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Abstract
The challenges of effective ‘slow response’ runoff modelling in the UK are well known and
documented. The development of the 2013 UKWIR runoff model addresses the limitations of the
historical models. In Sweden, the approach for modelling rainfall dependent inflow and infiltration is
quite different, using separate components for both ‘fast’ and ‘slow’ response runoff.
This paper will provide an overview of the model build and calibration process (including data
collection) of the hydrological model, and the discrete modelling of the fast response component
(FRC) and slow response components (SRC) separately.
Using the ‘Rya Avloppsreningsverk Område Modell (RAOM)’ catchment model (contributing network
to Rya Wasterwater Treatment Works (WwTW)) as a case study, it will show how the model uses
‘real time’ simulations as an operational tool.
Rya WwTW in Gothenburg, Sweden treats wastewater from Gothenburg and six surrounding
municipalities, and has about 765,000 Persons Equivalent (Pe) connected to the plant.
Approximately 40% of the sewers connected to the tunnel network are combined systems which
results in large variations in hydraulic loading to the plant, from 173Mm³/d to 1,425 Mm³/d.
Wastewater is transported to Rya WwTW through a tunnel system with a total length of 132 km.
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Introduction
In order to utilise a catchment hydraulic model in a ‘real time’ forecasting scenario, it is
necessary for the model to be ‘accurate’ at the time of the forecasting simulations.
In comparison to fast response runoff from impermeable areas, which is directly related to
precipitation and contributing areas, slow response runoff is more dependent on the
‘current’ and antecedent hydrological conditions.
The runoff modelling approach used by DHI in Sweden is achieved by the discrete
representation of both fast and slow response runoff components (FRC and SRC
respectively).
The SRC component is typically calibrated using 2 years flow and rainfall data, and is often
based on daily inflow values at the treatment works.
The historical runoff data is incorporated into model simulations to represent the
antecedent hydrological conditions.
Within the context of the RAOM model, the model is verified daily against the observed
rainfall and flow conditions. The model can then be used as an operational tool to develop
pumping station strategies using the 5-day weather forecast.
Rainfall Dependent Infiltration (RDI) Calibration
Figure 1 shows the indicative hydrographical responses to rainfall in ‘dry’ and ‘wet’
conditions.
Dependent on the time and duration of flow survey period and model calibration, it can be
difficult to accurately represent slow response runoff conditions with a single ‘slow
response’ subcatchment. The difficulty arises in representing the seasonal variations in the
catchment wetness.

Figure 1 Example of the effect of high or low soil moisture content on the generated discharge hydrographs.

Meteorological data is an intrinsic factor in the RDI model. The RDI model structure is based
on the ‘land’ phase of the hydrological cycle, and retains water in 4 interrelated storage
zones:





Snow storage.
Surface storage.
Root zone storage.
Groundwater storage.

Figure 2 shows a schematic representation of the RDI model structure.

Figure 2 - RDI Model Structure

The calibration of the RDI componentry is achieved through the dimensioning of the storage
zones and balancing the inter-zonal relationships (threshold parameters, time constants and
coefficients).
Calibration Parameters
In order to effectively calibrate an RDI modelled component, it is preferred to have a
minimum of 2 years flow data. The flow data is typically sourced from the daily inflows to
the WwTW inlet.
The antecedent hydrological conditions are an integral part of the RDI calibration process.
The hydrological data is used to determine the initial conditions for the various storage
zones. This process is referred to as a ‘RDI Hotstart’, and can be derived from a former result
file.
To demonstrate the calibration parameters, a ‘separate’ sewered catchment located in the
south-west of Sweden with an approximate catchment area of 10km² has been used. The
calibration was completed using flow and rainfall data from 2011 – 2012. The 2011 rainfall
was used to develop an ‘RDI Hotstart’ file for the 2012 simulation.
Table 1 shows the calibration parameters for 2012, comparing the metered and modelled
values.

Table 1 – 2012 RDI Calibration Parameters

Result

Value

2012 Annual Volume observed

992,000m³

2012 Annual Volume modelled

1,032,000m³

Volume error

+4%

Average ’Dry Day’ inlet volume

1,750m³

Peak ’Wet Day’ inlet volume

8,650m³

Variance between wet / dry day

≈500%

Figure 3 shows the 2012 volumetric response (both observed and predicted) to rainfall
within the separately sewered catchment.

Figure 3 – 2012 modelled v observed volumes

RYA WASTWATER TREATMENT WORKS AND RAOM MODEL
Rya WwTW is owned and operated by Gryaab AB and is located in Gothenburg, Sweden. The
population equivalent contributing to the WwTW is circa 765,000.
The flows are primarily conveyed to the WwTW via a tunnel network of approximately
132km. Around 40% of the contributing network to the WwTW is combined, and the loading
typically ranges from 173Mm³/day to 1,425Mm³/day.
Outwith normal working hours, the WwTW is monitored remotely. Adjustments to the
operational regimes can also be made remotely.
The contributing area to the catchment model is 240km². The ‘core’ structure of the RAOM
model network is the tunnel system contributing to the WwTW. The catchment area is
divided into 26 subcatchments, and the physical connection to the tunnel network
represented. The subcatchments characterise the geometrical distribution and size, portion
of FRC and SRC, as well as the flow capacity of the connection points. The overflow outfalls
(CSO) at the tunnel connection points are represented in the model.
The sewerage networks upstream of the tunnel inlets are discretely modelled, and input to
the RAOM model as point loads at 26 connection points.
There are 8 permanent rain meters located within the catchment. This ensures that the
rainfall spatial distribution is incorporated into the model outputs.
Figure 4 shows an indicative representation of the tunnel system in relation to Rya WwTW,
and the subcatchment boundaries.

