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A number of sediment samples were taken and analysed for chemical 
determinands during site investigations undertaken in September 2004 
(EMU/SEACORE).  Samples were taken along the coast between Longrock 
and Penlee Point with additional sampling undertaken in the Harbours at 
Penzance and Newlyn.  The location of sample sites are provided in Figure 
18.1  (locations R1 and R2 are reference sites located to the east and west 
of the main study area, while location Q represents sediment sampling 
within Penlee Quarry and are omitted from Figure 18.1).  

The SEACORE investigation comprised four marine rotary holes and three 
bucket samples of the harbour bed.  The EMU investigation comprised of a 
total of 22 grab samples for sediment chemistry analysis within the overall 
study area of which 9 were collected in the vicinity of Penzance Harbour. 
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Seven SEACORE samples and 22 EMU samples selected from shallow 
depths were scheduled for a suite of contaminants including heavy metals, 
hydrocarbons and organo-tins.   
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Sediment chemistry has been assessed against Trigger Level criteria 
determined by the Centre for Environment, Fisheries and Aquaculture 
Services (CEFAS) for the purpose of licensing dredging operations and 
dumping of sediments at sea.  These Trigger Levels are set depending 
upon the concentration of key contaminants within the sediment.   Two 
Trigger Levels are specified, Level 1 and Level 2.  Below Level 1 sediment 
is generally considered uncontaminated and may be dredged and disposed 
of at sea.  Between  Level 1 and 2 further investigations of sediment quality 
and impacts are generally required, e.g. further sampling, bioassays etc.  At 
concentrations Above Level 2 licenses for dredging or dumping at sea are 
likely to be refused unless the sediment can be treated to remove 
contaminants or is disposed of to land fill. 

Should the dredged material be considered suitable for use as backfill 
material the use of Contaminated Land Exposure Assessment  (CLEA) will 
be adopted to ensure that only materials complying with these values are 
used in the works. Given that the construction methodology will be 
dependant on the contractors preferred methodology (yet to be 
determined), it will be necessary to undertake further assessment on the 
dredged materials to prove compliance. This would be undertaken by the 
Contractor prior to commencement on site. 
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Results from metals analysis are reproduced in Table 18.1 and compared 
with CEFAS sediment standards that act as trigger levels for further 
investigations or remedial action as appropriate.  Results are presented for 
the Penzance Harbour Site and compared with the sample results from 
Newlyn, Penlee and the reference sites, in order to place the results within 
the overall context of Penzance Bay.   

In general the majority of samples close to Penlee Quarry and the Harbours 
show elevated levels of heavy metals.  Concentrations of copper, arsenic, 
tin, chromium, zinc, and lead show concentrations in excess of Trigger 
Level 1.  Mercury is potentially in excess of Trigger Level 1 although 
concentrations are generally below the minimum level of detection which is 
slightly above the Trigger Level. Copper, and in particular arsenic 
concentrations, are close to and exceed Trigger Level 2 in a number of 
locations. 

The relatively high concentrations of these metals would be expected in the 
coastal waters around Cornwall, where higher than normal concentrations 
are frequently found.  The local igneous and metamorphic geology leads to 
significant areas of mineral deposits that were formerly exploited by the 
Cornish mining industry.  Mining for copper, tin, arsenic and lead was 
common in this area.  The association of these and other metals can be 
seen in Figure 18.2,  which presents concentration data from the sample 
sites for a suite of metals.  Elevated concentrations of copper and arsenic 
are associated with higher concentrations of other heavy metals.  Iron, 
aluminium and zinc have been omitted from the figure for clarity, but show a 
similar trend.  These results would suggest a common provenance for these 
metals, different sources would not show the generally strong trend in the 
data. 

