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Rapid Scoping Study for a Complex UPM

NR Marples and P Myerscough

Introduction
This paper describes the scoping study carried out by Montgomery Watson on the Calder Drainage
management zone, which is effectively the catchment of the River Calder in West Yorkshire.

The scoping study was required to identify key areas contributing to pollution, relative assimilation capacity of
receiving watercourses and interactions between catchments to define the scope of a more detailed study.

A study of the catchment had not previously been carried out.

The study and methodology had to be acceptable to, and agreed by the client, Yorkshire Water and the
Environment Agency.

The catchment had a number of problems, which made the scoping study complex, namely:

•  The study had to be completed with an absence of network data.

•  The overall size and population.

•  The catchment topography

•  Limited available data

•  The type of industry in the catchment

•  Potential interaction between drainage zones river reaches

•  The need to deliver the scoping study and a way forward to the client within 2 months.

The Catchment
The Calder catchment is the largest of the Drainage Management Zones, in terms of population and CSOs
within Yorkshire Water, encompassing 46 Drainage Areas. The AMP 3 programme classifies 12 of these areas
having intermittent discharges from CSO’s which breach aesthetic standards only and a further 28 that breach
both Aesthetic and Water Quality. 6 further areas have been identified for study in AMP 4.

Overall there are approximately 340 CSO’s in the zone.

The zone is served by the River Calder which rises in the Penines in the west, and its major tributary the River
Colne, rising in the southwest. A number of minor tributaries of these rivers have to be included within any
scoping works and these are, on the Calder the: River Ryburn, Hebble Brook, Red Beck, Clifton Beck, River
Spen, Batley Beck and the River Chald.

On the Colne the: River Holme, Longwood and Fenay Becks.

The tributaries are generally steep and fast flowing. Classification to UPM2 standards shows them to be
generally type 3. In their upper reaches both the Calder and the Colne are also 3 but change to type 2 for most
of their passage through the zone

The Calder catchment is around 800km2 with a population of 660000. There is significant variation in the
population density the west and south being very rural with a number of small Penine towns and villages, of
which the most significant are: Holmfirth, Todmorden and Sowerby Bridge. From Halifax eastwards the
catchment becomes more urbanised. The principal towns here are: Halifax, Brighouse, Huddersfield, Dewsbury,
Batley and Wakefield.

There are 19 WwTW in the catchments. Substantial investment has been carried out by Yorkshire Water at the
largest works in recent years, these being:
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•  Salter Hebble, Halifax on the confluence of the Calder and Hebble Brook

•  Deighton / Bradley, Huddersfield on the confluence of the Calder and Colne

•  Mithchell Laithes, Dewsbury on the Calder downstream of the River Spen and upstream of the Calder and
Hebble navigation canal.

•  Horbury, downstream of the Calder and Hebble Navigation

Industry in the catchment is varied however a high proportion is based on the woolen industry. Many of the
Penine towns and villages have been totally dependent on the local mills. Here the sewerage systems are steep
with many poorly designed CSOs that appear to have been constructed on an ad-hoc basis. During the summer
months flows in the receiving watercourses are virtually non existent whilst the pollutant load from the CSOs is
perceived to be high.

The industrial towns in the lower reaches of the Calder contain a high proportion of industries associated with
the textile trade together with a number of chemical plants, the most significant being Zenica on the confluence
of the Calder and Colne which has its own private sewer to Deighton WwTW.

Overall the catchment contains a total of 459 consented discharges and from previous experience in similar
areas it is projected that in excess of 75 of these will have an affect on the Water Quality of the rivers in the
catchment.

Objectives of Scoping Study
Because of the potential interaction between adjacent drainage areas it was inappropriate to study the impacts
of intermittent discharges for individual zones in isolation. To determine how each one impacts on the river
system as a whole it was therefore necessary to undertake a scoping study for the whole catchment as an entity.
The study needed to comparatively assess the impact of each intermittent and continuous discharge to the
receiving watercourses whilst avoiding the need for a large data collection exercise

The specific objectives of a scoping study on the Calder were:

•  Estimate the pollutant load upstream of each  CSO during each wet weather event

•  Compute the load split at each CSO to determine the load discharged to the receiving water during each wet
weather event.

•  Identify the load discharged from WwTW’s during each wet weather event

•  Compile data of low flows for each reach of the DMZ

•  Assign pollutant loads to each reach of river

•  Calculate polluting impacts by mass balance

•  Determine the inter-dependency of drainage areas

•  Identify an appropriate modelling strategy for the full study.

Available Data
The data available to undertake the DMZ consisted of:

•  Accurate population figures based on Yorkshire Waters Enumeration District data.

