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Summary
Princes Risborough expansion area has been identified as a broad location for sustainable growth in the
emerging new Local Plan for Wycombe District, to help meet the District’s housing needs. Wycombe District
Council (referred to as the Council in this report) is working on an Area Action Plan to allow a comprehensive
development to come forward. There is the potential for up to 2,970 homes, and over 11,800 sq. meters of
commercial and industrial space to be built by 2033 in Princes Risborough and over 7000 in Marlow and
surrounding areas. As part of this the Council have obtained information from Thames Water, who own and
operate both Princes Risborough and the Little Marlow Waste Water Treatment works (WwTW). Information
was provided in relation to the capacity of these WwTWs, which discharge to Horsenden Stream (a tributary
of the Kingsey Cuttle Brook) and the River Thames respectively. The Council are now seeking certainty that
there is sufficient environmental capacity in the receiving watercourses for the WwTWs to accommodate
planned growth. The Council are also seeking certainty that sufficient odour control measures can be put in
place at Princes Risborough WwTW to protect the future development.
The key findings of this assessment are:
 there will be minor deterioration in water quality downstream of Princes Risborough WwTW
because of future growth (i.e. less than 10%);
 there will be minor deterioration in water quality downstream of Little Marlow WwTW because of
future growth (i.e. less than 10%);
 Greater than 10% deterioration could be seen in Rivers Thames and Wye and the Kingsey
Cuttle Brook downstream of the discharges if the quality of effluent were to deteriorate.
Although this is related to the current Environment Permits not being tight enough rather than
specifically due to increased loading from housing growth.
 future growth will not cause a deterioration in WFD class of phosphates at Princes Risborough
and there is only a risk of class deterioration at Little Marlow;
 future growth will not inhibit the WFD water bodies from aiming for their water body objectives
set in the 2015 Thames River Basin Management Plan;
 with some upgrades Princes Risborough WwTW will be able to cope with increased sewage
from the planned growth. Indicative permits for Princes Risborough WwTW, designed to prevent
either 10% or class deterioration are shown in Table 1. It was not necessary to model indicative
permit limits for Little Marlow WwTW.

Water Quality
The Council is located within the area covered by the Thames River Basin Management Plan and overlaps
several areas designated under the WFD which could be impacted by growth, part of the Thame catchment,
Wye catchment and the River Thames. Under the WFD there should be no deterioration in classification
status and that designated water bodies should achieve Good Ecological Status (GES) or Good Ecological
Potential by no later than 2027. The Horsenden Stream could be impacted by growth at Princes Risborough
and is located within a Water Framework Directive (WFD) waterbody of the Kingsey Cuttle Brook. The River
Thames (Thames (Reading to Cookham) and River Wye (Wye (High Wycombe Fire Station to Thames)
water bodies could be impacted by growth at Little Marlow WwTW. Water quality assessments were
required to understand the available environmental capacity in these rivers and ensure there would be no
significant impact from future growth.
Based on the overall aims for the review of Princes Risborough and Little Marlow WwTW four assessments
were undertaken for water quality:
 Would the planned growth cause a deterioration in WFD status in Kingsey Cuttle Brook,
Thames or Wye?
 Would the planned growth cause a greater than 10% deterioration in water quality?
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 Would the planned growth prevent the WFD waterbody reaching Good Ecological Status or
Potential?
 Would the WwTWs have the capacity to cope with the proposed growth?
Princes Risborough WwTW discharges into Horsenden Stream east of Princes Risborough, in the
headwaters of the watercourse. Little Marlow WwTW discharges into the River Thames and River Wye. The
WwTW’s currently operate within their existing flow and quality consent requirements.
The impact assessments were undertaken using current performance data from the WwTW and river quality
data obtained from the EA. Models were then run looking at whether the increase sewage from the new
development would impact on the receiving watercourses (i.e. increase treated effluent would lead to less
dilution in the river and therefore an increase in concentrations of chemicals such as ammonia. This could
then lead to impacts of aquatic biology and also failures against WFD objectives). A model run was also
undertaken to see if a deterioration in effluent quality, due to growth, would lead to significant impacts in the
watercourse.
The water quality analysis showed that future housing growth will not have a significant impact on the water
environment, for ammonia, phosphates and BOD so long as appropriate measures are implemented.
Although for Little Marlow there was a risk of deterioration of phosphates in both the Thames and Wye.
However, for both WwTW’s the analysis showed that future growth would not impact the ability of the
waterbody to reach Good Ecological Status. However, to protect the Kingsey Cuttle Brook and Wye from any
deterioration tighter permit limits will be required for Princes Risborough WwTW and for Little Marlow
WwTW’s (Table 1).
The Kingsey Cuttle Brook water body is currently failing for phosphates and would require a very tight permit
at Princes Risborough WwTW in order to reach GES (0.1 mg/l, identified by the EA as part of a national
review). High concentrations of phosphates in rivers is a national problem (e.g. greater than WFD’s
environment quality standard for Good Status) and the requirements for tight consents is common across the
country. Ofwat and the EA currently consider this to be technically infeasible, pending a national water
company led study to be completed by March 2017. As such it means that as the water body cannot reach
GES now and that the solution would be the same (i.e. an environmental permit of 0.1 mg/l) the future
growth has no bearing on that objective. What is technically feasible, and targets for waterbodies, is likely to
be reviewed after 2017 when the EA and water companies start planning for the 2021-2027 river basin
management plans. A similar Scenario was noted for Little Marlow where water quality in the River Thames
is dependent upon a large number of upstream WwTWs including large works such as Aylesbury, Oxford
and Reading. This report could not identify if it is possible for the River Thames to get to Good Status for
phosphates but modelling indicates that the current permit would be sufficient to prevent class deterioration
and therefore allow growth.
Although no detailed design information of the WwTWs was available an assessment was made of the likely
impact on the capacity of the works and the potential need for an upgrade. The review of available data and
knowledge of the treatment methods at Princes Risborough indicated that the work is likely to need
upgrading before 2033. However, this will be achievable and should be possible within the current footprint
of the WwTW (although this later statement will need confirming once the level of required upgrade is
clarified by Thames Water through their Asset Management Plans). The physical impact of growth to Little
Marlow is minimal and as such should be possible.
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Table 1 Summary of the indicative permit standards required to prevent deterioration downstream of Princes
Risborough and Little Marlow WwTW.
WwTW

Princes
Risborough

Scenario

Phosphates (mg\l)

Ammonia (mg\l)

BOD (mg\l)

Point of
discharge

d\s
sample
point

Point of
discharge

d\s sample
point

Point of
discharge

d\s sample
point

0.2

0.37

0.4

2.1

-

11

0.2

0.36

0.6

*

8

*

River Thames

*

*

*

*

*

*

River Wye (via High
Wycombe discharge
outlet)

*

0.5

*

*

*

*

Prior to growth
1
2
3
4

Little Marlow

* = No significant deterioration noted, so no indicative permit calculated

Odour Assessment
As part of the water quality assessment for Princes Risborough WwTW an odour assessment was also
undertaken. The issue of malodours from sludge management facilities and Waste Water Treatment Works
(WwTW) has gained increased public recognition over the last 30 years, along with growing expectations of
quality of life and a reduced tolerance on the part of communities towards adverse environmental effects of
business and utilities upon public amenity. As a result, pressures for continuing residential development to
satisfy housing needs, particularly in the south-east of the UK, has seen an increased level of encroachment
of housing towards facilities such as wastewater treatment assets. The preferred approach of most of the
Water Companies is to undertake an odour impact assessment of individual WwTW sites. This involves
carrying out measurements of the level of odour emissions from each of the processes (tanks, filters, etc) on
the site and then using a technique called atmospheric dispersion modelling to produce and visualise an
“odour footprint“ of the WwTW site and the surrounding area. This footprint, in the form of contours of odour
levels overlain on a map of the area, can then be used to identify areas where sensitive development (such
as residential) can be zoned and where it should not be located.
The key recommendation that emerges from this assessment is that the layout of any development proposal
needs to allow for a sensible separation distance between sensitive land uses (such as residential, offices
and schools) and the WwTW site, perhaps by means of a combination of green buffers and less sensitive
uses (employment – light industrial/warehousing/storage/recreational, perhaps) closer to the WwTW site. It
should be noted that the actual odour climate around the WwTW site will vary each year with weather
conditions. This assessment has a degree of conservatism built-in, as it assumes constant emissions of
odour throughout the year.
The findings of the assessment show that, in the future, concentrations of odour that could adversely affect
amenity would extend some distance from the WwTW site boundary, notably to the east, north-east and
north. Building sensitive land uses within the area of influence of the site would, therefore, entail a risk of
odour annoyance from future inhabitants.
It may be possible for the Developer to engage in discussion with TWUL in respect of capital funding for
additional odour abatement measures installed on the WwTW site to reduce odour emissions and, thus,
“shrink” the odour footprint. This is becoming a common process.
It is recommended that more detailed odour surveys and modelling should be carried out by the developer
prior to planning application stage to confirm the extent of the buffer required and the final layout of the
development. It is also recommended that a dialogue is initiated with TWUL to investigate what, if any,
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odour abatement measures could practically be applied to reduce the extent of the required buffer. It should
be borne in mind that ~60% of the odour emissions emanate from the percolating filter units and these
cannot be effectively abated. On this basis, abatement options for the inlet works, grit skips and primary
tanks should be investigated, which could achieve up to a 25% to 30% overall odour abatement.

23 May 2017
Doc Ref. ERea008i1R

10

1.

© AMEC Environment & Infrastructure UK Limited

Introduction

This introductory section of the report provides an overview of reason for the water quality
and odour control assessments.

1.1
1.1.1

Purpose of assessments
The assessment is required as water is coming under increasing pressure from the continuous
growth in demand for sufficient quantities of good-quality water for a whole range of uses. The
Water Framework Directive is a key directive that seeks to protect and improve the quality of water.
Its overarching aim is to prevent deterioration in the status of water bodies and to achieve ‘Good
Status’ for rivers, lakes and groundwater by no later than 2027. Specifically, this includes:
 protecting all forms of water (inland*, surface*, transitional*, coastal and ground*);
 restoring the ecosystems in and around these bodies of water;
 reducing pollution in water bodies; and
 ensuring sustainable water usage.

1.2
1.2.1

Aims and objectives
A number of objectives were set for the water quality and odour assessments, which are to:
 establish whether the wastewater treatment works at Princes Risborough and Little Marlow are
physically capable of expanding to accommodate the anticipated growth;
 identify the impacts on water quality in Horsenden Stream and the River Thames including
clarifying if there is environmental capacity within the rivers to accept increased flows from the
planned growth;
 modelling the future discharge from Princes Risborough and Little Marlow WwTWs to
understand whether growth will impact on their Environmental Permits;
 if required, establish whether there is a technological upgrade that enables the existing
environmental permits to be met;
 if needed, identify other remediation or mitigation required to ensure that the planned growth will
not adversely impact on the Water Framework Directive objectives;
 assess what the odour buffer should be around the existing Princes Risborough WwTW,
particularly in relation to residential development;
 establish what odour buffer would be appropriate, should the Princes Risborough WwTW be
expanded/upgraded; and
 establish what uses could be accommodated within any odour buffer at Princes Risborough
WwTW.

