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Introduction
Hydraulic models are typically constructed and used to assess the hydraulic performance of a
catchment and develop system improvements where deficiencies are identified. This is driven by
catchment pressures such as flooding or environmental issues in accordance with the investment
priorities of water companies. Over time, codes of practice and specifications have shaped industry
“best practice” to standardise approaches and aid the construction of models which are suitable for
their intended use.
The water industry is now moving towards addressing hydraulic performance issues through Storm
Water Management (SWM), which considers the potential to remove or reduce storm water flows
before they enter the combined sewer system, as an alternative to constructing below-ground “hard
engineering” solutions. Therefore, a review of modelling “best practice” is required to ensure that
models are suitable for the development of SWM measures. This moves away from building models
to principally reflect the below-ground physical sewer network, which often leads to below-ground
solutions being developed, and focusses on a review of how flows on the surface are understood and
represented in a model.
The approach described here is based on a study of pilot sites for Scottish Water, where the
traditional approach to modelling surfaces has been challenged with the aim of producing an
alternative methodology that is more focused on representing above ground flow routes.
Current Best Practice & Limitations
Current best practice recommends that subcatchment polygons are defined so that the area enclosed
considers both the surface types and the topographical features. Subcatchments are often applied to
a node at the head of the system to remove stability issues associated with dry pipes.
WaPUG User Note 21 recommends that,
“The catchment should extend to the property boundaries of the built-up area. Areas outside
of this should only be included in exceptional circumstances”
This approach assumes that most of the runoff derived from contributing areas within the polygon
enters the sewer at that location, minus losses defined for the runoff models applied. In reality, this is
unlikely to be the case. Above-ground flow routes, the entry points of flows into the system, the
subsequent impact of storm water runoff on the below-ground hydraulics and thus a true flooding
mechanism, can be misrepresented.
Figure 1 shows an example of a typical 1D subcatchment (highlighted in green), digitised as per
industry standard guidelines to discharge to the head of the system. This concentrates all flows from
the subcatchment at a single point. The model predicts flooding (20m³) at the head of system node for
a 10-year return period event.

Figure 1 – Subcatchment Defined as per Industry Guidance

Figure 2 shows the results of a pluvial simulation (rainfall applied directly to a 2D mesh), highlighting
the runoff route, with the digitised subcatchment overlaid. The darker shades of blue show areas
where water is likely to pool.

Figure 2 – Outputs of a Pluvial Assessment

This shows that the surface runoff generally flows away from the connection point assumed for the
subcatchment boundary, which demonstrates that the simplified, standard approach can be
misleading and may not represent appropriately how flows travel on the surface before entering the
sewer network.
An Alternative Approach to Surface Modelling
In order to provide an improved representation of surface flow routes, an alternative approach has
been trialled for a number of pilot sites.

Rainwater falling onto manmade, impermeable surfaces is often directly connected to the sewers,
through downpipes, road gullies, or other pathways. Therefore, it is not unreasonable to assume that
impermeable surfaces will, in the absence of evidence to the contrary, drain to the nearest
appropriate sewer. However, consideration should be given to gully capacity and other potential
restrictions on flow entering the sewers, which may constrain this.
Stormwater falling onto permeable surfaces will, in the absence of land drains, split into a component
that drains into the underlying ground and a component that travels overland until it reaches a point
where it can enter a watercourse or the sewer network, or until it reaches a point where further
overland travel is restricted, either by topographical or manmade obstacles. To account for this, the
modelling approach described here considers impermeable and permeable subcatchments differently.
In this approach, impermeable surface polygons derived from mapping data are imported as
individual model subcatchments and connected laterally to conduits to reduce the likelihood of
overloading at a single node connection point. An example is shown in Figure 3.

Figure 3 – Individual Roof Subcatchment Application to Pipe

With this approach, flow is applied laterally to the pipe rather than being concentrated at one point,
which would potentially overload that node location. Where multiple pipes extend across a road
subcatchment, the subcatchment was set to drain to multiple links, with flow from the subcatchment
assigned to the pipes weighted based upon the length of each pipe within the subcatchment
boundary.
The application of subcatchments to pipes should be treated with some caution, especially where
there are large impermeable surfaces connecting to the pipe. This approach forces flow into the pipe,
while in reality there may be some restriction on flow entering the below ground network. Where
possible in these locations, lateral drainage should be modelled to connect to the appropriate
subcatchments.
Permeable subcatchments are created from ground model data and designed to represent the
approximate above-ground route of flows across permeable areas. A topographical assessment of the
subcatchments is used to identify expected overland flow routes. Within this assessment, each
permeable subcatchment is assumed to drain to the lowest adjacent subcatchment, until a point
where flows are expected to enter the network is reached, such as where the flow route encounters a
road that is drained via gullies. At this point, the downstream subcatchment drains to the sewer
network.

Figure 4 shows an example of the resulting subcatchments, with the highlighted subcatchments
representing an overland flow route defined within the hydraulic model.

Figure 4 – Example of permeable subcatchments with flow route defined

Sink areas, where overland flow across the permeable subcatchments will be unlikely to enter the
sewer network, either temporarily (as a sink could fill and overflow into a sewer) or permanently, are
readily identifiable and can be removed from the model if appropriate.
This approach better represents above-ground flow routes, allowing for an improved assessment of
flows in the network to be made whilst limiting the requirement for 2D modelling, and for SuDS and
SWM measures to be more appropriately located at an early design stage.
Conclusions and Recommended Future Developments
The approach described was applied to a small number of pilot study catchments for Scottish Water
and yielded improved verification results for the localised network. It also aided the location of SuDS
structures in producing initial high-level designs of options to reduce the level of flooding in these
areas. The ability to easily identify major above ground flow routes enables the modeller to develop
options that intercept these flows at key points before they enter the sewer network.
Although the initial results are promising, this approach is very much in its infancy, and there are a
number of areas that require further development and investigation, including:








The application of storage compensation calculations for small subcatchments;
The application of runoff models (e.g. accounting for nominal surfaces when using the
NewUK runoff model in InfoWorks ICM);
Potential for slowing flows entering network, where significant distance to entering sewer
network;
Application of impermeable creep for future models;
Accounting for sinks filling when using 2D outputs to represent contributing permeable
surfaces;
Potential to better account for flows unable to enter system in high return-period events; and,
The application of subcatchments to pipes should be treated with caution, especially where
there are large impermeable surfaces connecting to the pipe, as this approach forces flow into
the pipe, while in reality there would be some restriction on flow entering the below ground

network. Where possible in these locations, lateral drainage should be modelled to connect to
the appropriate subcatchments.

