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This report follows on from the Stage 3 Review and Assessment report which resulted in the declaration of an Air Quality Management Area (AQMA) around the Eastern Dock area of the Port of Dover.

Since the original declaration, Dover District Council is pleased to have played an active role in the process of forming European Legislation and has received enquiries from other UK Local Authorities who are embarking on similar assessments of shipping emissions.

The expansion of the Dover Harbour is seen as an essential contribution to the livelihood of the District and the Council is pleased to have offered its support to Shipping Operators' developments in abatement technology which can reduce emissions in the Port area.

The report confirms the decision to declare an AQMA, but with updated meteorological and monitoring data, more confidence can be given to the boundary co-ordinates.  The report will be submitted to the Secretary of State for the Development of Food and Rural Affairs and widely distributed to other stakeholders as part of the consultation process.  The Council will embark on forming Action Plans which will involve continued close co-operation between the Dover Harbour Authority and Shipping Operators.

If you wish to make comment on the report or require further information, please contact Brian Gibson,  a member of the Pollution Team at Dover District Council. 

Executive Summary

This is the Stage 4 report for the Dover District Council (“the Council”) that fulfils the Council’s next step, of the Local Air Quality Management  (LAQM) process.  Section 84(1) of the Environment Act 1995 requires the Council to undertake the Stage 4 assessment. This follows the designation of an air quality management area (AQMA) in the area of the Eastern docks in Dover.  

The Council’s earlier Stage 3 report identified this area as one where sulphur dioxide measured as a 15 minute mean was predicted to exceed the government objective as laid down in the Air Quality (England) Regulations 2002.  The basis for the Stage 3 conclusions were monitored results from a site located on the Langdon Cliffs, just to the north of the Eastern Docks and a modelling exercise of sulphur dioxide emissions from the Eastern Docks.  It was recognised in the Stage 3 that the complicated topography of the area, nature of the emissions from transient sources and nature of the AQS objective itself all posed significant problems. 

Following completion of the Stage 3 the Council invested in a new monitoring site at East Cliff.  The site is located at the bottom of the cliff, west of the Eastern Docks.  It started operating in September 2002 and DEFRA have permitted the Council additional time to complete its Stage 4 to enable a full year of monitoring to be completed.  Since then the sulphur dioxide measurements from both Dover sites have greatly benefited the understanding of air quality in this area by providing a robust and accurate assessment of the sulphur dioxide pollution.  Furthermore these sites have permitted an excellent opportunity to compare dispersion model results and thus gain confidence in the use of these tools in the decision making process.

The report follows the guidance produced by the Department of Environment, Food and Rural Affairs (DEFRA) and this allows the Council to:

· confirm the original assessment of air quality against the prescribed objectives and thus to ensure that they were right to designate the AQMA in the first place;

· calculate more accurately how much of an improvement in air quality would be needed to deliver air quality objectives within the AQMA;

· refine the knowledge of the sources of pollution so that air quality action plans can be properly targeted;

· take account of any new national policy developments, which have come to light since the AQMA declaration and the Stage 3 report, were prepared;

· take account as far as possible of any new local policy developments which are likely to affect air quality by the relevant date, and which were not fully factored into the stage 3 report;

· respond to comments from statutory consultees in respect of the Stage 3 report;

· check the other assumptions previously made on which the designation of the AQMA has been based and to check that the designation is still correct;

· carry out further monitoring in problem areas to check earlier findings.

The monitoring undertaken by the Council is crucial to understanding this particular objective, which requires the identification of the thirty-five peak 15-minute mean measurements over the period of a year.  The monitoring to date continues to indicate that the objective will be exceeded at ZD3, although for the same monitoring period at ZD4 the measurements indicate that the concentrations are lower and that the site will meet the objective.  It is important to note that although the ZD4 site has not recorded an exceedence of the objective it has still recorded high peak concentrations close to the objective and within the area of monitoring uncertainty.

In addition to the latest monitoring data, new modelling predictions have been made for the Stage 4, and these incorporate a series of improvements over and above that undertaken in Stage 3.  These improvements include both improved modelling methods and treatment of emissions.  The assumptions made in estimating emissions and undertaking the modelling are given in the main report and its appendices.

The Stage 4 modelling predictions confirm the Stage 3 findings that the AQS objective will be exceeded.  The area where the AQS objective is predicted to exceed however is a similar size to the area originally predicted to exceed, although its shape and location have changed slightly.  The area predicted to exceed now extends further northwards and the whole area has shifted slightly eastward from the town of Dover.  Contour maps of the pollution around the AQMA are provided in the report.  The modelling reflects the monitoring results to date that the ZD4 site at East Cliff has experienced lower concentrations than the ZD3 site on Langdon Cliff.

Additional plots are included of prospective increased ferry growth as indicated in the Dover Harbour Board Master Plan Phase 1 (August 2003).  These increases reflect separately a 10% and 20% increase in emissions over the base case.  The results from these predictions are that the areas of exceedence are greater than the modelled base case.  

Specific locations near the AQMAs have been selected to understand the source contribution of sulphur dioxide.   Based on the locations chosen, up to 60% of the total contribution is derived from the loading and unloading activities at the ferry berths, 27% from entering the harbour and berths and the remainder from leaving the berths and harbour.

A series of realistic scenarios have been modelled, based on existing and potential changes in ferry operations.  These refer to: 

1) the use of abatement technology to remove SO2 emissions on individual ferries and

2) the use of fuels with a reduced Sulphur (S) content by all ferries.  

The extent by which the prediction exceeds the objective has been assessed at a selection of identified locations; the results have also been presented as pollution maps.  The scenarios, which reduce the area of exceedence the greatest amount are those based on the use of lower S fuels.  For the 1.5% S fuel (which is in line with the EU strategy) practically all locations meet the objective.

A scenario based on the use of one ferry using abatement technology has been modelled.  This scenario has already come in existence, as an initial trial has been underway using one ferry with retrofitted equipment (since June 2003).  The results of this scenario indicate a reduction in concentrations and also in the area predicted to exceed the objective (pollution maps based on the scenarios are given in the main report).  The reduced area is approximately 80% of that modelled in the 2005 base case.  

A further scenario based on the introduction of an additional ferry fitted with the same technology is predicted to reduce the area to approximately 64% of that of the base case.  Based on the latter scenario the sulphur dioxide objective will just be met at the Council’s ZD3 site.  An extrapolation from these results has been made and this indicates that the use of 4 ferries fitted with this technology will result in no exceedence at the selected locations.

As a result of the findings in this report the Council is recommended to undertake the following actions, in respect of the findings for the 15-minute mean sulphur dioxide statutory objective:

1. Confirm the potential for relevant public exposure at the sites identified as exceeding the statutory objectives.

2. Amend its designated Air Quality Management Area as necessary, based on the modelling results using 2002 meteorology.

3. Prepare its action plan, to allow it to work towards meeting the statutory objectives, including determining the cost effectiveness of the different measures proposed.

4. Undertake consultation on the findings arising from this report with the statutory and other consultees as required

5. Continue its SO2 monitoring programme as part of its LAQM actions.

Table of Contents

2Introduction to Stage 4 – further assessment of air quality


21.1
Overview to Stage 4


21.2
Background – national perspective


21.3
Background – Dover District Council perspective


21.4
Dover Harbour Board Master Plan


21.5
National Developments


21.6
Sulphur limits in fuels


21.7
International Policy Developments


22
Air Pollution Measurements in Dover D.C and surrounding area


22.1
Monitoring Update


22.2
Summary of sulphur dioxide measurements


22.3
Monthly distribution of episodes at ZD3 and ZD4


22.4
Diurnal occurrences of episodes


22.5
Analysis of episodes at ZD3


22.6
Analysis of episodes at ZD4


22.7
Analysis of episodes on 6th August 2003 at ZD3 and ZD4


23
Predictions of Sulphur Dioxide (SO2) near the Dover D.C AQMA


23.1
Outline of modelling developments


23.2
Figures showing model predictions


23.3
Predicted exceedences of the SO2 15 minute mean in 2005


23.4
Predictions incorporating potential ferry growth


24
Source Contribution near the Dover D.C AQMA


24.1
Source contribution of SO2 at identified facades


24.2
SO2 results at the identified locations from modelling source activities


25
Scenario testing


25.1
Selection of scenario tests


25.2
Results of scenario tests


25.3
Further commentary on scenario tests


2Conclusion


2Recommendations


2References:


2Appendix A


2Monitoring information


2QA/QC of Dover monitoring sites (ZD3 and ZD4)


2Appendix B


2Monitoring results (2001 to 2003)


2Appendix C


2Modelling Approach


2Area of interest


2Dispersion model and parameters used


2Meteorology used in report


2Limitations in predicting 15 minute means


2Use of factor to adjust model results


2Treatment of background SO2 at the Dover AQMA


2Appendix D


2Analysis of episodes


2Appendix E


2Emissions from shipping at Dover Eastern Docks


2Introduction


2Assumptions used in the report


2Emissions modelled


2Limitations to estimating emissions


2Effect of limitations




List of Figures

2Figure 1 Location of Dover AQMA and continuous air quality monitoring sites


2Figure 2 Distribution of SO2 episodes for ZD3 (April 2001 – September 2003)


2Figure 3 Distribution of SO2 episodes for ZD4 (August 2002 – September 2003)


2Figure 4 Diurnal occurrences of peak 15-minute SO2 episodes (ZD3 and ZD4)


2Figure 5 15 minute mean SO2 and wind direction at ZD3 and ZD4 (6th August 2003)


2Figure 6 15 minute mean SO2 and wind speed at ZD3 and ZD4 (6th August 2003)


2Figure 7 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 (based on 2002 meteorology)


2Figure 8 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 (based on 2001 meteorology)


2Figure 9 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 with 10% growth in ferries (based on 2002 meteorology)


2Figure 10 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 with 20% growth in ferries (based on 2002 meteorology)


2Figure 11 Comparison of areas of exceedence


2Figure 12 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 1 (based on 2002 meteorology)


2Figure 13 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 1 (based on 2001 meteorology)


2Figure 14 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 2 (based on 2002 meteorology)


2Figure 15 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 2 (based on 2001 meteorology)


2Figure 16 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 3 (based on 2002 meteorology)


2Figure 17 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 3 (based on 2001 meteorology)


2Figure 18 Predicted 99.9th percentile SO2 15 minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 4 (based on 2002 meteorology)


2Figure 19 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 4 (based on 2001 meteorology)


2Figure 20 Predicted 15-minute mean concentrations and number of ferries fitted with FGD (based on 2002 meteorology)


2Figure 21 Wind rose for Manston 2001


2Figure 22 Wind rose for Manston 2002


2Figure 23 Comparison of monitored and modelled results at ZD3 (2002)


2Figure 24 Comparison of top 50 measurements at ZD3 (2002)


2Figure 25 15-minute mean SO2 plots for ZF1 (2003)


2Figure 26 15-minute mean SO2 plots for ZF1 (2002)


2Figure 27 15-minute mean SO2 plots for ZF1 (2001)


2Figure 28 SO2 concentration and Wind speed for 1st October 2002 episode (ZD3)


2Figure 29 SO2 concentration and Wind direction for 1st October 2002 episode (ZD3)


2Figure 30 SO2 concentration and Wind speed for 14th November 2002 episode (ZD3)


2Figure 31 SO2 concentration and Wind direction for 14th November 2002 episode (ZD3)


2Figure 32 SO2 concentration and Wind speed for 23rd November 2002 episode (ZD3)


2Figure 33 SO2 concentration and Wind direction for 23rd November 2002 episode (ZD3)


2Figure 34 SO2 concentration and Wind speed for 20th October 2002 episode (ZD4)


2Figure 35 SO2 concentration and Wind speed for 20th October 2002 episode (ZD4)


2Figure 36 SO2 concentration and Wind speed for 12th December 2002 episode (ZD4)


2Figure 37 SO2 concentration and Wind speed for 12th December 2002 episode (ZD4)


2Figure 38 Time-tabled sailings and associated arrivals for a 24-hour period (between March - July) at the Eastern Docks


2Figure 39 Location of the berths at Eastern Docks


2Figure 40 Location of waypoints for ferries leaving Dover Harbour


2Figure 41 Location of waypoints for ferries entering Dover Harbour





List of Tables

2Table 1 Air quality objective relevant to Stage 4


2Table 2 Summary of continuous SO2 monitoring at the Dover sites


2Table 3 Background monitoring results (2001-2003)


2Table 4 Analysis of wind speed and direction during peak 15-minute mean SO2 episodes during monitored period 2002 (ZD3)


2Table 5 Analysis of wind speed and direction during peak 15-minute mean SO2 episodes during monitored period 2003 (ZD3)


2Table 6 Analysis of wind speed and direction during peak 15-minute mean SO2 episodes during monitored period 2002 (ZD4)


2Table 7 Analysis of wind speed and direction during peak 15-minute mean SO2 episodes during monitored period 2003 (ZD4)


2Table 8 Contribution (%) of each activity to total concentration (2002 meteorology)


2Table 9 Predicted SO2 99.9th percentile (μg/m3) for 2002 meteorology


2Table 10 Percentage improvement for each scenario against the 2005 base case scenario (based on Table 9)


2Table 11 Predicted SO2 99.9th percentile (μg/m3) for 2001 meteorology


2Table 12 Percentage improvement for each scenario against the 2005 base case scenario (based on Table 11)


2Table 13 Number of 15 minute mean SO2 > 266 μg/m3 at ZD3 (2001-2003)


2Table 14 Number of 15 minute mean SO2 > 266 μg/m3 at ZD4 (2002-2003)


2Table 15 Stack parameters used in report


2Table 16 Analysis of wind sectors based on Dover monitoring sites


2Table 17 Predicted and measured 99.9th percentile at ZD3 for 2002


2Table 18 Percentile results based on 15-minute mean SO2 data for the ZF1, ZD3 and ZD4 sites (μg/m3)


2Table 19 Duration of ferry activity for main and auxiliary engines within Dover Harbour (minutes)


2Table 20 Emissions at each modelled point (g/s)




Introduction to Stage 4 – further assessment of air quality

1.1 Overview to Stage 4

This is the Stage 4 report for the Dover District Council. This report is intended to fulfil the statutory requirement for this, the Council’s next step, of the Local Air Quality Management  (LAQM) process.