Figure 18.3. presents an isopach plot of arsenic and copper concentrations  
Elevated concentrations of arsenic and copper can be clearly seen in the 
vicinity of Penzance Harbour, Newlyn Harbour and offshore of Penlee 
Quarry.   
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The distribution of metals contamination show locally high concentrations in 
the Newlyn, Penzance and Penlee quarry areas but decreasing offshore.  
This appears to reflect a local source of such material to each site.  The 
results would suggest that the majority of metal contaminants originate from 
freshwater sources e.g. 

·  At Penlee the source of the high metals concentrations appears to be 
the quarry itself.  Concentrations of metals in the quarry sediment are 
amongst the highest of all the samples taken, particularly for arsenic 
and copper.  This would support a local terrestrial provenance for 
these contaminants.  The quarry is known to have historically drained 
to the coast via an addit.  The contours in Figure 18.3 show a pattern 
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characteristic of a sediment plume discharged from a point source, 
i.e. a high concentration nearshore with a gradual lateral decrease 
offshore and along shore.   

·  The results from Newlyn would suggest the Newlyn Coombe as the 
source for heavy metals in this area, with the river discharge 
depositing heavy metal bearing water and sediment into the area 
adjacent to Newlyn Harbour.  The distributions of arsenic and copper 
show a low point along the northern breakwater, bisecting high 
concentrations at the river mouth and harbour.  This can be explained 
by considering the sediment transport characteristics in this area.  
Coarse sediment in the river would discharge at the mouth, while finer 
sediment would be transported further, towards the harbour. The tidal 
and wave interaction at the harbour entrance would be likely to lead 
to sediment deposition within the harbour and at the harbour mouth, 
leading to a local build up of sediment and heavy metals in this area – 
as demonstrated by the need for periodic maintenance dredging. 

Water quality analysis undertaken during the 2004 survey (Chapter 7.0) 
indicates generally good water quality in Penzance Bay.  Concentrations of 
heavy metals are generally low, typical of seawater, and within normal 
Environmental Quality Standard (EQS) levels for coastal waters.  This 
would suggest that the majority of heavy metals enter the area attached to 
sediment and remain within the sediment phase.   However disturbance of 
these sediments by dredging or other activities would be expected to locally 
increase concentrations within the water column, as a result of the release 
of pore waters and partitioning of contaminants between sediment and 
water. 

Metals concentrations in the sediments in and around Penzance Harbour 
are lower than for other sites.  Concentrations are generally below Trigger 
Level 1, although a number of samples for arsenic, copper, chromium, lead 
and zinc were between Trigger Level 1 and 2. Arsenic concentrations are 
observed towards the upper limit of Trigger level 2, although Trigger Level 2 
is not exceeded.   

The higher concentrations at Penzance are more difficult to attribute to a 
local source as there are no significant fresh water discharges close to the 
harbour.  However there are a number of freshwater discharges between 
Newlyn and Penzance, i.e. Newlyn Coombe and the Larrigan stream 
between Newlyn and Penzance. Local runoff and drainage to the harbour 
might also be expected to contribute some metal load. Since most of the 
sediment between Newlyn and Penzance is believed to be derived from 
local sources and undergoes extensive reworking, heavy metals within this 
material and discharged from local water courses would be expected to 
accumulate in the areas around the harbours and headlands, i.e. at the 
extremes of the sediment transport paths.   
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Results from PCB, TBT and organics analysis are reproduced in Table 18.2 
and compared with CEFAS sediment standards that act as trigger levels for 
further investigations or remedial action as appropriate.  Results are 
presented for the Penzance Harbour Site and compared with the sample 
results from Newlyn, Penlee and the reference sites, in order to place the 
results within the overall context of Penzance Bay.  

PCB levels were generally well below the CEFAS Trigger Levels except at 
one location at Newlyn Harbour, close to the Newlyn Coombe.  
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TBT and TPT concentrations were generally below the 0.1mg/kg CEFAS 
Trigger Level, however 5 samples at Penzance Harbour returned 
concentrations in excess of Trigger Level 1, of which 3 were at least 10 
times greater than Trigger Level 2.  The sites were located along an east / 
west axis from the harbour, through the entrance and to a distance of 
approximately 300m offshore. 
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The concentrations of TBT and TPT observed are consistent with vessel 
maintenance operations within ports / harbours.  The high concentrations at 
Penzance are located along the main tidal flow in and out of the harbour, 
highest concentrations are observed close to the wet dock historically used 
for vessel maintenance.  

