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ABSTRACT

Many of the United Kingdom Combined Sewage Overflows (CSOs) currently identified for improvement are
defined as impacting on water quality. For marine CSOs, the key water quality issue is often to ensure that
they do not compromise compliance with the EC Bathing Waters Directive. Evidence from studies using a
risk-based approach shows that, in many cases, a spill frequency higher than the UK de facto “three spills per
bathing scason” emission standard can be justified, without compromising the required environmental quality
standards. The approach provides predictions of the overall risk of non-compliance with water quality
standards, and can be used to identify likely storage volumes required to meet a particular standard. The
saving in terms of reduced stormwater storage and pumping costs can be considerable. Application of the
technique will be demonstrated in this paper by reference to a specific study.

INTRODUCTION

The Bathing Waters Directive (BWD) of the Council of the European Communities (76/160/EEC) defines
various quality objectives for Designated Bathing Waters (DBWs). In England and Wales, the BWD is
transposed into national law by the Bathing Waters Classification Regulations 1991. Compliance with the
Regulations is driven by the two mandatory coliform standards; for total coliforms and faecal coliforms. The
bacterial concentrations of 95% of water samples from each DBW must not exceed 10,000/100ml and
2,000/100ml for total coliforms and faecal coliforms (FCs) respectively. The Environment Agency of England
and Wales (EA), who are responsible for the monitoring of Bathing Water standards, obtain at least 20 water
samples from each DBW over the Designated Bathing Season (1 May to 30 September) of each year, and
assess compliance by determination of the bacterial concentrations. In order for a DBW to be compliant in a
particular year, at least 19 samples of the 20 obtained must have bacterial concentrations less than the
mandatory standards.

Discharges from Combined Sewage Overflows (CSOs) are intermittent, and occur during and after rainfall
events when combined sewer systems reach capacity. They result in the discharge of untreated stormwater
through the CSO outfall. Following improvements in treatment of effluent from, and locations of, outfalls for
continuous discharges of sewage, CSOs were identified as significant sources of FC bacteria, which could
adversely impact on DBW compliance with the BWD. The EA are responsible for consenting CS8Os in
England and Wales, and require Water Service Companies (WSCs) to demonstrate that new CSOs, or existing
CS0s which are considered to be unsatisfactory, will meet defined spill frequency criteria, which have been
determined by the EA as appropriate “safe” frequencies likely to prevent CSOs from causing failure of the
BWD standards. Where CSOs discharge to/near DBWs, spill frequencies are required to lie between three
spills per Bathing Season and one spill per five years, depending on the location of the soffit relative to the
Mean Low Water Spring (MLWS) and Mean High Water Spring (MHWS) levels. Exceptions to these criteria
are only allowed where CSO soffits lic below MLWS and WSCs can demonstrate that a CSO will achieve
98.2% compliance with the Bathing Water Standards and, for an existing CSO, that it has not been associated
with historical non-compliance with the Standards. The figure of 98.2% relates to continuous distributions of
bacterial concentrations; provided a continuous distribution over a Bathing Season achieves this standard then,
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according to binomial theory, no more than one in every 20 evenly-distributed samples of that distribution is
likely to fail the standard.

Naturally, a straightforward approach to obtaining consents for proposed CSOs is to design the sewerage
system so that the spill frequency criteria are met. However, in the experience of the authors, approaches of
this type can lead to over-designed systems, with excessive stormwater storage capacity yielding relatively
limited benefits in terms of water quality.

Historically, one of the main reasons why WSCs have been obliged to conform with spill frequency criteria in
order to obtain consents to discharge from new CSOs is that there have been no tools available to adequately
determine whether the alternative water quality standards are likely to be achieved. Whilst numerical
modeling techniques which can estimate reliably bacterial concentrations in DBWs have long been available,
the application of such techniques at particular sites has been limited by computer resource practicalities to
relatively small numbers of representative combinations of environmental conditions. At many sites, modeling
of this type, at best, provides highly approximate indications as to future water quality, and cannot resolve
probabilities of occurrence of particular bacterial conditions to the required level of accuracy.

The key points of the above discussion can be demonstrated by the following example. Hydrodynamic
conditions in UK coastal waters are dominated by the effects of pronounced, semi-diurnal tides, which vary
between high range (spring tides) and low range (neap tides) over approximately 14-day spring-neap cycles.
A spill from a CSO to this environment can occur at any time in the semi-diurnal cycle and, to resolve the tidal
variation adequately, around 12 spill commencement times (roughly each hour in a 12.5-hour tidal cycle),
relative to High Water (HW), need to be considered. The effects of spring-neap variation can be represented
by considering one mean spring tide and one mean neap tide. As the behavior of buoyant pollutant plumes is
also influenced by the prevailing wind, the effects of winds also require consideration, for which purpose wind
distributions can usually be represented by a mean wind speed from each octant of a 360 -distribution. On the
basis of these discretizations of each of the key environmental variables, the number of model simulations
required to simulate the full range of possible combinations of conditions for a single CSO spill is 192 (12 spill
commencement times, by two tide types, by eight wind conditions). Typically, a dispersion model simulation of
each one of these combinations might require one-hour of processor time, so a total of eight days of processor
time would be needed. As a particular sewerage system might have of order 10 CSOs dischar ging to a DBW,
and the number of storm events requiring consideration is of order 100 (say, ten years of rainfall events) to
represent adequately the range of combinations of spills which can occur from the multiple sources, the
processor time required to assess the discharges of a typical sewerage scheme is around 20 years (this time
period could be reduced by combining the multiple CSOs
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