1.2 Background – national perspective

Section 84(1) of the Environment Act 1995 requires local authorities to undertake a further assessment, where the local authority has designated an air quality management area (AQMA); this is now termed the Stage 4 assessment.  

The Council designated its Air Quality Management Area by order, following the production of its Stage 3 report.  That report confirmed that an area close to the Dover Eastern Docks in the Council’s area was likely to exceed one of the future air quality objectives.  The Council also confirmed that there is the likelihood of relevant public exposure in the identified area.  The Air Quality (England) Regulations as amended, relate to “the quality of air at locations which are situated outside of buildings or other natural or man made structures, above or below ground, and where members of the public are regularly present.” 

Section 84(1) requires the local authority to undertake the Stage 4 to supplement the information it has on its AQMA.  The Department of Environment, Food and Rural Affairs (DEFRA) has produced guidance on undertaking the Stage 4 assessment (DEFRA, 2001).

The following provides a check list of the requirements for the Stage 4, as given in the DEFRA guidance:

· To allow the Council to confirm the original assessment of air quality against the prescribed objectives and thus to ensure that they were right to designate the AQMA in the first place;

· To calculate more accurately how much of an improvement in air quality would be needed to deliver air quality objectives within the AQMA;

· To refine the knowledge of the sources of pollution so that air quality action plans can be properly targeted;

· To take account of any new national policy developments, which have come to light since the AQMA declaration and the Stage 3 report, were prepared;

· To take account as far as possible of any new local policy developments which are likely to affect air quality by the relevant date, and which were not fully factored into the Stage 3 report;

· To respond to comments from statutory consultees in respect of the Stage 3 report;

· To check the other assumptions previously made on which the designation of the AQMA has been based and to check that the designation is still correct;

· To carry out further monitoring in problem areas to check earlier findings.

1.3 Background – Dover District Council perspective

The Council has undertaken the earlier stages of review and assessment of the Local Air Quality Management  (LAQM) process within its area (see the individual Stage 1, 2 and 3 reports prepared between 1998 and 2002).  These reports present a staged approach whereby the seven air pollutants in the Government’s Air Quality Strategy related to LAQM, were assessed and screened as to their relative importance to air quality within the Council’s area.

The Stage 3 report assessed air quality across the whole of the Council’s area in accordance with DEFRA (formerly DETR) guidance. The findings of the Stage 3 report were that the statutory objective for sulphur dioxide (SO2) only was exceeded, specifically the 15 minute mean objective (see Table 1).  

The area predicted to exceed the SO2 objective relates to the Eastern Docks in Dover and adjacent areas.  In declaring its AQMA the Council needed to be confident that it had identified all locations where the air quality objective will be exceeded in the relevant years.

Table 1 Air quality objective relevant to Stage 4 

	 
	Concentration
	Measured as
	Date to be achieved by

	Sulphur dioxide (SO2)
	266μg/m3 (100ppb) not be exceeded more than 35 times a year
	15 minute mean
	31-Dec-05


It should also be noted that the above objective is by far the most stringent objective for SO2 requiring the assessment of one years data and from that identifying whether or not there are more than 35 periods during the year when 15 minute mean concentrations are greater than 266μg/m3.  

The Council is one of a small number of local authorities that have needed to declare AQMA for this objective.  All other instances where local authorities have declared an AQMA relate to solid fuel burning at fixed installations (DEFRA, 2003), although more recently other ports in England and Scotland are looking more closely at SO2 emissions from shipping.

An important factor behind this has been the recognition by the Council of the need for high quality continuous monitoring, as this provides a more accurate indication of current SO2 concentrations.  Hence the Council has invested in two high quality continuous monitoring sites to aid understanding following the production of the Stage 2 review and assessment report.

The other six AQS pollutants (benzene, 1,3 butadiene, carbon monoxide, lead, nitrogen dioxide and PM10) were only considered at earlier stages of the review and assessment.  These pollutants have also since been re-examined in the Council’s Updating and Screening Assessment (May 2003).

1.4 Dover Harbour Board Master Plan

The Dover Harbour Board produced a Master Plan for the Port of Dover (Phase 1) in August 2003 (Dover Harbour Board, 2003).  This plan covers traffic forecasts for the next 30 years in respect of all sectors for the port’s operations, although it does not address the building blocks and timescales for development. These will be produced in the next phase.

The forecasts in Phase 1 show that there is scope for considerable growth in existing trades, particularly ro-ro ferry growth.  However when all these are added together the demand exceeds capacity for ro-ro and the other activities.

Key points of the Master Plan for this report are that it may be possible to increase ferry movements to 170 per day in the Eastern Docks, assuming normal operating conditions with conventional ferries.  This equates to a 10% increase in ship movements over 2004.  Options to increase capacity include increased use of the Western Entrance, stacking ferries in the fairway and one-way entrances. 

The Master Plan also refers to the new berths to be completed next year and which are intended to provide improved berth back up to avoid disruption affecting the standard of service provided.  One berth will be kept as stand by for routine maintenance, damage repairs and emergencies.  In 2004, 85% of available double deck ro-ro capacity will be in use rising to 94% in 2005 with two new Norfolk Line vessels.  It is estimated that Eastern docks throughput could be increased by 37% through fleet changes (i.e. through replacement of the smallest two vessels plus two new vessels).

1.5 National Developments

New technical guidance (LAQM.TG03) was produced earlier this year by DEFRA to aid local authorities with their duties (DEFRA, 2003).  This replaces earlier versions produced in 1998 and 2000 and is designed to support local authorities in carrying out their duties under the Environment Act 1995.  It confirms that LAQM forms a key part of the government’s strategies to achieve the air quality objectives.

The guidance provides advice to local authorities for the purposes of undertaking their statutory review and assessments.  It also provides comment on factors that need to be taken into account for assessing exposure of the short-term objectives (such as the 15 minute mean SO2 objective), including where members of the public are regularly present.  It confirms that this latter phrase does not imply that the same persons need to be regularly present at that location (paragraph 1.20).  The standard from which the objective derives is based on a potential risk to health, thus a single exposure of an individual above the standard is to be avoided.  The objective allows a number of occurrences where the standard might be exceeded for reasons of feasibility and practicality.  A relevant location is one where a member of the public might be exposed for a single 15-minute period, as long as members of the public are regularly present.

The TG03 guidance advises that for the Detailed Assessment of SO2 in relation to emissions from shipping movements, a combination of monitoring and modelling studies is required.  This is due to the uncertainty associated with estimating emissions.  The guidance also advises that monitoring should be carried out at locations of maximum public exposure with dispersion modelling being used to inform the siting of monitoring equipment and subsequently to determine the geographic boundary of any exceedences.  

1.6 Sulphur limits in fuels

The SO2 emissions arise as a consequence of burning fuels containing sulphur (S).  The UK legislation currently applicable to shipping is the Sulphur Content of Liquid Fuels (England and Wales) Regulations 2000.  The regulations bring into force EU Directive 1999/32/EC and came into force on the 27th June 2000.  They set a series of three limits on the amount of sulphur (S) contained in both fuel oil and gas oil.  For users of marine gas oil on voyages within the European Union the amount of S from the 1 July 2000 must not exceed 0.2% by mass.  This is to be further reduced from 1 January 2008 to 0.1% by mass.

1.7 International Policy Developments

In November 2002 the European Commission (COM (2002) 595) launched a strategy to reduce air pollution from ships, with a first priority is to reduce ship emissions of SO2 and particulate matter.  This is to amend Directive 1999/32/EC as regards the S content of marine fuels.  The main aim of the strategy is to reduce the impact of emissions from seagoing ships on local air quality and acidification.

An important part of the strategy is a proposal to reduce the S contents of marine fuels used in the EU.  The new, stricter limits for S in marine fuels proposed are intended to reduce SO2 emissions in the EU by over 500,000 tonnes every year. The reductions will be targeted to deliver benefits in ports and coastal areas close to where people live, and in acid-sensitive ecosystems in northern Europe.  Marine fuel has an average sulphur content of 2.7%, or 27,000 parts per million, compared with road fuel, which has a new limit of 10 ppm (Entec, 2002).

The Commission presented a proposal for a directive to reduce the S content of marine fuels used in the EU and in August 2003 adopted an amended version of its marine fuel sulphur proposal COM (2003) 476.

The objectives of the proposal are: 

1) A 1.5% fuel S limit for marine fuels used by all ships in the North Sea, Channel and Baltic Sea, in line with the SOx Emission Control Area agreed at the International Maritime Organisation.  This will help reduce acidification and improve air quality; 

2) A 1.5% fuel S limit for passenger vessels on regular services to/ from any EU ports, from 1 July 2007, in line with established EU policy for high standards for passenger vessels. This will improve air quality around coasts, and help ensure an EU-wide supply of low sulphur fuel;

3) A 0.2% (0.1% by 2008) fuel S limit for ships at berth in EU ports, to reduce local emissions of SOx and PM, and improve local air quality. 

At a recent EU Stakeholder workshop (September 2003) it was confirmed that the legal proposal with co-decision could take until 2005.  The EU ships strategy is also undertaking research on ships abatement technologies, investigating market based instruments and providing a co-ordinated action with the IMO’s MARPOL Annex IV convention on reducing emissions from ships.

DEFRA have asked a wide range of organisations their views on the EU proposals in a Consultation Paper, and the Council have responded to this paper.

This page is left blank intentionally.

2
Air Pollution Measurements in Dover D.C and surrounding area

2.1
Monitoring Update

This section of the report provides an update on recent air pollution monitoring undertaken by both the Council and a neighbouring local authority.  The report has been delayed with the full agreement of DEFRA to permit the Council to complete one full year of monitoring at its newest site.

The monitoring of air quality in a local authority’s area provides an important source of information for understanding air quality.  This is particularly so for the AQMA in Dover, which is based in a challenging location, with highly complicated topography close to the harbour and the cliff, as well as a multitude of constantly varying sources.  The monitoring provides important information on concentrations and allows an understanding to be developed of the conditions when episodes arise.

The Council undertakes continuous monitoring of SO2 as part of the Kent and Medway Air Quality Monitoring Network (KMAQMN).  This network operates in accordance with QA/QC procedures that meet those given in LAQM.TG (03).  Further specific information is given in Appendix A.  

The Council operates two sites within its AQMA; these are indicated in Figure 1 overleaf.  The sites are Langdon Cliff (ZD3) and East Cliff (ZD4).  The ZD3 site began operating on the 17th March 2001 and is situated at the top of the cliff directly north of the Eastern Docks.  The ZD4 site started operating in July 2002 and it is located west of the Eastern Docks at the bottom of the cliffs in East Cliff.  Both locations represent sites where there is relevant public exposure as defined earlier.

The Shepway District Council also undertakes additional monitoring in neighbouring Folkestone at a suburban background location.  The monitoring from this latter site aids the understanding of typical background concentrations, i.e. away from those affected by Dover harbour.  

The following section supplements the earlier Review and Assessment reports with recent results for SO2 and brings it up to date (i.e. to September 2003).  It should be noted however that the data provided in this report for 2003 are currently not fully ratified.  

The monitoring continues to measure sharp peaks over short durations indicative of local sources.  The results of the monitoring also confirm that there have been no periods when 1 hour mean and 24 hour mean objective standards have been exceeded at the Dover monitoring sites.  Hence these objectives are not referred to any further in the report. 

Figure 1 Location of Dover AQMA and continuous air quality monitoring sites

[image: image1.png]142500

142000

141500,

141000

140800

140000

Eadt Gl
i
4

s - Langaon it
el

631000

T T T
£31500 632000 632500

T
£33000

3 Sl
,
Boundiary ot AQHA
T
£33500 634000

T
£34500




This map is reproduced from Ordnance Survey material with the permission of Ordnance Survey on behalf of the Controller of Her Majesty’s Stationery Office© Crown copyright.  Unauthorised reproduction infringes Crown copyright and may lead to prosecution or civil proceedings.  Dover District Council Licence No. LA07778X published 2003.