Water quality analysis undertaken during the 2004 survey indicates 
generally good water quality in Penzance Bay.  Concentrations of organic 
chemicals are generally low and well within Environmental Quality Standard 
(EQS) levels.  However concentrations of TBT and TPT are of potential 
concern.  In most case these concentrations are below Minimum 
Detectable Levels.  However, a number of TBT samples from the vicinity of 
Penzance and Newlyn Harbours contain concentrations of TBT of 0.2mg/l , 
these concentrations are 100 times higher than the EQS.   
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Maintenance dredging is currently undertaken at Penzance Harbour, 
typically every 5 years, totalling some 25,000m3 for each dredged 
campaign. There exists a maintenance dredge licence ( issued by the 
Marine Consents and Environment Unit), which grants consent for the 
works under the Food and Environment Protection Act Part II 1985. 
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There is only a single proposed location for dredging within Penzance 
Harbour, to enable improved access and a wider turning circle at the 
harbour entrance for the Scillonian.   

A 23,500m2 area would be dredged to provide a –2.75mCD level, 
maintained to a level of –2.45mCD.  The volume of material to be dredged 
is approximately 50,000 m3.  The maximum depth of dredging is 2.3m, 
average depth of dredge is 1m.   

The bed material to be dredged is predominantly sand but may require a 
small amount of rock dredging. Adjacent to the existing Pier, the boreholes 
indicate the presence of peat which would also require removal. 

The timing of dredging operations would de dependant on the Contractors 
programme.  At this stage it is not possible to confirm the seasonal timing 
of the dredging works.  In an ideal situation the works would be carried out 
in the Spring/Summer/Autumn to take advantage of better weather, 
although the timing of dredging would also need to take into account 
environmental constraints.   

� � (+(� � 	 � � � � � �� �
All marine construction and dredging works would need to be approved and 
consented under relevant regulations: 

·  Coast Protection Act 1949 (as amended) (CPA) 
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·  Food and Environment Protection Act 1985, Part II (as amended) 
(FEPA)  

·  Telecommunications Act 1984 (TA).   

Disposal of dredged material at sea generally requires an additional 
separate licence.  Applications for licences are processed by the Marine 
and Environment Consents Unit (MECU) which coordinates the licensing 
process on behalf of the Department for Transport (DFT) and Department 
of the Environment, Food and Regional Affairs (DEFRA).  Specialist 
technical support on dredging and contamination issues to the MCEU is 
provided by CEFAS.   
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Dredged material can be disposed of in a number of ways, as outlined 
below.  The final disposal method chosen would depend upon the nature 
and level of contamination and the outcome of the dredging licensing 
process. 

The licence applications for dredging and disposal of dredged material 
would need to consider the dredging methods and disposal options based 
on a further assessment of contamination to be undertaken in consultation 
with CEFAS.  At present it is not possible to pre-empt the outcome of the 
licence application process and determine the dredging and disposal 
options available and a preferred option. However based on available 
information a number of possible options are discussed below. 
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The option of disposal at sea would be limited by the level of contamination 
of the sediment to be dredged.  Where material cannot be used as backfill, 
or for any other beneficial purpose, the preferred option would be disposal 
at sea at a licensed ground.  The nearest disposal site to Penzance is 
Mounts Bay and it would be intended to use this site for disposal of 
dredged materials that could not be beneficially used in the works. 

Where contamination is high, disposal at sea may only be possible 
following suitable treatment of sediment to remove contaminants. This 
would require material to be dredged and placed in a hopper barge that 
would then be towed to the disposal site.  The barge would move adjacent 
to a quay where a treatment area would be established.  Dredged material 
would then be craned into the treatment area for treatment.  Treated 
material would be craned into a hopper barge and transported to the 
disposal site. Alternatively treated materials could be used as beneficial 
backfill to the works. 

