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Sewer Sediment Modelling - Dishing the Dirt

Jamie Margetts – WS Atkins

Abstract
Sewer sediments can have significant effects on the discharge capacity of a sewer, which can cause the onset,
or worsening, of flooding problems or overflow spills in a catchment. As a result, it is highly desirable that
modelling tools are available so that sediment loads, and erosion or deposition patterns can be predicted within
the sewer system. A host of empirical and quasi-deterministic models exist to represent sediment movement
within the sewer system. These models are not without limitations. The paper will assess how the two main
sewer modelling software packages used in the UK (InfoWorks and MOUSE) address sediment modelling.
Attention will be paid to whether the software is really addressing the needs of the drainage engineer. It is
evident that there are limitations with the software, and improvements are recommended that would allow a
more realistic representation of sediment transport.

Introduction
Sediments are found in all types of sewer, and occur in different organic or inorganic fractions depending on
whether the system is foul, combined or surface water in nature. Efficient sewerage systems transfer these
sediments to the STW, with the flow, for breakdown or removal. In contrast, in sewers where velocities are
permanently, or periodically, low the sewers may act as a store for sediments, whereby they are deposited by
the flow and collect within the pipes. Typically, this occurs in sewers with a very low gradient or sewers which
have a high diameter/flow ratio. The problem is often exacerbated in negative gradient sewers, or sewers with a
poor structural condition whereby there may be continued partial obstructions on the sewer floor. In these
sewers, pools of flow develop under low velocities, and deposition of sediments is encouraged.

The effect of sediment within sewers can be substantial. Ackers et al (1994) highlight that in sewers with no
sediment deposits, simply transporting sediment along the sewer invert within the flow can decrease the
discharge capacity by up to 4%. Deposited sediments, though, have much more of an impact on the discharge
capacity of any sewer, with the discharge capacity of a sewer being inversely related to the depth of sediment in
a sewer. The deposition of sediment also further reduces the discharge capacity of a sewer due to the increase
in roughness associated with the texture of the sediment bed. The effect of lowered discharge capacities in
sewers is obvious in terms of an increase in flooding magnitude or risk. Similarly, deposited sediments may
increase the likelihood of a CSO spill should they be deposited downstream of a CSO. The deposition of
sediments in sewers is also detrimental from a water quality perspective, as deposited sediments are often re-
suspended during peak storm flows, and subsequently find their way over CSOs into receiving waters.

Traditionally in the UK, sewers have been designed to have a standard 'self-cleansing' velocity of between 0.75
and 1m/s, depending on the type of sewer and low flow rate. Ackers et al (1994) highlight, though, that 'recent
research has demonstrated that a single minimum velocity, which is unrelated to the characteristics and
concentration of the sediment or to other aspects of the hydraulic behaviour of the sewer, does not realistically
represent the ability of the sewer flows to transport sediment'. In sewers that do not achieve self cleansing, and
where the deposition of sediment regularly occurs, sewer operators spend large sums of money cleaning their
systems. In many cases maintenance plans are developed to regularly jet and clean problematic sewers.
Alternatively, the cleaning of sewers often occurs on a reactive basis, for example, when flooding has already
occurred due to blockages and hydraulic incapacities downstream.

Due to this important interaction between sewer sediments and the hydraulic characteristics of sewers, there is,
therefore, a need to be able to accurately represent sediments and their effect on flow in hydraulic modelling
studies. In a similar fashion, the ever increasing requirement to be able to predict sediment loads at overflows or
entering STW should act as a driver for the development of software that allows the sediment/hydraulic
interaction to be represented. This is becoming increasingly important as more and more UPM studies are being
carried out. The ability to predict sediment build up due to the hydraulic conditions in the sewers is important to
allow operators to distinguish between blockages caused by hydraulic conditions and those associated with
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structural and service condition, and is also essential if associated polluting effects are to be predicted (Ashley
and Fraser, 2000).

This paper will highlight the representation of sediment in the hydraulic modelling packages currently available,
and to what level of detail the software allows sediment transport within sewers to be modelled. It is designed to
be used as a guidance note to highlight to users the advantages, and limitations, of using the available hydraulic
modelling tools to predict sediment patterns in sewers.