1.3

Background of the WwTW assessments

1.3.1

The emerging new Local Plan for Wycombe District identifies sites for sustainable growth across
the District’s main towns and villages, to help meet their needs. The Council is proposing a major
expansion at Princes Risborough, where a comprehensive development would provide new homes
and infrastructure in a sustainable way

23 May 2017
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Princes Risborough
In July 2015 the Council consulted on an emerging development Scenario identifying between
1,900 and 2,500 new homes to be provided at Princes Risborough. Work is ongoing to refine the
total capacity. Based on the information so far it is considered 1,000 dwellings will be completed in
years 6 – 10 (2020 – 2025) and the remainder in years 11 – 18 (2025 – 2033) of the plan period.
This is based on a delivery rate of 200 dwellings per annum (dpa), assuming 3-4 developers
involved in building out the site.
In addition to this it is estimated that at least 340 dwellings are planned to come forward within
5 years (2015-2020) in the rest of the catchment area. Longwick Parish Council is also preparing a
Neighbourhood plan (currently at submission stage) which is proposing potentially a further 130
homes. As well as new homes, over 11,800 sq. meters of commercial and industrial space
approximately are expected to be delivered by 2033.
1.3.4

All of the new housing, employment and retail space will connect to the Princes Risborough
Wastewater Treatment Works which discharges treated effluent to the Horsenden Stream. As a
consequence of this the Council and the Environment Agency identified the need for an
environmental assessment of the receiving watercourse to ensure there would not be a
deterioration in water quality from the planned growth. Additionally, the Council wanted an
independent review of current and potential future odour control measures at the works to ensure
the future development would not be adversely impacted.

Description of Princes Risborough WwTW
1.3.5

Princes Risborough WwTW serves the town of Princes Risborough and the villages of Longwick,
Monks Risborough, Great Kimble, Loosley Row and Lacey Green. It is located approximately 1 km
to the west of Princes Risborough town centre, adjacent to the main railway line. The works is
currently located in a predominately rural area and is bordered by fields and a small industrial
development to the south. The nearest residential properties to the site are located 200 m to the
west; 200 m to the south; and 350 m to the south east.

1.3.6

It supports a combined population of approximately 13,200 and treats a typical daily dry weather
flow of 3,900 m3/day, which can increase up to a full treatment flow capacity of 11,700 m 3/day
during rainfall. Flows arrive at the inlet works via two gravity sewers. The sewage is screened and
then passes into 2 circular primary settlement tanks, where approximately 70% of the solid matter
and 30% of the polluting load is removed. The flow then gravitates to 8 percolating filter biological
treatment units and then into 5 final settlement tanks, where solids are again removed. Sludge
from these tanks is returned to the inlet of the works. The cleaned effluent is then discharged to the
Horsenden Stream. Sludge from primary settlement are fed into a holding tank and are removed by
tanker once daily.

Little Marlow
1.3.7

In June 2016 the Council consulted on an emerging development Scenario identifying 7185 homes
to be built by 2033. Based on the information so far it is considered 3,611 dwellings will be
completed by 2020, 2,339 in years 6 – 10 (2020 – 2025) and the remainder in years 11 – 18 (2025
– 2033) of the plan period.

1.3.8

All of the new housing, employment and retail space around the district, which isn’t part of the
Princes Risborough growth area (e.g. development around High Wycombe and Marlow), will
connect to the Little Marlow Wastewater Treatment Works which discharges treated effluent to the
River Thames. As a consequence of this the Council and the Environment Agency identified the
need for an environmental assessment of the receiving watercourse to ensure there would not be a
deterioration in water quality from the planned growth.
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Description of Little Marlow WwTW
1.3.9

Little Marlow WwTW serves the towns of Marlow, Bourne End and High Wycombe as well as some
surrounding conurbations. It is located on the River Thames approximately 1 km downstream of
Marlow. The works is located in a predominately rural area outside of Marlow, bordered by fields
and the River Thames to the south.

1.3.10

The Little Marlow WwTW supports a combined population of over 15,000. As with other WwTW’s
the volume of waste water received by the works is dependent upon rainfall. However the works
can treat up to 120,000 m3/day. The main discharge of treated effluent is into the River Thames.
However, there is also a return flow to High Wycombe (discharged at the site of the old WwTW)
which discharges into the River Wye.

1.3.11

In addition to the treatment of foul water Little Marlow also has a sludge treatment facility onsite,
although this has no impact on the treated effluent discharged into the River Thames or Wye.
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2.

Water quality assessments

This section of the report provides a summary of the data, methods and results for the
water quality assessments for Princes Risborough WwTW and Little Marlow WwTW.

2.1

Assessment methodology

Data collation
2.1.1

For the water quality modelling a number of data sets were required from the Environment Agency
(EA), Wycombe District Council and Thames Water. This included information on the growth being
considered, estimates of river flow, river quality and also data on effluent flow and quality. A cross
check was undertaken of all the data sets to ensure that information was complete and suitable,
before being converted to a format for use within the model. Where sample data was not available
existing model data from the EA’s Simcat tool was used instead.

Current conditions (Baseline for Princes Risborough)
2.1.2

This section provides a high level summary of the current conditions within Kingsey Cuttle Brook and
one of its tributaries, Horsenden Stream which is the receiving water for the Princes Risborough
WwTW. The current operational discharge of the WwTW itself is also highlighted. Geographically
the town of Princes Risborough is almost entirely located with the WFD waterbody of ‘Kingsey Cuttle
Brook and tributaries at Thame’. A whole river catchment is the area of land which drains into the
river itself (i.e. any rain which falls within the catchment will eventually end up in the river). A river
catchment is split down into smaller waterbodies for the purposes of the WFD. The WFD waterbody
boundary associated with the Kingsey Cuttle Brook can be seen as the blue line marking the WFD
waterbody boundary in the EA’s catchment data explorer map (Appendix B). The WFD waterbody of
Kingsey Cuttle Brook is currently identified to be of Poor status, as described in Table 2.1. The
water body contains over 10 km of designated watercourses.

Table 2.1

Water Framework Directive classifications for Surface Water Bodies (2014 & 2015 Cycle 2)1
Water body (plus ID)

Data used for
the original
report February
2016
Update from the
EA’s Thames
RBMP
published
February 2016

2.1.3

Kingsey Cuttle Brook
and tributaries at
Thame
GB106039030200

Overall water
body status

Element(s) Not
achieving Good Status

Classifications of compliant
water quality determinands

Poor

Invertebrates (Poor), Fish
(Moderate), Phosphates
(Poor),
Tributyl-tin (fail)

Ammonia (Good)
Dissolved Oxygen (Good)
Temperature & pH (High)

Poor

Invertebrates (Poor), Fish
(Moderate), Phosphates
(Poor),

Ammonia (High)
Dissolved Oxygen (High)
Temperature & pH (High)
Chemicals (Pass)

This report focuses on the water quality impacts from future planned growth only. The failures
identified for fish, invertebrates and Tri-butyl tin are included in the 2016-2021 Thames river basin
management plan (published February 2016). However, as water quality determinands such as
ammonia can impact on invertebrate and fish communities the assessment within this report will be
adequate to provide an evidence for any impacts assessments on the ecology.

More information available on the Environment Agency’s Catchment Data Explorer website http://environment.data.gov.uk/catchment-planning/
1
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2.1.4

The Princes Risborough WwTW discharges into Horsenden Stream approximately 1 km from the
head of the water body (Appendix B). Three sample points are used by the EA to classify the
condition of the Kingsey Cuttle Brook and tributaries at Thame water body; PTAR0118 (upstream of
Princes Risborough WwTW), PTAR0089 (downstream of Princes Risborough WwTW on Horsenden
Stream) and PTAR0017 (located towards the downstream part of the waterbody). Source
apportionment data from the EA on phosphate concentrations indicates that Princes Risborough
WwTW is the most dominant water quality pressure on Horsenden stream at PTAR0089, accounting
for 82% of the phosphate. However, this drops to approximately 32% by PTAR0017. There is no
pathway for changes at Princes Risborough WwTW to impact water quality at PTAR0118. However,
the source apportionment showed that any increases in discharge or reductions in quality at Princes
Risborough WwTW could have a direct impact on PTAR0089 and a potential impact on PTAR0017.

2.1.5

WFD classifications provided by the EA are based on whole water body assessments. Based on the
assessment above this report has just focussed on the sample point level impacts to ensure there
are no significant impacts. Additionally at the time this report was originally published (February
2016) the 2015 classifications were not available. As such the analysis within this report is based on
the 2014 baseline. The water body level classifications for 2015 are included within this report. Any
differences between the modelling and 2015 classifications are described in the results section.

2.1.6

Table 2.2 provides the flow and quality conditions of the upstream watercourse. This information
has been provided from the Environment Agency and also the Simcat Model for the local area, and
will be used as the baseline conditions for the river catchment. The data period for recent data is
2013-2015 whereas when required the time period covered by the existing Simcat model is 2005 –
2008. Princes Risborough WwTW is currently operating with flow and quality values seen in Table
2.2. This information was provided by the Environment Agency. The data provided for the WwTW
indicate that it is currently operating well within the current flow and water quality consent limits. The
WwTW Quality Consent Limits are also shown in Table 2.2.

Table 2.2

Current ‘Baseline’ conditions used for original report February 2016
Flow
(Mean)

Phosphate
mean (mg/l)

BOD 95%ile
(mg/l)

Ammonia 95%ile
(mg/l)

Source

Princes Risborough
WwTW Environmental
Permit standards

3.91

2

20

6

EA

WwTW Actual Effluent
flow and quality (20102015 performance)

5.13
Ml/d

1.52

6.13

2.152

Simcat and EA monitoring data

Upstream watercourse
(PTAR0118)

1.2
Ml/d

0.15

3.11*

0.09*

Simcat and EA monitoring data

Point of discharge

*

1.29

7.45*

1.55*

Modelled baseline

Downstream Sampling
Point (PTAR0089)

NA

0.3

*

0.85*

EA monitoring data

1 = The environmental Permit standard for flow for Princes Risborough is noted as Dry Weather Flow
2 = value adjusted to 2.1 from 1.1 based on calibrating the EA’s Simcat model to fit with 2015 WFD classifications
* = 90th%ile

2.1.7

All of the conditions noted in Table 2.2 above formed the basis upon which the growth plans were
assessed, were used in the modelling and therefore form the ‘baseline’ Scenario within the water
quality assessment.

