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Environment Agency Environmental Impact Criteria For
Developing AMP3 Solutions To Wet Weather Discharges

Gerard Morris, Environment Agency and Bob Crabtree WRc plc

Introduction

In May 1996 the Environment Agency adopted the planning methodology contained in the first edition
of the Urban Pollution Management (UPM) Manual for sewerage and sewage treatment
improvements1. Additionally, Annex 3 of the Guidance Note on the Urban Waste Water Treatment
Regulations2, issued in July 1997, confirms that the approach that the first edition of UPM Manual
advocates for the planning of CSO improvements has been endorsed by the Environment Agency.

The UPM procedure has been developed and refined in the second edition of the UPM Manual3 that
was published in October 1998. The Environment Agency expects the use of the planning procedures
outlined in the second edition of the UPM Manual in developing all sewerage schemes. The use of the
UPM procedure will be directed at achieving relevant environmental quality targets, as defined by the
Agency, with due regard being taken to the analysis of costs and benefits and long term sustainability.
However, the UPM Manual has now been made generic in nature, and no longer explicitly
encapsulates all Agency policy in this area. The objectives of this paper are to clarify the Agency’s
requirements for AMP3 solutions to unsatisfactory wet weather urban wastewater system discharges
and to provide initial guidance in the choice of default input values for the SIMPOLv2 model that is
provided with the second edition of the UPM Manual3.

On the 25 November 1999, the Secretary of State for the Environment announced the outcome of the
water companies third Periodic Review (AMP3) resulting in a major investment programme to be
completed during the period 2000/2005.  Overall, in England and Wales, almost 3,600 km of rivers will
be protected or improved and 3,800 unsatisfactory combined sewer overflows (CSOs) will be
improved.  This means an  acceleration of the rate of the  improvement of unsatisfactory intermittent
discharges to an average of nearly 18 unsatisfactory discharges to be improved every week over the
5 year period.

Environment Agency Requirements For AMP3

The Urban Wastewater Treatment Directive (UWWTD) requires member states to take action to limit
pollution from storm overflows to improve unsatisfactory intermittent discharges.  While there are no
specific European requirements, intermittent discharges can also contribute to failures to meet
standards set by other Directives such as Bathing Water and Shellfish Waters Directives.

In the 1994 determination of water company price limits (AMP2), a programme of action was agreed
to improve unsatisfactory combined sewer overflows (CSOs).  Guidelines4 were drawn up by a
working group of regulators and Government which provided advice on identifying unsatisfactory
CSOs and on consenting discharges in order to secure improvements. A total of 525 unsatisfactory
CSOs were improved in the first two years of the period with an estimated 1,200 improvements to be
completed by the year 2000.  The AMP3 review has shown that around 5,500 unsatisfactory
intermittent discharges still remain. The intermittent discharges that are included are:

(i) CSOs on the sewerage system;
(ii) Emergency overflows and CSOs at pumping stations;
(iii) Storm overflows at the inlet to sewage treatment works;
(iv) Storm tank discharges.

Table 1. shows the information extracted from the DETR approved AMP3 intermittent discharge
spreadsheet for the water companies. Table 2. provides an analysis of the number of types of
discharge to be improved.

Table 1.   Intermittent Discharges in AMP3
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NUMBERS OF CONSENTS IN AMP3 PROGRAMME BY COMPANY
INTERMITTENT % CONTINUOUS % TOTAL %

ANGLIAN 122 2 291 13 413 5
DWR CYMRU 1095 20 311 14 1406 18
NORTHUMBRIAN 215 4 130 6 345 4
NORTH WEST 951 17 186 8 1137 15
SEVERN TRENT 360 7 343 16 703 9
SOUTHERN 217 4 128 6 345 4
SOUTH WEST 561 10 126 6 687 9
THAMES 120 2 189 9 309 4
WESSEX 526 10 92 4 618 8
YORKSHIRE 1310 24 408 19 1718 22

TOTAL 5477 100 2204 100 7681 100

Table 2. Intermittent Discharge by type allowed for in AMP3

Water Company Combined
Sewer

Overflows
(CSOs)

Emergency
Overflows (EOs)

Storm Tanks
(STs)

ANGLIAN
DWR CYMRU
NORTHUMBRIAN
NORTH WEST
SEVERN TRENT
SOUTHERN
SOUTH WEST
THAMES
WESSEX
YORKSHIRE

96
675
200
792
329
152
257
95

463
920

18
102

0
64
13
7
6
2

14
119

7
60
19
60
27
21
46
28
29
0

Total 3979 345 297

There are a number of intermittent discharges that are required to be improved to comply with EU
Directives, which will be a priority during the early part of the programme. Finally Table 3. shows a
breakdown of the number of intermittent discharges to be improved in each amenity class.