Sediment Transport Theory and Models
Extensive and contentious are two words that well describe the field of sediment transport theory. The last 50
years has seen numerous models suggested to describe the erosion, transport, and deposition of sediments in
open flow channels, and subsequently sewers. These models generally rely on a variety of empirical constants
and calibration parameters, many of which have been determined in laboratory experiments. Often these models
are highly complex, due to the simple fact that sediment transport depends on a vast number of environmental
factors relating to sediment, flow, and channel characteristics. Due to their empirical nature, and the fact that
these constants attempt to describe such a variable process, there are frequently discrepancies between model
predictions and field measurements. Studies comparing predicted results from these models to measured field
data have found highly variable results, and rarely do sediment transport theories predict sediment movement to
the degree of accuracy that, say, hydraulic equations and models are expected to perform. This is well
highlighted by Chadwick and Morfett (1991). These authors detail the comparison of one of the main sediment
transport theories against observed data. The comparison was claimed to be 'good', with 'good' results meaning
that 50% or more of the results lie in the range of 0.5 to 2 times the measured sediment transport rate.

The detail of sediment behaviour models is well illustrated by Ashley et al (1999), who demonstrate that at the
present time, sediment behaviour models are at a quasi-deterministic state, combining complex physically based
parameters with empirical calibration parameters. In contrast, hydraulic modelling is much more deterministic,
relies on few calibration parameters (with the exception of Mannings!), and thus requires verification rather than
calibration.

The merits and problems with the various sediment transport models and theories is not the domain of this
paper. The main theme that should be carried forward to any discussion regarding sediment modelling in the
current hydraulic modelling suites is that the science of sediment transport theory and prediction is at present by
no means exact, and as yet there is no clear answer as to what model most accurately describes sediment
transport in channels, or in sewers.

Modelling Software Available at Present
At present there are two suites of software in use in the UK that claim to have sediment modelling capabilities.

InfoWorks
InfoWorks is produced by Wallingford Software, UK, and has recently been updated (version 3.0 and 3.1) to
include water quality simulation capabilities. Both the hydraulic and water quality parameters of the sewer
system are simulated within the same package. The water quality simulation engine used in this software is
identical to the QSIM feature of HydroWorks, and all the comments in this report relating to InfoWorks also apply
to HydroWorks.

MOUSE-TRAP
MOUSE-TRAP, which is produced by the Danish Hydraulic Institute (DHI), was first developed in 1994, and is an
additional module to the MOUSE hydraulic simulation engine. In June 2000 the MOUSE 2000 version was
released, which combines the hydraulic and water quality simulation engines as a single module within the same
Windows environment.
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Representation of Sediment in the Modelling Software
The following discussion will detail how each of these hydraulic simulation engines model the transport of
sediment in the sewers, and how this affects sediment build up, erosion and consequently hydraulic conditions.
Any discussion relating to the modelling of sediment in these models should not only be concerned with the
physical movement of sediment in the flow in sewers, but also the input of sediment to the sewer.

InfoWorks
The input of sediment to the sewer system from the catchment surface is determined using the surface washoff
model. This model determines the amount of sediment, and thus attached pollutant build up that occurs upon the
catchment surface. A 'build up equation' is applied during dry periods to calculate the amount of available
sediment on the surface prior to a storm event. The software then calculates the amount of this sediment that is
eroded by rainfall. This equation requires a rainfall erosion coefficient to calculate the detached sediment load. A
simple linear routing model is utilised to attenuate the sediment input into the sewer system.

The other main inputs of sediment to the system involve the addition of domestic or industry based sediment
fractions and known/measured sediment inputs. These are simply applied through the wastewater generator file,
or sediment point inputs, in a similar fashion to flow inputs from these sources.

The sediment concentration and mass flow down each of the conduits is then calculated. The representation of
flow and thus sediment movement is relatively simple in InfoWorks, and a number of assumptions are made:

•  The flow is one dimensional in the conduit in conjunction with a specified flow.

•  Concentration of suspended sediment is well mixed through the cross section of the conduit.

•  Suspended sediments are transported along the conduit with the local mean velocity.

•  It is assumed that plug flow occurs, and dispersion is negligible, within the conduit.

Using a one-dimensional advection equation, the temporal and longitudinal variation in concentration within the
pipe can then be calculated.

Using Ackers-White theory of sediment transport, the software calculates the theoretical carrying capacity of the
flow in a pipe length. This is the theoretical maximum concentration of sediment that can be held in the flow, and
is a function of parameters such as flow velocity and sediment particle diameter. Should the calculated sediment
concentration in the flow be higher than the theoretical carrying capacity, then sediment will be deposited on the
bed. If the carrying capacity is in excess of the calculated concentration, then sediment will be eroded from the
base of the pipe. InfoWorks assumes that erosion is instantaneous, whereas the rate of deposition is related to
the settling velocity of the sediment (though the measurement of settling velocity is wrought with difficulty). Both
the flow concentration calculation and the bed mass calculation are carried out for each timestep of the
simulation.

