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APPENDIX E: SEWERAGE TREATMENT SCHEMATIC DIAGRAM



Draft Schematic for Proposed WWTW at Whitehouse Farm Chichester
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Paul Stewart

From: PlanningSSD <PlanningSSD@environment-agency.gov.uk>

Sent: 27 August 2014 16:36

To: Paul Stewart

Cc: Stephen Bradley; paul.thomas (Southampton); Ben Rosedale; Richard Ayre (Linden
Homes); martin.hawthorne; Andy Evans

Subject: RE: HA/2014/116058 Land West of Chichester/Whitehouse Farm

Dear Paul

Thank you for your email below.

| can confirm that the advice in relation to the consideration of sewerage undertakers provided in our letter to you
on 19" August 2013 in response to your pre-permit application consultation under the Environmental Permitting
Regulations is still most relevant.

However, this does not change what we would expect to be scoped in as part of the EIA for any planning application.
For this reason | do not consider that there is any need to revise our letter to Chichester District Council.

We fully support your intention for Albion Water to make the Environmental Permit Application with the aim of this
being determined prior to the planning application.

Given the level of detail regarding the foul drainage proposals any further advice relating to this should be in
relation to the Environmental Permit and therefore outside of the scope of our planning advice. | would recommend
that you contact our National Permitting Service on 03708 506 506 to commence discussions with our National
Permitting Service.

We would be happy to provide you with an offer letter for our planning advice service in relation to ecological issues
and flood risk (as requested by your colleague). The offer letter will include a ‘programme of works’ which will
include our time and cost estimates for reviewing any information you wish us to look at. | can provide you with this
in the next 10 days.

Kind regards
Catherine

Catherine Hutchins, MRTPI

Sustainable Places Planning Advisor

Environment Agency — Solent and South Downs Area
Tel: 01903 703858

Email : PlanningSSD@environment-agency.gov.uk

From: Paul Stewart [mailto:pstewart@mayerbrown.co.uk]

Sent: 26 August 2014 11:07

To: PlanningSSD

Cc: Stephen Bradley; paul.thomas (Southampton); Ben Rosedale; Richard Ayre (Linden Homes); martin.hawthorne;
Andy Evans

Subject: HA/2014/116058 Land West of Chichester/Whitehouse Farm

FAO Catherine Hutchins

Dear Catherine,



Further to our telephone conversation of last Friday, 22" August. | wish to register my disappointment at the tone of
the consultation response provided to CDC in relation to the above project which appears to be a retrograde step on
the progress that has been made in discussions with the EA previously.

| agree that the EIA needs to cover the issue of on site treatment fully due to the potential negative impact on
Chichester Harbour, this has always bneen our intention.

| have attached the latest EA consultation on the Environmental Pre-application for this proposal, which states “if you
can demonstrate that you can meet the principle regarding no net increase in nitrogen then we are likely to permit the
discharge. Natural England has indicated that it is open to consider this approach to nitrogen loading”

It further states that the generic approach provided is sufficient to allow determination for a permit, with reference to
the Farmscoper model. We have audited the farmer’s usage, he is compliant with the restrictions on use of fertilisers
within the NVZ. | have attached a summary of the farmscoper model for your interest.

We would challenge the comment about judging the treatment works as a private treatment works when this is clearly
not the intended proposal. Your previous correspondence stated “If the permit application is made by a company that
is currently a sewerage undertaker (not necessarily for that specific area) then we would treat the application as if to
mains drainage. We would include a pre-operational condition within the permit that the permit holder must be
appointed by OFWAT as the sewerage undertaker for the development area. This condition would need to be
complied with before commencement of the discharge”

We are working with Albion Water in respect of the treatment works who in partnership with their process engineers
have prepared a preliminary scheme. It is our intention for Albion Water to make the Environmental Permit Application
as soon as possible with the aim of consent prior to determination of the planning application.

Finally, | have attached correspondence confirming the discussions that we have had with the EA in respect of faecal
coliform removal. Albion Water have confirmed that they can comply with this standard.

Firstly, 1 would be grateful if you could review your comments to the LPA, which appear to cast the on-site treatment
solution in a negative light, without considering any of the potential environmental benefits.

Secondly, | would be grateful if you could provide charging advice to arrange a series of pre-application meetings. |
would suggest budgeting for 3 meetings to develop the context and detail of the treatment solution and Environmental
permit and potentially other ecological issues on site.

| look forward to hearing from you in due course.

Kind Regards,
Paul

Paul Stewart,
Associate

Mayer Brown Limited
Lion House

Oriental Road
Woking

Surrey

GU22 8AR

T: 01483 750 508
F: 01483 750 437
E: pstewart@mayerbrown.co.uk

www.mayerbrown.co.uk
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Mayer Brown is a limited company registered in England.
Registered number: 3531997. Registered office: Lion House, Oriental Road, Woking Surrey, GU22 8AR
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any attachment before opening it.

We may have to make this message and any reply to it public if asked to under the
Freedom of Information Act, Data Protection Act or for litigation. Email messages and
attachments sent to or from any Environment Agency address may also be accessed by
someone other than the sender or recipient, for business purposes.



Paul Stewart

From: Udal, Ian <Ian.Udal@environment-agency.gov.uk>

Sent: 25 October 2013 14:36

To: Paul Stewart; Ben Rosedale

Cc: martin.hawthorne; 'Andy.Evans@miller.co.uk’; Frances Palmer (Linden Homes South

West) (Frances.Palmer@LindenHomes.co.uk); Richard.Ayre@lindenhomes.co.uk;
Tom Wigglesworth; Matthew Bartram; Hyland, Hannah; McLeod, Catherine;
Pearson, Rod; Jackson, Mat; Clement, Maxine

Subject: RE: EPR-SB3338AD - White House Farm, Chichester

Paul

| believe a level of 1100 fc/100ml would be likely to be accepted without the need for additional backup
information.

E.coli and faecal coliforms are very similar — most faecal coliform bacteria in the environment are E.coli anyway.
The Shellfish Waters Directive standard is likely to move to E.coli soon but the same numeric standard as currently
for FC. Any standard set for one will be relevant for the other.

Regards
lan

From: Paul Stewart [mailto:pstewart@mayerbrown.co.uk]

Sent: 25 October 2013 14:09

To: Udal, Ian; Ben Rosedale

Cc: martin.hawthorne; 'Andy.Evans@miller.co.uk'; Frances Palmer (Linden Homes South West)
(Frances.Palmer@LindenHomes.co.uk); Richard.Ayre@lindenhomes.co.uk; Tom Wigglesworth; Matthew Bartram;
Hyland, Hannah; McLeod, Catherine; Pearson, Rod; Jackson, Mat

Subject: RE: EPR-SB3338AD - White House Farm, Chichester

lan,
Thank you for a full response. Just two follow up points of clarification from me.

If we accepted your suggested level of 1100fc/100ml, would you be likely to be satisfied without additional backup
information?

Ben described a differentiation between Escherichia coli & faecal coliforms, | am not an expert in this area, but |
shall be setting a brief for people that are. You have stated a suggested faecal coliform standard, is there an
additional requirement for Escherichia coli or would meeting the one be deemed to satisfy the other?

Kind Regards,
Paul

From: Udal, Ian [mailto:Ian.Udal@environment-agency.gov.uk]

Sent: 25 October 2013 12:26

To: Paul Stewart; Ben Rosedale

Cc: martin.hawthorne; 'Andy.Evans@miller.co.uk'; Frances Palmer (Linden Homes South West)
(Frances.Palmer@LindenHomes.co.uk); Richard.Ayre@lindenhomes.co.uk; Tom Wigglesworth; Matthew Bartram;
Hyland, Hannah; McLeod, Catherine; Pearson, Rod; Jackson, Mat

Subject: RE: EPR-SB3338AD - White House Farm, Chichester

Paul, Ben



Any microbial treatment will be required to meet the Shellfish Waters Directive standards. Our Shellfish waters
policy sets a standard of 110 faecal coliforms per 100 ml, as a geometric mean in the shellfish water. The
concentration of faecal coliforms in sewage is assumed to be 2 x 1077 per 100 ml, as a geometric mean.
Therefore, we require the total reduction from influent to the shellfish water to be 180,000 (2 x 10~7/110).

Therefore the standard of 110 faecal coliforms per 100ml as a mean is required at the shellfish water which
extends to the top of Chichester Channel. Initial dilution in the Channel and any dilution in the receiving ditch /
stream can be taken into account. A dilution of 1 log (x10) would be a suggestion but you may be able to
demonstrate a different value. If 1 log was accepted as dilution of the effluent then the end of pipe standard
required would only be 1100 faecal coliforms per 100 ml as a mean.

It is worth mentioning that we do not generally permit microbiological treatment using an end of pipe standard.
For instance, a UV treatment plant would need to be designed to agreed specifications to meet the required
reductions taking into account effluent composition such as suspended solids levels. Compliance is then assessed
on parameters such as UV dose based on lamp intensity and other factors. Some microbial monitoring would be
required to check effective reduction in bacteria. Membrane filtration would have other compliance requirements.

| hope the standards supplied above are satisfactory to allow you to consider plant design. Please could you pass
further enquiries through our customer services as suggested by Mat Jackson below.

Regards
lan

lan Udal

Senior Environment Monitoring Officer (Marine),
Environment Agency, South East Region, Portfield Depot,
Oving Road, Chichester, West Sussex, PO20 2AG.

2< ian.udal@environment-agency.gov.uk
“f  www.environment-agency.qov.uk
& external 01243 75 6332

Z° internal 723 6332

From: Paul Stewart [mailto: pstewart@mayerbrown.co.uk]

Sent: 25 October 2013 08:24

To: Ben Rosedale; Matthew Bartram; Udal, Ian

Cc: martin.hawthorne; 'Andy.Evans@miller.co.uk'; Frances Palmer (Linden Homes South West)
(Frances.Palmer@LindenHomes.co.uk); Richard.Ayre@lindenhomes.co.uk; Tom Wigglesworth
Subject: RE: EPR-SB3338AD - White House Farm, Chichester

Thanks Ben,
Most useful.

lan,
Would you be able to confirm an appropriate discharge value for EC, which we can specify to the plant designers?

Kind Regards,
Paul

From: Ben Rosedale [mailto:benr@edp-uk.co.uk]

Sent: 24 October 2013 17:05

To: Matthew Bartram; Paul Stewart; ian.udal@environment-agency.gov.uk

Cc: martin.hawthorne; 'Andy.Evans@miller.co.uk’; Frances Palmer (Linden Homes South West)

2



(Frances.Palmer@LindenHomes.co.uk); Richard.Ayre@lindenhomes.co.uk; Tom Wigglesworth
Subject: RE: EPR-SB3338AD - White House Farm, Chichester

Matt/ Paul/ lan,

| have undertaken a bit of research and spoken to lan Udal @ EA (cc’d)— whom | spoke with previously regarding
the Nitrogen levels/ baseline issue (see my email of 8" July). lan — please feel free to correct any of my
assumptions below.

lan identified that previous STW license applications, with respect to Shellfish Waters, were granted on the basis of
the technical specification [proving that specified required levels could be achieved] — rather than having to prove
effects/ changes on the basis of fieldwork/ site survey and reference to an known baseline. The baseline, in
particular, is problematic due to the incidences of intermittent discharges (ID’s) — or winter/ storm water
incidences — affecting the shellfish populations within Chichester Harbour (an unusual situation nationally). (As an
aside, lan did note that UV treatment of IDs from Apuldram was due to be installed soon - and therefore improve
the situation within the harbour. A new system on the West of Chichester site would obviously not suffer from the
problems of infiltration and excessive storm water discharge — nor would they exacerbate the situation at
Apuldram.)