2.2
Summary of sulphur dioxide measurements

Table 2 overleaf updates the information provided in the Stage 3 report.  It should be noted that the data are summarised for calendar years in line with normal reporting practice.  

Table 2 Summary of continuous SO2 monitoring at the Dover sites

	 
	ZD3
	 
	 
	ZD4
	 

	Location
	Langdon Cliff
	
	
	East Cliff
	 

	Results
	2001
	2002
	2003(*)
	2002
	2003(*)

	Data capture %
	75.7%
	96.8%
	65.4%
	34.9%
	65.2%

	Periods > 266ug/m3
	25
	48
	27
	5
	17

	99.9th%ile
	260.2
	277.2
	274.5
	223.5
	248.8


(Note - * indicates that monitoring is still in progress, thus these data are provisional)

This table indicates that the data capture at ZD3 can be considered to meet the data capture requirements fully for one year only (i.e. for 2002).  The measurements at ZD3 for 2002 confirm that there were more than 36 periods when the 15-minute mean standard of 266 μg/m3 was exceeded; hence the 15-minute objective was exceeded during that year.  

For both the previous year (i.e. 2001) and the current year the number of 15-minute periods when the standard has been exceeded is 25 (for 2001) and 27 (for 2003 to date).  These results indicate that the risk of exceedence of the objective for both these years is not minimal.  

The table also includes the 99.9th percentile results, which can be considered the equivalent percentile for this objective (from TG03 guidance).  For ZD3 in 2002 this result exceeds the 266 μg/m3 standard.  The result for 2001 is slightly below this standard at 260 μg/m3, whereas the result for 2003 (for the year January to September) is above the standard.  In both instances the 99.9th percentile indicates that the objective is close to being exceeded.

The results for the ZD4 site are insufficient for the each calendar year of operation.  However the results do represent a continuous year of data from the initial date of opening.  Thus the results can be combined to give sufficient data capture.  However it should be noted that simple extrapolation of the data for each part year to a whole calendar year is likely to produce an incorrect result (see Figure 2 which shows the spread of periods of exceedences over 2002 for ZD3).  This is because of the nature of this objective, which is based on the need to identify very high peaks over very short periods of time.

The ZD4 result for the year of monitoring (2002-2003) confirms that the number of periods where the standard has been exceeded is 22 and thus less than the 35 occasions of the objective.  Based on the 99.9th percentile the result for the year is 240.9 μg/m3, which is again less than the 266 μg/m3 standard.

For comparison purposes, the number of times when the standard has been exceeded at the ZD3 site for the same period is 43.  Based on the 99.9th percentile the result is 276.1 μg/m3, which is again is greater than the 266 μg/m3 standard.  This simple comparison indicates that for the concurrent period monitored, the peak concentrations at ZD4 are less frequent than ZD3 and are below the 15-minute objective.  

Previous reports for the KMAQMN indicate a 10% uncertainty in measuring peak concentrations of SO2.  Further examination of the number of 15-minute peaks exceeding 239.4 μg/m3 (i.e. 10% less than 266 μg/m3) at the ZD4 site reveals that there were 37 such periods for the monitored year (between 2002-2003). This indicates that although the ZD4 site has not recorded an exceedence of the objective it has still recorded high peak concentrations close to the objective and within the area of monitoring uncertainty.

For further comparison purposes the results for the suburban background site in Folkestone (ZF1) are given below in Table 3.  From these results it can be seen that there have been no periods where the standard has been exceeded and the 99.9th percentile are less than 100 μg/m3 and therefore less than the 266 μg/m3 standard. (Further information on this site is given in Appendix D).

Table 3 Background monitoring results (2001-2003)

	ZF1
	2001
	2002
	2003(*)

	Data capture
	92.0%
	90.8%
	57.7%

	Periods > 266ugm3
	0
	0
	0

	99.9th%ile
	79.2
	67.3
	94.5


(Note - * indicates that monitoring is still in progress, thus these data are provisional)

2.3 Monthly distribution of episodes at ZD3 and ZD4

The data from the two sites have been analysed overleaf to understand the distribution of the episodes (i.e. which month the 15-minute mean standard has been exceeded) for the duration of the monitoring.  The time relates to time period averaged for the preceding 15 minutes.  The individual details of episodes are given in Appendix B, whereas the data presented overleaf in Figure 2 and Figure 3 show the spread of episodes greater than the 266 μg/m3 standard for the respective periods of monitoring. 

Figure 2 Distribution of SO2 episodes for ZD3 (April 2001 – September 2003)
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Figure 2 indicates that there have been episodes during most months when the site has been operating, with the peaks of 14 and 11 respectively arising in November 2002 and January 2002.  The episodes for each of these months took place on 6 different days.  Whilst this may outwardly suggest, without further investigation, that certain winter conditions are conducive to episodes of peak concentrations there is no other specific dominant seasonal influence as peak concentrations arise almost every month.  This is further confirmed in Figure 3 overleaf for the ZD4 site.

For this site the peak number of episodes arose in June, rather than during the winter.  This further indicates that seasonal influences are less important than specific meteorological conditions that are conducive to episodes arising.

Figure 3 Distribution of SO2 episodes for ZD4 (August 2002 – September 2003) 
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2.4 Diurnal occurrences of episodes

There is 24-hour ferry activity at the Eastern Docks (this is discussed further in Appendix E).  To investigate whether there is any diurnal variation the timing of each episode (based on the tables in Appendix B) has been plotted overleaf in Figure 4 for a single 24-hour period.

The two sets of episodes from ZD3 and ZD4 are grouped together since they represent periods when the highest concentrations have arisen.  Figure 4  includes the 100 episodes greater than the 266 μg/m3 standard that have arisen at ZD3 since the start of operations together with the 22 episodes of corresponding information for ZD4 since it started operating in August 2002.  In addition a separate plot has been included with increased data from ZD4.  These data represent those peaks greater than 239.4 μg/m3 (i.e.90% of the 266 μg/m3 standard).

The figure illustrates that episodes arise throughout the 24-hour period, apart from a one-hour lull between 04.30 and 05.45 hours when no episodes have been recorded and two shorter lulls for up to an hour around 03.45 and 20.00 hours.  The bulk of the episodes (approximately 70%) arise in the 12 hour day time period 08.00 to 20.00 hours, with episodes being less frequent during the overnight period. 

Figure 4 Diurnal occurrences of peak 15-minute SO2 episodes (ZD3 and ZD4) 
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The most frequent times that episodes arise are at approximately 10.30 hours in the morning and 16.00 hours in the early afternoon, although other peaks arise at 09.00, 19.00 and 23.00 hours.

The above corresponds with the peak daily activity of the ferries (i.e. between approximately 08.00 and 22.00 hours) based on timetabled departures and arrivals (see Appendix E).  

The fact that episodes arise at all times of the day, including periods when there are few ferries in port however, suggests these arise when the level of emissions from one of more ferries coincides with specific meteorological conditions to direct the plume emitted to the two monitoring sites.

2.5 Analysis of episodes at ZD3

To further understand the SO2 episodes it is necessary to examine concurrent meteorological factors.  To aid this, the Council have installed a sonic anemometer at the ZD3 site in August 2002.  This provides both wind speed and wind direction data (note – it is only data in the horizontal plane that is collected).

These data have been examined for a series of episodes and some of these are graphically presented in Appendix B to show separately wind direction and wind speed against the 15-minute mean concentrations. Table 4 provides details of these factors in summary form for 2002 and Table 5 for 2003.

Table 4 Analysis of wind speed and direction during peak 15-minute mean SO2 episodes during monitored period 2002 (ZD3)

	Date & Time
	SO2 μg/m3
	WDIR@ZD3
	WSPD@ZD3

	01/10/2002 14:30
	308.0
	176.4
	1.5

	01/10/2002 14:45
	255.1
	176.4
	1.5

	21/10/2002 22:30
	255.4
	173.3
	6.4

	22/10/2002 10:45
	314.7
	169.4
	9.7

	02/11/2002 13:45
	284.9
	161.9
	2.6

	13/11/2002 17:30
	246.4
	180.6
	6

	14/11/2002 18:45
	372.4
	190.9
	6.6

	14/11/2002 19:00
	343.1
	171.6
	7.8

	14/11/2002 19:15
	244.7
	171.6
	7.8

	14/11/2002 22:45
	286.5
	188.3
	5.7

	14/11/2002 23:00
	320.5
	174.7
	6.6

	21/11/2002 20:15
	252.2
	172.9
	7.3

	22/11/2002 00:00
	263.9
	146.3
	6.2

	22/11/2002 11:30
	294.2
	186.1
	8.4

	22/11/2002 14:30
	281.4
	182.1
	9.3

	22/11/2002 18:45
	313.3
	169.8
	8.4

	22/11/2002 22:30
	254.6
	187
	6.7

	23/11/2002 00:30
	287.6
	194
	5.8

	23/11/2002 01:15
	252.2
	188.1
	5.9

	23/11/2002 10:30
	342.6
	157.1
	6.1

	23/11/2002 11:15
	266.0
	159.7
	6

	23/11/2002 12:00
	258.0
	158
	5.9

	26/11/2002 14:00
	257.5
	173.8
	4.2

	26/11/2002 14:15
	282.0
	173.8
	4.2

	27/11/2002 23:15
	336.0
	164.1
	5.6

	28/11/2002 06:45
	253.5
	166.1
	5.8

	28/11/2002 11:15
	291.3
	174.9
	5


The above table represents peaks of greater than 239.4 μg/m3 (which represents 90% of the 266 μg/m3 standard) to increase the data available for analysis.  The average wind direction at the time of these 28 episodes was 174°, thus indicating that the wind was blowing from a southerly direction, which is the direction of the Eastern Docks from the monitoring site.  The range of the wind direction varies from 146° to 194°, suggesting that the peak episodes arise from an arc of sources approximately to the south of the monitoring station.  This is consistent with what might be expected as the sources are spread across the seven berths and adjacent areas in the Eastern Docks.

From the wind speed data the average wind speed when episodes are arising is 6m/s, with a range from 1.5 to 9.7m/s.  This indicates that episodes can arise at both low and medium wind speeds.  The range of wind speeds for the period of monitoring in 2002 varied between 0.2 and 12.7m/s.  The average for this same period was 3.6m/s.  Thus the episodes tend to arise when the wind speeds are slightly higher than average (based on 2002 measurements).

Table 5 Analysis of wind speed and direction during peak 15-minute mean SO2 episodes during monitored period 2003 (ZD3)

	Date & Time
	SO2 μg/m3
	WDIR (degrees)
	WSPD (m/s)

	20/01/2003 21:00
	301.1
	174.7
	9.3

	21/01/2003 01:45
	275.8
	174.2
	7.5

	21/01/2003 02:00
	370.5
	170
	8.4

	21/01/2003 02:15
	443.7
	170
	8.4

	21/01/2003 04:00
	274.5
	176.6
	8.7

	21/01/2003 04:15
	276.6
	176.6
	8.7

	21/01/2003 04:30
	276.1
	176.6
	8.7

	23/03/2003 10:45
	266.0
	120.4
	1.2

	15/04/2003 10:15
	401.1
	179.9
	1

	15/04/2003 10:30
	443.7
	179.9
	1

	15/04/2003 10:45
	314.9
	179.9
	1

	24/04/2003 14:15
	282.5
	193.8
	1.2

	24/04/2003 14:30
	272.7
	193.8
	1.2

	02/05/2003 06:45
	266.0
	172.2
	6.8

	07/05/2003 10:45
	305.9
	166.5
	1.4

	07/05/2003 11:00
	300.6
	162.6
	1.3

	13/06/2003 11:00
	280.6
	150.5
	1.5

	15/06/2003 22:15
	296.3
	100.2
	0.6

	25/07/2003 10:30
	274.8
	169.8
	6.6

	25/07/2003 10:45
	296.3
	169.8
	6.6

	29/07/2003 20:30
	292.1
	174
	5.3

	06/08/2003 10:15
	302.4
	151.6
	2

	09/08/2003 15:45
	349.0
	185.9
	1.4

	10/08/2003 16:00
	286.5
	129
	0.6

	10/08/2003 16:15
	321.3
	129
	0.6

	11/08/2003 18:30
	330.6
	120.4
	1.8

	18/08/2003 01:30
	313.6
	16.7
	0.7


The data for 2003 (i.e. episodes greater than 266 μg/m3) are given in Table 5 above and this indicates that there are 27 episodes for the monitoring period from January to September 2003. 

A cursory examination of the wind direction for these episodes suggests that the range of wind directions is greater than that for the previous year.  It should however be noted that the specific episodes (outside the range identified above) arise during calm periods i.e. when the wind speed is less than 1 m/s.  In these instances the wind direction can vary hugely allowing plumes to meander and re-circulate, it is therefore extremely difficult to assess the direction of the source.  In view of this these episodes (marked in Italics in Table 5) are excluded from the analysis.

The average wind direction at the time of the episodes (excluding those arising when the wind was less than 1 m/s) was 169°, which is similar to 2002 and indicative of wind blowing from a southerly direction, which is the direction of the Eastern Docks from the monitoring site.  The range of the wind direction varies from 120° to 194°, again indicating that the peak episodes arise from an arc of sources approximately to the south of the monitoring station.  