2.1.8

Table 2.3 sets out the WFD standards for ammonia, BOD and phosphates used in the assessments.
Ammonia and phosphate classifications are used to determine the waterbody status whereas BOD
standards are used as guidelines in order to protect aquatic ecology and dissolved oxygen levels.
The determinands must be at Good or High to comply with the WFD.
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Table 2.3
Water Framework Directive Standards for water quality at sample point PTAR0089 on
Horsenden Stream
Determinands

High

Good

Moderate

Poor

Ammonia (mg/l as
90%ile)

0.3

0.6

1.1

2.5

BOD (mg/l as 90%ile)

4

5

6.5

9

Phosphates (mg/l annual
average)

0.044

0.071

0.189

1.0

Growth Scenarios
2.1.9

The Council provided Amec Foster Wheeler with details of the proposed growth plans within the
catchment of Princes Risborough WwTW between 2015 and 2033. This includes housing growth as
well as economic development growth proposals. This results in a total of 2,908 new dwellings and
11, 853m2 of industry/retail space, seen in Table 2.4. These values will be assessed under
‘Scenario 1’.

Table 2.4

Planned baseline development numbers - Scenario 1

Development Plans

2015 – 2025

2025 - 2030

2030-2033

Total

1200

1200

2400

103

103

378

65

65

130

No. Dwellings
Expansion area
Wider catchment

172

Longwick
Total

2908

Commercial
Economic development
(m2)

353

1000

1000

2353

Employment (m2)

2000

3750

3750

9500

Note: The 2400 dwellings figure is indicative for the purpose of this study and will be refined in the Area Action Plan.

2.1.10 The Council also requested consideration of a ‘higher’ Scenario (Scenario 2). For this a total of
2,760 dwellings are considered between 2020 and 2033 within the expansion area instead of 2,400,
see Table 2.5. Planned dwellings up to 2025, and economic development growth proposals
throughout the full time period remain the same as Scenario 1.
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Planned higher housing numbers - Scenario 2

Development Plans

2015 – 2025

2025 - 2030

2030-2033

Total

1380

1380

2760

103

103

378

65

65

130

No. Dwellings
Expansion area
Wider catchment

172

Longwick
Total

3268

Commercial
Economic development
(m2)

353

1000

1000

2353

Employment (m2)

2000

3750

3750

9500

Note: The 2760 dwellings figure is indicative for the purpose of this study and will be refined in the Area Action Plan.

2.1.11 Within each of the Scenarios results were produced based on the 5-yearly Water Company planning
cycle, and the planned growth identified within these time periods. For the purpose of this
assessment only water company plans up to 2030 are considered, as the last full 5 year planning
cycle within our period of interest ends in 2030. However, to ensure that all growth was considered
in the assessment (i.e. a worst case Scenario of water quality was being predicted) the original 240
per annum was kept for all years. This meant that the full housing numbers would be delivered by
2030 within the model. This assumption has been made solely for the water quality modelling in
order to help try and predict the earliest impacts could be seen. This change would only affect which
planning cycle any improvements to Princes Risborough WwTW would be put into business plans
and does not affect the overall water quality impact predicted. Any growth beyond 2,908 dwellings,
noted in Table 2.1, would be included within the later planning cycle which falls outside the scope of
this assessment.
2.1.12 An additional modelling run was undertaken to understand the water quality changes should Princes
Risborough WwTW operate at the maximum current quality allowed under its permit (see Table 2.2).
The growth levels identified in this assessment will not reach the levels anticipated from Maximum
consent operation, but this model run will allow indication of the extent of change to water quality in
Kingsey Cuttle Brook. Additionally at the request of the EA, modelling runs were undertaken to
understand the water quality changes should the final treated effluent discharged from Princes
Risborough WwTW deteriorate by 50%. This was represented in the modelling by a 50% reduction in
the remaining quality capacity at the WwTW.. These were called Scenario 3 (based on Scenario 1)
and Scenario 4 (based on Scenario 2).
2.1.13 The figures used for all four Scenarios are shown in Table 2.6. The same approach was also used
for Little Marlow (however only one growth Scenario was considered), see section 2.1.25.
2.1.14 Results of water quality impacts were also noted for downstream of the Princes Risborough WwTW
from the point of mixing (noted as the point of discharge in the results section) to the EA WFD
sample point PTAR0089. This was in order to provide an indicative length of reach which could
potentially deteriorate after growth.
2.1.15 The housing and commercial growth proposals were converted into a representative flow increase
that would likely be expected at the WwTW. Calculations were based on assumptions surrounding
the average number of people within a household, the waste water produced per person, and
number of employees per m 2 of industrial development. A full list of the assumptions used within this
assessment can be seen below.
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Baseline data used for modelling the different water quality Scenarios
2.1.16 Table 2.6 shows the river and effluent flow and quality estimates and data used for each Scenario.
These were based on the British Flows and Loads guidance, data provided by the EA as well as the
growth Scenarios set out in Table 2.4 & 2.5.
Table 2.6
Scenario

River and Effluent flow and quality estimates used for water quality modelling
Element

Up to 2015
(baseline)

Up to 2020

Up to 2025

Up to 2030

Mean

SD

Mean

SD

Mean

SD

Mean

SD

1&3

WwTW Flow
(M3/d)

5133.7

2101.3

5268.7

2156.7

6307.7

2581.9

7346.7

3007.2

2&4

WwTW Flow
(M3/d)

5133.7

2101.3

5268.7

2156.7

6442.7

2637.2

7616.7

3117.8

1&2

BOD (mg/l)

6.13

2.05

6.13

2.05

6.13

2.05

6.13

2.05

Ammonia
(mg/l)

2.15

0.60

2.15

0.60

2.15

0.60

2.15

0.60

P (mg/l)

1.52

0.82

1.52

0.82

1.52

0.82

1.52

0.82

BOD (mg/l)

6.13

2.05

13.06

2.05

13.06

2.05

13.06

2.05

Ammonia
(mg/l)

2.15

0.60

4.08

0.60

4.08

0.60

4.08

0.60

P (mg/l)

1.52

0.82

1.76

0.82

1.76

0.82

1.76

0.82

3&4

Current conditions (Baseline for Little Marlow)
2.1.17 This section provides a high level summary of the current conditions within the River Thames,
specifically the Thames (Reading to Cookham) WFD water body which Little Marlow WwTW is
situated within. The baseline 2015 WFD classification are shown in Table 2.7.
Table 2.7

Water Framework Directive classifications for Surface Water Bodies 2015 Cycle 2) 2

Water body (plus ID)

Overall water
body status

Element(s) Not
achieving Good Status

Classifications of compliant water quality
determinands

Thames (Reading to
Cookham)
GB106039023233

Moderate

Phosphate (moderate)
Mitigation Measures

Ammonia (High)
Dissolved Oxygen (High)
Temperature & pH (High)
Chemicals (Good)

2.1.18 This section focuses on the water quality impacts from future planned growth on Little Marlow
WwTW and the River Thames only. Thames Water have indicated that no additional flow of treated
effluent will be directed to High Wycombe and the discharge into the Wye. The failures identified for
mitigation measures in the Thames (Reading to Cookham) waterbody are included in the 2016-2021
Thames river basin management plan (published February 2016). Additionally as ammonia can
impact on invertebrate and fish communities the assessment within this report will be adequate to
provide an evidence for any impacts assessments on the ecology.

More information available on the Environment Agency’s Catchment Data Explorer website http://environment.data.gov.uk/catchment-planning/
2
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2.1.19 The Little Marlow WwTW discharges into the River Thames approximately 2.5 km upstream of the
confluence with the River Wye in the Thames (Reading to Cookham) WFD water body (Appendix C).
Three sample points are used by the EA to classify the condition of the water body, PTHR0082
(Thames at Cookham Bridge), PTHR0088 (Thames at Henley Bridge) and PTHR0104 (Thames at
Spade Oak). Data from the EA indicates that although the WwTW is large it only constitutes
approximately 1% of the total flow in the Thames at the point of discharge. At this point the water
quality of the Thames is heavily influenced by all upstream catchments (e.g. Loddon, Kennet, Thame
etc.). The discharge from Little Marlow cannot affect the water quality recorded at PTHR0088 as
there is no pathway for changes as it is upstream.
2.1.20 As stated previously the WFD classifications provided by the EA are based on whole water body
assessments. Based on the assessment above this report has just focussed on the sample point
level impacts to ensure there are no significant impacts.
2.1.21 Table 2.8 provides the flow and quality conditions of the upstream watercourse. This information
has been provided by the Environment Agency and also the Simcat Model for the local area, and will
be used as the baseline conditions for the river catchment. The data period for recent data is 20132015 whereas the time period covered by the existing Simcat model is 2005 – 2008. Little Marlow
WwTW is currently operating with flow and quality values seen in Table 2.8. The data provided for
the WwTW indicates that it is currently operating within the current flow and water quality permit
limits. The WwTW Quality Consent Limits are also shown in Table 2.8.
2.1.22 As previously noted Little Marlow WwTW takes foul water from High Wycombe and then returns the
treated effluent to be discharged into the River Wye. Thames Water have informed the Council that
this situation will not change and that due to capacity issues there will be no increase in volume of
treated effluent being sent back to site of the old High Wycombe WwTW before being discharged. As
such it is assumed for this assessment that all increases in flow caused by growth are treated and
discharged at Little Marlow WwTW into the River Thames.
Table 2.8

Current ‘Baseline’ conditions for the Little Marlow WwTW assessment
Flow
(Mean)

Little Marlow WwTW
Environmental Permit
standards

Phosphate
mean (mg/l)

BOD 95%ile
(mg/l)

Ammonia
95%ile (mg/l)

Source

1**

20

5

EA

WwTW Actual
Effluent flow and
quality (2010-2015
performance)

54164

0.79

5.17

0.78

Simcat and EA monitoring data

Upstream
watercourse
(PTHR0091)

5278.9

0.19

1.4

0.06

Simcat and EA monitoring data

Downstream
Sampling Point
(PTHR0104)

-

0.21

1.55

0.08

Simcat using EA monitoring
data

1 = The environmental Permit standard for flow for Little Marlow WwTW is noted as Dry Weather Flow
2 – Phosphorous standard based on guidance from EA as it is not listed on the permit
* = 90th%ile
** = An absolute concentration rather than mean

2.1.23 All of the conditions noted in Table 2.8 above formed the basis upon which the growth plans were
assessed, were used in the modelling and therefore form the ‘baseline’ Scenario within the water
quality assessment.
2.1.24 Table 2.9 sets out the WFD standards for ammonia, BOD and phosphates used in the assessments.
Ammonia and phosphate classifications are used to determine the waterbody status whereas BOD
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standards are used as guidelines in order to protect aquatic ecology and dissolved oxygen levels.
The determinands must be at Good or High to comply with the WFD.