‘You must provide an assessment of the bacteriological impact of the discharge in your permit application’

The attached ‘2013’ research paper provides useful background. ‘The principal aim of the experiment was to
identify water concentrations of this faecal indicator organism that resulted in shellfish flesh values around the 300
colony forming units (cfu) per 100 ml Shellfish Waters Directive (SWD) faecal coliform “guideline” standard and to
inform policy on an appropriate national standard under the Water Framework Directive (WFD).” The identification
of a water concentration is not straightforward due to the way in which shellfish accumulate EC (and other
pollutants) over time. Accumulation is also not consistent between shellfish species: ‘Overall, cockles accumulated
the bacteria to a higher level than mussels and Pacific oysters.” (Chichester Harbour is designated a shellfish water
due to cockles, oysters and clams.) Ultimately, the study identified that EC levels fluctuate significantly under
normal conditions and failed to show that a causal link between discharge and shellfish flesh pollutant levels can
be shown in the field (although research is likely on-going).

In terms of the requirement within the EA letter, ‘You must provide an assessment of the bacteriological impact of
the discharge in your permit application’, lan suggested that end of pipe levels should focus on Escherichia coli
(EC)(rather than faecal coliform or enterococci) at levels of 100 EC/ 100ml or less (which | hope he will confirm via
email). | understand that tertiary treatment is commonly able to achieve 1000-100 EC/ 100ml — and | expect that
this will have to be proven in the specification of our STW to the satisfaction of the EA.

For further reading, see these research papers:
e ‘2012’ —a literature review of the impact of pollution on Shellfish;

e ‘2011’ —areview of improvement pre- and post-improvements in sewage infrastructure. P46 provides
data (faecal coliform or enterococci) and a review of changes following improvements to Apuldram. It also
includes a useful summary of the Chichester Channel catchment and factors affecting pollutants to
shellfish;

e ‘2010’ — with reference to o Chichester Channel consistently failing SWD standards between 2004 and
2008 — also including data on coliform levels in Chichester Harbour between 2001 and 2008.

| can provide copies of these reports if there are any problems in accessing them.
In summary, the issue may be satisfactorily addressed through agreement on the specification to be achieved by
any onsite STW (and provided EC levels of <100 EC/ 100ml can be achieved); the ‘assessment’ being dealt with by

way of a desk based study/ literature review, again, the scope of which to be agreed with the EA.

| will call tomorrow morning to discuss but suggest a response from the EA is needed.



Regards,

Benjamin Rosedale BSc (Hons) MSc CMLI AIEMA
Partner, The Environmental Dimension Partnership t 01285 640640 f 01285 652545 m 07920425132

>>> "Jackson, Mat" <mat.jackson@environment-agency.gov.uk> 14/10/2013 09:38 >>>
Paul,

Thank you for your correspondence and early consultation on these particular matters. | am not the appropriate
contact for this query so have directed this towards lan Udal (ian.udal@environment-agency.gov.uk ) and Maxine
Clement (maxine.clement@environment-agency.gov.uk ) who are particular Marine and Water Quality Specialists
that may give a better steer on these matters.

Although happy to assist where | can, for future correspondence please can you direct consolidated queries via our
customer services/enquiries function in the first instance as this keeps track of progress and assigns appropriate
officers.

Regards,

Mat Jackson wsc, Bsc (CombHons) AIEMA
Environment Officer, Land & Water West Sussex
< Chichester Office, Oving Road, Chichester, PO20 2AG.

mat.jackson@environment-agency.gov.uk
Www.environment-agency.gov.uk

DD 01243 756343

Mob 07825 947686

B) B) & [

To report a pollution incident please call our Incident Communication Service % 0800 80 70 60
For all other queries please contact Customer Services: @ 03708 506 506

From: Paul Stewart [mailto: pstewart@mayerbrown.co.uk]

Sent: 11 October 2013 18:13

To: Jackson, Mat

Cc: Frances Palmer (Linden Homes South West); Andy Evans; Richard Ayre (Richard.Ayre@lindenhomes.co.uk);
Matthew Bartram; Ben Rosedale

Subject: EPR-SB3338AD - White House Farm, Chichester

Hi Matt,

| hope that you are keeping well. | will be engaging with some treatment process engineers shortly in respect of the
above to flush out the technical aspects in greater detail. | am trying to make sure that all the points in your letter
of 19" August are picked up on. One aspect that | need more advice on is the shellfish standard. | understand that
we will need to provide non-chemical disinfection and that the Shellfish directive limit is that Faecal coliforms /
100ml flesh should be < 300. How does this translate to an end of pipe limit at the treatment works? Is there an
expert at the EA that you can direct me to. Ideally, | just want someone to tell me what the standard needs to be
for faecal coliform removal at the plant discharge and we will design appropriate measures to achieve this.

Do we need to get any baseline data of either Chichester Harbour or the shellfish themselves (are the beds actually
in the harbour, if so do you have a plan showing their location)? Do you have any information with respect to the
existing Southern water discharge?

| look forward to hearing from you soon. Please don’t hesitate to contact me to discuss.
Kind Regards,
Paul

T: 01483 750 508
DDI: 01483 745 440
F: 01483 750 437

Paul Stewart,
Associate
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» © Amec Foster Wheeler Environment & Infrastructure UK Limited

amec
foster
wheeler

Technical note:
Review of West Chichester Development Farmscoper
Nitrate Modelling

§ Introduction

This note has been prepared in response to an enquiry from Mayer Brown of 10 November 2015.

Mayer Brown have carried out an assessment of nitrate leaching in support of a permit application by

Albion Water for a wastewater discharge, which forms part of a wider planning application for development at
Whitehouse Farm, Chichester (ref 151104 Nitrogen Technical Report, 4 November 2015).

The assessment of nitrate leaching has included use of the ADAS Farmscoper model to assess:
a) Background levels of nitrate leaching (for information only);
b) Current levels of leaching from the existing agricultural land;

¢) An indication of the reduction in leaching that could be achieved through the application of suitable
mitigation measures.

The Environment Agency has requested that this modelling work should be reviewed by an independent
third party, and Mayer Brown contacted Amec Foster Wheeler to that end. This note comprises that review,
and is laid out as follows. Section 2 provides observations on the use and setup of the Farmscoper models;
Section 3 provides a commentary on the assessment of leaching from the proposed development, and;
Section 4 provides a summary and conclusions.

2. Application of the Farmscoper Model

2.1 General observations

» The modelling has been carried out using Version 2.2 of the Farmscoper model, which is the
latest version available at this time;

» Two “farms” have been modelled. The “baseline farm” consists entirely of grassland, and
represents “background” leaching resulting from factors beyond management control
(such as mineralisation of soil nitrogen, and atmospheric deposition of nitrogen). The second
Farmscoper model represents the actual land use and management of Whitehouse Farm;

> A variant of the Whitehouse Farm model has been created, which includes additional
agricultural mitigation measures against nitrate leaching. This is intended to indicate the lowest
practical level of nitrate leaching that could be achieved from productive agricultural land,
irrespective of the cost of mitigation applied, and is thus a conservative approach.

November 2015
Doc Ref: 37375n006i2



» © Amec Foster Wheeler Environment & Infrastructure UK Limited

2.2

2.3

Baseline modei

» The baseline Farmscoper model represents the total agricultural l[and area on Whitehouse Farm

of 126.1 ha;
All land is assumed to be managed as rotational grassland, with no applied nitrogen fertiliser;

Soils are assumed to be free-draining. This is appropriate given the superficial geology of the
site of River Terrace deposits and Head deposits. Although it is noted that the less permeable
Reading Beds and London Clay are present at depth, these are unlikely to represent any
impediment to soil drainage in the root zone;

Rainfall is assumed to be in the range 700 mm — 900 mm per annum. This is appropriate for
Chichester. The annual average rainfall (AAR) in the period 1980-2010 for Bognor Regis is
725 mm’;

The baseline model predicts nitrate losses of 513 kg, equivalent to 4.1 kg/ha. The great
majority of this loss is as leaching in soil drainage, with a small proportion lost in runoff;

The baseline land use could also be represented as permanent pasture, also with no applied
nitrogen fertiliser. Farmscoper predictions of nitrate losses from permanent pasture are
identical to those of losses from rotational grass, and this therefore confirms this baseline
prediction.

Whitehouse Farm model (no mitigation)

» The Farmscoper model has been used to represent nitrate leaching from the agricultural land at

Whitehouse Farm under current management (2015);

Land use comprises 20 ha of rotational grass, 61.2 ha of spring barley, 39.2 ha of maize and
5.7 ha of other crops;

It is assumed that these crops receive nitrogen fertiliser as follows:

» Rotational grassland: no nitrogen applied;

» Spring barley: 38 kg/ha;

» Maize: 125 kg/ha;

» Other crops: 38 kg/ha.

it is assumed that no organic fertilisers (manures) are used on any crops;

These fertiliser rates are consistent with, or below the crop requirements given in the Defra
Fertiliser Manual (RB209)2. For example, the crop nitrogen requirement for maize is given as
150 kg/ha (soils with SNS index 0) to 100 kg/ha (soils with SNS index 1) or 50 kg/ha

(SNS index 2);

The crop requirement for Spring Barley for feed is 160 kg/ha (SNS index 0) to 140 kg/ha
(SNS index 1). This is substantially higher than the applied rate, and the land under spring
barley is therefore managed as low input land;

The presence of unfertilised rotational grass suggests that the farm is managed at least in part
organically, with part of the crop nitrogen requirement of cereal crops being met by the
preceding ploughed out grass crop. However, this has not been confirmed;

Farmscoper predicts nitrate losses from arable land of 3,683 kg (34.7 kg/ha) and from grassland
of 81 kg (4.1 kg/ha). In both cases, the majority of this loss originates from the soil (as opposed
to fertiliser) and is lost in soil drainage rather than runoff. These resuits appear reasonable.

! http://www.metoffice. gov.uk/public/weather/climate/gcp8bswyvw {accessed 19 Nov 2015)

2 hitp://www.ahdb.org.uk/projects/CropNutrition.aspx (accessed 19 Nov 2015)

November 2015
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24 Whitehouse Farm model (additional mitigation)

| 2

The Farmscoper model has been used to evaluate the potential reductions in nitrate losses that
could be achieved through the application of mitigation measures;

Two suites of mitigation measures have been defined. Prior mitigation represents measures
that are likely to be already in place due to, for example, existing legislation. These measures
will result in a reduced level of “present day” nitrate loss. Additional mitigation represents
measures that are not already in place. The application of these measures can further reduce
nitrate losses from the farm, but are likely to carry a cost to the farm business;

The site lies in a Nitrate Vulnerable Zone (NVZ) and the farmer is thus obliged to comply with
the NVZ regulations restricting the use of nitrogen fertilisers;

The Farmscoper model has thus been set up to apply these restrictions as “prior” mitigation.
The “baseline” nitrate loss is thus reduced slightly from the value predicted by the
“no mitigation” model (Section 2.3), to 3,594 kg (28.5 kg/ha);

The model has then been used to assess the additional reduction in nitrate loss that could be
achieved through the application of additional mitigation methods. A suite of 27 methods has
been selected, based on the selection of all methods which are relevant to nitrogen
management. The relevance and effectiveness of each method is pre-determined within the
Farmscoper model;

This therefore represents an estimate of the maximum reduction in nitrate loss that could be
achieved through mitigation whilst keeping the land in agricultural production, irrespective of the
cost of the mitigation. In practice, it is unlikely to be possible to achieve this level of reduction,
but this does represent a conservative approach to the estimation of nitrate losses;

The remaining nitrate loss after mitigation is 3,002 kg (23.8 kg/ha). This estimate appears
reasonable.