•  Snrs Network data, though generally poor quality with significant voids, duplication of nodes and a lack of
connectivity.

•  Locations of CSOs, WwTW & P.Stations

•  CSO types, approximately 70%



WaPUG Autumn Meeting 2000 Paper 14

Page 3 of 7

•  Location of traders and consented discharges

•  Some CCTV data of variable quality

•  Plans of total areas and rivers

•  River flows

In addition Ground Contours were acquired for the full catchment

Only a small percentage of the area had been hydraulically modelled. Where models existed they had generally
been built to address a specific problem and did not cover all the catchment. These had neither been audited or
built to a Water Quality standard

Strategy of Model Build
Whilst the sewerage network data was available it was not sufficiently comprehensive to be used without
additional surveys and substantial cleaning up. There was little information available on surface area and
connectivity to the network.

The available models were received and deemed to be of no use.

Accordingly a traditional modelling approach, even on a very skeletal basis could not be achieved within the
timescale required by the client, which has required a revised approach to be developed.

It was determined that a simplified modelling approach should be adopted with the following requirements:

•  Generation of surface run-off and peak sewer flows

•  Generation of domestic foul flow and loads

•  An allowance to be made for trade discharges

•  Computation of flow and loads split at CSO’s

•  Allowance for the effects of upstream CSO’s on the downstream network

•  Division of the DMZ river network into appropriate reaches

•  Assignment of pollutant loads from CSO’s and WwTW’s to each river as appropriate

•  Computation of pollutant impact by mass balance.

It was decided that a simplified deterministic modelling approach would be the most appropriate way of
delivering the scoping objectives.

Hydraulic Model
Readily available population figures have been used as the driver for the model.

Population figures were assigned to each CSO and trade flows were assigned initially as a population equivalent
based on the ration of dry weather flow to the maximum consented discharge.

Surface Run Off
The assessments made and parameters used to determine the surface run off are set out below:

•  The model is based on population equivalents. After an allowance has been made for trade flows the
population is 1 000 000, excluding the Zenica chemical works in Huddersfield.

•  The model assumes a fixed contributing paved area per head of population. An assessment of the
catchment based on the Ordnance Survey data indicated that the urbanised proportion is approximately
50%. As the total area is 800km2  this equated to 400m2 of urban area per head of population
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•  Run off is generated using a synthetic unit hydrograph for areas upstream of each CSO using the
methodology in the CIRIA report “Design of Flood Storage Reservoirs” which is based on the Modified Flood
Studies approach.

•  The methodology requires a Main Stream Length, in our case the main sewer length, to be determined. This
was calculated to be 57km for the total catchment. For each sub area MSL was taken to be proportional to
the square root of the contributing area.

•  The slope of the main river was calculated from the available topographical data and resulted in S1085 =
2.16m / km. This value was applied to all sub areas.

•  In choosing a suitable rainfall input a balance was chosen between larger events (> 1 year) and smaller
events (< 1 year). Ranked event No1 of the regionalised time series was used throughout. This event has
the added advantage of having a relatively uniform hydrograph with low intensities at the start and end of the
storm and a fairly constant intensity around 30mm/hr for the central 20 minutes. This event was
approximated to a 30mm/hr intensity of 20 minutes duration.

The Wallingford PR equation was used to calculate effective rain

When the Synthetic unit hydrograph was then rescaled to take into account the effective rainfall the resultant
volume run off = 0.535Pm3.

Pollutant Load
The parameters developed to assess the pollutant load and how it is transferred were as follows:

•  It has been assumed that the surface run off generates a load of 10 mg/l BOD

•  Industrial loads were converted to population equivalents by applying the mean domestic dry weather flow to
the maximum consented trade discharge.

•  Domestic flows have been taken as 170 litres/head/day with a BOD load of 60g / head / day

•  All dissolved and finely suspended dry weather flow pollutants are assumed to be flushed out of the system.
A first flush was assumed such that all pollutants are transported in the time up to the peak of the storm
hydrograph

•  The model allows for the pollutants to be transported through the sewerage system either in solution and
fine suspension, or as moving sediments

•  Pollutants in fine suspension and solution were calculated from the Dry weather flow volume in the system at
the start of the storm, and a mean velocity of 0.5m/sec has been used throughout

•  It is known that the moving sediment will settle out in the invert of sewers with slack gradients or become
trapped in sediment sinks. A number of assumptions have been made regarding the moving sediment and
specifically these are:

•  56% of BOD is attached to the sediment

•  The proportion settled is dependant on the mean dry weather flow in the trunk sewers upstream of
the CSO’s

•  Deposition of sediment occurs over 5 dry days.

