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Introduction
The West Belfast study area comprises the catchment draining to the wastewater treatment works situated in the
Duncrue industrial area to the north of the city centre. The catchment has a population equivalent of 200,000,
covers some 40 km2 in the centre of the City of Belfast and comprises a mix of residential, commercial, industrial
and amenity areas. The area is drained by a combined sewer system, the earliest elements of which date from
the 19th Century. The principal features of the sewer network include 900 km of public sewer, 3 major trunk
sewers and numerous combined sewer overflows (CSOs). The main watercourses within the study area are the
tidal River Lagan and its major tributary the Blackstaff River, together with an extensive network of smaller
watercourses draining from the hills to the west of the city into the Lagan and Blackstaff (see Figure 1).

Figure 1 : River Schematic Diagram
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The development and expansion of Belfast during the 20th Century has created a situation where the sewer
system is no longer capable of adequately retaining and conveying storm flows. A total of 106 combined sewer
overflows (CSOs) have been constructed in order to relieve the hydraulic overloading on the system during
storms and restrict the incidence of out-of-sewer flooding. Modelling has shown that the CSOs spill an average
of some 3.7 million cubic metres of storm sewage to the River Lagan, the Blackstaff River and the minor
tributaries. In the past, the polluting effects of the CSO discharges have been partly mitigated by the flushing
effect of tidal flows in the River Lagan. However, the construction of the new Lagan Weir in 1993 extended the
length of the Lagan impoundment to include the output from the Blackstaff River. Consequently, the operation of
the CSOs has become a major cause for concern.

In July 1991 the Department of the Environment for Northern Ireland Water Executive commissioned an
engineering study of the Belfast sewer system.  The study, completed in 1994, presented a number of upgrading
options for the Belfast sewer system and identified a recommended option with an estimated cost of £100-120
millions. The principal features of the proposed scheme comprised:

• 10.4 km long tunnelled interceptor sewer of 1.2m to 4.0 m diameter with 16 m3/s capacity terminal
pumping station;

• closure of 27 CSOs;

• improvement of the remaining 79 CSOs to pass forward increased flows to treatment and provision of
screening to retain aesthetically polluting solids;

• 9,500 m3 of local storage to limit CSO spill frequencies and volumes; and

• substantial upgrading works to overcome localised structural and hydraulic problems.

Impact on The Blackstaff River
A review and update of the 1994 report was commissioned in late 1998. A major part of the review was a more
detailed assessment of the impact of the CSO discharges on the Rivers Blackstaff and Lagan. The procedure
set out in the second edition of the UPM Manual was employed for the analysis of the Blackstaff River using the
integrated modelling tool SIMPOLv2. The results from this part of the study are currently being used to provide
inputs to a further study to assess the impact of the CSO discharges on the semi-tidal River Lagan.

The West Belfast wastewater system is relatively large and complex. It was, nevertheless, possible to
conceptualise the system as 23 subcatchments in SIMPOLv2 (see Figure. 2). Models were developed to
represent both the existing and future, upgraded sewer systems.

The sewer module of SIMPOL was hydraulically calibrated using the detailed HydroWorks model that had been
developed during the 1991-94 study. Quality calibration was achieved using observed data collected at selected
CSOs throughout the sewer system during the original fieldwork programme in 1993.

The Blackstaff River was represented in the SIMPOL river module as four reaches (see Figures 1 and 2).
Historical data were available to provide estimates of base flows and quality in the tributary streams for the
present situation. For the future condition, it was assumed that the quality of the streams entering the study area
would be at the mid-point of their long-term target classes. An additional complexity was the need to simulate the
observed rapid response to rainfall in the tributary streams. This was achieved by the inclusion of additional
impermeable area in the form of notional separately sewered subcatchments in the SIMPOL sewer module (see
Fig 2).

One of the major advantages of using a simplified model like SIMPOL is the capability of running the model for a
large number of events, enabling a reliable assessment to be made of system performance for a large number of
events. For the Belfast study, a 10-year time series of rainfall events was generated using the STORMPAC
stochastic rainfall generator software package (FWR, 1998). This provided a total of 1768 individual rainfall
events with hourly profiles for the subsequent SIMPOL analyses.
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Four modelling scenarios were simulated.

Scenario 1 : The existing situation, with neither the sewer system nor the quality of the flows in the upstream
tributaries improved.

Scenario 2: The sewer system improved by implementation of the proposed upgrading scheme, but the
upstream tributary quality unchanged.

Scenario 3: The sewer system unimproved, but the quality of the incoming tributary flows improved to the
mid-point of the target quality class (by undefined measures beyond the scope of the sewerage
upgrading proposals).

Scenario 4 : The final situation, where both the sewerage upgrading scheme has been implemented and the
quality of the incoming tributary flows has been improved to mid-point of the target quality class
(by undefined measures beyond the scope of the sewerage upgrading proposals).

Figure 2 : SIMPOL Model Schematic – Existing System
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The results from each modelling scenario were evaluated against the 90/95 and 99 percentile standards
applicable to the Rivers Ecosystem Class D target class of the Blackstaff River and the UPM Fundamental
Intermittent standards for a sustainable cyprinid fishery.

The key results generated by these analyses are presented in Table 1. In each case the number in the results cells
represents the average number of 6-hour time blocks per year for which the river reach was calculated to be
non-compliant with the particular standard threshold. The standards against which compliance has been
assessed are given at the head of each column, with the numerical threshold value appropriate to the  target
class given below. The final header row indicates the number of 6-hour time blocks which may exceed the
threshold before failure of the standard is deemed to have occurred. Assessment of pass or failure is based on a
“face-value” comparison of the average annual number of failure periods with the threshold.