Table 2.9
Thames

Water Framework Directive Standards for water quality at sample point PTHR0104 on the River

Determinands

High

Good

Moderate

Poor

Ammonia (mg/l as
90%ile)

0.3

0.6

1.1

2.5

BOD (mg/l as 90%ile)

4

5

6.5

9

Phosphates (mg/l annual
average)

0.049

0.089

0.212

1.091

Growth Scenarios
2.1.25 The Council provided Amec Foster Wheeler with details of the proposed growth plans within the
catchment of Little Marlow WwTW between 2015 and 2033. This includes housing growth as well as
economic development growth proposals. This results in a total of 7185 new dwellings and
42,727m2 of industry/retail space, seen in Table 2.10. This model Scenario was referred to as
Scenario 1.
Table 2.10 Planned baseline development numbers
Development Plans

2015 – 2025

2025 - 2030

2030-2033

Total

3661

2339

1185

7185

No. Dwellings
Growth areas
Total

7185

Commercial
Economic development
(m2)

3340

3498.85

5598.15

12437

Employment (m2)

21159

6763

2413

30335

2.1.26 When assessing the impacts of growth, results were produced based on the 5-yearly Water
Company planning cycle, and the planned growth identified within these time periods as per the
method mentioned for Princes Risborough. Any growth beyond 7185 dwellings would be included
within the later planning cycle which falls outside the scope of this assessment.
2.1.27 An additional modelling run was undertaken to understand the water quality changes should Little
Marlow WwTW operate at the maximum current quality maximum consents (see Table 2.8). The
growth levels identified in this assessment will not reach the levels anticipated from maximum
consent operation, but this model run will allow indication of the extent of potential change to water
quality in the River Thames.
2.1.28 In line with the steps taken for the Princes Risborough WwTW assessment, modelling runs were
undertaken to understand the water quality changes should the final treated effluent discharged from
Little Marlow WwTW deteriorate by 50% from the baseline noted in Table 2.10 (Scenario 1a).
Although the volume of treated effluent going to High Wycombe will not change, based on the quality
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of the treated effluent deteriorating a similar model run was undertaken for the High Wycombe
discharge. The figures used for all Scenarios are shown in Table 2.11.
2.1.29 Results of water quality impacts were also noted for downstream of the WwTW from the point of
mixing (noted as the point of discharge in the results section) to the EA WFD sample point
PTHR0104. This was in order to provide an indicative length of reach which could potentially
deteriorate after growth and therefore if downstream water bodies could be affected.
2.1.30 The housing and commercial growth proposals were converted into a representative flow increase
that would likely be expected at the WwTW. Calculations were based on assumptions surrounding
the average number of people within a household, the waste water produced per person, and
number of employees per m 2 of industrial development. A full list of the assumptions used within this
assessment can be seen below.
Baseline data used for modelling the different water quality Scenarios
2.1.31 Table 2.11 shows the river and effluent flow and quality estimates and data used for each Scenario.
These were based on the British Flows and Loads guidance, data provided by the EA as well as the
growth Scenario noted in Table 2.10.
Table 2.11 River and Effluent flow and quality estimates used for water quality modelling
Scenario

Element

Up to 2015
(baseline)

Up to 2020

Up to 2025

Up to 2030

Mean

SD

Mean

SD

Mean

SD

Mean

SD

1 & 1a

WwTW Flow
(M3/d)

54164.10

19679.36

56971.57

23320.33

58741.08

24044.65

59645.60

24414.90

1

BOD (mg/l)

5.17

7.63

5.17

7.63

5.17

7.63

5.17

7.63

Ammonia
(mg/l)

0.66

0.78

0.66

0.78

0.66

0.78

0.66

0.78

P (mg/l)

0.8

1.34

0.8

1.34

0.8

1.34

0.8

1.34

BOD (mg/l)

5.17

7.63

7.75

7.63

7.75

7.63

7.75

7.63

Ammonia
(mg/l)

0.66

0.78

0.99

0.78

0.99

0.78

0.99

0.78

P (mg/l)

0.8

1.34

1.2

1.34

1.2

1.34

1.2

1.34

1a

Use of Simcat and RQP tool
2.1.32 For both the Princes Risborough WwTW and Little Marlow WwTW assessments, Simcat and RQP
models were identified to be the most appropriate tool to undertake the modelling.
2.1.33 It is expected that any upgrade to the works would include increasing the capacity to mitigate any
emergency discharges like storm events. However, these have not been modelled in these
assessment as they are intermittent events and are unlikely to impact on long term water quality
compliance.
Graphical representation of Simcat Results
2.1.34

To more easily assess the extent of water quality impacts due to increased discharges of treated
sewage effluent caused by future housing growth, the model outputs from Simcat were put into
graphical format. The graphs were set out to show the potential impacts at the end of each period
of housing growth, estimates on the length of river reach impacted as well showing whether the
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impacts would cause significant deterioration. Figure 2.1 shows an example of the graphs which
specifically show:
 WFD class boundaries specific to the determinand and watercourse (marked as A);
 The upstream actual or estimate river quality (marked as B);
 The point and immediate impact of the WwTW discharge (marked as C);
 The downstream point used for the deterioration assessments (marked as D);
 The baseline set using current data from which the impact of increase in volume of treated
effluent was modelled (marked as E);
 The results showing the level of impact of the increases in the treated effluent at the end of
each growth period (marked as F); and
2.1.35

The graphs show the impact of the upstream water quality diluting the treated effluent. A spike in
concentration will be seen at the point of discharge (C) but will generally be lower than the quality
of effluent that has actually been recorded (e.g. if upstream river quality was 0 and the effluent
quality was 1, and the volumes of water were equal, then the Simcat graph would show a
concentration of 0.5 at the point of discharge in the river).

2.1.36

If the future predictions of water quality (e.g. 2021, 2026 and 2032 predictions in Figure 2.0) were
above the baseline, then a deterioration was identified. However, it was only deemed to be
significant if the results showed that at the downstream sample point, the concentrations were
either a different WFD class or were greater than the 10% threshold. For example Figure 2.0
shows that although all future predictions show a deterioration from the baseline by the
downstream sample point are still Good Status (D). Therefore there is no class deterioration.
However, by 2026 the deterioration does exceed the 10% deterioration threshold. Therefore an
indicative permit would need to be calculated in order to show how to prevent it.

2.1.37

Additional to assessing is downstream water quality shows significant deteriorate the graphs
produced by Simcat are also used to help identify the length of reach that might be significantly
impacted. Figure 2.0 shows that in the baseline at the point of mixing although the water quality
does deteriorate it is still at Good Status. However, by 2026 water quality would deteriorate to Poor
Status immediately downstream of the WwTW. For this result the figure indicates that if the
concentration of ammonia were to decrease in a linear fashion it could deteriorate up to 2.1km of
watercourse. So although the overall waterbody status would not be affected a length greater than
the EA’s threshold of 1.5km could be impacted and therefore be considered a significant
deterioration.

2.1.38

Section 2.2 contains the graphs and explanatory text for the 2 WwTWs.
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Figure 2.0 Example graph showing the Simcat model results for the water quality impacts of future housing
growth due to one wastewater treatment works.
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Overall assumptions and caveats for all water quality assessments
2.1.39 A number of assumptions and caveats have been identified and used when undertaking the water
quality modelling work. These were taken from standard approaches in the UK and were used in
order to improve the certainty behind the findings and to take a precautionary approach due to some
uncertainties (e.g. number of people who will eventually live in the dwellings). It is important to note
that while Amec Foster Wheeler have confidence in the results produced based on the available
information at the time of the assessment, results may differ should new information become
available. The assumptions and caveats are:
 150 l/hd/day residential waste water flow loading to a WwTW 3;
 100 l/hd/day employment (e.g. office/factory) waste water flow loading to a 3;
 A single dwelling has an occupancy of 5 people3;
 1 person per 47 m2 of employment development4;
 1 person per 20 m2 of retail development3;
 There has been no consideration of future climate change within the modelling itself, however
consideration is made when discussing the results (Section 3);
 The water quality modelling was based on predicted flow estimates for growth on top of current
mean discharge volume irrespective of the WwTW DWF permit. It is assumed that the permitted
DWF will be increased in line with growth predictions and other required permit changes based
on the model results; and
 Future impacts were assessed based on the WwTWs operating to their current effluent quality
set out in Table 2.2 and Table 2.8.
2.1.40 It is important to note that the household occupancy value used is based on an assumption that an
average house comprises 3 bedrooms, a size which is ‘designed for a minimum population of 5
people3. This is an overestimate based on a Wycombe District average household size of 2.5
persons5 in 2011. For the purposes of modelling the use of 5 persons per dwelling provides a ‘worst
case’ Scenario for consideration.

British Water, 2015. Flows and Loads – 4 Sizing Criteria, Treatment Capacity for Sewage Treatment Systems, British Water
(standard document which details values to use for water planning activities)
4
Homes and Communities Agency, 2015. Employment Density Guide.
5
http://www.ons.gov.uk/ons/rel/census/2011-census/population-estimates-by-five-year-age-bands--and-household-estimates--for-localauthorities-in-the-united-kingdom/stb-population-and-household-estimates-for-the-united-kingdom-march-2011.html
3
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Results

This section of the report provides the results of the assessments undertaken for the
Scenarios assessed for both Princes Risborough and Little Marlow. The impacts were
based on the baseline and assumptions detailed in Section 2.1.
Princes Risborough WwTW
No deterioration
2.2.1

For the purpose of understanding the likely impact of future growth on Princes Risborough WwTW
and Horsenden Stream two assessments were undertaken to assess the potential for deterioration in
water quality. The main assessment investigated whether there would be a class deterioration in a
determinand at the sample point PTAR0089. The second assessment for the EA’s guidelines of
limiting in class deterioration to less than 10% (used as a guide to help limit in class deterioration).
Assessments of impacts at the point of discharge (i.e. point of mixing) were also undertaken.

No deterioration for WFD class status
2.2.2

The water quality modelling indicated that under the Scenario 1 (Table 2.3) there will be no
deterioration in WFD status at sample point PTAR0089 from the baseline (Table 2.2) for any of the
main determinands (Figure 2.1). However, the model did indicate that there could be deteriorations
in water quality in all determinands immediately downstream of the WwTW at the point of mixing. All
the deteriorations that were noted were assessed as being potentially insignificant though as they
have a limited impact on the waterbody as a whole. The modelling did however indicate that for both
the baseline and post development runs, the classification immediately downstream of the WwTW
was mainly lower than the classification recorded for sample point PTAR0089.

2.2.3

The results were also assessed to clarify the length of reach that could be impacted beyond the
baseline situation. The results clearly showed that for the different phases of housing there would be
no significant change in the length of reach impacted by any of the determinands from the baseline
data (e.g. for ammonia the length of reach which deteriorates to Poor Status immediately
downstream of the discharge is the same before and after housing growth). However, when
modelling discharges at the permit limits a significant deterioration in length of reach was noted.
However, this is based on a modelled linear reduction in concentrations so the final length of stretch
impacted would be lower than shown, as indicated by the results showing that overall waterbody
status would not be impact.

Limiting in class deterioration
2.2.4

For Scenario 1, the results indicated that there would be limited deterioration in water quality
downstream of the WwTW, although deterioration would be greater than 10% by 2030 (Figure 2.5).
The model runs using the Scenario 2 housing numbers showed the same pattern as seen for the
Scenario 1 housing numbers (Figure 2.6). There was no noticeable impact on the water quality from
the additional 36 homes per annum increase.