The discharge of wastewater from the decontamination process would 
need to be approved under a temporary discharge consent granted by the 
Environment Agency.  Concentration of contaminates within the discharge 
water would be to an acceptable level.  The discharge would be monitored 
to ensure compliance with the consented emission rates.   
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The feasibility of treatment of dredged material would need to be 
considered as part of the dredging licence application and in consultation 
with CEFAS and the Environment Agency.  At this stage it is not possible to 
determine whether treatment is a viable or cost effective option. 
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Re-use of dredged material provides a sustainable option and limits 
deposition at sea or to landfill.     

Where possible uncontaminated rock and sand would be used in the 
reclamation works at Penzance.  Where possible contaminated material 
would be suitably treated for use as backfill.  However at this stage it is not 
possible to determine whether treatment is a viable or cost effective option. 

The total volume of fill material required is approximately 82,000m3.  
Where economically feasible, and where appropriately licensed, 
contaminated material would be treated such as to allow its use for fill.  
Treatment in this case would require mixing with a suitable binding agent 
(e.g. lime or cement) to prevent loss of contaminants.   

Material would be dredged and placed in a hopper barge that would then 
move adjacent to reclamation site.  Dredged material would then be craned 
into the reclamation area or treated prior to use. 
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Where dredged material is sufficiently contaminated that it cannot be used 
for local fill or disposed of at sea this material would be disposed of at a 
licensed landfill site.   

Material would be placed in a hopper barge and brought alongside a quay, 
craned into lorries (10 - 20t) and road transported to suitable landfill.  
Dependant on level of contamination, the disposal site may be as far as 
Swindon.  If all the material is contaminated this would require between 
1000-2000 vehicle movements.  
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Results from grab samples in and around Penzance Harbour suggest the 
degree of contamination of sediments is low.  In general, heavy metals, 
PCB and TBT concentrations were below CEFAS action Trigger Level 1.  A 
number of samples showed elevated levels of Arsenic, although these were 
below CEFAS Trigger Level 2 and should be considered within the overall 
context of naturally high levels of arsenic in the coastal waters of Cornwall.  
The levels of contamination would suggest that material can be used for 
back fill or disposed of at sea.  However this would be subject to further 
assessment as part of the CPA / FEPA license process. 

The release of contaminated sediment during the following dredging and 
construction activities would have the potential to impact the marine 
environment through the release and transport of contaminated material:   
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·  Sediment and contaminant losses to the water column during 
construction / dredging operations.   

·  De-watering of dredged material where water is discharged to receiving 
water. 

·  Disposal of dredged material to a suitable disposal ground at sea.  

Contaminants may be released into the water column in two phases: 

·  As contaminants adsorbed onto the surface of sediment particles.  This 
is particularly the case with fine silt, clay and mud particles.  Once 
released to the water column contaminants attached to particulates may 
partially dissolve into the water by a process called partitioning.  The 
partitioning would depend upon factors such as the contaminant, 
sediment type, concentration gradient and salinity. 

·  Soluble contaminants may be released into the water column from 
sediment pore waters.  Partitioning between these contaminants and 
sediment in the water column may also occur. 

Sediment and contaminants released into the water column by these 
activities would be transported away from the construction / disposal  area 
by the action of waves and currents,:  

·  Contaminants released in the soluble phase would be transported by 
advective dispersion processes (waves, currents, wind generated 
currents, turbulence, diffusion, etc.).  Contaminants may be transported 
over a large area, although concentration would reduce with distance 
from source due to the dispersion process.  Contaminants may also 
partition onto sediment within the water column and settle to the bed or 
be transported as part of the sediment transport regime.  