InfoWorks allows two different sediment fractions to be modelled, related to the average size of particle. This is
important when assessing the deposition and erosion of sediments in the pipe lengths, as obviously the
deposition patterns of larger particles and smaller particles are different. The Ackers-White equation takes into
account the size and specific gravity of a sediment fraction, so this function does allow a more accurate
assessment of sediment patterns than if only one sediment fraction were modelled.

MOUSE-TRAP
In a similar fashion to InfoWorks, MOUSE-TRAP allows the build up and wash off of sediment from the
catchment surface, domestic and industrial inputs, and measured inputs to be modelled. Domestic, industrial and
measured inputs are modelled in a similar manner as InfoWorks, and will not be discussed further.

MOUSE-TRAP models the build up of sediment on the surface in a similar fashion to InfoWorks, but is
considered in more detail. Rather than using a simple routing model to input washed off sediment into the sewer
system, MOUSE-TRAP utilises a surface sediment transport model. For fine particles, the rate at which they are
transported to the sewer system is limited by only the rainfall erosion rate and the amount of available sediment.
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In contrast, the transporting of coarser particles is limited by the transport capacity of the overland flow, as
defined by the Meyer-Peter bed load equation and the Einstein Equation for suspended sediment.

MOUSE-TRAP allows the user to specify many more than two sediment fractions, allowing the percentage mix
of various diameter particles in a sediment to be represented in the model. Again, this is a very difficult
parameter to quantify in the field as sediment grain diameters vary spatially and temporally within a system due
to not only movement into through the system but differing inputs and in sewer breakdown processes. No more
than five sediment fractions would usually be considered sufficient, due primarily to the difficulties in collecting
accurate calibration data relating to sediment size and distribution.

Following the calculation of the inputs of sediment to the sewer system, MOUSE-TRAP calculates sediment
transport within the sewers to varying levels of complexity. MOUSE-TRAP differs from InfoWorks in that
MOUSE-TRAP has the function to utilise four different sediment transport formulae, rather than just the Ackers-
White model used by InfoWorks. The MOUSE-TRAP sediment transport module also has a number of differing
levels of complexity. For example, on a simple basis the model may only calculate the hydraulic resistance of
any sediment deposits in the pipe. In contrast, the more detailed models can calculate the detailed morphology
of sediment deposits on the pipe (dunes and ripples), and how this in turn effects the sewer hydraulics.

MOUSE-TRAP uses four possible sediment transport formulae to calculate sedimentation movements and
patterns within the sewer system. These are Engelund-Hansen, Ackers-White, Engelund-Fredsoe-Deigaard, and
Van Rijn.

Both the Ackers-White and the Engelund-Hansen formulae calculate the total sediment transport relative to the
flow velocity. The Engelund-Fredsoe-Deigaard formula is more complex in that it allows the total sediment
transport within the sewer to be calculated as a function of both bed load transport and suspended transport.
This formula then allows development of sand dunes in pipes to be described, and how this affects the friction at
the bed (and thus erosion and deposition). In a similar fashion, the Van Rijn formula also calculates sediment
transport as a function of both the bed load and suspended fractions. MOSE-TRAP also allows very fine
sediments to be transported with an advection-dispersion model.

Discussion
Theoretically, InfoWorks provides a good basis for sediment modelling, although it may be considered limited in
that only one of numerous sediment transport models is used. A wide variety of sediment transport formulae
exist, each with its own advantages and disadvantages, and varied application. InfoWorks also assumes that
sediment is transported within the flow as advection-dispersion (i.e. as if it was a dissolved particle). In reality,
though, sediment transport is a combination of advection-dispersion of very fine particles, suspended transport
of other particles, and bed load transport of larger particles. The Ackers-White theory on which InfoWorks QSIM
is based is a total transport model, which does not consider the mode of transport, only the total amount
transported. More complex approaches are available, which attempt to identify the bed load or suspended load
independently (Einstein-Brown for bed load, Engelund and Fredsoe (1976) and Van Rijn (1984) for bed load and
suspended sediment). DHI do highlight, though, that it is at present doubtful whether the models which split the
sediment load into bed load and suspended load are more reliable in determining the total transport than the
formulas that consider sediment transport as a whole. Despite InfoWorks being limited to a single total load
sediment transport model, this level of simplicity allows the user to rapidly come to terms and learn the basics of
sediment modelling within the software. There is a user friendly feel to the InfoWorks suite in that the user is not
over faced with many complicated calibration parameters. Conversely, advanced users have less scope to
investigate the effect of changing various parameters within the Ackers-White sediment transport model.