3. Nitrate Leaching Post-Development

b

The nitrate loss from the site post-development has been assessed as two components: diffuse
losses from the proposed land uses post-development, and point source losses from the
proposed treatment works;

The diffuse losses from the development have been estimated based on literature values for
nitrate losses in leaching and runoff from urban areas, sports fields, allotments and Public Open
Space / parks and SuDS land. The difference between the post-development diffuse losses
and the estimated losses from agricultural land (with mitigation) is used to estimate the nitrogen
headroom for the treatment works;

The total land area considered post-development is 122 ha. This is slightly lower than the
modelled agricultural area of 126.1 ha. This will not make a significant difference to the resuits
of the calculations;

It is assumed that there will be little or no leaching from paved areas, with runoff losses
dominant. Conversely, it is assumed that there will be relatively little runoff from unpaved areas,
which is a reasonable assumption given the free draining soils in the area.
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The original calculations are summarised in Table 3.1.

Table 3.1  Proposed scenario — estimated nitrogen losses, criginal calculation

Area (ha) R Load kg/ha - Load kg
Runoff
Urban areas 60' 4 240
Sports fields 71 1 71
Allotments 1.6 1 1.6
Gardens 21 0 ]
Frontage landscaping 9 0.13 1.2
POS/SuDS/Nature reserve 53.3 0.13 6.9
Leaching
Gardens 21 11.4 239.4
Frontage landscaping 9 4 36
Sports fields 71 22.8 161.9
Allotments 1.6 228 36.5
POS/SuDS/Nature reserve 53.3 4 213.2
TOTAL LOADING (kg) 943.8

Note 1: The loading of 4kg/ha from urban areas is a bulk figure, including relatively high source areas such as roads and low source
areas such as gardens.

The loading in runoff from gardens and frontage landscaping is included in the bulk urban runoff
figure. These items should therefore be removed to avoid double counting;

The figure for urban runoff of 4 kg/ha is understood to be an area-weighted average. Assuming
that approximately one third of the urban area generates runoff, this equates to a loading in
runoff from these impermeable areas of 12 kg/ha. This is equivalent to a concentration in

500 mm of drainage of 2.4 mg/l, which is consistent with figures given by Mitchell (2005)® of
1.52 mg/l to 2.85 mg/l for total nitrogen event mean concentration;

The assumed rate of leaching from sports fields and allotments is 22.8 kg/ha. This is stated as
equivalent to the agricultural leaching rate (which is actually calculated as 23.8 kg/ha);

For allotments, this value is consistent with that given by Lerner (2000)* of 25 kg/halyr;

For sports fields, this is a conservative assumption; the actual leaching rate might be expected
to be substantially lower than leaching rates from productive agricultural land. The “baseline”
rate for unfertilised grassland, it will be recalled, is predicted to be 4.1 kg/ha;

3 Mitchell, G., 2005. Mapping hazard from urban non-point pollution: A screening model to support sustainable urban
drainage planning. J. Env. Management, 74 (1), pp1-9.

4 Lerner, D., 2000. Guidelines for estimating urban loads of Nitrogen to groundwater. MAFF NT1845.

November 2015
Doc Ref: 37375n006i2



w © Amec Foster Wheeler Environment & infrastructure UK Limited

» Leaching from gardens is assumed to be 11.4 kg/ha (half the agricultural rate). Again, this is
somewhat higher than the rate given by Lerner (2000) of 5 kg/ha.

These lower figures for losses in leachate from sports fields and gardens are those included in an
assessment of nitrogen and phosphorus loadings to groundwater carried out for the Environment Agency in
2010 by Amec Foster Wheeler (ref 27510rr032i3, November 2010), and an accompanying spreadsheet tool.

A revised calculation of nitrogen losses post-development which includes these lower figures is provided in
Table 3.2.

Table 32 Proposed scenario — estimated nitrogen losses, revised calculation

Area (ha) Load kg/ha Load kg
Runoff
Urban areas 60 4 240
Sports fields 7.1 1 71
Allotments 1.6 1 16
POS/SuDS/Nature reserve 53.3 0.13 6.9
Leaching
Gardens 21 5 105
Frontage landscaping 9 4 36
Sports fields 71 5 35.5
Allotments 1.6 22.8 36.5
POS/SuDS/Nature reserve 53.3 4 213.2
TOTAL LOADING (kg) 681.8

The revised calculation results in a lower estimate of nitrogen loss post-development, and suggests that the
original estimate of available headroom for the treatment works is conservative. However, the overall
approach is considered appropriate.

4. Determination of Mass Balance and Adjustment Factors

We have reviewed the approach used to calculate a design nitrogen standard. The calculation uses three
adjustment factors to account for attenuation and seasonality:

» Volumetric factor (0.9);
» Flow factor (0.6); and a
» Concentration factor (0.9).

These give a combined adjustment factor (0.9%0.9*0.6 = 0.486) which is applied to the headroom loading
(2089.79 Kg) to give a discharge limit of 3.93 mg/l as N. There is a slight error in this calculation and the
correct headroom loading should be 2058 kg).

The following comments are made to the approach used:
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>

An attenuation factor should also be included to account for nitrification of nitrate leached from
the soil zone. This factor should only apply to nitrate leached not to nitrate in run-off. An
attenuation factor of 0.9 is considered to be reasonable;

The volumetric factor is considered to be conservative and a factor of 0.95 is suggested,
particularly as an attenuation factor is included:;

The flow and concentration factors are considered to be conservative and may include double
accounting as a result of muitiplying these factors together. An alternative approach would be
to calculate a total loading (surface water flow x surface water concentration) and to calculate a
single adjustment factor based on average loading divided by peak loading. The net effect of
these recommended changes is likely to be a slightly higher adjustment factor;

Overall the adjustment factor (0.486) derived in the Nitrogen Technical Report is considered to be
conservative and a minimum design nitrogen standard of 4 mg/l as N is considered to be reasonable.

5. Conclusion

>

The impact of a proposed development on nitrate losses to surface water and groundwater has
been assessed using the ADAS Farmscoper model, and estimates of urban diffuse nitrate
export,

The Farmscoper models represent “baseline” losses from rotational grassland (for information
only), losses under current agricultural management and the potential minimum loss that could
be achieved with mitigation measures;

The models have been reviewed and represent a reasonable estimate of current and potential
future nitrate losses from agricultural land;

The calculation of nitrogen losses post-development has been reviewed and the overall
approach is considered reasonable. Some amendments are suggested to some of the
estimates of nitrate losses from urban land. A revised estimate of post development losses is
provided (Table 3.2) and we suggest the Nitrogen Technical Report is updated based on this
revised calculation;

Estimated diffuse nitrogen losses post-development are in the range 22% to 30% of estimated
losses from the current agricultural land use (with mitigation);

An attenuation factor to account for nitrification in the sub surface should be included in
calculation of the design standard (Section 4). However the other factors (volumetric, flow and
concentration factors) used to calculate the adjustment factor (0.486) are considered to be
overly conservative (Section 4) and a minimum design nitrogen standard of 4 mg/t as N is
considered to be reasonable;

This review confirms that the overall nitrogen balance approach to support the permit
application is reasonable.
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Copyright and non-disclosure notice

The contents and layout of this report are subject to copyright owned by Amec Foster Wheeler (© Amec Foster Wheeler Environment &
Infrastructure UK Limited 2015) save to the extent that copyright has been legally assigned by us to another party or is used by Amec
Foster Wheeler under licence. To the extent that we own the copyright in this report, it may not be copied or used without our prior
written agreement for any purpose other than the purpose indicated in this report. The methodology (if any) contained in this report is
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Wheeler. Disclosure of that information may constitute an actionable breach of confidence or may otherwise prejudice our commercial
interests. Any third party who obtains access to this report by any means will, in any event, be subject to the Third Party Disclaimer set
out below.

Third party disclaimer

Any disclosure of this report to a third party is subject to this disclaimer. The report was prepared by Amec Foster Wheeler at the
instruction of, and for use by, our client named on the front of the report. It does not in any way constitute advice to any third party who
is able to access it by any means. Amec Foster Wheeler excludes to the fullest extent lawfully permitted all liability whatsoever for any
loss or damage howsoever arising from reliance on the contents of this report. We do not however exclude our liability (if any) for
personal injury or death resuilting from our negligence, for fraud or any other matter in relation to which we cannot legally exclude

liability.

Management systems

This document has been produced by Amec Foster Wheeler Environment & Infrastructure UK Limited in full compliance with the
management systems, which have been certified to 1ISO 9001, ISO 14001 and OHSAS 18001 by LRQA.
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Linden Strategic & Miller Strategic
Whitehouse Farm, Chichester

Nitrate Nitrogen Losses Calculation

Technical Note

Nitrate Nitrogen Losses Calculation
Introduction

1.1 This note has been prepared in response to a letter dated 19" October 2015 (Appendix A)
from the Environment Agency to Albion Water in relation to their wastewater discharge
permit pre-application, which in turn is in support of a planning application for development

at Whitehouse Farm, Chichester.

1.2 The application includes a proposal for an on-site sewage treatment works to serve the
community, discharging to on site watercourses, which in turn discharge into the Nitrogen

sensitive waters of Chichester Harbour.

1.3 The planning application and the environmental permit pre-application contained a
methodology to demonstrate that the cessation of fertiliser application on site would provide
sufficient headroom to accommodate a treatment works on site and maintain a nil-detriment

impact of Chichester Harbour and preferably deliver a degree of betterment.

1.4 The concept of this approach was approved by the Environment Agency in their
correspondence of 19" August 2013 (Appendix A) and the use of the ADAS Farmscoper
software was suggested as an appropriate methodology for a land use audit. A Farmscoper
assessment was undertaken and included in the December 2014 planning and

environmental pre-app submissions.

15 The 19" October 2015 letter maintains that the key issue of concern with the planning
application is quantifying the discharge of Total Nitrogen to Chichester Harbour and

highlights a number of aspects where further justification is necessary:
e Assessment of nitrogen attenuation between the farm and the harbour.
e Consideration of additional nitrogen inputs from the proposed development.
e Demonstrate that the existing use scenario incorporates all appropriate mitigation.
e The seasonal impacts of relative nitrogen loads.
e Review of the modelling by an independent third party.

1.6 The following technical note aims to address the first four points above by undertaking a

complete review of the initial calculations taking a more comprehensive review.
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1.7

1.8

1.9

1.10

1.11

1.12

1.13

1.14

1.15

1.16

The results will demonstrate that the proposed treatment works can meet the requirements
if the discharge limit is further reduced from 4.5mg/l as currently proposed by Albion Water
to 3.93mg/l. At this level an overall annual betterment of >50% would be realised with the

seasonal variation demonstrating nil detriment.

Methodology

In order to fully address the concerns raised, it is necessary to consider the modelling in
greater detail, to incorporate the impacts of nitrogen locked into the soils in addition to direct

application of fertiliser.

The first step was to establish a baseline scenario against which the existing farm use and
the proposed development use without the treatment works could be assessed. This was
undertaken by building a Farmscoper model for the farm with a grassland use and no

application of additional nutrients.

The next step was to build the existing farm Farmscoper model using the data supplied by
the farmer, this is almost identical to the original information submitted with the planning

application and environmental permit pre-application.

To address the question of mitigation, the Farmscoper Evaluation tool was used, which

provided a reduction of assumed Nitrate generation from the existing farm.

To obtain values for nitrate run-off and nitrate leaching to ground the evaluated existing

scenario was compared to the baseline (grassland only) scenario.

In order to take account of the proposed development run-off a schedule of likely land use
areas was prepared and run-off and leachate values for the various uses was estimated.
As above, the post development scenario was compared to the baseline to derive values

for nitrogen leaching and run-off.

A series of factors were then applied to make appropriate allowances for attenuation losses,

seasonal flow variation and seasonal concentration variation.

Baseline and Existing Scenarios

The Farmscoper results for grassland only use are presented in Appendix B and can be
supplied in Excel format. The results for nitrate run-off and leaching to ground are

summarised in Table 1 below.