2.2.5

Both Figures 2.5 and 2.6 show that if Princes Risborough were to treat the sewage effluent to its
permitted standards rather than keeping to the current performance, deterioration in water quality
would be significantly greater than 10% and for BOD and ammonia would cause a class
deterioration. This is due to the current permit standards for the WwTW not being good enough for
Good Status as they were set before the WFD came into force. However, it is not expected to occur
so no further predicative modelling was undertaken.
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Figure 2.1 Modelled changes in concentrations, in mg/l, of Ammonia (A - 90%ile), BOD (B - 90%ile and
Phosphates (C - Average) for Scenario 1 housing numbers down the Horsenden Stream from its source to
sample point PTAR0089 (distance shown in km).

A

B

C
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Figure 2.2 Modelled changes in concentrations, in mg/l, of Ammonia (A - 90%ile), BOD (B - 90%ile and
Phosphates (C - Average) for Scenario 2 housing numbers down the Horsenden Stream from its source to
sample point PTAR0089 (distance shown in km)

A

B

C
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Deterioration prediction based on the Environmental Permit for Princes Risborough WwTW
2.2.6

The assessments shown were based on Princes Risborough WwTW operating at the same level as
the 2015 baseline. However, this is to a higher standard than their current Environment Permit
(6 mg/l Ammonia and 20 mg/l BOD as 95%iles and an annual average of 2 mg/l Phosphates). As
such an assessment was undertaken to identify the level of impact on water quality in Horsenden
Stream should the WwTW operate at its permitted standards. Figure 2.1 clearly shows that if the
WwTW operated to these limits there would be a class deterioration in Ammonia and BOD.
Phosphate concentrations would also show a significant deterioration but would still be at Poor
status (no change in class).

2.2.7

A model run was undertaken to assess what ammonia, BOD and phosphate permit limit would be
required prior to growth in order to ensure there was no deterioration in downstream water quality
(Table 2.12). The results indicated that prior to growth permit limits much tighter than the current
limits for would be required to prevent deterioration. In particular at the point of mixing the required
limits for ammonia and phosphate are deemed technically infeasible. When looking at the impacts at
sample point PTAR0089, the ammonia consent of 2.1 mg\l is technically possible however the 0.37
mg\l limit for phosphate is not.

Deterioration prediction based on reduced quality of the final effluent from Princes Risborough WwTW
2.2.8

As noted previously the assessments shown in this report were based on Princes Risborough
WwTW operating at the same level as the 2015 baseline. However, with increased flows through the
WwTW there is a possibility that the quality of the final effluent could deteriorate slightly even though
it would still be within the limits set out in the Environmental Permit. As such two Scenarios
(Scenario 3 and 4) were modelled to assess what the impact would be on downstream water quality
if the effluent quality deteriorated during the housing growth. Based on the fact that previous
modelling had already looked at the impact of effluent quality being discharged at the permit limits,
for the purpose of this assessment a deterioration of 50% in quality from the 2015 baseline (Table
2.2) was used for the modelling Scenarios.

Table 2.12 Indicative permit limits for Princes Risborough WwTW aimed at preventing deterioration due to
housing growth
Reason for permit

Site

Getting to Good prior to
housing growth (both
scenarios)

Point of discharge

0.6

11

0.2

PTAR0089

2.1

*

0.37
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Figure 2.3 Modelled changes in concentrations, in mg/l, of Ammonia (A - 90%ile), BOD (B - 90%ile and
Phosphates (C - Average) for Scenario 3 (as per Scenario 1 but with 50% deterioration in effluent quality
from current performance) down the Horsenden Stream from its source to sample point PTAR0089
assuming a 50% deterioration in effluent quality from the 2015 baseline (distance shown in km)
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Figure 2.4 Modelled changes in concentrations, in mg/l, of Ammonia (A - 90%ile), BOD (B - 90%ile and
Phosphates (C - Average) for Scenario 4 (as per Scenario 2 but with 50% deterioration in effluent quality
from current performance) down the Horsenden Stream from its source to sample point PTAR0089
assuming a 50% deterioration in effluent quality from the 2015 baseline (distance shown in km)
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Getting to Good Status
2.2.9

When using the 2015 data as a baseline for comparison, ammonia and BOD remained at Moderate
and High status respectively at PTAR0089 for all housing Scenarios (e.g. no significant change). As
such no further assessments were undertaken, although it should be noted that this is dependent
upon Princes Risborough WwTW continuing to produce treated effluent to a much higher standard
than stated on its Environmental Permit. The discrepancy between the current permit standards for
Princes Risborough WwTW and what is required to reach Good Status are likely to be due to the
WFD standards coming into effect after the permit standards were set. Additionally the difference
between the sample point classifications noted in this study and those highlighted by the EA for the
entire waterbody will be due to the wider waterbody classification being based on multiple sample
points not used for this study.

2.2.10 In the baseline and WFD classifications phosphates have been assessed at being Poor Status at
PTAR0089. Under the WFD the Environment Agency undertook a national review of what would be
required to get to Good. The EA’s review of the permits indicated that a standard of 0.1 mg\l would
be required to get to good without the additional flow from the proposed development. This permit
limit is the tightest that the EA will consider but is already below the threshold of 0.5 mg\l which
Ofwat has set for technical feasibility (i.e. permits below 0.5 mg\l are currently deemed to be
technically infeasible). The EA assessment indicates that the proposed development will not have
an impact on the permit limit required for phosphates or the water bodies’ ability to reach Good
Status. As such no further modelling of permit limits for phosphates was undertaken under the
getting to Good Status objective.
Downstream impacts beyond sample point PTAR0089
2.2.11 As the results obtained indicated that there would only be a limited impact on water quality at
PTAR0089 it was deemed unnecessary to run any assessments on the waterbody between
PTAR0089 and PTAR0017 at the downstream end of the waterbody. This was based on the
assumption of Princes Risborough WwTW continuing to perform at its current level and not being the
most dominant impact on water quality at the bottom of the water body.
Capacity and technology requirements for Princes Risborough WwTW
2.2.12 Neither ammonia nor BOD are predicted to increase significantly in the WFD water body as a result
of growth. Additionally the current performance of the works is good enough to reach Good Status
for ammonia and BOD. This indicates that the technology already exists on site for Princes
Risborough to cope with increase sewage effluent from the future growth. The future growth will
increase the dry weather volume of sewage significantly. However, the volumes will still be below
the full treatment flow capacity of 11,700 m 3/day. As such our experience indicates that any physical
upgrades to the works will be minor and include potential improvements to the inlets. Based on the
treatment methods it currently uses (e.g. percolating filters beds and settlement tanks) it should be
physically possible to install any new equipment within the current footprint of the site. However, it
should be noted that as no detailed design information was available for the WwTW we have had to
rely on expertise and the available data.
2.2.13 The works will only need a capacity upgrade to cope with growth. As such it should be possible to
physically upgrade the works, to be determined by Thames Water, without any significant impact.
2.2.14 For phosphates there is no current agreed technology for the UK to treat sewage effluent to 0.1 mg/l.
As such this report cannot clarify whether it is or isn’t possible for Princes Risborough WwTW to be
physically or technically upgraded to deliver a tighter standard for phosphates. However, as noted
earlier, because there is not a class deterioration in phosphates due to growth and the technological
treatment problem is affecting the works now, it is independent of future growth. Therefore the future
housing numbers do not affect the ability of the Kingsey Cuttle waterbody to get to Good by 2027.
2.2.15 Thames Water have informed the Council that there is capacity within Princes Risborough WwTW
for some growth and have estimated that an upgrade will be required as part of the 2020-2025 Asset
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Management Plan to accommodate further housing developments, which is in line with our
expectations.
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Figure 2.5 Modelled changes in concentrations, in mg/l, of Ammonia (A - 90%ile), BOD (B - 90%ile) and
Phosphates (C - Average) for Scenario 1 across the planning period at sample point PTAR0089
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Figure 2.6 Modelled changes in concentrations, in mg/l, of Ammonia (A - 90%ile), BOD (B - 90%ile) and
Phosphates (C - Average) for Scenario 2 across the planning period at sample point PTAR0089
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Indicative permit calculations
2.2.16 A clear deterioration in water quality immediately downstream was noted when assuming Princes
Risborough WwTW discharged at its permitted limits or with a poorer effluent quality. As such
indicative permit limits were calculated to prevent deterioration before and after growth under the
different Scenarios. Table 2.13 indicates that permit limits much tighter than the current permit for
Princes Risborough WwTW would be required.
2.2.17 Due to the baseline data and modelling methodology used the indicative permit limits calculated
(Table 2.13) for PTAR0089 represent a worst case scenario. They are unlikely to be required as they
do not account for dilution and biological uptake over distance. The permit limits calculated indicated
that the differing growth estimates and the different Scenarios for effluent quality did not have a
significant impact on the permits required to prevent deterioration. This is likely to be due to the fact
that the discharge is already most dominant factor affecting water quality in this stretch of the
Kingsey Cuttle Brook.
Table 2.13 Indicative permit limits required to prevent deterioration from planned growth by 2030
Scenario

Prior to growth

Phosphates (mg\l)

Ammonia (mg\l)

BOD (mg\l)

Point of
discharge

PTAR
0089

Point of
discharge

PTAR
0089

Point of
discharge

PTAR
0089

0.2

0.37

0.4

2.1

11

*

0.2

0.37

0.6

2.1

11

*

1
2
3
4
* = No significant deterioration noted, so no indicative permit calculated

