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Abstract 
 
The River Almond is located in West Lothian, Scotland. Together with its tributaries, the river passes through a 

number of urban and rural areas, before discharging into the Firth of Forth. The objective of this three-year 

long project was to explore options for improving water quality across the catchment, and ultimately achieve 

the required Water Framework Directive standards.   

The Almond Valley catchment receives inputs from several large wastewater treatment works, which make up 

a substantial proportion of the river’s base flow in dry weather conditions. Water quality is also impacted by 

diffuse inputs from agriculture, industrial estates and septic tanks as well as numerous surface water and 

combined sewer overflows throughout the catchment. Understanding these inputs and their effects on river 

ecology is complex. 

Prior to the water quality study, the project team undertook a significant update of existing sewer network 

models for the 8 catchments which discharge to the River Almond. This included updates to the sub-

catchment populations, trade flows and incorporation of new developments. The revised sewer network 

models were then fed into an existing Mike 11 hydrodynamic water quality model, which was also updated 

and recalibrated as part of this study. Model outputs were validated against data from ecology monitoring 

undertaken by SEPA, showing excellent agreement between modelled and observed values.  

The combined models were used to assess baseline water quality conditions and explore a number of 

scenarios, such as upgrades to wastewater treatment works and reductions in combined sewer overflow 

discharges. Four options were taken forward to be modelled on a 10-year basis, including implementation of 

best available technology and optimisation of existing assets across all wastewater treatment works. 

The results of the 10-year model were processed using a bespoke Python tool, the outputs of which were 

visualised on colour-coded maps, which demonstrated the anticipated Water Framework Directive status at 

each model node. The four modelled options were also taken forward for a detailed process review and 

costing. 

The outcomes of the study found that, for current predictions of catchment growth, the implementation of 

best available technology would be required to achieve compliance across most of the catchment. However, 

considering the significant uncertainties associated with estimating catchment growth at this stage, it was 

recommended that a phased approach be applied to decide which options are taken forward for further 

consideration by Scottish Water. 

Importantly, the outcomes of this study represented a considerable improvement to previous attempts at 

designing options for improving the water quality of the River Almond and its tributaries; where the previous 

study had produced options that were logistically and financially impractical, the current study presents four 

options of varying effectiveness which could be realistically implemented by Scottish Water.  
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1. INTRODUCTION 
During the present investment period (2015 to 2021), Scottish Water is carrying out a number of strategic 
studies on watercourses around Scotland which are of particular concern to the environmental regulator, 
SEPA. 
 
The Almond Valley Strategic Study represents a collaborative effort between Scottish Water, the ARC project 
team and SEPA, who often play an active role in water quality projects of this nature. The River Almond is a 
watercourse with a historical legacy from past industrial and mining activities and is sensitive to ongoing 
discharges from these sources, but also receives up to 40% of baseflow via discharges from a series of eight 
Waste Water Treatment Works (WwTWs). Due to the considerable inputs from WwTWs, industrial estates, 
septic tanks, and Combined Sewer Overflows (CSOs), many stretches of the River Almond are currently failing 
to meet their Water Framework Directive (WFD) targets, with the key pollutants of concern being soluble 
reactive phosphorus (SRP), ammonia, and biochemical oxygen demand (BOD). SEPA and other stakeholders 
have been progressively addressing other barriers to achieving overall WFD compliance (such as installing fish 
passes at weirs), but compliance will not be achieved without significant reduction in pollutant inputs from 
Scottish Water’s assets. 
 
The key aims of the Almond Valley Strategic Study were to understand the degree to which Scottish Water’s 
assets affect the water quality in the River Almond and its tributaries and to assess options for improving the 
water quality to achieve Good WFD status throughout the catchment. This study built on the work of a 
previous modelling exercise which involved the construction of a DHI Mike 11 Ecolab water quality model and 
the use of this model to investigate initial options for improving the water quality of the River Almond and its 
tributaries.  
 
The outcome of this previous study indicated that Good water quality status could only be achieved by the 
complete removal of significant discharges to the River Almond, transferring these directly into the Firth of 
Forth instead. Such measures would be very difficult and expensive and may well themselves have an 
unacceptable effect on the River Almond, due to the resulting reduction in river flow.  
 
This previous study had, however, made a number of relatively crude assumptions. As such, a follow-on study 
was required to test these assumptions and to refine and improve the accuracy of the model. Detailed 
scenarios could then be developed to assess the best way to achieve optimum improvement in water quality, 
given the resources available and the practicalities of making the necessary changes to Scottish Water assets.  

 
2. METHOD  
 
Model Build 
The model build involved significant improvements to the existing sewer network models of the study area, 
most notably the inclusion of the surface water network which was not previously modelled. Other updates to 
the model included: consideration of the effects of dual manholes; incorporation of trade flows which were 
not previously included; consideration of recent construction activities and network additions; and generation 
of an updated time-series rainfall which better reflected the distribution of rainfall over the catchment. The 
outputs from the updated sewer network model were fed into a Mike 11 Ecolab water quality model of the 
River Almond and tributaries.  
 