The Farmscoper results for the existing scenario are presented in Appendix C and can be

supplied in Excel format. This is the scenario without any additional assumed mitigation
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applied and is provided for information only as it is not used in the final assessment. The

results for nitrate run-off and leaching to ground are summarised in Table 1 below.

1.17 The Farmscoper Evaluate results for the potential farm use scenario, with the additional

mitigation applied are presented in Appendix D and can be supplied in Excel format. The

mitigation measures applied by the model are:

Cultivate compacted tillage soils

Cultivate and drill across the slope

Establish in-field grass buffer strips

Establish riparian buffer strips

Loosen compacted soil layers in grassland fields

Allow field drainage systems to deteriorate

Use plants with improved nitrogen use efficiency

Fertiliser spreader calibration

Use a fertiliser recommendation system

Do not apply manufactured fertiliser to high risk areas

Do not apply manufactured fertiliser to fields at high risk times
Use manufactured fertiliser placement technologies
Incorporate a urease inhibitor into urea fertilisers for arable land
Use clover in place of fertiliser nitrogen

Re-site gateways away from high risk areas

Establish new hedges

Protection of in-field trees

Management of in-field ponds

Management of field corners

Plant areas of farm with wild bird seed / nectar flower mixtures
Beetle banks

Uncropped cultivated margins

Uncropped cultivated areas

Unfertilised cereal headlands

Unharvested cereal headlands

Z/L&MCHICHESTER.10
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° Leave over winter stubbles

e Use correctly inflated low ground pressure tyres on machinery
1.18 It should be noted that the estimated cost of these measures is £41,643.

1.19 The result of the mitigation is to reduce nitrate leaching by 18.5%, run-off by 47.2% and

20.3% overall. Table 1 Summarises the results

Baseline - Existing - Normal Potential - Additional
SCENARIO Grassland Mitigation Mitigation
Nitrate N - Runoff -
Fertiliser NIL 119.61kg 25.83kg
Nitrate N - Runoff -
Soil 16.19kg 117.44kg 99.46kg
(Runoff Sub Total) (237.05kg) (125.29kQ)
Nitrate N - Leaching -
Fertiliser NIL 1134.03kg 714.57kg
Nitrate N - Leaching -
Soil 496.46kg (3.94kg/Ha) 2393.56kg 2162.08kg
(Leaching Sub Total) (3527.59kqg) (2876.65kg)
Total Nitrate N 512.65kg 3764.64kg 3001.94kg

Table 1 — Components of Nitrate Nitrogen Derived From Farmscoper

1.20 To derive values for the impact of agriculture over and above a grassland baseline. The
values from the grassland only scenario were subtracted from the potential farmland

scenario (with mitigation). The results are shown in Table 2 below:

COMPONENT MASS PER ANNUM

Nitrate N - Runoff - Fertiliser 25.83kg - 1.04%
Nitrate N - Runoff - Sail 83.27kg - 3.34%
(Runoff Sub Total) (109.1kg - 4.38%)
Nitrate N - Leaching - Fertiliser 714.57kg - 28.71%
Nitrate N - Leaching - Soll 1665.62kg - 66.91%
(Leaching Sub Total) (2380.19kg - 95.62%)
Total Nitrate N 2489.29kg

Table 2 — Summary of Agricultural Nitrate nitrogen Discharge Above Baseline

Proposed Scenario

In order to assess the impact of the development proposals without the treatment works it is

necessary to make an assumption of land uses. We have assessed the indicative

Z/L&MCHICHESTER.10 Page 4



Linden Strategic & Miller Strategic

Whitehouse Farm, Chichester

Nitrate Nitrogen Losses Calculation

1.21

1.22

1.23

1.24

1.25

1.26

1.27

masterplan to estimate these and have tabulated our assumptions in Table 3 below. The

Urbanised area has been subdivided as shown in bracketed figures.

LAND USE AREA

Urbanised Area 60Ha

(20% Roads & Pavements) (12Ha)
(30% Roofs) (18Ha)

(35% Enclosed Gardens) (21Ha)
(15% Frontage Landscaping) (9Ha)
Sports Fields 7.1Ha
Allotments 1.6Ha

POS / SuDS / Nature Reserve 53.3 Ha

Table 3 — Assumed land uses of proposed development

For each of the area types a value for nitrogen run-off and nitrogen leaching has been
derived. This is tabulated in Table 4 below, but descriptions of how the assumed values

were derived is provided in the following paragraphs.

For the urban area a run-off of 4kg/ha has been assumed. This is derived from US research
quoted by the EPA, where a range for medium and high density residential of 2.8 to 4.7
kg/ha (2.5 to 4.2 Ibs/acre) is quoted. We have selected a figure towards the upper end, to
reflect the denser nature of UK housing schemes. This results in 240kg/annum, which is the
value used. As a verification, UK research has suggested a run-off for roads of 10kg/ha is
appropriate (120kg/annum) leaving 6.67kg/ha for roof surfaces if 240kg/annum is selected

area wide. We consider this to be appropriate.

For sports field and allotment run-off, we have selected a figure equivalent to the pre-

development agricultural assumption, resulting in 1kg/ha.

For enclosed rear gardens, we have assumed nil run-off suggesting that very little rainfall

from enclosed rear gardens will reach a watercourse.

For frontage landscaping and public open space we have selected a run-off value

equivalent to the baseline grassland scenario of 0.13kg/ha.

For roofs, roads and pavements, we have assumed zero leaching of nitrogen as there will
be no fertiliser applied and no leaching of soils. Any pervious paving would assume to be

included in the run-off value.

For enclosed gardens we have assumed a degree of nutrient treatment and culvivation with

50% of the agricultural impact, resulting in leaching of 11.4kg/ha.
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1.28 For sports fields and allotments, we have assumed an equivalent leaching value to the

agricultural of 22.8kg/ha.

1.29 For Public Open Space, countryside park and SuDS, we have assumed a sympathetic

management regime, with leaching identical to the grassland baseline at 4kg/ha.

1.30 As demonstrated in Table 4 below, the Cumulative post development run-off and leaching

mass is 943.9kg.

DEVELOPMENT INPUTS NITROGEN MASS PER YEAR

TN Run-off Urban (4kg/Ha) 240kg
Sports field run-off (1kg/Ha) 7.1kg
Allotments Run-off (1kg/Ha) 1.6kg
Enclosed Gardens Run-off Nil
Frontage Landscaping Run-off
(0.13kg/Ha) 1.17kg
POS Run-off (0.13kg/Ha) 6.93kg
(Subtotal Run-off TN) (256.8kQ)
Leaching Roads & Pavements Nil
Leaching Roofs Nil
Leaching Gardens (11.4kg/ha - 50%
Farm) 239.4kg
Leaching Frontage Landscaping (4kg/Ha) 36kg
Leaching Sports Field (22.8kg/Ha) 161.9kg
Leaching Allotments (22.8kg/Ha) 36.5kg
Leaching POS (4kg/Ha) 213.3kg
(Subtotal Leaching TN) (687.1kQg)
Total N 943.9kg

Table 4 — Breakdown of Post Development Estimated Nitrogen Run-off & Leaching

1.31 The impact of the of the post development scenario prior to consideration of the treatment

works is determined by comparing with the grassland baseline (table 4 values minus table

1 baseline) the resultant values are stated in table 4 below.

COMPONENT NITROGEN MASS PER YEAR

N Run-off 240.61kg
N Leaching 190.64kg
Total N 431.25kg

Table 5 — Summary of Post Development Nitrogen Discharge Above Baseline
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1.32

1.33

1.34

1.35

Determination of Mass Balance and Adjustment Factors

The values derived above in Tables 2 and 5 show the impacts of agricultural use and
urbanisation as values in excess of a baseline scenario of natural grassland. By taking the
values of the potential farmland scenario (with mitigation) and subtracting the post
development values we can derive a nitrogen headroom for the treatment works. This is

shown in Table 6 below.

COMPONENT AGRICULTURAL IMPACT DEVELOPMENT IMPACT GROSS HEADROOM

N Run-Off 109.1kg 240.65kg +131.55kg
N - Leaching 2380.19kg 190.64kg -2189.55kg
N Total -2089.79kg

Table 6 — Gross Nitrogen Headroom

This demonstrates that the post development scenario slightly increases nitrogen
associated with run-off, which would be expected from urbanisation. In total there is an

excess of nitrogen to the value of 2089.79kg.

The EA has requested that attenuation of Nitrogen be taken into account. The principal
existing mechanism of nitrogen transfer from the site to the harbour in the current situation
is by leaching through the ground. A hydrological conceptualisation has been produced by
Amec Foster Wheeler previously and approved by the EA. This model describes how an
impermeable layer of London Clay underlies the site, below an upper strata of more
permeable River Terrace deposits. At the southern boundary of the site these give way to
sand and gravel dominated alluvial fan deposits. The fan deposits overly Reading Beds and
further south the Chalk, which underlies the harbour. The Amec Foster Wheeler report is
contained in Appendix E, figure 3.1 of that report represents the underlying geology in

section

Sub-surface flows on site are in a southerly direction within the permeable River Terrace
gravels, underlain by the impermeable bed of London Clay. These give way to the
permeable alluvial fan deposits underlain by the impermeable Reading Beds. The dominant
flow is lateral with the solid geology of the London Clay and Reading Beds as a base. This
brings groundwater increasingly closer to the surface as it progresses to the harbour. The
flow in the chalk underlying the headwaters of the harbour are noted as flowing in an upward
direction. Under these conditions it is anticipated that the vast majority of the existing and

proposed leaching flows will discharge into the headwaters of the harbour, albeit with a
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degree of attenuation, which will reduce the discharge peaks associated with seasonal

variation (discussed later).

1.36 It should also be noted that the River Terrace deposits on site consist of bands of gravel
and clay, which give rise to springing of groundwater within the site, which provides some

attenuated flows to the on-site watercourses.

1.37 In selecting a factor to apply to estimate how much of the existing leachate discharges to
the harbour, we would suggest a vast proportion, based on the preferential pathways of the
on-site watercourses and bands of clay in the superficial deposits, the close proximity of the
harbour and topography of the site in relation to the harbour. Not least the impermeable bed
of London Clay and Reading Beds, which are overlain by sand and gravel dominated
superficial geology all the way to the chalk, which is noted as giving rise to groundwater

flows year round. Our suggested factor is 0.9 (or 90%) reaching the harbour.

1.38 The mass of nitrogen available for plant uptake is dependent on flow and concentration. In
terms of baseline flows we can refer to the flow monitoring data for Fishbourne Meadows
as a guide. This is represented in Figure 3.2 of the Amec Foster Wheeler report (Appendix
E) We have removed the December 2009 outlier of high flow and calculated an approximate
arithmetic mean value form the October 2009 to October 2011 values. The 23 values over
this 2 year period result in a mean value of 119I/s or 10,282m3/day. The peaks for the 2
years (omitting the outlier) were 300Il/s and 200l/s. This gives a peak flow variability of

between 168% and 252% in relation to the peak flows.

1.39 To look at concentration variability we have reviewed the sampling data, which we gathered
in 2012 / 2013 from a sampling point south of the M27. Location SW-F from our previous
report. This suggests a variation between 5.5mg/l in September and 8.0mg/l in March
(interpolated value). We assume a 6.75mg/l average the peak is 118.5% of the average.

Figure 1 below.
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Figure 1 — Surface Water Total Nitrogen Monitoring

It is noted that the peaks of groundwater flow and concentration are not coincidental. Peak
flows are recorded in January / February and Peak concentrations are estimated to occur
around April. We would therefore suggest that factors below the peak values are
appropriate in combination and would propose 0.6 and 0.9 for flow and concentration

variability respectively

Combining the factors for attenuation of volume, variability of Flow and Variability of

concentration can be stated as 0.9(volume) x 0.6(flow) x (0.9) concentration = 0.486

Applying this factor to the 2089.79kg stated in Table 6 results in a design value for Nitrogen
of 1015.64kg/annum

Assuming a design flow from the treatment works of 258,597,000l/annum (708m?3.day)

results in a design nitrogen standard of 3.93mg/I.