However, despite this user friendly feel, there are two limitations within the InfoWorks software that may prevent
its application on many sediment modelling applications.

1. There is no feedback between the QSIM module and the hydraulic simulator. This is a very important
factor, as this means that the effect of deposited sediment on pipe invert level, gradient, pipe capacity, and thus
flow, depth and velocity characteristics is not accounted for in subsequent hydraulic calculations. InfoWorks
carries out a hydraulic calculation based on the fixed pipe parameters, and the results of this are used in the
water quality calculation (erosion, transport or deposition of silt). Assuming silt is deposited during a timestep,
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the effect on the flow of this silt is not fed back into the hydraulic calculation for the ensuing timestep. The fixed
pipe parameters are again used. This feedback between the water quality and hydraulic modules is essential if
the long term variations in sediment deposition, and any evolving features or blockages, are to be modelled and
predicted. For example, a sewer may accumulate a depth of silt over 50% of the pipe height, which in turn would
reduce the capacity of the sewer and perhaps promote flooding or overflow operation upstream. InfoWorks
would be unable to model this water quality and hydraulic interaction.

2. It is a feature of the software that InfoWorks (and HydroWorks) do not allow a sediment depth to be
deposited greater than 10% of the flow depth. This limit to the deposited sediment depth is hard coded within the
software. Discussions with Wallingford Software have highlighted that this was implemented as a result of there
being no feedback between the hydraulic and the water quality calculations. A 10% depth limit avoids the
potential scenario whereby there may be a sewer that has a predicted sediment build up of over, say, 50% pipe
depth, but still has a flow equivalent to the clean pipe capacity. This obviously has important implications on the
modelling of moderate to large sediment depths that may build up under low flow conditions or in flat sewers.

The implications of there being no feedback loop between the sediment transport, erosion or deposition, and the
hydraulic characteristics of the sewer system is obvious. It is not possible to model the effect of deposited
sediment on hydraulic incapacity and flooding in a catchment in InfoWorks, unless an iterative procedure is
adopted. In this case, following a simulation, silt is added to the base network as a fixed silt layer, and this step
is repeated until the model shows no further sediment deposition or the opposite effect of hydraulic incapacity
and flooding. This approach is rather time consuming and involves many repetitive simulations. It also prevents
the accurate consideration of varying sediment patterns and depths within a single sewer (differences between
the upstream and downstream ends), and the scenario of all the sediment being eroded due to high flows during
one of the simulation runs (as a proportion of sediment is now represented as fixed). It is also impractical when
one considers the potential of using continuous simulation (e.g. one year of rainfall) to assess long term
sediment deposition patterns and the effects of these on the performance of the system. In a similar fashion,
users should be aware that the limit of sediment deposit depth of 10% flow depth may cause predictions of
sediment load at CSOs to be under predicted should the 10% limit have come into force. This is due to the
potential deposited sediment depth over the 10% limit that has not been predicted in the model, and thus not
available for erosion during times of peak flow. Hence foul flushes cannot be accurately predicted for any system
where there are sediment deposits over 10% of the flow depth.

Wallingford Software are currently investigating the possibility of incorporating a water quality - hydraulic
feedback loop in the software. This will allow a much more accurate representation as to the effects of sediment
deposition on flooding occurrences, CSO spills, and the polluting potential of CSO spills.

In contrast to InfoWorks, MOUSE-TRAP allows the user to specify the complexity of the sediment modelling
calculation and the mode of calculation used by the software. Simple modes have no feedback between the
hydraulic and water quality calculations. The more complex modes allow the results of any water quality
calculations from one timestep to be fed back into the hydraulic calculations for the following timestep. This
allows the effects on gradient, capacity and flow to be much more accurately modelled as sediment is deposited
or eroded. This in turn allows the effects on the upstream and downstream flow characteristics to be predicted
(flooding, overflow spills, flushing of sediment).

In a similar fashion, MOUSE-TRAP more accurately models larger depths of sediment in a sewer. The only limit
on the depth of sediment deposited is the total height of the sewer itself. This means that very deep deposits,
and near total blockages, can be modelled. The benefits with regard the accuracy of the subsequent hydraulic
calculations of this are obvious.

