmental Report Section C Chapter C4: Seabed Contamination & Water Quality 18 

 

ER_C4_SeabedContamination&WaterQuality_Final 

 

Where there are adjacent shellfish waters, indicator species colonies should be maintained 

within the generator site and monitored for potential contaminants identified as likely to occur. 

Monitoring for alterations in sedimentation patterns should be carried out in the vicinity of 

structures. 
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