The water quality model was also updated through adjusting hydrogeological parameters, incorporating more 
detailed information on inputs from the WwTWs, and re-calibration of the water quality constants and 
processes. Importantly, inputs from several WwTWs, septic tanks and independent sites – such as the 
Marriott Dalmahoy hotel – which were previously set to constant values were replaced with more 
representative time series. Where constant values were still required, these were updated with values from 
the most recent available literature.  
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The improved representation of the volume, timing, and water quality characteristics of inputs to the River 
Almond model allowed for more accurate predictions of the response of the system to each of the scenarios 
tested in this study. The extent of the model area is shown in Figure 1. 

 
Figure 1: Extent of the River Almond model area, with key WwTWs labelled. 

The combined water quality model was calibrated at 15 points throughout the study area over a 6-week 
period for which extensive monitoring records were available. Two methods of calibration were applied. The 
first was a visual comparison of the model output and the observed data, including rainfall, which allowed 
quick assessment of whether the timing of failures such as peaks in ammonia concentrations after rainfall 
events were being accurately recreated. The second method was to calculate the WFD classification of the 
modelled outputs and compare this to the WFD classifications that were assigned in the summer of 2011. The 
calibration process indicated a good match between modelled and observed data for temperature, ammonia 
and dissolved oxygen (DO) throughout the model.  
 
Water Quality Modelling  
The finalised model was run to assess the baseline water quality conditions. This indicated WFD failures for 
ammonia downstream of Harthill, Fauldhouse and Blackburn WwTWs; and BOD failures downstream of 
Fauldhouse WwTW and widespread SRP failures. Furthermore, 99%ile failures for ammonia and BOD were 
noted downstream of key CSOs.  
 
The SRP failures identified in the modelled baseline scenario correlated with the results of a SEPA ecology 
study, which found a decline in the diatom community towards the lower part of the River Almond (SEPA, 
2016). Diatoms are known to be affected by SRP concentrations, with higher SRP concentrations negatively 
impacting the diatom community. 
 
Once the baseline conditions had been established, 31 initial one-year options for improving water quality 
were tested. From the results of these runs, four scenarios were selected for further investigation on a 10-
year basis:  

 Optimisation: a scenario to investigate the WFD status that could be achieved through optimising 
existing processes in the WwTWs as well as increasing storage at CSOs. 

 Best Available Technology (BAT): an option to explore the impact of applying best available 
technology at all WwTWs which contribute to, or are the primary cause of, in-river WFD failures. 
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 Diatoms: Compliance throughout the study area, but with the exception that SRP need only achieve 
Good status in areas where diatom impacts are observed. 

 Compliance: a theoretical scenario, investigating the required changes to effluent treatment and CSO 
storage to achieve full compliance throughout the study area. 

All four options included an increase in the Flow to Full Treatment (FFT) at Blackburn WwTW and additional 
storage at CSOs in Harthill, Blackburn, and Fauldhouse catchments. 
 
These options were tested with and without predicted growth in the catchments, based on the Local 
Development Plans. The predicted impacts of catchment growth on BOD and ammonia WFD compliance were 
minimal. However, catchment growth was predicted to have a significant impact on SRP concentrations, with 
widespread deterioration in SRP WFD status relative to the pre-growth results. This deterioration considerably 
increased the requirements of the Diatoms and Compliance options.  
 
Results Processing and Mapping 
The outputs of the 10-year model runs were processed using a bespoke python tool which calculates the long-
term and acute effects of inflows on the water quality of the river. The resultant in-river concentrations of 
10%ile DO, 90%ile and 99%ile BOD, 90%ile and 99%ile ammonia and mean SRP were assessed against WFD 
standards, whilst DO and unionised ammonia (UIA) were also compared against fundamental intermittent 
standards (FIS). The processed results were further translated into maps which enabled quick visualisation of 
the WFD or FIS status for each determinand, and therefore any predicted water quality failures across the 
study area.  
 
3. RESULTS AND DISCUSSION 
 

 
Figure 2a – Baseline Ammonia 90%ile    Figure 2b – Baseline Ammonia 99%ile 

 
Figure 2c – SRP AA baseline results 

Figures 2a to 2c above show the baseline conditions predicted by the model within the Almond catchment for 
the key parameters: ammonia and SRP. Figure 2a shows the 90%ile for ammonia, which highlights the effect 



 

 

Contains sensitive information 

River Almond Strateigc Study: CIWEM UDG Conference Paper  5 
 

of the continuous discharges from WwTWs; Figure 2b shows the 99%ile for ammonia, which highlights the 
effect of the CSOs; and Figure 2c shows the predicted SRP classifications within the River Almond. 
 