Despite the above advantages with MOUSE-TRAP with regard to the representation of the fundamental
interaction between sediments and the hydraulic parameters, a number of limitations have been found with
MOUSE-TRAP.

•  It is not possible to pass sediment through pumps when the sediment transport models are used. Sediment
can only be passed through pumps if it is modelled as advection-dispersion. This rather defeats the object of
having the sediment transport models if there are pumps in the catchment.
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•  It is not possible to utilise a hot start facility in MOUSE-TRAP for sediment transport. This means it would not
be possible to use the results of one set of sediment transport calculations to form the initial conditions for a
next set. This has substantial implications on the required simulation time and size of results files. It is not
possible to simulate the build up parameters once, and use these as a base for future simulations. It would
only be possible to do this by changing the model parameters and adding predicted sediment from a
previous simulation to the base model.

•  Test simulations carried out by WSA identified problems in MOUSE-TRAP when negative gradient pipes are
modelled. The sediment transport formulae attempt to find the equilibrium sediment profile by depositing
sediment. This deposition was carried out to such an extent that the concentration in the flow downstream of
a deposition area was 0mg/l, even for small sediment sizes (<0.1mm). Very large sediment depths built up in
the upstream ends of pipes. Such model predictions are counter-intuitive, and probably not observed in
reality. Negative gradient pipes accentuated this process, with upstream pipes being nearly totally filled with
sediment, yet no sediment passed forward to the down stream pipes.

•  Due to the WQ - hydraulic feedback loop the computational times required to simulate sediment transport
models in MOUSE-TRAP are very long, and could be considered excessive. Test simulations carried out by
WSA on a 200 node model of a large diameter tunnel showed that sediment transport only occurred in the
upper 200m of sewer after 50 simulation days (3 days in real time). In order for the sediment to progress to
the outfall at the end of the tunnel, it would take an estimated 7,500 simulation days (400-450 days in real
time). This makes it impractical to use as an engineering tool.

DHI are aware of these limitations and are currently investigating improvements to the software.

It should also be highlighted that neither models take into account in-sewer processes and how these may affect
the grain size distribution of sediment throughout time and through the system. For example, Ashley et al (1999)
detail that solids undergo various transformations through the system due to microbial and physical processes.

Conclusions
Sediment transport, and the associated deposition and erosion within the sewer system, is a difficult process to
quantify, especially to the deterministic level associated with the hydraulic modelling software used in the UK.
Various empirically based sediment transport theories exist which aim to predict the controlling factors relating to
sediment erosion and deposition. None of these various models are universally acknowledged to be better at
predicting sediment transport than the others. These models are often complex and require a great number of
calibration parameters, and this makes incorporating them in engineering sewer models even more difficult due
to the large amount of data that needs collecting, much of which can only be collected with limited accuracy
(sediment build up rates on the surface, rainfall erosion rates, and sediment grain size distribution).

Despite these uncertainties, the available hydraulic modelling software packages (InfoWorks and MOUSE-
TRAP) have attempted to implement these sediment transport models. This review has highlighted two very
differing approaches. InfoWorks has adopted a much simpler approach, whereby only one sediment transport
theory is utilised, and the user has to input only a small number of calibration parameters. Also, InfoWorks does
not consider the important interaction between sediment build up in the sewer system and the hydraulic
performance of the system. In contrast, MOUSE-TRAP follows a more involved methodology to modelling
sediment transport, with the user required to choose from a variety of sediment transport models and also
consider more calibration parameters. Whilst MOUSE-TRAP allows the sediment transport - hydraulic interaction
to be modelled, this has serious implications on the simulation time required to obtain predictions. This limits its
use on medium to large catchments, where many nodes may be simulated, or where sediment deposition may
be common. Similarly, the lack of functions such as the sediment hot start facility also limit its use when
numerous simulations are required.

Both software houses are aware of these limitations and are investigating the possibility of enhancing the
software to improve the confidence that can be placed in sediment related predictions. The upgrading of both
InfoWorks and MOUSE-TRAP to overcome these limitations will be a step in the right direction, though it should
not be forgotten that our knowledge of sediment transport has not progressed to a fully deterministic position,
due to the vast number of unknowns and environmental variables. The confidence that can be placed in the
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model predictions of both InfoWorks and MOUSE-TRAP will always depend on the quality of the base sediment
transport theory models. The fact that these themselves are by no means 100% accurate should always be
borne in mind when using any model to predict the sediment patterns in sewer systems.
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