Demonstration of Appropriate Technology

Albion Water are currently proposing a treatment process to deliver a standard of 4.5mg/|

and are confident that they could demonstrate the use of the process selected to deliver a
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1.46
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1.50

151

1.52

sub 4mg/l standard. However, in the current time frames of the planning application process

it is unlikely that process data can be provided of a real world installation in time.

There are additional treatment stages in common usage, which can reliably deliver sub
4mg/l and even sub 3mg/l. This is commonly a denitrifying filter, such as a sand filter, with

the addition of a carbon source, such as glycerol or methanol.

It is difficult finding UK examples of sub 4mg/l total nitrogen standards as such stringent
standards are not generally being applied at present by the regulators. There are examples
overseas though and the United States is a good source of examples and research
undertaken at existing treatment works. The US EPA recognises the practical lower limit of
technology for total nitrogen to be 3mg/l. Below this level removal of the recalcitrant
dissolved nitrogen becomes an issue, which could only be reliably removed through reverse

0Smosis.

One project which is easily verified is the ‘Save the Bay’ initiative sponsored by the
Chesapeake Bay Foundation in Maryland, USA. This requires the upgrade of 66 treatment
facilities to meet a TN standard of 3mg/l. A summary of the sites included in this programme

is included in Appendix F.
Conclusion

The above nitrogen audit demonstrates that it is feasible to redevelop the White House
Farm site for the intended development and include an on site sewage treatment plant,

discharging to the sensitive headwaters of the Chichester Harbour.

The audit calculates an overall betterment of >50% annually in terms of total nitrogen
released to the harbour, compared to the existing use with an allowance for improvement
in farming practices with the setting of a Total nitrogen standard for the works not exceeding
3.93mg/l.

This above standard addresses concerns over the seasonal variation of nitrogen

contribution to the Harbour and ensures that seasonally there shall be nil detriment.

A standard of treatment at this level is very high and close to the currently accepted limit of
technology of 3mg/l. However, there are a sufficient number of existing treatment plants in

similar climates worldwide treating to these standards.

This evidence should be sufficient for the Environment Agency to lift their holding objection

as it demonstrates that a scheme to meet their environmental protection interests can be

Z/L&MCHICHESTER.10 Page 10



Linden Strategic & Miller Strategic
Whitehouse Farm, Chichester

Nitrate Nitrogen Losses Calculation

delivered on this site, subject to detailed approval through the environmental permitting

process.

Author: Paul Stewart, Technical Director
Date: 4" November 2015
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APPENDIX A: Environment Agency Correspondence



Mr Keith Edwards Our Ref: TS/2015/EPR-SB3338AD
Quality Manager

Albion Water Your Ref:

Forest House

3-5 Horndean Road Date: 19 October 2015
Bracknell

RG12 0XQ

Dear Mr. Edwards
White House Farm, Chichester: Wastewater discharge permit pre-application advice

As | discussed with you on Friday 8 October 2015, this response summarises our final comments on
your wastewater discharge proposal at White House Farm, Chichester and the information you have
submitted to us to date.

The Environment Agency considers that the key issue concerning this proposal remains the total
nitrogen loading of the development and the impact of its associated waste water discharge on the
Chichester and Langstone Harbours Special Protection Area (SPA) and Solent Maritime Special
Area of conservation (SAC).

Baseline data

FARMSCOPER assesses ‘nitrate’ losses not ‘total nitrogen’. The report you have provided assumes
nitrate outputs are equivalent to total nitrogen. This is a conservative approach and so we have no
further requirements for additional environmental protection or modelling in this regard.

Nitrogen attenuation, in the pathway between the farm and the harbour, either through groundwater
or ditches, has not been assessed. The application should demonstrate that it has been considered
and why it may or may not be significant. There may be other nitrogen inputs from development, for
example, fertilizer on residents’ gardens or any proposed park area. This should be considered in
the assessment.

The nitrogen load from the existing farmland needs to take into account of best land management
practices, including voluntary measures. The farm is in a Nitrate Vulnerable Zone so will already
have adopted some good practices. The modelling does not demonstrate that all possible measures
(applicable to this farm) have been adopted and taken account of in the nitrogen assessment.

The seasonal impacts of relative nitrogen loads has not been assessed. Farmland nitrogen loss
may be higher in winter and spring (depending on the specific farm practices). A sewage discharge
nitrogen load will be consistent all year around. We know that nitrogen inputs in the spring and
summer will have more of an impact on eutrophication (green weed growth) in the harbour than in
the autumn and winter. So, total annual loads between farmland nitrogen and proposed sewage
load may be equal but nitrogen inputs during the months of highest environmental impact are
currently underestimated.

Given the complexity of the modelling for this site we would like the FARMSCOPER, or any other
modelling assessment, to be reviewed by an independent third party. This is needed to demonstrate
the validity of the modelling and show that nitrogen loss calculated from the farm is fit for purpose.



NAV status

Albion Water has not yet applied to Ofwat for NAV status. As | explained in our conversation last
week, until your NAV status is formalised it is unlikely that we would permit a discharge to take
place. Use of a pre-operational condition requiring NAV appointment is possible, if there is a
reasonable prospect that the operator can satisfy the condition, but it is not a favoured approach in
these circumstances as we would not normally include a pre-operational condition that required an
operator to get any other authorisations or permissions from third parties.

Our main concern is the potential environmental impact on Chichester Harbour, caused by nitrogen
loading from a relatively large new discharge of treated sewage effluent, and whether the discharge
could be permitted on the basis of those potential impacts.

As we discussed on the phone, there will be sufficient capacity in Southern Water's sewer to treat
additional discharge from the housing development when Tangmere WwTW becomes operational in
December 2017. It would be our preference for the development to connect to this mains sewerage
system.

Other comments

Operator competence is a consideration when determining water discharge permit applications. If
we are not satisfied that treatment standards can be met, or that the operator is sufficiently
competent, we may refuse the permit. Operator competence is demonstrated by having a suitable
Environment Management System (EMS). You have provided an EMS as part of the draft
submission (EPR-SB3338AD) and this would be assessed during the determination.

Your permit application must include substantiated evidence that treatment to achieve the required
discharge quality is feasible and practical and that any limits can be met. The EMS should include
sufficient details on contingency in the event of failing to meet the required standards.

There could be potential public health risks, caused by increased bacteriological loading from the
housing development into the watercourse and, if you haven't done so already, | would urge you to
discuss this with the local Environmental Health Officer prior to submitting an application.

Richard O’Callaghan, Area Environment Manager, is the local Account Manager for this pre-
application. Given the amount of pre-application work already provided and as there is no charge
levied for water quality pre-application work, additional advice will be limited.

Should you apply for a permit at this time we would encourage you to submit the additional
assessment requirements referred to above, and seek independent expert opinion to demonstrate
that the discharge would not lead to a net increase in nitrogen load to Chichester Harbour.

If you have any queries regarding the above then please do not hesitate to get in touch.

Yours sincerely

s v 5"‘%’\—~

Tamsin Sutton

Permitting Team Leader — Water Quality
Direct Dial: 01392 352311
tamsin.sutton@environment-agency.qov.uk
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APPENDIX B: Background Farmscoper
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File Information | [Arable 0 00 0 0 0 0 00
Create File: FARMSCOPER2_Whitehouse Farm Grass background.xl|Grass 513 85 4314 0 0 624 0.0
Climate: 700 - 900 mm Rough Grazing 0 0.0 0 0 0 0 0.0
Soil Type: Free Draining Other 0 0.0 0 0 0 0 0.0
Arable Cropping ha Grassland ha Livestock Count Livestock Count
Winter Wheat (Feed) 0 Permanent Pasture 0 Indoor Pigs Poultry
Winter Wheat (Milling) 0 Rotational Grassland 126.1 Sows in Pig & Other Sows 0 Layers ( Caged ) 0
Winter Barley (Malting) 0 Rough Grazing 0 Gilts in Pig & Barren Sows 0 Layers (Uncaged ) 0
Winter Barley (Feed) 0 Gilts Not Yet in Pig 0 Pullet 0
Spring Barley 0 Livestock Count Boars 0 Broilers 0
Winter OSR 0 Dairy Other Pigs (> 110kg ) 0 Turkeys 0
Maize 0 Cows and Heifers 0 Other Pigs (80 - 110kg ) 0 Breeding Birds 0
Potatoes 0 Heifers in Calf ( 2 years +) 0 Other Pigs (50 - 80kg ) 0 Other Poultry 0
Sugar Beet 0 Heifers in Calf (< 2 years) 0 Other Pigs (20 - 50kg ) 0
Peas 0 Beef Other Pigs (< 20kg) 0 Manure Values kg N
Beans 0 Cows and Heifers 0 Outdoor Pigs Dairy FYM 0
Fodder Crops 0 Heifers in Calf ( 2 years +) 0 Sows in Pig & Other Sows 0 Dairy Slurry 0
Other Crops 0 Heifers in Calf ( < 2 years) 0 Gilts in Pig & Barren Sows 0 Beef FYM 0
Vegetables (Brassicas) 0 Other Cattle Gilts Not Yet in Pig 0 Beef Slurry 0
Vegetables (Other) 0 Bulls (2 years +) 0 Boars 0 Sheep FYM 0
Orchards 0 Cattle (2 years +) 0 Other Pigs (> 110kg ) 0 Pig FYM 0
Soft Fruit 0 Cattle (1 -2 years) 0 Other Pigs (80 - 110kg ) 0 Pig Slurry 0
Bare Fallow 0 Cattle (< 1 year) & Calves 0 Other Pigs (50 - 80kg ) 0 Poultry Muck 0
Set Aside 0 Sheep Other Pigs (20 - 50kg ) 0
Woodland 0 Sheep 0 Other Pigs (< 20kg) 0
Lambs (<1 year) 0




) Total Loss Area Total Loss Drainage Total Loss
Item Pollutant Source Area Pathway Type Timescale Form (kg) (ha) (kg / ha) (mm) (mg /1)

Total Nitrate All All All All All All 512.65 126 4.07 329 1.24
Total Phosphorus Al All All All All All 8.54 126 0.07 329 0.02
Total Sediment All All All All All All 4,313.99 126 34.21 329 10.40
Total Ammonia All All All All All All 0.00 126 0.00 - -
Total Methane All All All All All All 0.00 126 0.00 - -
Total NitrousOxide  All All All All All All 623.62 126 4.95 - -
Total Pesticides All All All All All All 0.00 126 0.00 329 0.00
Summary Nitrate All Arable All All All All 0.00 0 - 0 -
Summary Nitrate All Grass All All All All 512.65 126 4.07 329 1.24
Summary Nitrate All Rough All All All All 0.00 0 - 0 -
Summary Nitrate All Other All All All All 0.00 126 0.00 - -
Summary Phosphorus Al Arable All All All All 0.00 0 - 0 -
Summary Phosphorus Al Grass All All All All 8.54 126 0.07 329 0.02
Summary Phosphorus Al Rough All All All All 0.00 0 - 0 -
Summary Phosphorus Al Other All All All All 0.00 126 0.00 - -
Summary Sediment All Arable All All All All 0.00 0 - 0 -
Summary Sediment All Grass All All All All 4,313.99 126 34.21 329 10.40
Summary Sediment All Rough All All All All 0.00 0 - 0 -
Summary Sediment All Other All All All All 0.00 126 0.00 - -
Summary Ammonia All Arable All All All All 0.00 0 - - -
Summary Ammonia All Grass All All All All 0.00 126 0.00 - -
Summary Ammonia All Rough All All All All 0.00 0 - - -
Summary Ammonia All Other All All All All 0.00 126 0.00 - -
Summary Methane All Arable All All All All 0.00 0 - - -
Summary Methane All Grass All All All All 0.00 126 0.00 - -
Summary Methane All Rough All All All All 0.00 0 - - -
Summary Methane All Other All All All All 0.00 126 0.00 - -
Summary NitrousOxide Al Arable All All All All 0.00 0 - - -
Summary NitrousOxide  All Grass All All All All 623.62 126 4.95 - -
Summary NitrousOxide Al Rough All All All All 0.00 0 - - -
Summary NitrousOxide  All Other All All All All 0.00 126 0.00 - -
Summary Pesticides All Arable All All All All 0.00 0 - 0 -
Summary Pesticides All Grass All All All All 0.00 126 0.00 329 0.00
Summary Pesticides All Rough All All All All 0.00 0 - 0 -
Summary Pesticides All Other All All All All 0.00 126 0.00 - -
Component |Nitrate Soil Grass Runoff Soil Medium Dissolved 16.19