Table 3.  Intermittent discharges to be improved for each amenity class of
receiving water environment

Improvement
required

High Amenity Moderate
Amenity

Low Amenity

Aesthetics
only

267 610 496

Aesthetics &
water quality

219 656 271

Water quality only 27 126 94

Total 513 1392 861

The Environment Agency intends to authorise schemes as rapidly as possible. However, it is
estimated that 7000 consents must be reviewed in a consistent manner to achieve the real
environmental improvements that are required. The basis for initial estimation of AMP3 investment for
intermittent discharges was, in some cases, based on the AMP2 Guidelines4 and subsequent updates
in the UWWTD Guidance Notes2.  The later includes reference to the selective use of the first edition
of the UPM Manual procedures, dependant on the defined significance and  impact of the discharge.
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The Agency expects that new applications for consents for CSOs and other intermittent wastewater
discharges for delivery within AMP3 will be prepared using the planning approach outlined in the
second edition of the UPM Manual3 (UPM2).  In May 1999, the Agency issued an initial statement on
the implementation of UPM2 to assist in achieving the Government’s aim of improving consistency
and clarity in achieving the environmental benefits of AMP3.  In addition, a further policy guidance
document is currently being drafted to assist in the determination of design and consent standards.
The Agency expects that the water companies will engage in a partnership approach with the Agency
in developing solutions in support of consent applications.

UPM2 provides a comprehensive and sound scientific approach to achieving both environmental and
Directive targets and the following is a summary of the standards which will be used in conjunction
with the procedures. For river quality planning purposes, the Manual identifies two options:

(i) A refinement of the Fundamental Intermittent Standards (FIS).
(ii) River quality standards based on a percentile approach (99%iles).

It is recognised that sewerage systems may be designed to achieve FIS or 99 percentiles based on
river quality objectives, although design engineers may prefer FIS for sewerage system optimisation
and design.  Within the UPM planning framework both approaches to the establishing of consent
conditions are acceptable. The choice of which option to apply  will be dependant on the significance
of the discharge and its impact2.  Overall, it is likely that 99 percentile river quality could define the
discharge standards required for the majority of simple intermittent discharges.  However, there are
likely to be significant differences in the use of FIS or 99 percentile standards, depending on the
catchment characteristics and the nature of the sewerage and environmental problems being
addressed by a particular scheme.  The approach adopted in individual cases is expected to be
based on Environment Agency  policy implementation guidelines (that are in preparation) and defined
in close consultation with the sewerage undertaker.

Where FIS are used, the minimum environmental standards for freshwater ecosystems will be those
to achieve an ecosystem suitable for a sustainable cyprinid fishery3.  These standards, as shown in
Tables 4 and 5, are based on those in the first edition of the  UPM Manual1. More detailed information
is provided in UPM23.

Table 4. Fundamental Intermittent standards for dissolved oxygen –    concentration/duration
thresholds not to be breached more frequently than shown: ecosystem suitable for
sustainable cyprinid fishery3

Return period Dissolved Oxygen concentrations (mg/l)
1 hour 6 hours 24 hours

1 month
3 months
1 year

4.0
3.5
3.0

5.0
4.5
4.0

5.5
5.0
4.5

Notes
1. These limits apply when the concurrent un-ionised ammonia (NH3-N) concentration is below

0.02 mg/l.  The following correction factors apply at higher concurrent un-ionised ammonia
concentrations:
0.02 – 0.15 mg NH3-N/I: correction factor = (0.97 x loge(mg NH3-N/I) + 3.8) mg O/I >0.15 mg
NH3-N/I: correction factor = =2 mg O/I

2. A correction factor of 3 mg O/I is added for salmonid spawning grounds

Table 5. Fundamental Intermittent standards for un-ionised ammonia – concentration/duration
thresholds not to be breached more frequently than shown: ecosystem suitable for
sustainable salmonid fishery3
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Return period Un-ionised ammonia concentrations (mg NH3-N/I)
1 hour 6 hours 24 hours

1 month
3 months
1 year

0.150
0.225
0.250

0.075
0.125
0.150

0.030
0.050
0.065

Notes
1. These limits apply when the concurrent dissolved oxygen concentration is above 5 mg/l.  At

lower concurrent dissolved oxygen concentrations the following correction factor applies:
<5 mg/l DO, multiplicative correction factor = 0.0126 (mg DO/I)2.72

2. The standards also assume that the current pH is greater than 7 and temperature is greater
than 5oC.  For lower pH and temperatures the following correction factors apply:
PH <7, multiplicative  correction factor = 0.0003 (pH)4.17

Temperature <5oC, multiplicative correction factor = 0.5

Where FIS are used, comparative exercises may be required to check on the sensitivity of the
proposed scheme to the delivery of river quality objectives.