Figure 4 - RAOM model tunnel network and contributing areas.

RYA WWTW INLET PUMPING STATION ARRANGEMENT
The RAOM model describes the inlet pumping station at the Rya WwTW which pumps the
inflow from the tunnel system for treatment.
The operational regime of the pumping station is a function of water level and volume
within the inlet wet well.
In ‘on-line’ scenarios the model represents the ‘actual’ pumping station operational
strategy. There is a depth monitor situated in the inlet PS wet well. A routine has been
established whereby the modelled inlet water level replicates the monitored water level.
For ‘scenario management’, the routines can be over-ruled to adjust the pumping station
regimes. This functioning allows different loading scenarios to be modelled and optimised.
REAL TIME MODELLING – MIKE CUSTOMISED PLATFORM
The RAOM catchment hydraulic and hydrological model is a MIKE URBAN model database.
In order to incorporate the ‘Real Time’ and ‘Time Series’ management functions of the online model, a bespoke platform has been developed using MIKE CUSTOMISED solutions
(http://www.dhigroup.com/MIKECUSTOMISEDbyDHI.aspx).
ON-LINE PRINCIPLE AND CONTINUOUS MODEL VERIFICATION
The principle of the online model is the utilisation of the historical meteorological data to
act as a ‘wetness’ memory. The 5-day weather forecast can then be used as a catchment
load to predict the effects of the forecast rain on the catchment, in terms of loading to the
WwTW and CSO spills.
Figure 5 below shows an indicative representation of the handling of precipitation forecast
data.

Figure 5 - Forecast data management principle

The confidence in the outputs of the forecasted simulations is significantly increased when
the preceding daily modelled outputs are verified against metered data. Simulations can be
performed anytime, but currently simulations are scheduled daily for the preceding 24
hours.
The results are currently available on a MIKE CUSTOMISED platform as graphs (see Figure 6)
or downloadable time series.
The daily calibration checks are used to validate both the model outputs, and the flow
metered data.

Figure 6 – Comparison between monitored and predicted flows (m³/s) from a connecting subcatchment

REAL TIME APPLICATIONS
Rainfall forecast data is provided by SMHI (Swedish Meteorological and Hydrological
Institute), and is delivered in 2 formats:
1. Daily ‘5-day’ forecast (mm/day).
2. Hourly ‘24-hour’ forecast (mm/hr).
Using the rainfall data, typically 2 PS operational routines are simulated every hour:
1. The maintenance of a ‘constant’ water level in the inlet PS wet well (and tunnel
system).
2. Constant PS discharge rate. This enables the level changes within the tunnel system
to be predicted.

Figure 7 shows a typical example of routine simulation data outputs.

Figure 7 – Inflow to Rya WwTW
Note
1.
2.
3.
4.

Green line represents measured flow.
Black line represents predicted flow.
Blue line represents forecasted flow.
Red bars on secondary y-axis represent rainfall, both observed and forecast.

In addition to the routine scenarios above, a ‘Forecast On Demand’ (FOD) function has been
developed. The FOD allows the model to be simulated any time. It also allows the WwTW PS
parameters to be adjusted. This function has proven very useful during high intensity
rainfall, as it has allowed the WwTW operators to optimise the inflow to the WwTW and
maintain treatment efficiency.
Within the RAOM model, there are also ‘safeguards’ in place which can ‘over-ride’ operators
selections. The example below show how an operators selection of PS rates was over-ridden
by a ‘high water level’ trigger within the WwTW inlet wet well.
Figure 8 shows a predicted flow profile (in yellow) and an operators selected PS pass
forward regime (in blue) for a selected period.

Figure 8 - Operator determined pumping strategy
Note
1.
2.

Yellow line represents predicted flow.
Blue line represents operators PS PF strategy.

Figure 9 displays how the selected PS routine was eventually over-ridden, due to a predicted
high water level in the WwTW inlet wet well.

Figure 9 - Forecast On Demand simulation
Note
1.
2.
3.
4.
5.

Red line represents the predicted flow, based on the variable head-discharge PS rate.
Blue line represents the predicted water level, based on the variable head-discharge PS rate.
Black line represents the manually selected pass forward rate at the WwTW inlet PS.
Yellow line represents the inlet water level based on the manually selected pass forward rate at the
WwTW inlet PS.
Operators PS rate was ‘over-ridden’ due to high water level in the inlet PS wet well.

LIMITATIONS AND ASPIRATION
The primary limitation in the functioning and confidence in the RAOM model outputs is the
reliability of rain forecast data in terms of time and space.
Climate changes in the region have affected the simulations, as precipitation has become
more spatial. There is a requirement therefore for more detailed rain input. Here the
combination of rain gauges, weather radar and on-line rain forecasts must be further
developed so that catchment simulator will be robust enough for on-line control of the
WwTW.
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