From the wind speed data the average wind speed when episodes are arising is 4.4m/s, with a range from 0.6 to 9.3m/s.  The range of wind speeds for the period of monitoring in 2003 varied between 0.2 and 13.1m/s.  The average for this same period was 3.1m/s.  Thus the episodes tend to arise when the wind speeds are slightly higher than average. This is similar to the findings with the 2002 measurements although the wind speed for 2003 is less.

A key point arising from this analysis of the episodes is that wind direction is more important than wind speed.  This can more clearly be seen in the figures in Appendix D.

2.6 Analysis of episodes at ZD4

The anemometer at the ZD3 is sited at the top of Langdon Cliff about 75m higher than the monitoring site at East Cliff (ZD4) and thus may not be fully representative of the wind direction and wind speed at this site.  The ZD4 site is south-west of the ZD3 site and directly west of the Eastern Docks (see Figure 1).

Table 6 gives details of the episodes for 2002 and for 2003.  Both tables include peaks above 239.4 μg/m3 to increase the data available for analysis.

Table 6 Analysis of wind speed and direction during peak 15-minute mean SO2 episodes during monitored period 2002 (ZD4)

	Date & Time
	SO2 μg/m3
	WDIR (degrees)
	WSPD (m/s)

	08/10/2002 17:45
	257.8
	101.7
	3.7

	20/10/2002 15:45
	269.2
	101.5
	4.5


	20/10/2002 16:45
	277.2
	99.3
	5

	11/12/2002 21:15
	245.3
	93.4
	4.5

	11/12/2002 22:30
	273.2
	90.1
	3.7

	11/12/2002 22:45
	346.6
	90.1
	3.7

	11/12/2002 23:00
	243.9
	95.1
	3.9

	12/12/2002 01:15
	299.5
	98.4
	4.2

	18/12/2002 23:45
	241.0
	96.7
	4


The above table shows that the range of wind directions varies between 90° and 102°, averaging 96°.  This indicates that the episodes arise when the wind is from east of the monitoring site.  Thus this confirms that the emissions are from the direction of the Eastern Docks.  The wind speed at the time of the episodes is approximately 4 m/s.

Table 7 overleaf provides similar information for ZD4 during 2003.  The table shows that the range of wind directions varies between 43° and 124°, with the average 109°.  This again indicates that the episodes arise when the wind is from a direction east of the monitoring site, apart from one episode on the 29th May 2003 which is from a Northeast wind direction and therefore not from the Eastern Docks.  (Note - further information is required to understand this particular episode).  The wind speed at the time of the episodes is approximately 1.7 m/s, which is slightly less than the episodes arising in 2002.  Those episodes where the wind speed is less than 1m/s are italicised in the table.

It should also be noted that the timing of the episodes at the two sites does not overlap.  This is as expected based on the understanding from above that episodes arise from a specific source location.  This means that episodes at ZD3 arise when the wind is from a southerly direction (approximately 170°).  The consequence of this to ZD4 is that the emissions are blown away so concentrations at this site remain low.  The opposite also applies i.e. when the wind blows towards ZD4 from the east the emissions are blown away from ZD3 with corresponding low concentrations. 

Table 7 Analysis of wind speed and direction during peak 15-minute mean SO2 episodes during monitored period 2003 (ZD4)

	Date & Time
	SO2 μg/m3
	WDIR (degrees)
	WSPD (m/s)

	26/02/2003 10:00
	252.2
	120.4
	1.5

	26/02/2003 10:30
	290.5
	120.4
	1.5

	26/02/2003 11:15
	248.2
	115.8
	1.6

	26/02/2003 11:30
	246.6
	115.8
	1.6

	22/04/2003 10:00
	295.0
	118.2
	2.9

	22/04/2003 10:15
	339.2
	118.2
	2.9

	22/04/2003 10:45
	351.7
	118.2
	2.9

	07/05/2003 15:15
	242.3
	175.8
	0.8

	07/05/2003 15:45
	268.9
	175.8
	0.8

	07/05/2003 16:15
	262.8
	110.1
	1

	29/05/2003 10:00
	278.5
	43.1
	2.4

	16/06/2003 06:30
	247.1
	86.8
	1.2

	16/06/2003 07:30
	306.2
	105.5
	1.6

	16/06/2003 07:45
	270.3
	105.5
	1.6

	16/06/2003 08:30
	321.3
	110.9
	1.9

	16/06/2003 08:45
	328.0
	110.9
	1.9

	16/06/2003 09:00
	300.0
	113.4
	2.1

	16/06/2003 10:00
	279.0
	111.8
	1.8

	16/06/2003 10:15
	374.3
	111.8
	1.8

	16/06/2003 10:45
	260.9
	111.8
	1.8

	09/07/2003 15:45
	301.1
	100.6
	1.6

	09/07/2003 16:15
	342.9
	102.6
	1.5

	06/08/2003 08:45
	298.7
	115.8
	1.1

	06/08/2003 09:00
	277.4
	123.7
	1.4


2.7 Analysis of episodes on 6th August 2003 at ZD3 and ZD4

As noted above episodes at the two monitoring sites do not coincide exactly at the same time.  On 6th August 2003 however there were episodes at both sites, which arose close together.  The peak over the 266 μg/m3 (100 ppb) standard at ZD4 was just before 09.00 hours and this was followed by the exceedence at ZD3 just after 10.00 hours.    

High concentrations over the 266 μg/m3 (100 ppb) were observed at the ZD4 first followed closely by a rise in concentrations at the ZD3 site. Figure 5 overleaf shows the changes in 15-minute mean concentration from midnight through the following 24 hours of the 6th August 2003.  The figure shows the concentration rising sharply at ZD4 between 08.00 and 09.00 hours, and then falling sharply, whilst at the same time that ZD4 is falling, at ZD3 the concentration starts to increase sharply.

Figure 5 15 minute mean SO2 and wind direction at ZD3 and ZD4 (6th August 2003)
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Figure 6 15 minute mean SO2 and wind speed at ZD3 and ZD4 (6th August 2003)
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Concurrent with the changes in concentrations there is a change in wind direction.  Between 08.00 and 09.00 hours the average wind direction is 116° then for the next hour it moves to 124°, before edging further round to 152°.  For the period 11.00 to 12.00 hours the wind direction is 177°, after this it continues to edge round during the afternoon and evening.  Concentrations at both sites can be seen to fall off markedly from their respective peaks.  An earlier pair of peaks at both sites with similar changes in wind direction can be seen between 04.00 and 08.00 hours (It should be noted that both the wind directions and speeds are averaged over one hour.  The 15-minute data are not reported; hence the wind changes appear stepped).

Figure 6 shows the same concentrations at the two sites, but with wind speed rather than wind direction.  This figure shows that the wind speed dropped to calm conditions just before 08.00 hours and picked up slightly from this time as the wind veered round to a southerly and on to a south westerly.

The analysis of these episodes has confirmed that wind direction is a key factor in causing the changes in concentration at both sites.  The highest concentrations arise at ZD3 when the wind is southerly and at ZD4 when the wind is easterly.  In both instances this corresponds to emissions of SO2 arising from the Eastern Docks.

3
Predictions of Sulphur Dioxide (SO2) near the Dover D.C AQMA

3.1
Outline of modelling developments

The Stage 4 review represents significant progress beyond the Stage 3 report. As a summary the developments include:

· Detailed modelling of the releases of SO2 over the area of interest to allow an improved assessment of exposure;

· Predictions plotted on OS base maps;

· Detailed estimates of emissions from ferries in spatial terms and related to activity;

· Additional monitoring data for assisting the modelling;

· Use the most locally available meteorological data over two years to take into account year to year variation

A detailed explanation of the methods used, including the developments undertaken is given in the appendices.  

The overall aim of the air pollution modelling is to produce a sound method whereby concentrations of SO2 can be determined and in conjunction with the continuous monitoring results to produce percentile values that can be compared with the AQS objectives. 

The area of interest in the report was limited to the Dover Harbour and its immediate surrounding area in Dover.  This was based on the findings in the Stage 3 report and subsequent Updating and Screening Assessment, which identified no other potential sources of SO2 that might lead to a risk of exceedence in the study area.  

3.2
Figures showing model predictions 

The following pages provide isopleths of the modelled predictions for SO2 for the Dover Harbour area
.  It should be noted that the objective relates to the number of occasions, which the 15-minute standard of 266 ug/m3 is exceeded.  This statistic can only be fully determined using measurements.  The government’s guidance however permits an approximate equivalent percentile to be used to assess pollution levels where modelling is necessary.  For the 15 minute objective the equivalent percentile is the 99.9th percentile.  This relates to the 36th highest 15-minute mean concentration arising over the period of one year.  

3.3
Predicted exceedences of the SO2 15 minute mean in 2005

The predicted exceedences of the 15-minute mean of 266 μg/m3 (100ppb) for the 2005 base case, assuming that the meteorology of the year 2002 and 2001 were repeated, are shown in Figure 7 and Figure 8 below.  The areas coloured yellow to red are those that are predicted to exceed the air quality objective.  The predictions confirm the Stage 3 findings that the air quality objective will be exceeded in and adjacent to the Eastern Docks. 
In comparison with the Stage 3 predictions (which were based on 1998 met. year) the area predicted to exceed the statutory objective has changed shape and size.   The changes to the area of exceedence are mainly as a result of the improved understanding of emissions and their source locations, as well as the changing effects arising from the different meteorology between 2001 and 2002. (Important note – some care is needed when interpreting 2001 results as these have been adjusted using the factor for 2002 due to the lack of sufficient monitoring in 2001, see Appendix C for further information).

A comparison of the areas is given in Figure 11 and this indicates clearly that the prediction based on 2002 meteorology is larger than that of 2001.  Both predictions based on 2001 and 2002 are a different shape than the previous Stage 3 prediction although the areas covered are similar in size.  

The main difference between the Stage 3 and new predictions are that the area predicted to exceed has edged eastwards and away from the main urban centre of Dover.  Most of the additional area predicted to exceed relates to the area in the south of the harbour within the harbour walls as well as the just outside the walls running north of the eastern entrance.   The prediction for 2002 also includes an additional north of the Eastern Docks in the Langdon Cliff area.  

The area predicted to exceed based on 2002 meteorology is approximately 4% larger than the original Stage 3 prediction.  The 2001 area is also approximately 86% of that predicted for 2002.

3.4 Predictions incorporating potential ferry growth

The introduction to the report outlined the Dover Harbour Board’s Master Plan Phase 1 (August 2003) for the Port of Dover.  This Master Plan provides details of a number of potential changes that may arise between now and 2005.  These changes relate to: the building of two additional berths just west of Berth 7 in the Eastern Docks; and to a projected increase in ferry growth above that considered in the base case modelling above.  

To allow for these changes two further predictions have been made for 2005.  These have been developed from the base case above and are based separately on a 10% increase in ferries using the Eastern Docks over the base case and a 20% increase over the base case.  The modelling has been undertaken for the meteorological year 2002 only.  The emissions are related directly to these increases in the numbers of ferries using the port.  It should be noted that these assumptions do not take into account the following:

· Any changes in activity e.g. times at berth, entering and exiting the existing berths and harbour

· Any changes in timetabled activity e.g. during peak times or overnight (note - the emissions are averaged over time and thus do not reflect peak periods) 

· The emissions arising from the location of the new berths and activity associated with them

· Any changes in emissions relating to any new ferries using the port

The results of the modelling indicate an increase in the area of exceedence both to the north and west of the Eastern Docks, with the 20% extra growth having the greatest area of exceedence.
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Figure 7 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 (based on 2002 meteorology)
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Figure 8 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 (based on 2001 meteorology)
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Figure 9 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 with 10% growth in ferries (based on 2002 meteorology)
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Figure 10 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 with 20% growth in ferries (based on 2002 meteorology)
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Figure 11 Comparison of areas of exceedence
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4
Source Contribution near the Dover D.C AQMA

4.1
Source contribution of SO2 at identified facades

The previous chapter has confirmed that the 15-minute mean SO2 objective will be exceeded in 2005 and also identified the extent of the area predicted to exceed.  To further understand the improvement needed to achieve the statutory objectives, it is helpful to consider the emissions that contribute to the overall predicted pollution concentration.  Both pollutant emissions and atmospheric processes, including meteorology, determine the pollution concentration at any given location.  

An examination of the monitoring earlier has confirmed that the exceedences arise when the wind is blowing from sources in and near the Eastern Docks.  The dispersion modelling has also been based on an understanding of the emissions arising from ferries in and near to the Eastern Docks.  To develop a greater understanding it is helpful to consider whether the emissions leading to the exceedence arise from a specific group of sources or activities.  

Individual ferries produce the SO2 emissions through the combustion of S containing fuels when undertaking the various activities associated with their operation.  These activities can be grouped into three general activities that all ferries undertake at different locations within the harbour; these are as follows:

a) Loading and unloading whilst the ferry is at berth;

b) Manoeuvring associated with the ferry leaving the berth and subsequently the harbour and

c) Manoeuvring associated with the ferries approaching the harbour and berthing.