·  Sediment would be transported by the action of waves and wind / tidal 
generated currents. Coarse sediment (sands, gravels etc.) is 
transported as bed load, usually as episodic events when wave or 
currents energy is sufficient to mobilise and transport sediment. Fine 
sediment is transported as suspended load in the water column, settling 
out when sufficiently prolonged periods of low energy conditions occur. 
The direction and distance sediment is transported would depend on 
the sediment size and prevailing wave and current conditions.  
Remobilisation of settled sediment may serve to further redistribute 
contaminated material over a larger area, although at lower 
concentrations.  

In the relatively low energy environment of Penzance Bay it is unlikely that 
soluble contaminants and contaminated sediment would be transported 
over a large area. Tidal currents are insufficient to disperse soluble 
contaminants, or to entrain and transport sediment over large distances.  
The results of sediment transport modelling have shown a number of 
sediment transport cells within the Penzance area that tend to retain and 
re-work locally derived sediments.  Transport of these cells, either offshore 
or alongshore, does not occur at significant rates due to natural 
obstructions and the low energy environment. 

The present distribution of contaminants within the study area suggests that 
material lost from dredging would not be transported beyond the immediate 
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vicinity of the dredging operations.  Contaminants released during dredging 
and construction works would therefore be expected to remain within the 
local area.   

Release of further TBT’s from sediment during dredging or other activities 
would however be expected to locally increase concentrations within the 
water column.  Given potentially high background concentrations in the 
water column such operations would seek to minimise the potential for 
further releases of these compounds. 

Currently maintenance dredging is disposed of at sea as contamination has 
not been present in samples tested for previous maintenance campaigns. 
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Following the initial capital dredging works it will be necessary to undertake 
maintenance dredging at a frequency similar to that which is undertaken 
now i.e. every 5 years. It is not anticipated that additional dredging would  
be undertaken over and above that which currently exists. 
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Dredging and dredged material disposal would be undertaken under 
relevant CPA / CEFAS licence and would adopt a strategy designed to 
minimise dredging losses and where possible make beneficial best use of 
dredged material.   

Construction activities would utilise appropriate methods to ensure 
discharges from the site, or from dredging operations, are minimised and 
carried out under the relevant licences and approvals.  In conjunction with 
English Nature, CEFAS and the Environment Agency an acceptable 
method for dredging will be determined via the FEPA licence application. 
This will review the level of contamination and the location, and will 
determine what monitoring requirements need to be applied to the works (if 
any) and whether there are any seasonal constraints. 

The use of best practise during dredging would seek to reduce the loss of 
dredged material to a minimum.  If appropriate and necessary, dredgers will 
be provided with skirts to prevent loss of suspended particles, and 
overtopping of barges will be limited. 

Where appropriate dredging may be limited to certain phases of the tide in 
order to ensure minimal dispersion of sediment and contaminants.  For 
example dredging within the harbour could be limited to the ebb tide in 
order to ensure the majority of sediment lost from dredging is transported 
into the harbour and deposited. 

Where required under licensing provisions, monitoring of dredging 
activities, including sediment and water quality sampling, would be 
undertaken. 
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Process Location Environmental 

variables 
Differences between pre and post 
construction 

Impact Significance 

Water Quality Penzance All simulated 
variables 

Small changes in the hydrodynamic 
regime. 

No expected adverse 
impacts affecting 
circulation and 
dispersion. 

None  
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Process Location Environmental 

variables 
Differences between pre and post 
construction 

Impact Significance 

Capital dredging Penzance All simulated 
variables 

Frequency of dredging maintained at 
every 5 years, but volumes increased 
as larger plan area will require 
dredging. 

Dependant on timing 
(season, wind, waves 
and tide) – sediment 
plumes minimal if 
undertaken with a 
strategy to minimise 
effects i.e. during low 
current speeds 
reducing loses. 

TBT contamination 
removed from seabed 

Minor/negative 

Maintenance 
dredging 

   Dependant upon 
timing (season, wind, 
waves and tide) – 
sediment plumes 
minimal if undertaken 
with a strategy to 
minimise effects i.e. 
during low current 
speeds reducing 
loses. 

Minor/negative 
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