The conclusions that can be drawn from examination of the full modelling results are:

• The Blackstaff River currently fails to meet its long-term water quality objective by a substantial margin.

• The volumes of CSO spills and the associated polluting loads discharging to the impounded River Lagan will
be reduced by 68% and 87% respectively following implementation of the proposed sewerage upgrading
scheme (This result comes directly from the output of the sewer modules of the SIMPOL models).

90%ile 99%ile 10%ile DO un NH3

BOD NH4 BOD NH4 DO 1 year 1 month 1 year 1 month

Threshold (mg/l) 8 3 19 6 50% sat 4.0 5.0 0.150 0.075

Permitted failures 146 146 15 15 146 1 12 1 12

River Spills

Reach 1 Existing Existing 681 77 219 6 146 2.3 46.8 2.6 22.4

Existing Future 661 77 191 6 146 2.3 47.2 2.6 22.7

Future Existing 179 10 26 0 150 0.0 4.8 0.0 1.6

Future Future 132 9 5 0 150 0.0 4.7 0.0 1.6

Reach 2 Existing Existing 638 76 185 6 143 1.9 44.0 1.4 17.3

Existing Future 605 76 161 6 142 2.0 43.7 1.4 17.2

Future Existing 172 9 18 0 143 0.0 5.2 0.2 1.9

Future Future 108 9 4 0 145 0.0 5.2 0.2 1.9

Reach 3 Existing Existing 645 38 263 0 170 4.4 50.8 0.5 7.4

Existing Future 572 33 174 0 159 3.4 34.9 0.4 6.5

Future Existing 203 18 85 1 151 0.50 18.9 0.5 4.4

Future Future 74 16 5 1 145 0.3 10.6 0.6 4.2

Reach 4 Existing Existing 561 500 179 66 746 332.6 719.5 98.3 233.9

Existing Future 479 475 83 65 668 264.3 627.3 77.9 195.0

Future Existing 254 70 93 2 345 63.9 209.5 10.5 33.1

Future Future 132 63 5 2 233 12.1 99.0 0.6 8.9

Table 1 : Key Results

• The Blackstaff River is predicted to achieve its long term water quality objective if the proposed sewerage
upgrading scheme is implemented and the upstream tributaries are improved to the mid-point of their quality
target classes.
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• Neither of these measures alone – the upgrading of the sewer system, or the improvement of upstream
tributary quality – will allow the Blackstaff River to attain its long-term quality objective. Both measures are
required to achieve this.

• The margin by which the Blackstaff River is predicted to exceed its quality target following implementation of
the improvements is relatively small. Hence, there is little potential for reducing the scope of the proposed
sewerage upgrading scheme.

• Additional engineering works on the West Belfast sewer system to further control the wet weather CSO spills
would have very little additional beneficial effect, since the quality of the Blackstaff River, following
implementation of the proposed sewerage upgrading scheme, will be limited principally by the quality of the
upstream tributaries.

Impact on the Tidal River Lagan
Improvement of the impounded semi-tidal reach of the River Lagan flowing through the centre of Belfast is a
major component of the city’s regeneration plans. Monitoring of dissolved oxygen in the impoundment has
identified that it fails to achieve its designated target for estuary quality which is a depth averaged concentration
of greater than 4.0 mg/l DO for more than 5% of the year. The impact of CSO discharges during summer low
flow conditions, coupled with high water temperatures, is thought to be the main cause of failure.

It was, therefore, appropriate to quantify the improvements that would result in the tidal reach of the River Lagan
and to assess if the target DO criterion could be achieved following implementation of the sewer upgrading
proposals. As with the impact assessment for the Blackstaff River, the methodology adopted was based on the
UPM procedure, in this case suitably modified to account for the tidal conditions within the River Lagan. A
derivative of the SIMPOLv2 model was  developed that contains a receiving water impact module that is able to
represent the impact of CSO spills in tidal waters such as the River Lagan impoundment.

A 3-dimensional model of the tidal River Lagan, produced in the early 1990’s as part of the original studies to
design the Lagan Weir, has been used to simulate dissolved oxygen conditions in the river for 10 selected event
conditions. The results from these detailed model runs are currently being used to calibrate the 1-dimensional
simplified SIMPOL derivative. The simplified model represents the flow and quality processes in the
impoundment, including tides, operation of the weir, temperature, DO, BOD, ammonia and sediment oxygen
demand processes in 9 model segments. Initial calibration runs demonstrate that the model is able to represent
the DO response to storm events in the impoundment under a range of conditions. Following completion of the
simplified tidal model calibration, the compliance assessment against the DO criterion will be based on
simulating a 10 year sequence of rainfall events with varying flow, temperature, water quality and tidal
conditions. The model will also be used to quantify the improvements in water quality over the current situation in
terms of annual and extreme event conditions.  The final results for the River Lagan should be available in late
2000 and will complete the assessment of the environmental benefits that are anticipated to arise from the
investment in the sewerage improvements.

Conclusions
The West Belfast review represents an interesting case study of the retrospective application of current state-of-
the-art environmental impact assessment (UPM) techniques to test the efficacy of an engineering solution
developed using more traditional planning technology. The complex nature and large scale of the West Belfast
system has meant that the capabilities of the standard UPM planning tools have been challenged and, in some
instances, have had to be extended. In particular, the aspect of the investigation using a simplified 1-dimensional
model to assess the future state of the tidal River Lagan has not been undertaken previously. Moreover the
review has been carried out using, almost exclusively, existing data, As a consequence, the costs of the study
have been moderate, whilst confidence in that the proposed works will achieved the desired environmental
improvements has been greatly increased.
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