Using the above components of activity also provides an understanding of the sources at different locations within the harbour.  The contribution of these source activities has therefore been determined.  To achieve this further modelling has been undertaken using the same methodology as that used to determine the air pollution predictions in the previous chapter.  The development of the ferry emissions for the dispersion modelling is given in Appendix E.

The results from the modelling have been analysed to determine the predicted concentration at given locations.  This is necessary since the influence of the different sources is likely to vary between locations due to their proximity to the sources; hence the apportionment is location dependent.

The 15-minute mean objective is based on the peak concentrations arising and it therefore is not possible to determine contributions directly at the 99.9th percentile.  Instead the contributions have been derived from the long-term average predictions.  Thus the findings are considered indicative of the activities. 

The specific point locations selected for investigation provide a representative understanding of areas of high pollution close to the Eastern Docks.  The locations chosen were the two Council monitoring sites (at Langdon Cliff and at East Cliff) and an area of high concentrations of pollution within the Eastern Docks.  
4.2
SO2 results at the identified locations from modelling source activities 

The modelling of SO2 has been undertaken separately for each of the component activities and has been undertaken based on 2002 meteorology only.  The modelling has also been undertaken for the 2005 base case.  

The background component, which comprises emissions from the following sectors: domestic, commercial, industrial and other miscellaneous sources (e.g. such as agriculture and other ship emissions), has not been included as this contribution is very small compared to the peaks which arise for this objective. Compared to the 266 μg/m3 standard the background contributes only about 2%.  The background concentrations are discussed further in Appendix C.

The individual contribution for each of the activity components is based on the proportion identified at each location.  From the 2005 base cases modelled (in Figures 7 and 8) the highest 99.9th percentile concentrations occur at the Eastern Docks, then Langdon Cliff followed by East Cliff.  The results for these are given in Table 8 below.

Table 8 Contribution (%) of each activity to total concentration (2002 meteorology)

	 
	Loading/ unloading
	Leaving
	Entering

	 Dover Eastern Dock
	59.0%
	13.8%
	27.3%

	 Langdon Cliff
	56.1%
	14.7%
	29.2%

	 East Cliff
	49.4%
	15.8%
	34.7%


(Note - there is a small rounding effect here)

The contributions of SO2 to the total vary between the locations due to their different distances from the sources and the different emissions from each activity. 

The contribution from the loading and unloading activities at berth has greatest overall importance totalling for all locations between 50 and 60% of the total.  This is as expected as the location of the berths is closest to all the receptor locations.  The Eastern Dock location, which is closer than the other two locations to this activity source, also has the highest contribution of the three locations.

The activity associated with leaving the harbour is responsible for approximately 15% of the total contribution at the three locations and again this is as expected in view of the short duration of this particular activity compared to entering the harbour.  The activity associated with entering the harbour and mooring at the berths is approximately twice that associated with leaving the harbour for each location.
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5
Scenario testing

5.1
Selection of scenario tests 

The Council having declared its AQMA is required to produce an action plan following the production of its Stage 4 report.  The purpose of the action plan is to allow it to work towards the AQS objective that has been identified as being likely to be exceeded by the end of 2005.

Prior to developing an action plan it is helpful to test the understanding of the modelling and also the effectiveness of possible measures to improve air quality within the AQMA.  To do this a series of scenario tests have been considered.  These all reflect the fact that the ferry fleet is the most significant source of SO2 emissions.

The scenario tests agreed for 2005 can be split into the following two categories:

1. Based on the use of a lower S content fuel to reduce emissions 

2. Based on the use of abatement technology to remove SO2 emissions 

The four scenario tests using these categories were:

Scenario 1
- use of 2% S HFO and 0.2% gas oil by all ferries
 



Scenario 2
- use of 1.5% S HFO and 0.2% gas oil by all ferries
 



Scenario 3
- one ship only fitted with FGD scrubber, others unchanged

Scenario 4
- two ships fitted with FGD scrubbers, others unchanged

Important note – all the above scenarios are changed from the modelled 2005 base case.  This means that there have been no other changes to overall ferry activity e.g. in terms of ferry growth.

5.2 Results of scenario tests

The results of the modelling for the above tests using 2001 and 2002 meteorology are given in Tables 9 to 12 below.  Separate plots of pollution are also presented in Figures 10 to 17.  The results represent the concentrations at the same locations as used for the earlier source contribution (section 4.1 above). 

Table 9 Predicted SO2 99.9th percentile (μg/m3) for 2002 meteorology

	Location
	2005 base
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	Eastern Docks
	374.9
	273.2
	204.9
	343.9
	309.2

	Langdon Cliff
	312.5
	227.7
	170.8
	287.4
	258.5

	East Cliff
	205.5
	149.8
	112.3
	190.4
	172.3


The results in Table 9 include the base case for 2005 (based on 2002 meteorology) and confirm a reduction in concentrations as a result of both the uptake of pollution abatement technology and specific changes to reduce the S content of fuel.  For the 2005 base case all of the locations, apart from East Cliff, were above the objective standard of 266 μg/m3. 

It should be noted that the base case also represents the current day, since the ferry activity for 2005 is assumed to remain constant with 2003 levels with no consequent increase or decrease in demand. 

Based on 2002, Scenario 2 provides the greatest change from the base case and hence the reductions for this scenario are the largest.  In the case of this scenario, the concentration dips below the objective standard for all the locations examined.  Scenario 1 also provides a reduction in concentrations from the base case with both the Langdon Cliff and East Cliff locations achieving the 266 μg/m3 standard.  

For Scenario 3, the East Cliff location only meets the standard, whereas for Scenario 4 both the Langdon Cliff and East Cliff locations achieve the standard, albeit the Langdon Cliff site only just meets it.

The reduction in predicted concentrations result in smaller areas of exceedence and therefore a reduced potential for public exposure.  This can be seen from Figures 10, 12, 14 and 16 inclusive (based on 2002 meteorology).  These can be compared to Figure 7 earlier for the 2005 base case for SO2.  

Figure 10 indicates for Scenario 1 two areas based on the Eastern Docks and a separate area near the harbour entrance as exceeding the objective. Figure 12 indicates only a few extremely small areas to be predicted as exceeding based on the Eastern Docks and just outside the harbour.  The reductions for the abatement technology scenarios are smaller than the base case scenario but not as great as the reduced S content of fuel scenarios.  Figure 14 represents 81% of the area predicted to exceed in Figure 7 and Figure 16 represents 64% of the area predicted to exceed in Figure 7. 

The percentage improvement from the base case for each of the scenarios at the chosen locations can be assessed from Table 10.  This again indicates the effect at the selected locations.  It clearly highlights that Scenario 2 gives the greatest improvement (i.e. approximately 45 % for all locations). Scenario 3 however gives the smallest improvement (approximately 8%) followed by Scenario 4 (with a further reduction of approximately 8% for all locations).

Table 10 Percentage improvement for each scenario against the 2005 base case scenario (based on Table 9)

	Location
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	Eastern Docks
	27.1%
	45.4%
	8.3%
	17.5%

	Langdon Cliff
	27.1%
	45.4%
	8.0%
	17.3%

	East Cliff
	27.1%
	45.4%
	7.3%
	16.2%


The results for 2001 meteorology are also provided and these reflect that the area predicted to exceed for this base case scenario is smaller than that based on 2002.

Table 11 Predicted SO2 99.9th percentile (μg/m3) for 2001 meteorology

	Location
	2005 base
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	Eastern Docks
	347.9
	253.0
	189.7
	314.4
	283.6

	Langdon Cliff
	264.0
	192.0
	144.0
	238.5
	215.3

	East Cliff
	217.8
	158.4
	118.8
	198.0
	180.2


For Scenarios 1 and 2 all locations are predicted to meet the standard.  For Scenarios 3 and 4, the Langdon Cliff location is also predicted to meet the standard along with East Cliff location.

Table 12 indicates that the Scenario 1 and 2 reductions are approximately 27 and 45% respectively.  For Scenario 3 the expected improvement is slightly over 9 and 18%.  This is marginally greater than that based on 2002 meteorology and reflects that area predicted to exceed is slightly less in 2001.

Table 12 Percentage improvement for each scenario against the 2005 base case scenario (based on Table 11)
	Location
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	Eastern Docks
	27.3%
	45.5%
	9.6%
	18.5%

	Langdon Cliff
	27.3%
	45.5%
	9.6%
	18.4%

	East Cliff
	27.3%
	45.5%
	9.1%
	17.3%


Figures 11, 13, 15 and 17 give the areas predicted to exceed for the scenarios based on 2001 meteorology.  The predictions for the reduced S content of fuel scenarios indicate large reductions as for the scenarios based on 2002 meteorology.  For Scenario 2 there is only one tiny area of exceedence predicted just outside the harbour (Figure 13).  Figures 15 and 17 both show the areas predicted to exceed covering a reduced area from the base case in Figure 8.  The latter of these shows an area between the harbour entrance and the berths that is not predicted to exceed.

Figure 12 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 1 (based on 2002 meteorology)
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Figure 13 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 1 (based on 2001 meteorology)
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Figure 14 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 2 (based on 2002 meteorology)

[image: image14.png]



This page is left blank intentionally.

Figure 15 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 2 (based on 2001 meteorology)
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Figure 16 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 3 (based on 2002 meteorology)
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Figure 17 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 3 (based on 2001 meteorology)
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Figure 18 Predicted 99.9th percentile SO2 15 minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 4 (based on 2002 meteorology)
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Figure 19 Predicted 99.9th percentile SO2 15-minute mean concentration (μg/m3) for Dover Eastern Docks in 2005 for Scenario 4 (based on 2001 meteorology)
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5.3
Further commentary on scenario tests

It should be noted that one ferry has already been fitted with an Eco-Silencer (i.e. an FGD scrubber) as part of a major conversion work from freight to passenger operation.  This ferry has been operating since June 2003 and is part of a trial jointly funded by a ferry and fuel company to demonstrate to the EU and UK government the effectiveness of the technology to reduce emissions of SO2 in a cost effective way.

The estimated emission of SO2 from this ferry has been assumed as 30kg per tonne of fuel, assuming that 3% HFO is used (P&O, 2003).  The reductions in other emissions, notably NOx and PM10 have not been considered as part of this report.  

It should be noted that the operation of this ferry has changed the modelled base case since its time of introduction.  The effect however has been taken into account in the modelling undertaken for Scenario 3 and this indicates that there will be a reduction in 99.9th percentile 15-minute mean concentrations, as highlighted earlier.  It should be noted that the large reductions in emissions from the ferry fitted with the FGD (of the order of 95% based on the assumptions used) do not translate into such a large reduction in total emissions for all ferries, and therefore in the area predicted to exceed the objective. 

Appendix E gives details as to how the emissions in the port have been estimated.  For Scenario 3 it has been assumed that the adapted ferry will continue to operate as the other ferries in terms of the number of trips undertaken and the activity in and around the port.  It is further assumed that the other ferries will also continue to operate using the same fuel (based on S content).

Scenario 4 is based on the operation of two such ferries at the port, with the same assumptions as applied above.  Hence it shows a further incremental reduction in emissions, concentrations and area predicted to exceed the AQS objective.  

Based on this scenario, plus Scenario 3 and the base case it is theoretically possible to determine the number of ferries that need to be fitted with FGD scrubbers to meet the AQS objective (based on 2002 meteorology), although as explained later some care is needed with this interpretation.  This assumes a linear relationship in reduction of emissions and that there are no other changes in activity or fuel use. The extrapolated data are shown in Figure 20 below and this indicates that a total of 4 ferries need to be fitted with this technology to ensure that the objective is met completely at the chosen locations.  A note of caution however is required here regarding the modelling methodology and the simplifying assumptions used.  

The use of dispersion models requires the assessment of the 99.9th percentile concentration, whereas the objective requires the assessment of the number of times that the 15 minute mean standard of 266 μg/m3 is exceeded.  The TG03 guidance therefore refers to the 99.9th percentile as the equivalent percentile for the 15-minute mean standard.  

The modelling methodology (as described in the appendices) is based on the use of averaged emissions over time.  There is a reduction in emissions as a result of the changes in the above scenarios.  Thus where the changes relate to all ferries, the emissions from all the ferries are reduced and this reflects reality.  

This is not quite the case for Scenarios 3 and 4, based on the introduction of abatement technology.  In these instances the emission reductions only apply to individual ferries (one for Scenario 3 and two for Scenario 4).  The emissions remain the same for those ferries that have not been fitted with the scrubbers.  This means for these scenarios that there is a possibility that the meteorological conditions conducive to episodes only arise when the unabated ferries are in port.  Thus the modelling prediction for Scenarios 3 and 4 could underestimate concentrations.  However the introduction of each extra ferry with abatement technology reduces this probability.

Figure 20 Predicted 15-minute mean concentrations and number of ferries fitted with FGD (based on 2002 meteorology)
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 Note – it is assumed that the ZD4 always meets the objective.

Conclusion

This report fulfils the requirements of the DEFRA guidance for Stage 4 and permits the Council to review its Stage 3 report and address relevant issues before continuing LAQM process.  The Stage 4 has updated the monitoring and used both improved modelling techniques and also an improved treatment of emissions.