•  All deposited material is flushed out of the system during a storm event

•  An additional 20% is generated from pollutants washed out of any sediment sinks
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CSO’s
Whilst the number and types of CSOs was known, information regarding chamber dimensions and weir heights
was generally not available.

A standard approach was however required. Chamber dimensions were determined from inlet and outlet
diameters using standard geometry’s based on minimum dimensions of similar chambers in the Yorkshire
region. CSO settings were then calculated from these values.

It has also been assumed that that the weir lengths and outfall diameters are sufficient to pass all generated
flows above the CSO setting to the receiving watercourse.

The flow and load split at each CSO has been determined from the run off hydrograph and the basic assumption
has been made that: Proportion of Load Spilled = Proportion of Volume Spilled.

All flows above the CSO setting are spilled during events.

Waste Water Treatment Works
Where the data was available the Final effluent load was calculated from the works flow for treatment. If this was
not available then 3 DWF was used, together with the maximum consented BOD concentration.

Inlet overflows have been modelled as network CSOs with a 6DWF setting

All flows greater than full flow to treatment and upto 6DWF are spilt to storm tanks. Flows greater than the spill
volume are passed to the watercourse with no reduction in BOD

River Impact
Break points based on river confluence’s and significant changes in vertical slope have allowed the larger
watercourses to be divided into a series of reaches. The smaller watercourses have been treated as single
reaches. This has resulted in the impact loading on 40 river reaches in the catchment being assessed.

CSOs and WwTWs have been assigned to each river reach and the “Spilled” populations have then been used
to calculate the spilled load and volumes. These have subsequently been combined with the 95%ile river flows
over a 6-hour period to compute pollution concentrations in accordance with the UPM1 mass balance equation

Mean BOD = 
Intermittent Load + Continuous Load over 6 hours

        
Intermittent Volume + Continuous flow over 6 hours

Three separate scenarios were looked at to assess the impact of the network on the rivers, these being:

1. Only those loads that can arrive at a reach within a 6 hour period were included. The time of travel in all
cases being calculated from the actual river reach length and a mean velocity of 0.5m/sec

2. A second assessment was carried out ignoring the time of travel effect adding in all the upstream load. As
expected this gave higher pollution concentrations particularly downstream of the Deighton WwTW at
Huddersfield

3. A final scenario excluding any upstream loading and was to represent the impact of a localised event.

Results of the Model
Before any results from the model were produced a sensitivity analysis was carried out to assess the effects of
any variations in the assumptions that had been made. This was carried out by systematically varying:

•  The Population

•  Domestic consumption
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•  Weir Heights within CSOs

•  Deposition Ratio

•  Sediment due to sinks

The variation in the analysis undertaken for each criteria was 20% and this showed that the model is only
particularly sensitive to the computed value of the deposition ratio DR, and this reflects the real effect of sewer
sediment wash off on river impact.

Findings
The model identified that the sensitive river reaches to be:

•  The Calder between the Deighton and Mitchell Laithes WwTW together with its tributaries

•  The Colne and its tributaries

•  The Clifton Beck, Red Beck, Hebble and Smithy Brook

The WwTW are a key source of pollution

An interaction between the catchments on the Colne through Huddersfield and on the Calder through to Mitchell
Laithes

Influence on the Full Study
2. The scoping study identified that the catchments west of Brighouse are classified as type 3 in accordance

with UPM 2 and that they are independent of one another, accordingly they can be assessed using a
mass balance approach.

3. Because the catchments on the Calder from Red Beck through to Mitchell Laithes and on  the river Colne
through Huddersfield were more complex, a mass balance approach would be inappropriate. A Dynamic
river model of these rivers would be required to assess the impact of the pollutant loads on them

4. Catchments east of Mitchell Laithes, whilst classified as type 2, were independent of the upstream
reaches of the Calder, a mass balance approach would therefore provide a satisfactory means of
assessing the pollutant loads.

Conclusion
The study methodology was designed as a means of assessing the interaction between the drainage area zones
in the catchment in a comparative manner. From this an overall economically acceptable modelling strategy
acceptable to both Yorkshire Water and the environment Agency was to be derived.

It is concluded that

1. This scoping method has worked and an efficient cost effective strategy for delivering solutions for the
Calder DMZ has been determined.

2. The methodology probably underestimates the impact of traders in the catchment however it has identified
the key inputs

3. If the study had not been undertaken each catchment would have been assessed independently. Any
strategy developed to meet the AMP 3 programme would have been significantly more expensive and
may not have been possible to achieve.

4. In similar circumstances this we would adopt this method again
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