Little Marlow WwTW
No deterioration
2.2.18 For the purpose of understanding the likely impact of future growth on Little Marlow WwTW and the
River Thames two assessments were undertaken to assess the potential for deterioration in water
quality. The main assessment investigated whether there would be a class deterioration in a
determinand at the sample point PTHR0104. The second assessment for the EA’s guidelines of
limiting in class deterioration to less than 10% (used as a guide to help limit in class deterioration).
Assessments of impacts at the point of discharge (i.e. point of mixing) were also undertaken.
No deterioration in WFD class status
2.2.19 The water quality modelling indicated that under the Scenario 1 (Table 2.10) there will be no
deterioration in WFD status at sample point PTHR0104 from the baseline (Table 2.11) for ammonia,
BOD or phosphate (Figure 2.7). With the in river concentrations for ammonia and BOD remaining
low and well within the standard for High Status.
2.2.20 Concentrations for phosphate showed a slight deterioration. The model results indicated that
concentrations would be close to the Moderate\Poor classification boundary at the upper reach of
the water body as well and so are already at high risk due to all upstream sources. Under the 2025
and 2030 periods there would be a class deterioration. Due to the uncertainty over what actions will
occur upstream to reduce phosphate concentrations the growth scenario assumed zero
improvement. However, it is highly likely that under the Thames RBMP the upstream sources of
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phosphate will be reduced, at which point the risk of growth at Little Marlow will be reduced from
what has been modelled and shown in Figure 2.7.
2.2.21 The model runs using the Scenario 1a baseline figures, with a potential 50% deterioration in final
treated effluent quality showed the same pattern as seen for the Scenario 1 (Figure 2.8). There was
no noticeable impact on the water quality in the River Thames from a poorer quality effluent, with the
exception of phosphates. Where a potential deterioration from Moderate Status to Poor Status was
identified. Although no deterioration is predicted based on current WwTW performance.
Limiting in class deterioration
2.2.22 Figure 2.9 shows the modelling results for ammonia, BOD and phosphates under Scenario 1. All the
modelling runs indicated that there should be less than a 10% deterioration in water quality at
sample point PTHR0104 (the 10% deterioration is used by the EA as an aspirational approach to
aim for no deterioration in quality not just preventing deterioration in WFD class). The lack of
significant deterioration overall indicated that there is unlikely to be an impact on water quality and
the water body beyond sample point PTHR0104. Under Scenario 1a there would be no significant
deterioration (i.e. all less than 10%) except for ammonia which showed a deterioration marginally
greater than 10% deterioration (<11%, Figure 2.10). So no further assessments were undertaken.
Deterioration prediction based on the Environmental Permit for Little Marlow WwTW
2.2.23 The modelling undertaken to assess potential future impacts were based on Little Marlow WwTW
operating at the same level as the 2015 baseline. However, this is to a higher standard than their
current Environment Permit (5 mg/l Ammonia and 20 mg/l BOD as 95%iles and an annual average
of 1 mg/l phosphates). As such an assessment was undertaken to identify the level of impact on
water quality in the River Thames should the WwTW operate at its permitted standards. Figures 2.7
& 2.8 indicate that if the WwTW operated these limits there would be no class deterioration of any
element at PTHR0104 and all elements would deteriorate within class.
Deterioration prediction based a reduced quality of the final effluent from Little Marlow WwTW
2.2.24 As with the previous model runs above, this assessment was based on Little Marlow WwTW
operating at the same level as the 2015 baseline. However, with increased flows through the WwTW
there is a possibility that the quality of the final effluent could deteriorate slightly even though it would
still be within the limits set out in the Environmental Permit. As such a further model run was
undertaken to assess what the impact would be on downstream water quality if the effluent quality
deteriorated during the housing growth (Scenario 1a). Based on the fact that previous modelling had
already looked at the impact of effluent quality being discharged at the permit limits, for the purpose
of this assessment, a deterioration of 50% in quality from the 2015 baseline was used for the
modelling Scenario but the housing numbers and river quality were the same as for Scenario 1. The
results showed a similar pattern in deterioration as seen in Scenario 1.
Deterioration prediction based on a reduced quality of the final effluent discharged into the River Wye
2.2.25 As noted previously some treated effluent from Little Marlow WwTW gets pumped back to, and
discharged at High Wycombe. Although Thames Water have indicated that the return flow to High
Wycombe will not increase with increased flows through the Little Marlow WwTW there is a
possibility that the quality of the final effluent could deteriorate slightly even though it would still be
within the limits set out in the Environmental Permit. As such a model run was undertaken these
limits to assess what the impact would be on downstream water quality if the effluent quality
deteriorated during the housing growth. As with the model run for Little Marlow WwTW a
deterioration in quality of 50% was used.
2.2.26 The results indicated that there could be a greater than 10% in river water quality in the River Wye
by 2030 for ammonia and phosphate (23-27%. Although this is greater than 10% the modelled
ammonia concentration of 0.18 mg\l would still be well within the EQS for High Status. However, the
modelled concentration for phosphate does indicate a risk of a deterioration in WFD class. Consents
of 0.5 mg\l for both ammonia (at 95%ile) and phosphate (annual average) would be required to
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prevent this level of deterioration and to ensure WFD objectives are met in the River Wye. It should
be noted that this deterioration would be due to changes in levels at treatment at Little Marlow
WwTW and is not attributable to housing growth.
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Figure 2.7 Modelled changes in concentrations, in mg/l, of Ammonia (A - 90%ile), BOD (B - 90%ile and
Phosphates (C - Average) for Scenario 1 housing numbers down the River Thames from upstream water
body boundary to the sample point PTHR0104 (distance shown in km).
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Figure 2.8 Modelled changes in concentrations, in mg/l, of Ammonia (A - 90%ile), BOD (B - 90%ile and
Phosphates (C - Average) for Scenario 1a (50% deterioration in effluent quality) down the River Thames
from upstream water body boundary to the sample point PTHR0104 (distance shown in km).
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Figure 2.9 Modelled changes in concentrations, in mg/l, of Ammonia (A - 90%ile), BOD (B - 90%ile) and
Phosphates (C - Average) for Scenario 1 across the planning period at sample point PTHR0104
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Figure 2.10 Modelled changes in concentrations, in mg/l, of Ammonia (A - 90%ile), BOD (B - 90%ile) and
Phosphates (C - Average) for Scenario 1a across the planning period at sample point PTHR0104
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Getting to Good Status
2.2.27 When using the 2015 baseline for all Scenarios ammonia and BOD remained at High Status at
PTHR0104. As such no further assessments were undertaken.
2.2.28 In the baseline conditions at PTHR0104 the WFD classification for phosphates were found to be at
Moderate Status. Under the WFD the Environment Agency undertook a national review of what
would be required to get to Good. The EA’s review of the permits indicated that a standard tighter
than 0.5 mg\l would be required to get to Good Status without the additional flow from the proposed
development. This permit limit is the tightest that the EA will consider but is already below the
threshold of 0.5 mg\l which Ofwat has set for technical feasibility (i.e. permits below 0.5 mg\l are
currently deemed to be technically infeasible). The EA assessment indicates that the proposed
development will not have an impact on the permit limit required for phosphates or the water bodies’
ability to reach Good Status. As such no further modelling of permit limits for phosphates was
undertaken under the getting to Good Status objective.
Downstream impacts beyond sample point PTHR0104
2.2.29 As the results obtained indicated that there would only be a limited impact on water quality at
PTHR0104 it was deemed unnecessary to run any assessments for the downstream waterbody.
This was based on the assumption of Little Marlow WwTW continuing to perform at its current level
and not being the most dominant impact on water quality at the bottom of the water body.
Capacity and technology requirements for Little Marlow WwTW
2.2.30 Neither ammonia nor BOD are predicted to increase significantly in the WFD water body as a result
of growth. Additionally the current performance of the works is good enough to keep the water body
at High Status for ammonia and BOD. This indicates that the technology already exists on site for
Little Marlow to cope with increase sewage effluent from the future growth. The future growth will
increase the dry weather volume of sewage significantly. However, our experience indicates that
any physical upgrades to the works will be minor and include potential improvements to the inlets.
Based on the treatment methods it currently uses it should be physically possible to install any new
equipment within the current footprint of the site. However, it should be noted that as no detailed
design information was available for the WwTW we have had to rely on expertise and the available
data. Any physical improvements to the works will be determined by Thames Water.
2.2.31 For phosphates there is no current agreed upon technology for the UK to treat sewage effluent to
0.1 mg/l. As such this report cannot clarify whether it is or isn’t possible for Little Marlow WwTW to
be physically or technically upgraded to deliver a tighter standard for phosphates. However, as
noted earlier as there is not a class deterioration in phosphates due to growth and the technological
treatment problem is affecting the works now, it is independent of growth and so the future housing
numbers do not affect the ability of the River Thames to get to Good by 2027.
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Conclusions

Princes Risborough WwTW
2.3.1

This assessment has been undertaken to understand the environmental capacity in the Kingsey
Cuttle Brook WFD water body, into which Princes Risborough WwTW discharges, when growth
plans to 2033 are considered. A water quality modelling assessment was undertaken to clarify
potential changes to the existing WFD status of the watercourse from an increased discharge of
treated sewage effluent from Princes Risborough WwTW.

2.3.2

The WFD waterbody, ‘Kingsey Cuttle Brook and tributaries at Thame’ (GB106039030200), is
currently at Poor Status, with an objective of Good Ecological Status by 2027 (although this may
change depending on the outcome of the national review into phosphate treatment technologies).
One of the failing elements is phosphates of which Princes Risborough WwTW is a dominant source
even though it is operating well below its permit limits.

2.3.3

Housing numbers for the local growth plan to 2033 were considered in this water quality
assessment, accounting for both residential and economic development growth proposals
(Section 2.1). A number of Scenarios were modelled to understand the phasing of the growth within
future water company planning cycles.

2.3.4

The growth plans result in an increase to the existing flow from Princes Risborough WwTW of up to
~8Ml/d. The results from the water quality modelling indicated the planned future growth would not
have a significant impact on water quality or cause a deterioration in WFD status at the downstream
sampling point in relation to BOD, ammonia or phosphate. Therefore indicating that the receiving
watercourse can cope with increased discharges of treated effluent.

2.3.5

Future growth should not impact on the ability of the WFD waterbody to reach good ecological
status. The reason for this is that the water body is currently failing for phosphates and already
cannot reach GES as it would require a very tight permit at Princes Risborough WwTW in order to
reach GES. The EA have indicated that the consent would need to be 0.1 mg/l. Ofwat and the EA
currently consider this to be technically infeasible as it is below 0.5 mg/l set by Ofwat. However, this
is pending a national water company led study to be completed by March 2017. Until this study is
complete the water body cannot reach GES, irrespective of future growth, as a tightening of the
permit would be required to meet this objective. This is a national issue affecting all WwTW which
have a significant impact on UK Rivers. What is technically feasible, and targets for waterbodies, is
likely to be reviewed after March 2017 when the EA and water companies start planning for the
2021-2027 river basin management plans.

2.3.6

The modelling results for Scenarios 3 & 4 revealed the potential for a greater than 10% deterioration
at the point of mixing and at PTAR0089 for both growth Scenarios. Assessments of indicative
consents indicated that deterioration can be avoided for BOD and ammonia. Water quality for
phosphates could deteriorate but as with getting to Good Ecological Status, the permit required to
prevent deterioration prior to development is already less than 0.5 mg\l and therefore is not possible
under current guidance. As such future development therefore does not affect the current issues or
waterbody status, although this should be reviewed once the national trials are completed.
Additionally the worst case Scenarios for ammonia does indicate that permits beyond Best Available
Technology (BAT) may be required to prevent deterioration. However, this modelling was to assess
the tightest possible consent without environment uptake or degradation of ammonia. As such the
permit that will be required to prevent deterioration will be more relaxed and is likely to be closer to
the 2 mg\l needed at the point of mixing.

2.3.7

Princes Risborough WwTW currently operates well within the consent limits for the works. High level
assessment confirms that a reduction to the ammonia and BOD consent limit would be possible at
Princes Risborough WwTW while the downstream sample point (PTAR0089) remains at Moderate
Status for ammonia in order to not affect the overall waterbody status of High. The difference
between the sample point classifications noted in this study and those highlighted by the EA for the
entire waterbody will be due to the wider waterbody classification being based on multiple sample
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points not used for this study. Conclusions of RQP Tool modelling indicate that the current consent
for phosphate would need to be reduced to 0.1 mg/l to achieve Good Status downstream.