Following completion of the Stage 3 the Council invested in a new monitoring site at East Cliff.  The site is located at the bottom of the cliff, west of the Eastern Docks.  The monitoring undertaken by the Council is crucial to understanding this particular objective, which requires the identification of the thirty-five peak 15-minute mean measurements over the period of a year.  

The monitoring to date continues to indicate that the objective will be exceeded at ZD3, although for the same monitoring period at ZD4 the measurements indicate that the concentrations are lower and that the site will meet the objective.  It is important to note that although the ZD4 site has not recorded an exceedence of the objective it has still recorded high peak concentrations close to the objective and within the area of monitoring uncertainty.

The 2005 base case has been re-modelled using an improved treatment of ferry emissions, taking into account ferry activity and movement in the vicinity of the Eastern Docks, based on current ferry timetables.  The resultant outputs have been factored based on the Council’s monitoring results. The 2005 base case predictions are that the objective will still be exceeded and the results of the modelling have been produced as pollution maps.  These indicate the extent that the objective is predicted to exceed.  The area concerned is similar in size to that modelled in the Stage 3 report, although it has a different shape.  The main changes for the 2005 base case (based on the 2002 meteorology) are that the area of exceedence extends further northward and is shifted slightly eastward away from the town of Dover.  The modelling reflects the monitoring results to date at the ZD4 site, i.e. that the SO2 concentrations are less than the measurements at ZD3. 

A modelling comparison has been undertaken using two different meteorological years, 2001 and 2002.  The results of this indicate that concentrations are slightly higher for the latter, confirming that there is some variability between years.  It is however necessary to exercise some caution in interpreting the results (based on the 2001 meteorology) as these used a factor based on 2002, due to 2001 having insufficient monitored data.

Additional predictions have been made for 2005 based on prospective increases in ferry movements.  These are derived from additional berths in the Eastern Docks and additional new ferries.  The modelling has been interpreted as a simple increase in emissions of 10% and 20% over the main base case.  The predictions confirm that the area of exceedence will increase further northward and westward from the base case, with the 20% increase having the greatest area of exceedence.

An assessment of source apportionment based on different activities has been undertaken. These reflect that the emissions and concentrations vary by activity and location away from the receptor points.  To determine the separate contributions from ferry activities the following categories were used: loading and unloading; entering the harbour and berth; and departing the berth.  A series of model runs were made.  The results from the average concentrations confirm that up to 60% of the concentrations relate to the loading and unloading activities, whilst departures contributing up to 14% of the total, and 27% from the entering phase.

A series of realistic scenarios have been modelled, based on existing and potential changes in ferry operations.  These refer to both the use of abatement technology to remove SO2 emissions and the use of fuels with a reduced S content.  The extent by which the prediction exceeds the objective has been assessed at a selection of identified locations; the results have also been presented as pollution maps.  The scenarios, which reduce the area of exceedence the greatest amount are those based on the use of lower S fuels.  For the 1.5% S fuel (which is in line with the EU strategy) practically all locations meet the objective.

A separate scenario based on the use of one ferry using abatement technology has been modelled. This scenario has already come into existence, as a trial has been underway using one such ferry since June 2003.  The results of this scenario also indicate a reduction in concentrations and in the area predicted to exceed the objective.  The reduced area is approximately 80% of that modelled in the 2005 base case.  

The introduction of this abatement technology to another ferry will reduce the area still further to approximately 64% of that of the base case.  The objective will also just be met at the Council’s ZD3 site based on the latter scenario.  An extrapolation based on these results has been made and this indicates that 4 ferries fitted with this technology will mean no exceedence at the selected locations.

Recommendations

The Council is recommended to undertake the following actions, in respect of the findings for the 15-minute mean sulphur dioxide statutory objective:

1. Assess the potential for relevant public exposure at the sites identified as exceeding the statutory objectives.

2. Amend its designated Air Quality Management Area as necessary, based on the modelling results using 2002 meteorology.

3. Prepare its action plan, as necessary to allow it to work towards meeting the statutory objectives, including determining the cost effectiveness of the different measures proposed.

4. Undertake consultation on the findings arising from this report with the statutory and other consultees as required

5. Continue its SO2 monitoring programme as part of its LAQM actions.
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Appendix A

Monitoring information

QA/QC of Dover monitoring sites (ZD3 and ZD4)

The two sites at Langdon Cliff (ZD3) and East Cliff (ZD4) are both operated by the Council as part of the Kent and Medway Air Quality Monitoring Network (KMAQMN).  The QA/QC procedures for the sites are therefore equivalent to the government’s UK Automatic and Rural Network.  

SO2 span gas is used at fortnightly calibrations at the site.  Under the maintenance contract full equipment service and re-calibration is carried out every 6 months. The main differences between the AURN and Dover sites are that the latter are not subject annual independent inter-calibrations and do not use chart recorders.

Measurements are retained by the analysers as 15-minute averages, and these are polled by the Environmental Research Group (ERG) every 12 hours to a central network PC via telemetry.  Calibration factors are applied to scale the raw 15-minute average pollutant concentrations.  At each polling, automatic validity checks are undertaken to flag any suspect measurements for future scrutiny.  In addition, every 24 hours trained ERG staff inspect the data each for suspicious data.  The resultant provisional data sets are then reported.

Data are further scrutinised each year to provide a final ratified dataset of definitive results.  This process requires the examination of site, calibration, servicing and equipment records.

Appendix B

Monitoring results (2001 to 2003)

The following tables provide the dates, times and measurements for the peak 15-minute mean periods of SO2 concentrations when the 266 μg/m3 standard has been exceeded for the ZD3 and ZD4 sites.  It should be noted that the 2003 are yet to be fully ratified.

Table 13 Number of 15 minute mean SO2 > 266 μg/m3 at ZD3 (2001-2003)
	Date and Time
	>266 ug/m3

	03/04/2001 22:30
	327.4

	03/04/2001 22:45
	361.0

	15/05/2001 10:00
	357.0

	15/05/2001 12:30
	287.3

	15/05/2001 13:30
	306.7

	15/05/2001 14:15
	363.1

	15/05/2001 14:30
	483.1

	15/05/2001 15:15
	331.7

	16/05/2001 08:00
	317.6

	16/06/2001 09:45
	271.3

	24/06/2001 12:00
	304.8

	24/06/2001 12:15
	347.7

	29/07/2001 00:00
	359.1

	24/08/2001 08:15
	347.7

	24/08/2001 08:30
	296.3

	24/08/2001 09:15
	380.4

	24/08/2001 10:00
	312.3

	24/08/2001 22:30
	453.3

	24/08/2001 22:45
	275.0

	25/08/2001 02:15
	313.9

	05/10/2001 22:15
	326.6

	05/10/2001 23:15
	284.6

	13/10/2001 19:00
	366.8

	13/10/2001 19:15
	281.7

	13/10/2001 22:00
	287.8

	09/01/2002 21:30
	273.4

	10/01/2002 09:15
	266.8

	12/01/2002 17:30
	288.3

	18/01/2002 18:45
	266.5

	18/01/2002 19:00
	293.7

	21/01/2002 15:45
	267.3

	21/01/2002 16:00
	309.1

	21/01/2002 23:00
	306.7

	23/01/2002 16:00
	269.7

	23/01/2002 16:15
	332.8

	23/01/2002 16:30
	333.8

	02/02/2002 01:45
	298.2

	02/02/2002 03:00
	276.9

	03/02/2002 14:15
	275.3

	03/02/2002 14:30
	282.0

	17/03/2002 22:30
	276.6

	20/04/2002 12:30
	327.4

	20/04/2002 12:45
	425.1

	20/04/2002 13:00
	275.8

	16/05/2002 11:00
	305.1

	20/05/2002 10:15
	322.9

	20/05/2002 12:15
	316.0

	21/05/2002 04:15
	308.0

	22/05/2002 17:00
	273.4

	24/05/2002 02:45
	301.4

	24/05/2002 08:45
	307.0

	27/05/2002 18:00
	275.3

	16/06/2002 20:30
	268.7

	28/07/2002 14:00
	344.2

	28/07/2002 14:15
	484.7

	28/07/2002 14:30
	274.2

	17/08/2002 09:30
	343.4

	01/10/2002 14:30
	308.0

	22/10/2002 10:45
	314.7

	02/11/2002 13:45
	284.9

	14/11/2002 18:45
	372.4

	14/11/2002 19:00
	343.1

	14/11/2002 22:45
	286.5

	14/11/2002 23:00
	320.5

	22/11/2002 11:30
	294.2

	22/11/2002 14:30
	281.4

	22/11/2002 18:45
	313.3

	23/11/2002 00:30
	287.5

	23/11/2002 10:30
	342.6

	23/11/2002 11:15
	266.0

	26/11/2002 14:15
	282.0

	27/11/2002 23:15
	336.0

	28/11/2002 11:15
	291.3

	20/01/2003 21:00
	301.1

	21/01/2003 01:45
	275.8

	21/01/2003 02:00
	370.5

	21/01/2003 02:15
	443.7

	21/01/2003 04:00
	274.5

	21/01/2003 04:15
	276.6

	21/01/2003 04:30
	276.1

	23/03/2003 10:45
	266.0

	15/04/2003 10:15
	401.1

	15/04/2003 10:30
	443.7

	15/04/2003 10:45
	314.9

	24/04/2003 14:15
	282.5

	24/04/2003 14:30
	272.7

	02/05/2003 06:45
	266.0

	07/05/2003 10:45
	305.9

	07/05/2003 11:00
	300.6

	13/06/2003 11:00
	280.6

	15/06/2003 22:15
	296.3

	25/07/2003 10:30
	274.8

	25/07/2003 10:45
	296.3

	29/07/2003 20:30
	292.1

	06/08/2003 10:15
	302.4

	09/08/2003 15:45
	349.0

	10/08/2003 16:00
	286.5

	10/08/2003 16:15
	321.3

	11/08/2003 18:30
	330.6

	18/08/2003 01:30
	313.6


Table 14 Number of 15 minute mean SO2 > 266 μg/m3 at ZD4 (2002-2003)

	Date and Time
	>266 ug/m3

	20/10/2002 15:45
	269.2

	20/10/2002 16:45
	277.2

	11/12/2002 22:30
	273.2

	11/12/2002 22:45
	346.6

	12/12/2002 01:15
	299.5

	26/02/2003 10:30
	290.5

	22/04/2003 10:00
	295.0

	22/04/2003 10:15
	339.2

	22/04/2003 10:45
	351.7

	07/05/2003 15:45
	268.9

	29/05/2003 10:00
	278.5

	16/06/2003 07:30
	306.2

	16/06/2003 07:45
	270.3

	16/06/2003 08:30
	321.3

	16/06/2003 08:45
	328.0

	16/06/2003 09:00
	300.0

	16/06/2003 10:00
	279.0

	16/06/2003 10:15
	374.3

	09/07/2003 15:45
	301.1

	09/07/2003 16:15
	342.9

	06/08/2003 08:45
	298.7

	06/08/2003 09:00
	277.4


Appendix C

Modelling Approach

The overall objective of the air pollution dispersion modelling is to produce a sound method whereby concentrations of SO2 can be determined and developed in conjunction with the continuous monitoring results to produce percentile values that can be compared to the AQS objectives.  The achievement of this task will then enable the further development of understanding of future changes in concentrations.  In summary the main aims are to:

1) Use a dispersion model to make predictions of SO2 over the time scales relevant to the AQS objectives

2) Undertake modelling of the releases of SO2 over the area of interest and compare the model performance against the Council’s air pollution measurements.

3) To make predictions of the possible future releases.

4) To quantify the contribution made by the differing activities of ferries.

5) To use the most locally available meteorological data over recent years to take into account year to year variation.

Area of interest

The area of interest was limited to the Dover Harbour and the immediate surrounding area including part of the town of Dover.  This was based on the findings in the Stage 3 report and subsequent Updating and Screening Assessment, which identified no other potential sources of SO2 that might lead to a risk of exceedence in the study area.  

Dispersion model and parameters used

The dispersion model used was ADMS 3.1.  This is a well-established dispersion model that meets the requirements of TG03 for point sources.  It has also been well validated for use with point sources.

The surface roughness length of 0.1m used was in the study.  Sensitivity tests showed that a higher roughness length produced higher concentrations.  Most of the area modelled however is flat (i.e. it is the sea) hence it was considered reasonable to use 0.1m.  The obvious exception to this is the cliff area.

The development of the emissions for the modelling the area is dealt with separately in Appendix E.  For the purposes of modelling the stack parameters of the ferries were also required.  These were based on an average ferry with one vertical stack.  This ignores the fact that some ships have separate funnels and exhaust stacks, some of which are slanted towards the stern of the ship.  The effective stack height, diameter, temperature and efflux velocity are given in the following table. These are based on work undertaken elsewhere by the ERG and again are intended to represent an average ferry. 

Table 15 Stack parameters used in report
	Stack height (m)
	30

	Stack diameter (m)
	0.5

	Efflux velocity (m/s)
	1

	Temperature (deg C)
	235


The exception to the above relates to the stack height of ferries using Berth 1, in this instance the stack height used was 26m.  The stack heights relate to the height above ground level.  No account was taken of changing tide levels, which for this area has a range of approximately 6m.  