The Agency expects the UPM Planning procedures to be used in design of sewerage schemes
affecting Bathing Waters.  Although Bathing Waters policy on intermittent discharge frequency and
location remains unchanged, the position is under review with regard to achievement of the Guideline
standards.

The Agency encourages the assessment and bench marking of the performance of CSO devices to
achieve standards for protecting amenity uses. It is recognised that the position reported in UPM23

may change, as more technology and design options are evaluated. For example, the Agency is
currently evaluating the results in the recent UKWIR report on screen efficiency5.  However, at
present, the Agency’s policy on the requirements for the protection of amenity uses is unchanged
from the UWWTD Guidance Note2.

SIMPOL v2.0 Default Values for Use in UPM Studies

The planning of suitable solutions for unsatisfactory CSOs under the AMP3 programme will require
modelling work ranging from simple hydraulic studies to detailed river modelling, depending on
individual study needs2. However, for many CSOs, a planning exercise between these two levels may
be appropriate. To improve the efficiency of the planning workload, the Agency expects that the water
companies may adopt a UPM approach for these studies that is based on the use of integrated
simplified modelling3, combined with a risk-based analysis. The advantages of such an approach are:

(i) delivery of cost effective solutions; and,
(ii) more efficient use of resources, allowing for better targeting of CSOs which require more detailed
UPM studies.

Hence, the approach is considered to be appropriate for low to medium significance situations and for
initial appraisal of high significance situation needs2.

SIMPOLv2, provided with UPM23, is a spreadsheet model that integrates many of the key processes
involved in wet weather pollution modelling, in a simplified way, so that many events can be simulated
rapidly. It incorporates both deterministic and stochastic elements. The main use of SIMPOLv2 is the
rapid testing of the performance of potential solutions against environmental criteria, such as the
Fundamental Intermittent Standards and the RE class 99%iles. Normally, SIMPOLv2 can be
calibrated against detailed quantity and quality model results for this purpose. However, for simple
systems, SIMPOLv2, or other similar modelling tools, may be used with default values and
appropriate sensitivity testing to identify environmentally acceptable solutions without recourse to
detailed quality simulation models based on site specific data collection programmes.

The Environment Agency commissioned WRc to carry out a study to review available data and to
identify and provide guidance on the use of default values for key SIMPOLv2 input parameters. The
study concentrated on parameters relating to sewer sediments, runoff quality and in-river processes in
the SIMPOLv2 model. However, it is anticipated that the resulting information can be used to support
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the development and application of alternative simplified modelling tools. It should be noted that dry
weather flow pollutant concentrations were not assessed as these have been considered elsewhere6.

The study was based on data provided by water companies from previous SIMPOL modelling
applications. The key results from the study are summarised below. In due course, the study will be
fully reported and the outcome will be available from the Environment Agency.

Surface Runoff

A constant quality is defined in SIMPOLv2 for surface runoff, in terms of BOD and ammonia. In many
applications the values of 10 mg/l for BOD and 0 mg/l for ammonia have been used in the absence of
survey data. However, it is considered that this value for BOD is conservative for most locations.
These values appear to correspond with the values given in studies from Europe, USA and Australia7.
Data from surface runoff sampling were available from six locations in England. These data had been
collected to support recent UPM studies involving detailed sewer and river modelling and the use of
SIMPOL. Analysis of these data leads to the recommendation that for BOD a value between 3 and 10
mg/l should be used. For ammonia, 0 mg/l should be used in the absence of any catchment specific
data. Appropriate sensitivity testing should be used to indicate the importance of runoff quality in
testing solutions.

Sewer Sediments

In SIMPOLv2 the mass of BOD within sewer sediments at the start of each rainfall event is
represented in terms of a BOD sediment load (kg) for each subcatchment. In addition to this load,
each subcatchment is assigned a BOD erosion concentration. This parameter defines the
concentration at which the BOD sediment store is eroded by sewer flow during events and, therefore,
influences the size of event required to mobilise the entire BOD sediment store. This is a very
simplified approach to representing an extremely complex process, but has been used successfully to
explain the observed behaviour in a number of catchments. As sewer sediments can account for a
major portion of the BOD load in storm sewage, these parameters can be very important in modelling
the  impact of CSO spills.