Little Marlow WwTW
2.3.8

This assessment was undertaken to assess what impact, if any, future growth would have on Little
Marlow and the River Thames water body (GB106039023233), when growth plans to 2033 are
considered. A water quality modelling assessment was undertaken to clarify potential changes to
the existing WFD status of the watercourse from an increased discharge of treated sewage effluent
from Little Marlow WwTW.

2.3.9

The WFD waterbody, ‘Thames (Reading to Cookham)’ (GB106039023233), is currently at Moderate
Ecological Potential, with an objective of Moderate Ecological Potential by 2027 as it is not possible
to get this water body to Good Ecological Potential (although this may change depending on the
outcome of the national review into phosphate treatment technologies). One of the failing elements
is phosphates of which Little Marlow WwTW is a source.

2.3.10 Housing numbers for the local growth plan to 2033 were considered in this water quality
assessment, accounting for both residential and economic development growth proposals
(Section 2.2). One Scenario was modelled to understand the phasing of the growth within future
water company planning cycles.
2.3.11 The growth plans result in an increase to the existing flow from Little Marlow WwTW of up to ~3Ml/d.
The results from the water quality modelling indicated the planned future growth would not have a
significant impact on water quality or cause a deterioration in WFD status at the downstream
sampling point in relation to BOD or ammonia. Therefore indicating that the receiving watercourse
can cope with increased discharges of treated effluent. However, phosphate concentrations in the
River Thames are already near the Moderate\Poor class boundary and a potential class deterioration
was noted in the modelled scenario. Although this can be avoided it indicates the potential that there
is no environmental capacity left in the River Thames downstream of Little Marlow WwTW for any
further growth beyond that noted in this report unless upstream sources of phosphate are reduced.
2.3.12 Based on the modelling and water body objectives set by the EA, future growth should not impact on
the ability of the WFD waterbody to reach Moderate Ecological Potential. This is because the water
body is currently failing for phosphates and already cannot reach GEP as it would require a very tight
permit limits (e.g. < 0.1 mg\l) at a number of upstream WwTWs within the entire Thames catchment.
This is the same issue as noted above in paragraph 2.3.5.
2.3.13 Assessments of indicative consents indicated that deterioration (i.e. greater than 10%) can be
avoided for BOD and ammonia. Water quality for phosphates could deteriorate if the quality of the
effluent deteriorates 50%. However, this would produce an effluent of worse quality than the current
permit and due to the treatment processes at Little Marlow it is deemed unlikely. As such, if the
WwTW works to its current permit limits there will be no class deteriorations downstream of Little
Marlow.
2.3.14 Little Marlow WwTW currently operates within the permit limits currently in force at the works. Even
with future growth the current permit limits will be sufficient to prevent deterioration in the River
Thames. However, a risk assessment for the return flow to site of the old High Wycombe WwTW
indicated that for ammonia and phosphate there is the potential for a greater than 10% deterioration
if the effluent quality is reduced by 50%. Ammonia concentrations would still be well within the High
Status for the Wye but phosphates could potentially deteriorate from Moderate to Poor Status.
Modelling indicated that for phosphate a permit of 0.5 mg\l would be required to ensure there was no
deterioration in class. This is technically feasible and as such can be put in place to allow growth.
However, it should be noted that this deterioration would be due to changes in levels at treatment at
Little Marlow WwTW and is not attributable to housing growth.
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Odour control assessment

This chapter of the report assesses the extent required for an odour buffer in relation to the
proposed residential development at Princes Risborough in proximity to the Princes
Risborough wastewater treatment works.

3.1

Introduction

3.1.1

The issue of malodours from sludge management facilities and Waste Water Treatment Works
(WwTW) has gained increased public recognition over the last 30 years, along with growing
expectations of quality of life and a reduced tolerance on the part of communities towards adverse
environmental effects of business and utilities upon public amenity.

3.1.2

As a result, pressures for continuing residential development to satisfy housing needs, particularly
in the south-east of the UK, has seen an increased level of encroachment of housing towards
facilities such as wastewater treatment assets. Treatment plants that historically have been
located away from the fringes of urban areas have been subject to continuing encroachment, with a
consequent increase in the number of people exposed to and willing to complain about unpleasant
odours. Over the last 10 years, there have been a number of notable legal nuisance actions
dealing with odour from sewage treatment works, including Mogden WwTW in Twickenham and
the Beckton and Crossness facilities in east London.

3.1.3

All the UK Water Companies have developed a monitoring system for development plans in their
areas and have adopted a pro-active approach in assessing the potential impact of development
encroachment upon their assets. One simplistic approach that has been adopted in the past (and,
indeed is still applied today) is to specify a buffer distance (or Cordon Sanitaire) around a WwTW
site, within which no sensitive development (i.e., housing) should be allowed. Such a buffer zone
can be varied in size, depending upon the size and level of odour potential of the wastewater
treatment processes on the site.

3.2

Odour detection and measurement

3.2.1

Olfaction is the biochemical process in mammals by which odours are detected and recognised.
After entering the nasal passage, odours in inhaled air are detected by impingement on olfactory
receptor neurons in the olfactory epithelium within the nasal cavity, which are in turn connected into
the cortex area of the brain. Although humans are acknowledged as being sensitive to odour,
other mammals can be far more sensitive. For example, a 70 kg human has approximately 10 cm 2
of olfactory epithelium cells, while a 3 kg cat has approximately 20 cm2.

3.2.2

Some gaseous chemicals in the air have individually recognisable odours, such as ammonia or
hydrogen sulphide (“rotten egg gas”), whereas many common everyday odours, such as grass
cuttings, vehicle exhaust and cooking smells consist of multi-component mixtures of odorous
chemicals. The concentration in air at which an individual or mixture odorant first becomes
detectable by humans is termed the “odour threshold” for that particular odorant or mixture of
odorants. The odour thresholds for a wide range of individual chemicals have been determined by
a number of research scientists and they vary widely. For example, the odour threshold for
ammonia is approximately 2.6 parts per million in air, whilst that for hydrogen sulphide is 0.0005
parts per million, a difference of greater than 5,000.

3.2.3

Odours are measured in a quantitative way by a technique called dynamic dilution olfactometry,
which, firstly, involves selecting a panel of, typically, six people, whose sense of smell (odour
acuity) has been checked by a standardised process, using an odorous compound, n-butanol, to
ensure that they are representative of the average population (that is, that they are neither too
sensitive, or hyperosmic, nor too insensitive, or anosmic, to odour).
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3.2.4

A sample of the air to be measured is firstly taken from, say, the outlet of an odour treatment
process, by drawing it under vacuum into an inert sample bag. The sample is then fed into a
computer-controlled device (an olfactometer), which automatically produces different dilutions of
the sample with odour-free air and presents these diluted samples to the odour panellists. The
panellists have to sniff the air from two streams of air, one containing the diluted sample, the other
containing odour-free air (the panellists do not know which flow is the sample air) and decide which
of the flows contains an odour. The sample is serially diluted until 50% of the panel members
cannot detect a difference between the sample and the clean air flows.

3.2.5

At this point in the dilution process, this is termed the odour threshold level of this particular odour
sample and is equal to one European Odour Unit (1 ou E/m3), equivalent, based upon the
“calibration” of the panellists’ noses by n-butanol, to a known mass of n-butanol evaporated and
mixed into one cubic metre of odour-free air. The number of times the original sample has had to
be diluted to reach this threshold is then taken to be equal to the odour concentration in the original
sample.

3.2.6

So, for example, if a sample has to be diluted 1,000 times before reaching the panel detection
threshold, then the odour concentration in the sample is 1,000 ouE/m3.

3.2.7

A European standard method has been developed for the sampling and analysis of odours by
dynamic dilution olfactometry – BS EN 13725:2003 “Air Quality – Determination of odour
concentration by Dynamic Olfactometry”. This method is followed by a number of Laboratories in
the UK, all of which are UKAS Accredited for this technique.

3.3

Odour Impact Assessment

3.3.1

The preferred approach of most of the Water Companies is to undertake an odour impact
assessment of individual WwTW sites. This involves carrying out measurements of the level of
odour emissions from each of the processes (tanks, filters, etc) on the site and then using a
technique called atmospheric dispersion modelling to produce and visualise an “odour footprint“ of
the WwTW site and the surrounding area. This footprint, in the form of contours of odour levels
overlain on a map of the area, can then be used to identify areas where sensitive development
(such as residential) can be zoned and where it should not be located.

3.3.2

One area of continuing discussion amongst regulators (the Environment Agency and Local
Authorities) and with the consulting profession is that of what is an appropriate level of odour in
ambient that can be used as a standard. For many sewage treatment works and sludge treatment
centres in the UK and Ireland, dispersion modelling output has been assessed against an odour
annoyance criterion whereby no critical receptor shall be exposed to a concentration of more than
5 ouE m-3 as the 98th percentile of hourly averages as a result of emissions from a sewage
treatment works (expressed as C98 5 ouE/m3). Our extensive experience of applying and designing
to this criterion over the last 15 years for sewage and sludge treatment schemes indicates that,
where compliance occurs, complaints with respect to odour are unlikely. The use of this criterion
has been confirmed in the recent Mogden Odour Case High Court decision6 which stated where
C98 5 ouE m-3 or above is reached, "nuisance will certainly be established".

3.3.3

However, it is widely appreciated that nuisance involves a certain degree of odour impact that is
intolerable for humans but that there is a loss of amenity at lower levels of odour, which should, if at
all possible, be avoided. This is succinctly stated in the CIWEM Policy Position Statement on
Control of Odours as follows7:
 C98, 1-hour >10ouE/m3 - complaints are highly likely and odour exposure at these levels
represents an actionable nuisance;

6
7

http://www.bailii.org/ew/cases/EWHC/TCC/2011/3253.html
http://www.ciwem.org/policy-and-international/policy-position-statements.aspx
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 C98, 1-hour >5ouE/m3, - complaints may occur and depending on the sensitivity of the locality
and nature of the odour this level may constitute a nuisance; and
 C98, 1-hour <3ouE/m3, - complaints are unlikely to occur and exposure below this level are
unlikely to constitute significant pollution or significant detriment to amenity unless the locality is
highly sensitive or the odour highly unpleasant in nature.

3.4

Odour Status

3.4.1

On this basis, it is becoming widely accepted that odour-sensitive residential development should
not be zoned into areas where ambient odour levels are likely to be above a concentration of
3 ouE/m3 for more than 2% of the hours in a year. Indeed, some Water Companies push for an
acceptable limit of C98 1.5 ouE m-3 to be applied for residential zoning.

3.4.2

It is understood that there is no significant odour complaint history from Princes Risborough WwTW
site. In 2010, a detailed odour measurement exercise and odour impact assessment was
conducted at the site by OdourNet, commissioned by a developer8, in connection with a proposed
residential development at that time. This involved taking measurements of odour emissions levels
from the individual unit treatment processes, inputting these data into a dispersion model together
with meteorological data from the nearest UK meteorological Office recording station (High
Wycombe, supplemented by some data from RAF Benson) and running the model to produce an
odour footprint of the Princes Risborough WwTW site. It is understood that, since the time of this
survey, there have been no significant changes in flow and loads to the WwTW.