The model was set up to produce percentile values in long term mode, since these are output required.  For comparison purposes between monitored and modelled data some short term modes were also run, these produce outputs every hour and hence for the growth of the boundary layer height throughout the day. 

No consideration was given to the effects of buildings, terrain or coastal effects within the model set up.

Meteorology used in report

The previous Stage 2 and 3 reports relied on the modelling of a single point source in the Eastern Docks using meteorological data from the Heathrow site.  Work undertaken elsewhere by the ERG has indicated that the Heathrow site produces representative meteorological data for the southeast (Environment Agency, 2000).   

The Stage 4 however has used hourly sequential meteorological data from the Manston site in neighbouring Thanet District Council’s area.  This site is the closest to port of Dover and therefore it should be more representative of the situation in Dover, since areas closer to the coast are likely to have higher wind speeds.  These data were obtained from the Met Office in ADMS compatible format for the years 2001 and 2002.  These years are the most recent for which data are available and they also make possible a comparison between different years.

For 2001 the number of hours that wind data are lacking is 325 (representing just under 4% of the years measurements) and for 2002 it is 183 hours (about 2%).  The wind roses for the two years are given in the figures below.

Figure 21 Wind rose for Manston 2001
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Figure 22 Wind rose for Manston 2002
[image: image22.png]



A comparison of the wind roses confirms an overall similarity, with the wind from the southwest dominant for both years. The following table presents a comparison of the winds from the south and east for both years, based on the number of hours measurement in each wind sector.  The sectors have been derived from the analysis of episodes in the monitoring chapter of the report.

Table 16 Analysis of wind sectors based on Dover monitoring sites
	Wind sector (°)
	2001 (hours)
	
	2002 (hours)
	

	90-100
	403
	4.8%
	322
	3.8%

	170-180
	394
	4.7%
	524
	6.1%

	150-190
	938
	11.1%
	1429
	16.7%

	Total
	8435
	
	8577
	


From the above table it can be seen that the frequency of winds from the south and east are low representing approximately 5% of the total measurements made for each year.    There were a slightly greater proportion of southerly winds in 2002 than 2001, whereas for easterly winds 2001 had a marginally greatest proportion than 2002.

Limitations in predicting 15 minute means 

It is very important to note that the AQS objective considered in this report presents difficulties for dispersion models.  The 99.9th percentile for SO2 poses a particular challenge since all models are limited in their ability to predict over such short time scales of 15 minutes and this should be borne in mind when considering the results.

It should also be noted that the ADMS formatted files give wind direction by 10° sectors.

The data are also hourly sequential, which means that they are averaged for each hour of the year.

The conditions that can lead to the highest pollutant concentrations i.e. very low wind speeds are the very conditions that dispersion model results break down.  When wind speeds are less than 1m/s, conditions are considered calm and thus cannot be modelled.  It is therefore extremely beneficial that high quality measurements are being made since these will be used to ultimately determine whether or not the AQS objective is met.

Use of factor to adjust model results

The use of a model provides the opportunity to produce a deterministic approach to understanding air pollution concentrations. Thus in an ideal situation specific emissions from sources are quantified and related to their location and any variance over time.  These are then modelled to represent physical dispersion from the source within the surrounding atmosphere, taking into account the changes within that atmosphere.  Thus the results of the model can then be checked against measurements taken in the real world and in the ideal situation the results will agree. (There are however very few instances where this is true).

It has already been stated that the situation in Dover represents a far from ideal case.  Some of the limitations have already been referred to; these can be summarised as follows:

1) Input data – including the estimation of emissions and their release, appropriateness of meteorological data, representing the topography of the area of interest

2) Model limitations including representing short time changes in emissions and meteorological data

To help overcome these the Council has undertaken high quality continuous monitoring at two fixed sites (described in the monitoring chapter of the report).  The use of such monitoring provides the most robust understanding of air quality available at a given location.  This information is however still limited to the immediate geographic area of the monitoring site locations and the duration of the monitoring.  These data however can aid the modelling through the production of an adjustment factor to correct for systematic error.  This is undertaken by verifying the model results against the measurement sites.   The adjustment factor used in the report is based on a comparison of the results for ZD3 in 2002.  This was for two reasons: 1) because monitoring data were available for all this year (this represents 96.8% data capture for the year) and 2) the modelling could be based on 2002 meteorological data.

A separate model run for the ZD3 site was undertaken.  The direct comparison of results from this with the monitored results can be seen in Figure 23 below.  This shows the variation in both monitored and modelled hourly averaged predictions throughout the year. (It should be noted that periods when no meteorological data were available have been treated as zero).  This figure indicates that the highest modelled predictions underestimate the highest monitored data.  It also demonstrates a reasonable agreement as to when the highest concentrations arise

As observed previously the AQS objective is difficult to model in view of its very short duration and the fact that only peaks are being sought.  The effect of this means that deriving an average based on the data is not appropriate (see Table 18 for percentile values of monitored data); hence a method is required to adjust the peak concentrations.  A methodology derived from TG03 was therefore been applied.  This is based on the comparison of the top 50 measurements and predictions.  These data are presented in Figure 24 below and a trend line has been added (based on an intercept at 0).  The equation of the trend line indicates that the modelled concentration is approximately 60% of that monitored.

Figure 23 Comparison of monitored and modelled results at ZD3 (2002)
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Figure 24 Comparison of top 50 measurements at ZD3 (2002)
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The modelled 99.9th percentile for the modelled case and monitoring location were also compared and this broadly agrees with the trend line method.  The table overleaf gives the modelled 99.9th percentile concentration with the monitored result at ZD3 for 2002.

Table 17 Predicted and measured 99.9th percentile at ZD3 for 2002
	
	99.9th %ile concentration (μg/m3)

	Monitored
	277.2

	Modelled 
	155


The final adjustment factor for the modelling was therefore derived from the above table.  The lack of sufficient monitoring data in 2001 means that this factor was also used for 2001, however due to this fact some care is need with this interpretation as it is not known whether the measurements for 2001 were better than 2002 or not.  Clearly if the measurements confirmed that the pollution measurements in 2001 were not as high as 2002 then the modelling would confirm further improvement or if they were higher then the converse would apply.

An adjustment factor has not been derived for the ZD4 since as the monitoring has only been operating for the current year and hence the meteorological data are not available.

Treatment of background SO2 at the Dover AQMA

The background concentrations of SO2 can be determined from an examination of the measurements at the adjoining KMAQMN site in Folkestone.  The results for the years 2001 to 2003 are presented in the figures below.  The data capture rates were given earlier in Table 3.

The following table gives the percentile results for the Folkestone site (ZF1) and also the two Dover sites: -

Table 18 Percentile results based on 15-minute mean SO2 data for the ZF1, ZD3 and ZD4 sites (μg/m3)

	
	ZF1 2001
	ZF1 2002
	ZF1 2003
	ZD3 2001
	ZD3 2002
	ZD3 2003
	ZD4 2002
	ZD4 2003

	Maximum
	170.2
	120.0
	186.7
	483.1
	484.7
	443.7
	346.6
	374.3

	Minimum
	0.0
	0.0
	0.0
	0.0
	2.9
	3.2
	1.9
	6.9

	10th%ile
	0.8
	1.1
	-0.5
	0.5
	0.3
	0.3
	1.9
	1.9

	20th%ile
	2.1
	2.9
	0.8
	1.3
	1.1
	1.3
	2.9
	3.5

	30th%ile
	3.5
	4.5
	1.3
	2.1
	1.9
	2.4
	3.7
	4.5

	40th%ile
	5.1
	6.1
	2.1
	3.2
	2.9
	3.7
	4.8
	5.9

	50th%ile
	6.4
	7.4
	3.2
	4.3
	4.3
	5.3
	5.9
	7.7

	60th%ile
	7.7
	9.3
	5.3
	5.9
	6.4
	7.4
	7.2
	10.1

	70th%ile
	9.6
	11.2
	8.0
	8.5
	10.1
	11.2
	9.3
	14.6

	80th%ile
	13.0
	13.8
	12.5
	13.6
	17.0
	17.3
	14.1
	21.0

	90th%ile
	18.4
	18.1
	20.7
	26.3
	39.1
	33.5
	30.3
	37.2

	99.9th%ile
	79.2
	67.3
	94.5
	260.2
	277.2
	274.5
	223.5
	248.8


(Italicised results indicates that the data capture is below 90% and / or the data are not ratified) 

It can be seen from this table that for all sites the 10 to 40 percentiles are low with the ZF1 sites tending to have slightly higher concentrations than the corresponding ZD3 and ZD4 sites.  Using the 50% to represent the background it can be seen that the ZF1 results are still higher by 2 to 3 μg/m3.  However this is not particularly important as the objective relates to the 99.9th percentile and thus only to the very highest concentrations.  In comparison with the 99.9th percentile it can be seen that background (50%ile) represents approximately 2 to 3% of the total concentration for the two Dover sites.  Using the assumption that the ZF1 represents a typical background for Dover then it can be seen this proportion still remains very small.

This report requires the prediction of concentrations for the end of 2005 in line with the AQS objective.  From the above results it can be seen that there is little variation in concentrations over the period of monitoring.  The TG03 guidance however suggests that the background will be 75% of the 2001 and this has been assumed for the modelling.

Figures 23, 24 and 25 below provide plots of the ZF1 site for the years 2001 to 2003. From these it can be seen that there are occasional peaks arising, however none have exceeded 190 μg/m3, let alone the 266 μg/m3 standard.

Figure 25 15-minute mean SO2 plots for ZF1 (2003)[image: image25.png]



Figure 26 15-minute mean SO2 plots for ZF1 (2002) 
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Figure 27 15-minute mean SO2 plots for ZF1 (2001) 
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Appendix D

Analysis of episodes

Figure 28 SO2 concentration and Wind speed for 1st October 2002 episode (ZD3)
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Figure 29 SO2 concentration and Wind direction for 1st October 2002 episode (ZD3)
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Figure 30 SO2 concentration and Wind speed for 14th November 2002 episode (ZD3)
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Figure 31 SO2 concentration and Wind direction for 14th November 2002 episode (ZD3)
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Figure 32 SO2 concentration and Wind speed for 23rd November 2002 episode (ZD3)
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Figure 33 SO2 concentration and Wind direction for 23rd November 2002 episode (ZD3)
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Figure 34 SO2 concentration and Wind speed for 20th October 2002 episode (ZD4)
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Figure 35 SO2 concentration and Wind speed for 20th October 2002 episode (ZD4) 
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Figure 36 SO2 concentration and Wind speed for 12th December 2002 episode (ZD4)
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Figure 37 SO2 concentration and Wind speed for 12th December 2002 episode (ZD4)
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Appendix E

Emissions from shipping at Dover Eastern Docks

Introduction

The aim of this part of the study is to try to represent ferry activity within and close to the harbour area and thus develop an understanding of the SO2 emissions created.  To do this a series of assumptions have been made and these are explained fully below.

Sulphur is a natural constituent of liquid and solid fuels such as oil and coal and the emissions of SO2 from a combustion source are always directly related to the S content of the fuel, as the S in the fuel is oxidised during the combustion process. 

Assumptions used in the report

1)
All SO2 emissions are calculated on the basis of grammes emitted per second (g/s), as required by dispersion models.

2) Emission factor – Factors are available based on sulphur content of fuel used (kg/t of fuel) and for different engine types (g/kWh).  The former was used as it provides a more straightforward approach.  The Lloyd’s Register report (1995) provides the factor to convert to emissions; in this instance the factor to convert S content is 20.

3) The S content of marine fuels varies between the main types of fuel (i.e. distillate and residual fuels) and the UK legislation relating to the limit of the S of marine gas oils, (which brings into force EU Directive 1999/32/EC). This was discussed in the introduction in chapter 1 of the report.  This requires that the S content of marine gas oils be 0.2% or less.  The Directive does not apply to heavy fuel oil (HFO) and under the current international marine fuels standard ISO 8217 HFOs can contain up to 5% S.

4) Most ships have main engines and auxiliary engines and this includes the ferries operating at Dover.  Each type of engine uses a different type of fuel. Details of fuel use for both main and auxiliary engines were provided by one of the ferry companies. 

5) For main engines, the average fuel consumption of HFO is approximately 50m3/day per ship and the typical density of this fuel is 0.99 (from fuel analysis reports).  There is a variation in the S content of fuels used by different ships and this varies between 2% and 3% dependant on where the ships are bunkered.  The European average S content is 2.75%.  This represents a reasonable averaged approximation of the actual fuel use by the ferry operators; hence this was the S content used in the study. 

6) The auxiliary engines are used to provide electric power generation and normally shut down at sea when the main engine is used.  It was therefore assumed that this fuel is only used when the ship is at berth.  The fuel used for auxiliary engines is marine gas oil with 0.2% S (in line with the EU Directive).  The estimated fuel consumption of marine gas oil per ship is 20 tonnes per week.

7) The main focus of the study was the three commercial ferry companies, which operate from the Eastern docks all year round.  The total ship movements from these three companies in the Eastern Docks alone, relating to scheduled ferries only, are over 40,000 per year.  Thus the main operators’ ferry timetables were obtained to gain an understanding of time-tabled activities.  Scheduled sailings from these timetables indicate that the number of sailings total between 55 and 65 (peak season) sailings from Dover per day (hence there are between 110 and 130 ferry movements).  These sailings operate 24 hours a day as can be seen from the Figure 38 below.