Component |Nitrate Soil Grass Leaching Soil Medium Dissolved 496.46

Component [NitrousOxide Soil Grass Leaching Soil Medium Gaslndirect 19.50

Component |NitrousOxide  Soil Grass Runoff Soil Medium Gaslndirect 0.64

Component [NitrousOxide Soil Grass Gaseous Soil Short Gas 603.48

Component |Phosphorus  Soil Grass Runoff Soil Short Dissolved 0.84

Component [Phosphorus  Soll Grass Leaching Soil Short Dissolved 3.72

Component |Phosphorus  Soil Grass Runoff Soil Short Particulate 3.98

Component |Sediment Soil Grass Runoff Soil Short Particulate 4313.99
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File Information Arable 3,683 18.1 11,482 635 0 596 2.5
Create File: FARMSCOPER2_Whitehouse Farm 2015.xls Grass 81 1.4 685 0 0 99 0.0
Climate: 700 - 900 mm Rough Grazing 0 0.0 0 0 0 0 0.0
Soil Type: Free Draining Other 0 0.0 0 0 0 0 2.6
Arable Cropping ha Grassland ha Livestock Count Livestock Count
Winter Wheat (Feed) 0 Permanent Pasture 0 Indoor Pigs Poultry
Winter Wheat (Milling) 0 Rotational Grassland 20 Sows in Pig & Other Sows 0 Layers ( Caged ) 0
Winter Barley (Malting) 0 Rough Grazing 0 Gilts in Pig & Barren Sows 0 Layers ( Uncaged ) 0
Winter Barley (Feed) 0 Gilts Not Yet in Pig 0 Pullet 0
Spring Barley 61.2 Livestock Count Boars 0 Broilers 0
Winter OSR 0 Dairy Other Pigs (> 110kg ) 0 Turkeys 0
Maize 39.2 Cows and Heifers 0 Other Pigs (80 - 110kg ) 0 Breeding Birds 0
Potatoes 0 Heifers in Calf ( 2 years +) 0 Other Pigs (50 - 80kg ) 0 Other Poultry 0
Sugar Beet 0 Heifers in Calf (< 2 years) 0 Other Pigs ( 20 - 50kg ) 0
Peas 0 Beef Other Pigs ( < 20kg ) 0 Manure Values kg N
Beans 0 Cows and Heifers 0 Outdoor Pigs Dairy FYM 0
Fodder Crops 0 Heifers in Calf ( 2 years +) 0 Sows in Pig & Other Sows 0 Dairy Slurry 0
Other Crops 5.7 Heifers in Calf ( < 2 years) 0 Gilts in Pig & Barren Sows 0 Beef FYM 0
Vegetables (Brassicas) 0 Other Cattle Gilts Not Yet in Pig 0 Beef Slurry 0
Vegetables (Other) 0 Bulls (2 years +) 0 Boars 0 Sheep FYM 0
Orchards 0 Cattle (2 years +) 0 Other Pigs (> 110kg ) 0 Pig FYM 0
Soft Fruit 0 Cattle (1 -2 years) 0 Other Pigs (80 - 110kg ) 0 Pig Slurry 0
Bare Fallow 0 Cattle ( < 1 year) & Calves 0 Other Pigs (50 - 80kg ) 0 Poultry Muck 0
Set Aside 0 Sheep Other Pigs (20 - 50kg ) 0
Woodland 0 Sheep 0 Other Pigs (< 20kg ) 0
Lambs ( < 1 year) 0




) Total Loss Area Total Loss Drainage Total Loss
Item Pollutant Source Area Pathway Type Timescale Form (kg) (ha) (kg / ha) (mm) (mg /1)
Total Nitrate All All All All All All 3,764.64 126 29.85 339 8.79
Total Phosphorus Al All All All All All 19.42 126 0.15 339 0.05
Total Sediment All All All All All All 12,166.61 126 96.48 339 28.42
Total Ammonia All All All All All All 634.57 126 5.03 - -
Total Methane All All All All All All 0.00 126 0.00 - -
Total NitrousOxide Al All All All All All 695.12 126 5.51 - -
Total Pesticides All All All All All All 5.12 126 0.04 339 0.01
Summary Nitrate All Arable All All All All 3,683.27 106 34.72 341 10.17
Summary Nitrate All Grass All All All All 81.37 20 4.07 329 1.24
Summary Nitrate All Rough All All All All 0.00 0 - 0 -
Summary Nitrate All Other All All All All 0.00 126 0.00 - -
Summary Phosphorus Al Arable All All All All 18.06 106 0.17 341 0.05
Summary Phosphorus Al Grass All All All All 1.36 20 0.07 329 0.02
Summary Phosphorus Al Rough All All All All 0.00 0 - 0 -
Summary Phosphorus Al Other All All All All 0.00 126 0.00 - -
Summary Sediment All Arable All All All All 11,481.85 106 108.22 341 31.69
Summary Sediment All Grass All All All All 684.76 20 34.24 329 10.40
Summary Sediment All Rough All All All All 0.00 0 - 0 -
Summary Sediment All Other All All All All 0.00 126 0.00 - -
Summary Ammonia All Arable All All All All 634.57 106 5.98 - -
Summary Ammonia All Grass All All All All 0.00 20 0.00 - -
Summary Ammonia All Rough All All All All 0.00 0 - - -
Summary Ammonia All Other All All All All 0.00 126 0.00 - -
Summary Methane All Arable All All All All 0.00 106 0.00 - -
Summary Methane All Grass All All All All 0.00 20 0.00 - -
Summary Methane All Rough All All All All 0.00 0 - - -
Summary Methane All Other All All All All 0.00 126 0.00 - -
Summary NitrousOxide Al Arable All All All All 596.21 106 5.62 - -
Summary NitrousOxide  All Grass All All All All 98.91 20 4.95 - -
Summary NitrousOxide Al Rough All All All All 0.00 0 - - -
Summary NitrousOxide  All Other All All All All 0.00 126 0.00 - -
Summary Pesticides All Arable All All All All 2.47 106 0.02 341 0.01
Summary Pesticides All Grass All All All All 0.00 20 0.00 329 0.00
Summary Pesticides All Rough All All All All 0.00 0 - 0 -
Summary Pesticides All Other All All All All 2.65 126 0.02 - -
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Sall

Soil

Sall

Soil

Sall

Short
Short
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Short
Short
Medium
Medium
Medium
Short
Medium
Medium
Short
Short
Short
Short
Short
Short
Short
Short
Short
Short
Short
Short
Short
Short
Short

Gas
Dissolved
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Dissolved
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634.57
63.33
56.28
1134.03
114.87
2314.76
2.57
78.80
2.21
44.55
2.49
131.57
11.69
90.94
4.51
308.24
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0.10
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0.29
0.16
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1.39
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0.92
4.27
10.93
0.13
0.59
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Farmscoper Evaluate: Sets of methods
30/10/2015

File Information

Create File: FARMSCOPER2_Whitehouse Farm 2015.xls
Evaluate File: FARMSCOPER2_Evaluate_ Whitehouse Farm.xls
Climate: 700 - 900 mm
Soil Type: Free Draining
— Q
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£ £ £ Kg Kg Kg Kg Kg Kg Units - - -
Baseline Value 0 0 3,778 19 12,142 | 635 0 606 51 - -
Prior Implementation Value 147 4,118 | 4,265 | 3,607 18 11,269 | 567 0 584 4.8 2.1 -4.0 -0.2
Impact (Change from prior situation) £ £ £ % % % % % % % - - -
Set1 1,910 | 39,734 | 41,643 16.4 | 615 83.1 335 0.0 4.1 7.5 51.0 0.0 -1.0

Method lists for each set

Method IDs: Set 1

Description

8
9
13
14
15
16
20
21
22
25
26
27
301
31
78
80
101
103
105
106
107
108
110
111
112
115
117

Cultivate compacted tillage soils

Cultivate and drill across the slope

Establish in-field grass buffer strips

Establish riparian buffer strips

Loosen compacted soil layers in grassland fields

Allow field drainage systems to deteriorate

Use plants with improved nitrogen use efficiency

Fertiliser spreader calibration

Use a fertiliser recommendation system

Do not apply manufactured fertiliser to high-risk areas

Avoid spreading manufactured fertiliser to fields at high-risk times
Use manufactured fertiliser placement technologies
Incorporate a urease inhibitor into urea fertilisers for arable land
Use clover in place of fertiliser nitrogen

Re-site gateways away from high-risk areas

Establish new hedges

Protection of in-field trees

Management of in-field ponds

Management of field corners

Plant areas of farm with wild bird seed / nectar flower mixtures
Beetle banks

Uncropped cultivated margins

Uncropped cultivated areas

Unfertilised cereal headlands

Unharvested cereal headlands

Leave over winter stubbles

Use correctly-inflated low ground pressure tyres on machinery




Item Pollutant Source Area Pathway Type Timescale Form eI Prior Value New Value Max Units
Value Variation

Total Nitrate All All All All All All 3764.64 3593.63 3001.95 - kg NO3-N
Total Phosphorus All All All All All All 19.42 18.23 7.07 - kg P
Total Sediment All All All All All All 12166.61 11269.16 1694.05 - kg
Total Ammonia All All All All All All 634.57 567.49 377.64 - kg NH5-N
Total Methane All All All All All All 0.00 0.00 0.00 - kg CH,
Total NitrousOxide All All All All All All 695.12 672.31 648.58 - kg N,O
Total Pesticides All All All All All All 5.12 477 4.41 - Dose Units
Total Biodiversity - - - - - - - 2.13 53.11 - -
Total Water Use - - - - - - - -4.00 -4.00 - -
Total Energy Use - - - - - - - -0.17 -1.19 - -

Summary Nitrate All Arable All All All All 3683.27 3512.26 2920.65 -

Summary Nitrate All Grass All All All All 81.37 81.37 81.31 -

Summary Nitrate All Rough All All All All 0.00 0.00 0.00 -

Summary Nitrate All Other All All All All 0.00 0.00 0.00 -

Summary Phosphorus All Arable All All All All 18.06 16.90 5.96 -

Summary Phosphorus All Grass All All All All 1.36 1.33 1.11 -

Summary Phosphorus All Rough All All All All 0.00 0.00 0.00 -

Summary Phosphorus All Other All All All All 0.00 0.00 0.00 -

Summary Sediment All Arable All All All All 11481.85 10608.89 1249.75 -

Summary Sediment All Grass All All All All 684.76 660.27 444.30 -

Summary Sediment All Rough All All All All 0.00 0.00 0.00 -

Summary Sediment All Other All All All All 0.00 0.00 0.00 -

Summary Ammonia All Arable All All All All 634.57 567.49 377.64 -

Summary Ammonia All Grass All All All All 0.00 0.00 0.00 -

Summary Ammonia All Rough All All All All 0.00 0.00 0.00 -

Summary Ammonia All Other All All All All 0.00 0.00 0.00 -

Summary Methane All Arable All All All All 0.00 0.00 0.00 -

Summary Methane All Grass All All All All 0.00 0.00 0.00 -

Summary Methane All Rough All All All All 0.00 0.00 0.00 -

Summary Methane All Other All All All All 0.00 0.00 0.00 -

Summary NitrousOxide All Arable All All All All 596.21 573.96 550.23 -

Summary NitrousOxide All Grass All All All All 98.91 98.35 98.35 -

Summary NitrousOxide All Rough All All All All 0.00 0.00 0.00 -

Summary NitrousOxide All Other All All All All 0.00 0.00 0.00 -

Summary Pesticides All Arable All All All All 2.47 2.26 1.90 -

Summary Pesticides All Grass All All All All 0.00 0.00 0.00 -

Summary Pesticides All Rough All All All All 0.00 0.00 0.00 -

Summary Pesticides All Other All All All All 2.65 2.51 2.51 -
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Gaslndirect
Gas
Gas
Gaslndirect
Gaslndirect
Gas
Gaslindirect
Gaslindirect