3.4.3

The results of this exercise showed that the odour impact associated with the WwTW site, as
measured during September 2010, was relatively modest, with the 3 ouE m-3 odour contour only
extending beyond the WwTW site boundary to the east and south-east. At that time, Thames
Water had decided to apply a 2 ouE m-3 odour criterion.

3.4.4

Further work by OdourNet identified that emissions from sludge tanker filling could possibly cause
intermittent, short-term but probably noticeable effects on a daily basis, and a solution to this was
put forward, involving routing of air displaced from the tanker bodies through an odour abatement
plant.

3.4.5

Overall the study concluded:
 The odour emission rates measured during the odour survey fall towards the lower end of those
anticipated, based on measurements collected by OdourNet UK Ltd at other sewage treatment
works within the UK.
 The processes associated with secondary treatment (the percolating filters) are predicted to be
the most significant contributor to the off-site odour exposure levels, accounting for
approximately 66% of summer time weighted site emissions. Emissions from the primary
treatment and final treatment operations were the next largest contributors, accounting for 14%
and 12% respectively.

3.5

Assessment of Implications for the Currently Proposed Development

3.5.1

It is clear that the odour footprint generated by operations at the Princes Risborough WwTW site is
not significant and does not “sterilise” a substantial area of land in development terms. Ceteris
paribus, the larger the WwTW site and the greater the volume of sewage it treats, the greater the
size of the odour footprint. In this case, with a relatively small (13,200 population equivalent)
WwTW treating fresh sewage fed by gravity from settlements close to the WwTW, the odour
footprint is small. In addition, there are no sludge treatment facilities on the site, which limits the
potential for offensive odour generation.

8

OdourNet (2010) Odour impact assessment for Princess Risborough STW. TWUL10B7_final, November 2010. Odournet UK Ltd
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3.5.2

An assessment of future odour dispersion from the WwTW site has been undertaken using a
combination of typical unit process odour emission factors and a dispersion modelling technique, in
order to identify the extent to which odour may constrain development in the vicinity of the WwTW.

3.5.3

The draft Princes Risborough Town Plan indicates growth in the expansion area (Appendix A) of
around 2000-2500 homes by 2033. It is estimated that, with the proposed housing, employment
and retail developments in place, wastewater flows to the WwTW will increase by up to 8
megalitres per day (Ml d-1). This has the potential to increase the level of odour emissions from the
individual treatment processes on the site, particularly sludge handling and removal processes.
Table 3.1 below includes a comparison of the odour emission rates at the WwTW measured during
the 2010 OdourNet survey, the corresponding averages from the Amec Foster Wheeler database 9
and typical odour emission factors recommended by a UK Water Industry Research (UKWIR)
publication10.

Table 3.1

Comparison of odour emission rates

Unit WwTW Process

2010 OdourNet Survey

Amec Foster Wheeler
Database

UKWIR Typical Values

ouE m-2 s-1

ouE m-2 s-1

ouE m-2 s-1

Inlet channels (incl. Screens)

2.7

36

60

Screenings skip

3.3

6

-

Flow splitting chamber

2.7

9.8

6.2

Sedimentation tanks

1.5

7.3

1.9

Distribution chambers

2.8

20.5

250

Filter beds

0.6

0.37 – 5.1

-

Flow Splitting Chambers

1

2.1

Humus tank

1

2

0.7

Storm tanks

0.3

6.4

-

Open desludge wells

9.3

1.6 - 41

40

Sludge export tanker

100,000[ouE/m3]

100,000 – 500,000

1,000,000

3.5.4

As can be seen, in the majority of cases, the Amec Foster Wheeler and UKWIR emission rates for
typical processes are at least equal to or greater than those measured at Princes Risborough
WwTW in 2010. In particular, the range of emission rates for the filter beds is significantly higher
than those measured, these being the major odour source on the site.

3.5.5

The issue of which odour annoyance criterion to apply in such cases is still one that is subject to
lengthy debate on numerous occasions. In 2010, Thames Water elected to apply a C98 2 ouE m-3
criterion to a previous development proposed very close to the site. On this basis, and taking into
account the results of the 2010 OdourNet survey, it would appear appropriate to adopt a C 98 2 or
3 ouE m-3 criterion for any future residential development in the vicinity of the site.

3.5.6

Most of the UK Water Companies are now taking the issue of encroachment seriously and Anglian
Water has issued an “Asset Encroachment Risk Assessment Methodology” Guidance Document11

9

A database of measured odour emission rates from a range of WwTW treatment processes, built-up from the results of surveys over
the period 1995 to 2015.
10
UKWIR (2003) Odour Control in Sewage Treatment: A Technical Reference Manual.
11
http://www.anglianwater.co.uk/_assets/media/121212_Asset_Encroachment_Risk_Assessment_Methodology_publish.pdf
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that rates the risk of odour nuisance against size of WwTW site, based upon the population
equivalent flows served. For a WwTW site of Princes Risborough size, the recommended buffer
zone stand-off distance is at least 400 metres, based upon a C98, 1.5 ouE m-3 criterion. According
to the Environment Agency’s H4 Guidance document12, the 1.5 ouE m-3 criterion should only apply
to the most offensive odours, including septic effluents and sludges. Whilst septicity does occur
from time to time at some WwTW sites, it is generally controlled and prevented by Water
Companies in order to reduce corrosion and damage to assets. Therefore, it is considered that its
application by Water Companies in the face of encroachment is overly conservative. This would
appear to be a somewhat over-precautionary stance and it is recommended that a 3 ouE m-3
criterion would be acceptable.
3.5.7

In terms of what would constitute an acceptable buffer distance between the WwTW site and
housing in this case, a two-stage process, was initiated, as follows:
 update the odour dispersion model using more typical odour emission factors; and
 re-assess the odour footprint of the WwTW site, using odour dispersion modelling, in relation to
the proposed development Concept plan.

3.5.8

This was undertaken as follows:
 Odour emission factors for each of the unit processes at the Princes Risborough WwTW typical
of those recorded in the UKWIR Technical Reference Manual were selected. These were
changed from those measured during the 2010 survey at the WwTW site in order to allow for
increased emissions in the future as a result of greater flows and loads of wastewater from the
proposed development. Where no value was available from the UKWIR list, this was
supplemented by an average value from the in-house Amec Foster Wheeler database.
 The ADMS 5.1 dispersion model code was used, together with 5 years of hourly sequential
meteorological data from Luton recording station, which is approximately 30 km to the
north-east of Princes Risborough.13 Data from RAF Benson, 22 km to the south-west of Princes
Risborough was also considered but was rejected, on the basis that this site lies to the west of
the Chiltern Ridge. Figure 3.1 shows an example wind rose for Luton for the year 2009.

12
13

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/296737/geho0411btqm-e-e.pdf
Data for the years 2006-2010 were used in the assessment, as this block of data were already held by Amec Foster Wheeler.
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Figure 3.1

2009 Wind Rose for Luton
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3.5.9

Table 3.2

3.1

5.1

8.2

(m/s)

The odour emission factors used for each process on the WwTW site are contained in Table 3.2
below. These are, in general, higher than those measured during the 2010 survey and reflect the
fact that they are based upon a wide range of measurements taken at UK WwTW sites over a
20-year period. These are considered to be representative of emissions from a future WwTW at
Prince’s Risborough, when flows and loads to the site will have increased.
Odour Emission Factors Used

Unit WwTW Process

Odour Emission Factor, ouE/m-2 s-1

Inlet channels (incl. Screens)

7.0

Screenings/grit skip

7.0

Flow splitting chamber

1.9

Primary Sedimentation tanks

1.9

Distribution chambers

1.9

Percolating Filter beds

1.59

Flow Splitting Chambers

1.59

Humus tank

1

Storm tanks

1.9

Open desludge wells

10

3.5.10

The results of this updated modelling are contained in Figures D1 to D5 (one for each of the 5
years of meteorological data) in Appendix D, which shows the extent of a C98 3 ouE m-3 contour
line. It is evident that this contour will encroach upon some areas that are currently identified for
medium- and high-density residential development. The area of land beneath the contours varies,
depending upon the year of meteorological data, with 2010 yielding a contour which encroaches
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least to the east and north-east of the WwTW site. This is because of the severe winter of 2010,
which saw a higher frequency than normal of light winds blowing from a north-easterly direction.
3.5.11

Although there is uncertainty involved in the dispersion modelling process, arising from the
simplification of complex natural atmospheric processes by mathematical equations, this technique
is recognised as a useful tool in assessing the odour and air quality impacts of developments. It
can be surmised, therefore, that the areas of land enclosed within the C 98 3 ouE m-3 contour lines in
Figures B1 to B5 would potentially be subjected, in the future, to ambient levels of odour in the
atmosphere that would be annoying to local residents and would constitute a loss of amenity.

3.5.12

On the above basis, future development proposals need to include sufficient stand-off distance
between the WwTW site and future high and medium density housing areas in Princes Risborough.
Employment uses, with the exception of offices, are deemed to be less sensitive to odours than
residential areas, and these along with recreational uses and green areas could make up part of
that buffer distance. Accordingly, the key recommendation that emerges from this assessment is
that the layout of any development proposal needs to allow for a sensible separation distance
between housing and the WwTW site, perhaps by means of a combination of green buffers and
less sensitive uses (employment – light industrial/warehousing/storage/recreational, perhaps)
closer to the WwTW site. It should be noted that, as stated above, the actual odour climate around
the WwTW site will vary each year with weather conditions. This assessment has a degree of
conservatism built-in, as it assumes constant emissions of odour throughout the year.

3.5.13

It may also be possible for the Developer to engage in discussion with TWUL in respect of capital
funding for additional odour abatement measures installed on the WwTW site to reduce odour
emissions and, thus, “shrink” the odour footprint. This is becoming a common approach .

3.5.14

It is recommended that more detailed odour surveys and modelling should be carried out by the
developer prior to planning application stage to confirm the extent of the buffer required and the
final layout of the development. It is also recommended that a dialogue is initiated with TWUL to
investigate what, if any, odour abatement measures could practically be applied to reduce the
extent of the required buffer. It should be borne in mind that ~60% of the odour emissions
emanate from the percolating filter units and these cannot be effectively abated. On this basis,
abatement options for the inlet works, grit skips and primary tanks should be investigated, which
could achieve up to a 25% to 30% overall odour abatement.
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Appendix A
Princes Risborough and its growth area
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Further information on planned growth in Princes Risborough can be found on the Wycombe District Council website.
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Appendix B
Map of Kingsey Cuttle Brook waterbody and its
tributary Horsenden Stream along with water quality
sample points
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Appendix C
Map of the River Thames waterbody with water quality
sample points
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Appendix D
Figures D1-D5 below showing the modelled 3 ouE m3 contour lines.
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D1: 2006 Odour Contour

D2: 2007 Odour Contour

C3: 2008 Odour Contour
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D3: 2008 Odour Contour

D4: 2009 Odour Contour
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D5: 2010 Odour Contour
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