Figure 38 Time-tabled sailings and associated arrivals for a 24-hour period (between March - July) at the Eastern Docks 
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8) A total of 15 individual ferries operate from the Eastern Docks, based on the time-tabled activities only.  It should be noted that this total does not include freight only ferry services, or other cargo ships that operate from the Eastern Docks on an ad-hoc basis. 

9) Details of the ferries were obtained and from an examination of size, gross registered weight and engine details there is broad similarity between the ferries.  As a consequence a “standard” ferry has been assumed and used for the calculation of emissions and for the purposes exhaust characteristics.  

10) The only exception to the standard ferry used in the study is that of the one ferry that has been retrofitted with a FGD scrubber.  This ship has been trialled on the Dover Calais route since June 2003.  For this ferry only it has been assumed that the emissions are 3kg of SO2 per tonne of 3% S fuel used (P&O, 2003).

11) Two short periods of observation were made of activity at the Eastern Docks during June 2003.  This was to determine the specific activities associated with the ferry operations and provide a means of means of quantification.  Three activities were identified and grouped together for the purposes of the study.  These reflect other studies undertaken of ship’s emissions (e.g. the MEET project 1998).  The activities identified were:

a) Loading and unloading whilst the ferry is at berth;

b) Manoeuvring associated with the ferry leaving the berth and subsequently the harbour;

c) Manoeuvring associated with the ferries approaching the harbour and berthing.

12) The observations carried out included timing the ferries for each activity.  This was undertaken for the different ferries observed to enable typical activity times to be determined.  To aid understanding further the observed ferries were assessed against the scheduled timetables referred to earlier as a means of checking their use in the study.  From this assessment it was noted that the ferries in most instances were adhering to the published times of departure. This gives confidence in the use of the timetables for understanding ferry activity and for using these in the report.

13) The Eastern Docks have 7 berths available for use.  From the observations carried out berth 1 was used mainly for the Dover - Zeebrugge ferries.  Whilst berths 2, 3, 5, 6 and 7 were used for the Dover - Calais ferries.  Berth 4 was not observed to be used and it is understood that it is used only occasionally for bunkering and lying up.  For the purposes of the report its use was therefore ignored.  The location of the berths is given in Figure 39 below.  It has been assumed that all the Dover Calais ferries uses berths 2, 3, 5, 6 and 7 equally.

Figure 39 Location of the berths at Eastern Docks
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(Notes:
1) the points are marked to represent the approximate position of ship funnels; 

2) Berth 4 although indicated, has not been used – see main text for explanation)

14) The times assumed for each of the activities are given below in Table 19.  These represent average times for each of the activities mentioned above for the standard ferry.  The times have been based on the average times of ferries observed.

Table 19 Duration of ferry activity for main and auxiliary engines within Dover Harbour (minutes)

	
	Harbour arrival
	Waiting
	All Berths
	Berth 1
	Harbour exit

	
	
	
	
	
	

	Main engines
	8.5
	3.75
	10
	10
	3.5

	 
	
	
	
	
	

	Auxiliary engines
	na
	na
	53
	65
	na


(Note – All berths represents berths 2, 3, 5, 6 and 7 only)

15) From the observations recorded, the ferries when leaving the berths travel quickly and directly to the eastern entrance of the harbour.  To reflect this an idealised track of the ferries leaving the berths is shown in Figure 40, with each point representing a waypoint.  Exit point 8 represents a convergent point for ferries leaving from berths 1, 2 and 3.  A total of 10 waypoints have been assumed for those ferries leaving the ferry berths and heading out of the harbour.  The waypoints all then converge at the harbour exit point.  All ferries are assumed to leave via this point only. 

Figure 40 Location of waypoints for ferries leaving Dover Harbour
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16) Beyond the eastern entrance some additional waypoints are provided to represent the progress of the ferries away from port at sea (at sea points 1 and 2).  These points represent emissions for one minute assuming that the ferry is travelling at an average speed of 10 knots; thus the emissions represent the amount produced over the distance of 300m.  Further points have not been included since the impact of emissions at sea diminishes way from the harbour.

17) An assessment has also been made of ferries approaching the harbour.  Once inside the harbour entrance the ferries were observed to keep towards their port side, before manoeuvring into position and heading for the berths stern first.  In some instances ferries were observed waiting prior to manoeuvrings.  To allow for this an assumption has been made that one in every six ferries is required to wait.  This assumption is derived from the timings of ferries and represents ferries waiting during the busiest periods of the day in the harbour.  

18) The track of ferries entering the harbour and approaching the berths is shown in Figure 41 by a separate series of waypoints to that used for leaving the harbour.  It is assumed that all ferries use this entrance only at all times.  These indicate that the ferries follow the same track within the harbour initially before diverging to the separate berths. All ferries pass through the harbour entrance point, point 1 and waiting area (although not all ferries wait as explained above).  The ferries then manoeuvre towards the berths; hence there are fewer movements through each of entry points (3 to 14).  Points at sea are also included for the movements of ferries outside the harbour  (at sea A and B) on the same basis as those having just left the harbour.

Figure 41 Location of waypoints for ferries entering Dover Harbour
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19) The activity in relation to ferries entering and leaving the harbour are idealised and simplified for the purposes of this report.  For example no account is made of adverse weather and tidal conditions that might affect any of the activities, for example delaying access and egress or using the western entrance of the harbour.  It is however assumed that these occurrences arise only infrequently.

20) The emissions arising from the ferries have been located on the series of waypoints representing access and egress and the points representing the location of the berths.  Each location represents the emissions arising in the vicinity of that location for a given time.  The total emissions for each are time dependent on the nature of the activity and the number of ferry movements through that point.  

21) At berth the emissions from the ferries have been assumed to be from auxiliary engines only.  This is apart from a 10 minute period when the main engines are used is also included.  This represents the short period when the Harbour Board is notified that the ferry is almost ready to leave the berth.

22) The ferry fitted with the FGD scrubber is assumed to follow the same activities as all other ferries.

Emissions modelled

The model runs carried out relate to:

Base case 2002 with 2.75% S content of heavy fuel oil; 0.2% S gas oil for meteorological years 2001 and 2002

Note – the prediction for 2005 based on business as usual is the same.  It is assumed that ships will continue using the fuel with same S content, since there is no requirement for ships to use low S fuels before the end of 2005.  See separate comment relating to background concentrations.

Scenario 1 with 2% S content of heavy fuel oil; 0.2% S gas oil for meteorological years 2001 and 2002 to show the use of lower S content 

Scenario 2 with 1.5% S content of heavy fuel oil; 0.2% S gas oil for meteorological years 2001 and 2002 in line with proposed EC measures

Scenario 3 is a revised base case 2002 with 2.75% S content of heavy fuel; 0.2% S gas oil with one ship operating using FGD for meteorological years 2001 and 2002 to reflect that one ship has been fitted with abatement technology since June 2003 as part of a trial.

Scenario 4 with 2.75% S content of heavy fuel; 0.2% S gas oil with two ships operating using FGD for meteorological years 2001 and 2002 

The emissions used for each of the points described above in given in Table 20below.  The factors have been determined assuming that there are 110 ship movements per day, which is based on the minimum number of ferries operating throughout the winter months from the published timetables.

Table 20 Emissions at each modelled point (g/s)
	Location
	Easting
	Northing
	Base case 2005
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	Berth 1
	633989
	141550
	2.22
	1.61
	1.21
	2.22
	2.22

	Berth 2
	633746
	141611
	1.99
	1.45
	1.09
	1.79
	1.59

	Berth 3
	633701
	141597
	1.99
	1.45
	1.09
	1.79
	1.59

	Berth 5
	633588
	141508
	1.99
	1.45
	1.09
	1.79
	1.59

	Berth 6
	633546
	141491
	1.99
	1.45
	1.09
	1.79
	1.59

	Berth 7
	633452
	141394
	1.99
	1.45
	1.09
	1.79
	1.59

	Leaving 1
	633618
	141236
	0.23
	0.17
	0.13
	0.21
	0.18

	Leaving 2
	633829
	141115
	0.23
	0.17
	0.13
	0.21
	0.18

	Leaving 3
	633675
	141292
	0.23
	0.17
	0.13
	0.21
	0.18

	Leaving 4
	633849
	141157
	0.23
	0.17
	0.13
	0.21
	0.18

	Leaving 5
	633721
	141333
	0.23
	0.17
	0.13
	0.21
	0.18

	Leaving 6
	633859
	141174
	0.23
	0.17
	0.13
	0.21
	0.18

	Leaving 7
	633776
	141356
	0.23
	0.17
	0.13
	0.21
	0.18

	Leaving 8
	633868
	141189
	0.72
	0.53
	0.39
	0.67
	0.63

	Leaving 9
	633836
	141384
	0.23
	0.17
	0.13
	0.21
	0.18

	Leaving 10
	633904
	141352
	0.26
	0.19
	0.14
	0.26
	0.26

	Harbour exit
	634052
	141029
	1.42
	1.03
	0.77
	1.30
	1.18

	At sea 1
	634341
	140964
	1.22
	0.88
	0.66
	1.11
	1.01

	At sea 2
	634637
	140895
	1.22
	0.88
	0.66
	1.11
	1.01

	Harbour entrance
	634049
	141056
	2.07
	1.50
	1.13
	1.89
	1.72

	Entry 1
	633876
	140952
	2.07
	1.50
	1.13
	1.89
	1.72

	Waiting point 2
	633703
	140930
	2.57
	1.87
	1.40
	2.42
	2.26

	Entry 3
	633646
	141102
	0.34
	0.25
	0.18
	0.30
	0.27

	Entry 4
	633547
	141245
	0.34
	0.25
	0.18
	0.30
	0.27

	Entry 5
	633695
	141106
	0.34
	0.25
	0.18
	0.30
	0.27

	Entry 6
	633624
	141273
	0.34
	0.25
	0.18
	0.30
	0.27

	Entry 7
	633712
	141110
	0.34
	0.25
	0.18
	0.30
	0.27

	Entry 8
	633684
	141296
	0.34
	0.25
	0.18
	0.30
	0.27

	Entry 9
	633723
	141110
	0.34
	0.25
	0.18
	0.30
	0.27

	Entry 10
	633735
	141318
	0.34
	0.25
	0.18
	0.30
	0.27

	Entry 11
	633746
	141113
	0.34
	0.25
	0.18
	0.30
	0.27

	Entry 12
	633791
	141314
	0.34
	0.25
	0.18
	0.30
	0.27

	Entry 13
	633774
	141106
	0.38
	0.27
	0.20
	0.38
	0.38

	Entry 14
	633857
	141314
	0.38
	0.27
	0.20
	0.38
	0.38

	At sea A
	634341
	141050
	1.22
	0.88
	0.66
	1.11
	1.01

	At sea B
	634637
	141050
	1.22
	0.88
	0.66
	1.11
	1.01


Limitations to estimating emissions

1) The above method to estimate emissions is based on the use of average fuel consumption for the different ferries.  No attempt has been made to quantify specific emissions for the different individual ferries or the specific loading that the ship engines will be under for the different activities undertaken during the normal course of operations.  It is doubtful that emissions data are available for each ship since there are many different configurations in use. 

2) On the assumption that the fuel use is correct the use of the average means that there is an automatic maximum uncertainty of 100% to the method used.  This represents the range from when the ferries are under full load to when they under minimal load.  It is assumed that the activities within the harbour are within this range and the periods of activity at high and low loads balance out.

3) The ferries are assumed to use marine gas oil only while loading and unloading in the berths.

4) The estimation of the emissions is based on the use of average times of operations between the different ferries. In reality there will be a variation dependent on the numbers of passengers and vehicles (which may change throughout the year due to peak seasonal demand), as well as the size of the ferry itself.  It is noted that there is a large variation between some ships in terms of size and carrying capacity however this assumption used is based on a ship between the two extremes.

5) No account has been taken of the peak season in terms of the additional ferry activity that can arise.  During the mid summer demand rises and the number of ferry movements can rise from the 110 assumed to 130.

Effect of limitations 

The above limitations and other limitations referred to earlier in the report are thought likely to lead to an underestimate of emissions arising in the Eastern Docks.  The total emissions are ultimately dependent on the quantity of fuel used and its S content.

The 15-minute mean SO2 objective also as noted previously requires the 266 μg/m3 standard not to be exceeded more than 35 times in a year.  Thus the objective requires the peak episodes of pollution to be highlighted.  The estimation of emissions however has been based on average emissions and therefore the peak periods of emissions are smoothed out over a year.  This is partly inevitable in view of the numbers of scheduled ferry movements (more than 40,000 per year) and the varying emissions and their spatial distribution within the harbour.  The resultant model outputs are therefore considered also to represent an underestimate, which is the case prior to the application of the factor based on the Council’s monitoring results. 
















� The pollution plots are reproduced from Ordnance Survey material with the permission of Ordnance Survey on behalf of the Controller of Her Majesty’s Stationery Office© Crown copyright.  Unauthorised reproduction infringes Crown copyright and may lead to prosecution or civil proceedings
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