Gas
Dissolved
Particulate
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Particulate
Dissolved
Dissolved
Particulate
Particulate
Particulate

634.57
63.33
56.28
1134.03
114.87
2314.76
2.57
78.80
221
44.55
2.49
131.57
11.69
90.94
4.51
308.24
3.10
0.10
95.71
0.29
0.16
0.64
1.39
2.65
1.95
0.92
4.27
10.93
0.13
0.59
0.63
11481.85

684.76

567.49
52.14
47.82
1006.63
114.06
2291.61
2.56
78.80
1.88
39.55
2.05
117.86
10.50
90.03
4.48
307.62
3.10
0.10
95.15
0.18
0.14
0.56
1.39
251
171
0.87
4.27
10.05
0.13
0.59
0.61
10608.89

660.27

377.64
11.82
14.01
714.57
96.96
2083.28
2.50
78.80
0.55
28.07
0.46
101.33
8.53
81.84
3.81
325.64
3.10
0.10
95.15
0.17
0.05
0.29
1.39
251
0.42
0.29
4.27
0.99
0.11
0.59
0.41
1249.75

444.30
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APPENDIX E: Amec Foster Wheeler Hydrological Conceptualisation







































APPENDIX F: Chesapeake Bay WWTP sites list



HJewsy

a19]dwo)d
uo130N1IsU0D
areq [emoy

a19]dwo)
uo19NIISU0D
a1eq 19bae

uonoNAISU0D
aleq 1els

ubisag

aleq Mels

Buluue|d
sjeq MelS

TT0Z HOYVIA :poliad Buruoday
€90y

Slue|d luswileald | JA39]eMa]Sep\

xuononpay
mold ybise@

uaboulN
apeafdn JesA/sq 153

1/6W € Jo N17®
MOJ} TTOZ) PBO| TT0Z
pa1dafoud 01 peoj
800g WO} UondNpay

uaboslN
1B3A/807 153

'00 [8punly aUUY UIIM pazifeul) Buiag Aiiqibijs 1Ueib INT 01/8T/TT U0 Paniadal s98ds 7 sueld [eul ZT/0€/0T TT0Z/0E/9 8002/02/0T 8je|dwod ON 000'8€ TL0°€T INIXN1Vd Aud puejAreiN
"0T0Z/6T/TT PanI08] Hoday “a1e|dwiod st Bunsa L juswieal} YNI 104 sseoold Benolg paisel Jojid Aunod ¥T/T0/S0 €102/ST/T 0T02/T/8 1002/9T/T SOA 000°GY T/6'TT OVINOLOd ¥3ddN J3UURIGaUI
"TT0Z ‘82 g2 uo uado 03 spig "818]dwiod 9%00T s! ubised 60 100 Ul papess ubissq ET/ST/70 TT02/0€/9 6002/T/0T aja1dwod SOA 00022 €S YT JHOHS NY3LSVI J3MOT H MouS
“Ma1Aa1 Aunod Japun 7 1a1dwiod 909 st ubisa@ Jsauibua ubisap Jayloue pajoajas Aunod “Aejap 108f0id ZT/0£/80 TT02Z/0€/8 0T0Z/TT/9 aja|dwod ON 000'7T 1769 JHOHS NYILSIM d3ddN aumoyeddor
uoIRINJISUOD Japun s1308[01d "0T0Z/v/9 PELEIS UOONAISUOD ZT/€0/80 0T02/%/9 8je|dwod aj9|dwod OoN 00009 T68'C JHOHS NYILSIM d3ddN [EEE
"MAIAB] 10} AN AQ panizoai podad 1yelp pue paje|duwiod ssaooid OVINOIE Burresodioour 1sa) 1oj1d a[eds ind ZT/0€/L0 T102/T/S 6002/0€/TT aja|dwod ON 000°9T G2z'T OVINOLOd ¥3ddN umojAaue L
"3AIN AQ Ma1Aa1 1apun abeed JUaWaIN201d UONINASUOD g-1ed "T10¢/T¢/T0 Pauado Spig UORINISU0D Z1/10/0T T102/T/v 6002/ST/TT a)9|dwod oN 000'€2T SITTT MNVLdOHD abpLqued
“UO13INISUIO Jdpun 1 39301d "TT0Z/8Z/T0 :PA20I 0} 391ON 21/62/L0 T102/82/T aja|dwod aja|dwod ON 000°95Y 816'S6 OVINOLOd 31adiN Kemereasid
“UONONIISUO Japun st 03f0id 21/62/20 0102/8/6 8jedwod 8jedwod ON 000°GT 885'C OVINOLOd ¥3ddN Juowiny L
*Asanijap Juswdinba o3 anp Aejag "u0139N1ISU0D J3pun si 303fodd TT/0€/90 6002/ST/9 a39dwo) a181dwod SSA  [000'8E 009'GT HS Nd31SVv3 43IMOT1 Jew|sg
"0T0Z '8 8UNC PaLIES UONONJISUOD "UONINIISUOD J9pun sI 108loid T1/.2/90 0102/82/9 839|dwod 8je|dwod ON 0002T 0EY'ET MNVLdOHD uojueq
"UO1IONIISU0D Japun s1393[01d "panodde g-1ed Juelf sninws sey 30afoid TT/T0/E0 6002/0€/2T aja|dwod aj9|dwod ON 000°29 21001 JHOHS NYILSVI JIMOT AuD 8xowo0dod
‘paren|ens Bulag UoNJe 8AN98.110D - YNT BulsIyde Jou SIlueld 0T/T€/2T a181dwod a181dwod a181dwod SOA  |000'88€ Zr0'vES HS NY31SV3 ¥43IMO1 Aingsifes
029'9%9 31va 0l Ndo
"bunsal souew.oyaad Bujobispun sijueld ‘feuoiressdo YNT st ueld| TT0Z/8z/2 a181dwo) a181dwod a181dwod a181dwod ON  [000°0S 1¥6'92 1N3IXNLVd aimog
919]dwod Ajjenueisgns si uo)dnasuo) ‘feuonesado YNIJ siwueld| TT0z//Z a19dwo) aje|dwo) a191dwod a91dwod ON 000822 888'66T OVINOLOd ¥3ddN pueiaquind
"TT0Z/G/E UO Pa1onpuod aq 01 uondadsul [eul4 ‘Jeuonelsdo YNI stiueld| 0T0Z/0/ZT a181dwod a181dwod a181dwod BIE M) ON 000'T2T 6€0'80T JOVINOL1Od d3ddN umols.tabeH
‘uonyeado ui st YN3| 0T0Z/0E/ZT a39|dwo) a3a1dwo) a)9|dwo) a391dwod SSA  [000'Se 98¢'0T HS NY31SV3 43ddN 3|[1nM1ad
‘[euoijesado N3 st Anjioey 8L "0T/9T/TT UO Pajonpuod ybnoaypem *pala|dwod Ajjenueisgns st 19aloid| 0T0Z/9/TT a|dwo)d ap1dwod ajg|dwo)d a)g|dwo)d ON 000'8T 1€2'9 MOvE/00SdV.Lvd A
"0T/9T/TT Pa3onpuod uondadsul uofajdwod [epueisqns ‘[euoiesado YN st jueld| 0T0Z/9T/TT a39|dwo) a33]dwo) a39|dwo) a391dwod S8A  [000'L2 €18'CT OVINOL1Od d3ddNn 340 5801099
1s1] [eu1B10 3y} uo Jou sem (QOIN G°0 >) JOUlIAI| 0T0Z/2/0T a)a1dwo)d aje|dwod a)a]dwo)d a)31dwo)d S8A 0002 600'LT OVINOLOd ¥3ddN (Joui) oogsuoog
TTOZ dunr [13un uonenfens souewJoylad 108load 1epun “uonessdo ui st YN3| 0T0Z/S2/8 a181dwod a181dwod a181dwod 818]dwoD SOA 000'Gy LT¥'02 HS NY31SVv3 43MO1 PIBYSID
‘paziwndo Bulaq s sseooad YNIJ 819]dwod s uondnAIsuod| 0T0Z/v/8 919]dwo) 9191dwo) 919]dwo) 919]dwo) AN |000VE Y9V HS NY31SVv3 ¥43amo1 BangsjeaspaH
0T0Z/8T/0T IN03s0]D 198l01d 0T//8 PaIdONPUOI UolIdadsul [euld “paiajdwod uonannsuo)| 010z/e/L 81|dwod a191dwod 818|dwod a)9|dwod ON 000'6 vLL'E OVINOLOd 31adIN 9]]1As8]00d
'819]dwod Aj[enueisgns st uonoNJIsu0D ‘[euoiiedado YN st iueld| 0T0Z/ST/E a19|dwo) a33]dwo) a)9|dwo) a391dwod SSA  [000'7E 692'9T HS NY31S3IM d3ddNn 80e19 8Q aAleH
‘uoiyesado ui st YN[ 600Z/TE/CT a19|dwo) 833]dwod a19|dwo) a19|dwo) SSA  |000'6ET 160'2TT HS NY31Sv3 d3ddN uop||3
uoneJado Ul sI YNI pue 838]dwiod si uo1dNIISUOD| 800Z/0E/ZT a181dwod a181dwod a181dwod 818]dwon SOA 00022 v.G'LT JVINOLOd 43MOT pesH uelpuj
‘Remuapun s| uonreziwdo YN3 pue pajajduiod s UoRINIISUOD| 8002/2Z/0T a19|dwo) a39|dwod a19|dwo) 819|dwo) SSA  [000'0€ LTL'6 HS NY31Sv3 d3ddN S|I9BUIIN 1S
pals|dwod| 8002/ST/6 a181dwod a181dwod a181dwod 818]dwoD SOA 000'€9 v.2'02 JOVINO1Od d3ddN Aoimsunig
Aemaapun si uonreziwndo [euoiresado-suop sem uondadsul [euld| 800z/.T/9 a191dwo) a19|dwo) a191dwo) a191dwo) SOA 000'89 GEG'GG HS NY31SV3 43ddNn UMO01181S8YD
"d9DINOZ 18 YNT 8A31YJe Ued i sapedlpul souewlopiad jueld - QOIN GT Je pale|dwiod sem apesbdn YN 1002/8/TT aja1dwod aj9dwod ajadwod ajedwod ON 000'70€ - OVINOLOd ¥3MO UeLIOMENeN
P3|npayos se paje|duiod sem uononssuod|  2002/02/8 aje/dwod 819|dwo) 8j9|dwod 8j9|dwod SBA 0002€ET - JJOHS NYILSV3 ¥3ddN PuB|s| Juay|
“UOI}INJISUOD J3pun s sse004d Sp1jOS [euonippe 10) 19enu0) - uoielado ul st INI|  2002/0€/9 919|dwo) a19|dwo) 919|dwo) 919|dwo) SOA 00009 - MNV1dOHD uoiseq
J1adojanap arennd e Aq paejdwod| 200z/g/s 9191dwo) a191dwo) 919|dwo) 9191dwo) SOA 00022 - OVINOLOd ¥3aMO1 1U10d UeMS
sAejap Jueaiyiubis ou yum paye|dwod | 9002/2/TT a19|dwo) a19|dwo) a)9|dwo) a19|dwo) SOA 000'T6 - OVINOLOd ¥3ddNn asauee)
PaINPayds se paja|dLuod sem UONINASUOD|  900Z/ST/S aja[dwod aja|dwiod aj9(dwod aje|dwod SOA 000'SZ - IHOHS NY3LSVYI ¥IMO Yo0LINH
“uoiezi|enba Moy % S>0MpeaY JO UBISaP UO >10m ajesedas 10j TT/z/z anp spig “Awy SN ayp Aq parsjdwod|  900z/yT/E aje(dwo)d aja|dwod ajo(dwod aj9|dwod SBA 000221 - JHOHS NYILSIM d3ddN UBdPIAAY-9dY