Sewer sediment data were available from 5 previous UPM studies. The explanatory variables
investigated were: the average gradient of the sewer pipes (total height loss divided by total length);
the average diameter of the pipe network (weighted by pipe length); and, maximum pipe diameter.
The only explanatory variable used that produced an apparent relationship was average sewer pipe
gradient.

The BOD erosion concentrations are particularly hard to study objectively since the values used in
previous studies have not usually been based on field data. This means that it is only really possible
to suggest a general range of 100 to 300 mg/l, and should be of such a value to cause substantial
depletion of the BOD sediment load during an average storm event.

River Processes

The river module in SIMPOLv2 is a simple steady state model, which uses the same basic river
process equations as MIKE 11 (model level 3). There are 7 key user defined inputs within the river
module of SIMPOLv2, which need to be defined. Default value ranges for these parameters can be
established from MIKE 11 studies and user information8,9,10

Manning’s n describes channel roughness. Guideline figures for various types of man-made and
natural channel can be found in many literature sources. Vegetation may also have a major influence
and may account for marked seasonal variation in n. Channel irregularity may also increase n, as will
sharp curvature in a channel. These factors may be important to consider when representing a river in
SIMPOLv2.

Recommendations
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Many of the processes involved in the interaction between sewers and rivers are very complex and
have been greatly simplified within SIMPOLv2. In addition, assessing the impact of wet weather
discharges with SIMPOLv2 may, under some circumstances, be sensitive to some of these input
parameters. Appropriate sensitivity testing should always be carried out to investigate the importance
of key parameters on the polluting loads discharged to rivers and their subsequent impact. The
recommended default ranges for parameter values in SIMPOLv2 are given in Table 6. As, in some
cases, these have been derived from limited observed data, it is also recommended that sensitivity
testing should be carried out to identify initial outline solutions; to target data collection; and, to act as
a starting point for local negotiations on the choice input parameter values.

Table 6 Recommended default value ranges for SIMPOLv2

Parameter Units Default range

Runoff quality
BOD concentration in surface runoff mg/l 3-10

Sewer sediments
BOD sediment load Kg/ha imperm.

area
1-10

(av. sewer slope >0.02 m/m)
0-3

(av. sewer slope <0.02 m/m)

BOD erosion concentration mg/l 100-300

River processes
Manning’s n 0.025-0.15

BOD decay rate /day 0.1-0.35
NH3 decay rate /day 0.5-2.0
Net gain of ammonia from BOD decay gN/gO 0.29-0.3
Ammonia yield factor gO/gN 4.47-4.57

Conclusions

The Agency has undertaken an extensive, internal UPM dissemination programme throughout the
Regions and Areas; and, with our regulator colleagues in SEPA and the Northern Ireland Heritage
Service. Also, a Help Desk Service has been contracted to WRc to provide support to Agency staff.  A
resource allocation and process management programme is currently being considered to ensure
consistent delivery of consent reviews in AMP3.  Externally, the Environment Agency is actively
encouraging technical participation with the industry, consultants and academia, through WaPUG and
the FWR Waste Water Forum.

The announcement of the AMP3 programme will finally enable the legacy of our inadequate Victorian
sewerage networks to be overcome.  The implementation will require considerable efforts by the
water companies in scoping, planning and constructing the new infrastructure. The Environment
Agency is committed in ensuring that the programme will achieve these environmental targets in a
consistent and timely manner. The use of UPM23 will underpin the planning effort and decision
making that is required to enable the full environmental benefits of the AMP3 investment to be
achieved.
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Discussion

Question John West The University of Birmingham

Looking at table 6 the recommended defaults have variations factors of 10 in their ranges. Will it not
be expensive to sort out what value is to be used?

Answer

These are to treated as starting points. Different catchments are sensitive to different ranges. The
ranges are derived from detailed deterministic models.

Question Adrian Saul Sheffield University

For erosion characteristics , what other factors  (not just slope) were looked at ? We have found
antecedent dry  weather to be important.

Answer

The full report will detail out all the issues, it is available now but in the best format.

Question Martin Osborne BGP Reid Crowther

BOD sediment load is 6 hours to 2 days built in.

Answer

It is event and system specific, this is an area needing more effort.
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