Areingu |

AXNVIdYSIHD

9 13qWINN T 8WNJOA




Sv0'0 26S'EST'T 800 89°'G Sv'veT 69T uoiod aw
60v'v. TP9'€Ee’s 800 89S 22'80€ 0L€ SNIV1d 3NT9
[ T dL TNL [ 0 dL O NL IV MOTH | NOIS3a ALMIOV
Anoeded ubisap a1 e apeifidn ay nouyym pue yim Buipeo] usholiu Ul 8OUBIBHIP BUL «
'ssao0.d Bunsixs Bunenpens Apnis Ajigisesy op 0} S3IN"paubis Butuueld 1oy Juswsalbe YNI 198(04d A1i01id MO - MOJJ JUBLIND Je SpIepUElS YNT S198W Jue|d ON 000'72 618 JVINOLOd d3ddN 1O
Ayionid moj s1 308l0ud - mojy JusLIND 18 YNI SIBBIN SHWI| AL Bunssw Ayioeg “paiinbal ag jou Aew YNI “uonedljddy pue ON 0002 18%'C JHOHS NYILSVI ¥3ddN 3|[1ANUBD
MO[J 1U81INJ 18 YNT 188N [ [ 900e/ST/L ON 000°0€ 199'L LN3IXNLVd uny Kesiog
2391dwi09 960, SI UBISap Ja)1 UoFedIIURQ T ON 308[0.d “paje|dwiod JaH 14 UOIedl41NUBP 10} Apnis 10]id 9T/0E/T0 2102/1/2T 8002/T/0T aje|dwod ON 000'THL'C §59'882'C MOVE/00SdV.LvVd Jany >oeg
K 1011ed Aq paindsip Butag Hwiad S3AJN pasodold paubis jou Juawaaify YN ST/10/2T €102/1/6 2102/1/6 0T02/T/2T SOA 000'T# 80S'Ti JYOHS NYILSIM ¥3ddN peaysdureH
“uf1sap Japun si |1 8seyd “paysiigelss Anjqibile ¥N3 "0T/22/T0 panoidde g-1ed | seyd GT/0€/90 0T0Z/2T/Y aje1dwod aje|dwod ON 000'822 GOE'9ST MOVE/00SdV.Lvd Y3319 X0Q
U01ONJISUOD 13PUN BJe $10J0e3Y UOIEIIJLIIN J0J YIOM [BINJOINIS PUE [aUUNL sute|d an|g ST/6T/CT 0102/1/2T aj9(dwod ajadwod SOA 0v9'T65'C TIE6TST OVINOLOd 31adlN_ | (NOILYOd AIN) suteld anig
TT0Z Ge4n1ys 1das pajonpuod Butaq 1sa) Jojid a[eds [Ind “snioydsoyd 39au Jou sa0p Ing ‘sjeoh uaBoiu s1a8 N YT/TE/ZT 2102/1€/2T TT02/TE/CT 0T0Z/1€/2T ON 000'0€ - IYOHS NY3LSVY3 ¥3ddN J3AIY 1SE8YLON
"3aN Aq pamainal Butag pue a1a]duiod 956 st ubisag 60 190 pawels ubisap - skejap 103f0id ¥T/0E/70 T102/1/6 6002/ST/0T aja|dwod SOA 000'70€ 08E'2Z¥e JYOHS NYILSIM ¥3ddN uny pos
"3aN Aq pamatnai Bureq JuawisaiBe ubisad 3/v “pazifeuly Anjiqibiia YN yT/T0/2T 2102/1/9 T102/1/2 ajedwod ON 000'9/ 607'9T OVINOLOd ¥3ddN J31SUILUISIAN
“ubisap Japun st 129fo1d "spuny Buipiroid vasn “pazifeuty A 2 YNIJuelb [eyuawajddns Buipinoid 3QN ¥1/10/L0 2102/T/L 0T0Z/ST/T a19|dwod SOA 000'TT 968'9 OVINOLOd ¥3ddN Bangswwg
"PI3Y 8q 0} JUBWILJ) WeaJ}s 3pIS U0 UoISsnIsIp Jaynnd “AuiqiBi|a YNT ssnasip 03 0T/22/2T Pley Bunssin ¥T/T0/L0 2102/T/L 0T0Z/0€/2T 8002/0€/8 ON 000'TZT T00'8TT OVINOLOd ¥3ddN >OLIapaly
"0T0Z 990 Ul 9SS/ 0} papiAoid spuawiLiod pue IAIN Aq pamalnal saads 7 sueld feul ¥T/10/90 1102/.2/S 8002/1/6 aj9|dwod ON 000'95F - LN3XN1vd youelg UIaISaM
"T1/82/T0 pansst Jiuuiad uononJisuod "soads pue sueyd [euly panoiddy “pazifeury Aupiqibie NI ¥T/T0/70 110221y 6002/1/2 aj9dwod ON 000'70€ LTT'TS JVINOLOd 31adIN ERERES
"SaNss1 153J3)ul 1jgnd pue XSH [eJUaLLILIOIIAUB JSed] SAIEUIB)[E JO UOIII3|3s pue LoIeN|eAs ay) 0} anp pakejeq ¥T/T0/E0 2102/1/9 T102/T/E 9002/1/6 SOA 000'2T €67'LT JYOHS NYILSIM ¥IMO] okey
“suondo apesBdn YNF ssnasip 03 Jasutbua Bunnsuod yyers jueld yim 3aw 3N “paa|duiod Apnis Buiuueld YT/TE/TO0 2T0Z/1E/T 0T02/1/2T 6002/1/2 ON 000'2T - IHOHS NY3LSVY3 ¥3IMOT puepini4
“Buuueyd Joy ssautBua Bururelqo 4o ssao04d ur st Aunod “abueyd Aew - 3|npayds sAIelua L ¥T/10/T0 2102/1/S T102/T/S 6002/1/6 ON 000'6T 250'T FYOHS NYILSVI ¥IMOT aUUY $sadulid
uo 1odai ubisap Areuwijaid “aoerjduwiod juuiad Jo 1o aq |11m pue pakejap st 193f0id €T/0€/CT 2102/ST/S 0T0Z/0¢/8 1002/9T/T ON 00029 8v6'0T OVINOLOd ¥3ddN anfesyo0o0u0)
'soads pue sueld feuly 1oy Bunie "0T/z/g panoidde Anpiqibife juesb N3 €T/0€/T0 TT0Z/0€/S 800¢/ST/0T aja|dwod ON 000'¥TT - AIN3XNLVd JuaXnyed
"U013ONISU02 Joj 10afoid BuIppiq Jo sseo0ud ays st Aunod vy “paysiigesss Anpqibie YN euld €T/0€/CT TT0Z/0£/9 8002/v/8 ajedwod ON 000'T6 - IHOHS NYILSIM ¥IMOT ¥oaupeolg
3INpayds mau panoidde AN €T/T0/TT T102/T/TT 0T02/T/0T aja|dwod ON 000'0T - OVINOLOd ¥IMOT] UMO)PJEU0ST]
TT/82/20 paA0idde JualaINd0.d 1SU0d 8-Hed "0T0Z/8T/0T PIy Bunaaw pig-aid “panoidde S 7 d [euld €1/8T/60 TT02/T/L ajedwod ajedwod ON 00022 vy OVINOLOd 37adIn snaseweq
"3AN Aq pamainai Butag S [euld “Alunod vy 0} 1uas Janal Auigibija Juelf YNT 2T/0E/CT TT0Z/0€/9 8002/02/0T aja|dwod ON 000'0€ 9£6'€ JYOHS NYILSIM HIMO] Jayempeolg
/%S0°65 78 INI/INE ‘ST 03 papiaoid Aupiqibiie YN “patusp sseooid YEIN pasodold ST/TO/E0 £T02/T/E 0T02/T/8 ajedwod ON 000'€S €057 MOVE/00SdV.Lvd 30LS1Q Wopaai
"TT/60/20 Pauado spig "SU0D "Panss! JiLiad JaJeMULIOIS "Panssi Jiuliad 7 panoidde soads 7 suejd [eulq €1/10/20 1102.2/L 6002/1/2 aja|dwod ON 000'¥TT Gzg AIN3XNLVd Remdiied
"TT/S2/G Butuado piq 18}l UoIealyLIIN"TT0Z Uer Palels 1isuod "AoJdul] dSIAl "UORONISUOD Japun Jally 8)uad €T/T0/S0 600z/62/2T ajedwod ajedwod SOA 000'SEE'E 9£9'651'C MOVE/00SdV.Lvd 0osdered
"UOI1INISUID J3pUN s 393014 "UEO| SNINWIS Sey 39301d £T1/10/S0 6002/v1/2T aja|dwod aja|dwod ON 000'722 6.€'SS OVINOLOd ¥3ddN Y9319 Jabuajleg
55800.d OVINOIg Buliapisuod IWOOLIIN “panoidde Apnis Alijiqisea) pue ubisap 10} 19e3U09 3/ €T/0E/E0 TT0Z/0£/9 6002/0¢/6 ajedwod ON 000'T6 76508 IYOHS NYILSIM ¥IMOT Jojke Keprey
“TT/LT/20 Mwiad 3 panoidde S [eut *pauado spig uonoNIIsuod “paystigesd Aujiqibija YNT feul €T/0E/70 TT0Z/0E/Y 8002/ST/8 aja|dwod ON 000'26T 866'28 JYOHS NYILSIM ¥IMO] sijodeuuy
0T/2T/S0 U0 UMO L 01 Juas Jana] Aniqibil|3 yN3 "a18]duwod 9409 st ubisag €T/0E/E0 T102/1/6 0102/T/T ajedwod ON 00022 - IHOHS NYILSIM ¥IMOT oeag axeadesayd
"UOI}ONIISUOI 0} PIQ UB3G Sy 193[01d "Panss| HLuad UOIINLISUOD €T/0€/80 TT0Z/0€/9 6002/0T/8 aja|dwod ON 00022 LLY'T OVINO.LOd ¥IMOT] ele|d e
"UOIJONIISU0D Japun pue pjing/ubisap si108l0id “3AIN Aq panoidde ubisad %00T ZT/0E/TT 6002/1/6 ajo|dwo)d ajo|dwo)d 000'08€ LyT'60T AIN3XNLvd JueXnied 91
MJeway
16w € Jo NL®
xUORINP3Y  moyy T102) PeO| TTOZ fen
FLE(EIED L) uonANIISUOD ubisa@ Buluue|d mol4 ybisaq  pawsfoad o3 peol nauL
uo119NIISU0D | UOIINIISUOD 8002 W01} UONONPaY
ayeq Mels aleq Mel1S areq Hels
aleq [enmoy a1eq 19bue |
sapnjou uabouuN uabouuN
apeafdn J4eaA/sq] I3 JBdA/SOT IST




APPENDIX H: WATER QUALITY MONITORING
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