As intended, the Compliance option achieved full WFD compliance across the study area for all determinands, 
with the exception of isolated failures that were either marginal, due to predicted growth, or related to non-
Scottish Water inputs; an example of the predicted WFD status for ammonia 99%ile under the Compliance 
option can be seen in Figure 3a. The predicted improvements in water quality were largely achieved through 
reducing the frequency of CSO spillage by adding storage capacity and reducing effluent concentrations for 
BOD, ammonia and/or total phosphorus. In practice, these reductions would require process solutions at all 
modelled WwTW including: increased FFT (in two cases this would require a whole new process stream), 
enhanced filtering chemical dosing practices, larger chemical dosing storage tanks, advanced phosphorus 
monitoring, and improved solids capture. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 3 – The predicted WFD classifications for:  
(a) Ammonia 99%ile under the Compliance scenario  (b) SRP under the Compliance scenario  

The Diatoms option required very similar changes to the Compliance option, but these were less onerous in 
the upper half of the catchment, where SRP compliance was not needed since the ecology did not show any 
signs of being downgraded. The predicted WFD status for SRP under the Diatoms option run can be seen in 
Figure 4a. Note that, with the incorporation of predicted catchment growth (Figure 4b), the process solutions 
originally identified for the Diatoms option are no longer sufficient to achieve WFD compliance in the lower 
end of the catchment. Therefore, further process solutions would be required for the Diatoms option to 
achieve its intended purpose if current predictions of catchment growth are to be included. 

 

 
Figure 4 – The predicted WFD classifications for:  

(a) SRP under the Diatoms scenario – no growth  (b) SRP under 
the Diatoms scenario with growth 

The BAT option resulted in widespread compliance 
with SRP standards, but failures against ammonia 
standards were seen downstream of Fauldhouse and 
Harthill. The predicted WFD status for ammonia 
90%ile and SRP under the BAT scenario can be seen 
in Figure 5a and 5b respectively. 
 
. 

(a) (b) 

(a) (b) 

(b) (a) 
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Figure 5 - The predicted WFD classifications for: 

(a) Ammonia 90%ile under the BAT scenario  (b) SRP under the BAT scenario 

Optimisation resulted in widespread failures against ammonia and SRP standards in the upper half of the 
catchment, with additional failures at Winchburgh. Thus, this option would be adequate at some WwTWs, but 
others would require further enhancements. The predicted WFD status for Ammonia 90%ile and SRP under 
the Optimisation scenario can be seen in Figure 6a and 6b respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6 - The predicted WFD classifications for:  

(a) Ammonia 90%ile under the Optimisation scenario  (b) SRP under the Optimisation scenario 

Analysis of the modelled results against FIS indicated that, for all four options, there was one point of failure 
for DO and two points of failure for UIA; the locations of these failures were the same for all options. In all 
scenarios, the UIA and DO failures were marginal and confined to one year in the 10-year model run. Further 
investigation into these failures revealed that there were no inputs to the river at these locations, or for some 
distance upstream, and it was therefore concluded that the failures were an artefact of the model.  
 
The incorporation of predicted catchment growth had considerable impacts on the efficacy of the four 
options for improving water quality in the River Almond. Most significantly, the impacts of growth resulted in 
a deterioration in the WFD SRP status in the downstream section of the River Almond where ecology surveys 
have identified a decline in the diatom community. As such, the Diatoms option as modelled no longer 
achieved its intended purpose of reaching SRP compliance in the lower stretches of the River Almond and 
would have to be significantly modified to accommodate all the predicted growth. 
 
Predictions of growth within the catchment are associated with considerable uncertainties at this stage, since 
they are based on the long-term Local Development Plan for the area. It is therefore recommended that 
Scottish Water repeat this assessment prior to making any firm investment commitments in the future, such 
that the latest predicted growth can be taken into account. 
 

The cost of the solutions developed for each option were estimated at a high level using the Engineering 
Estimating System of Scottish Water by considering the comparison between the existing works performance 
costs and those of the capital and future operational requirements under each option. This showed that full 
compliance would cost between £30m and £40m, but that significant improvements, resulting in compliance 
in many areas of the river, could be achieved at much lower cost. Major investment is required at Fauldhouse 
to achieve any significant improvement, and significant improvements are needed at Livingston and Blackburn 
in any scenario. Storage is also required in a number of locations to reduce intermittent discharges for all 
options.  
 
4. CONCLUSIONS 

(a) (b) 
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This paper has described the detailed modelling study of the River Almond and its tributaries, undertaken to 
explore options for improving the water quality throughout the catchment with the aim of achieving WFD 
compliance throughout the study area. The project involved significant upgrades to existing InfoWorks sewer 
network models and a Mike 11 Ecolab hydrodynamic water quality model of the study area.  
 
The updates made to the network and water quality models have greatly improved confidence in the models. 
Whereas the previous studies had produced options that were logistically and financially unfeasible, the 
current study has provided realistic options, which could be practically implemented by Scottish Water. 
Additionally, a detailed visual tool has been produced which allows the predicted water quality classification 
in the river under any modelled scenario to be seen at all nodes throughout the river system. 
 
The upgraded models were used to explore the impact of several potential options for improvements to 
water quality within the River Almond and its tributaries. The four most promising options – Compliance, BAT, 
Optimisation and Diatoms – were taken forward for testing using a newly-developed 10-year time series. 
Following initial model runs, the four options were amended to incorporate the impact of predicted growth. 
 
All four options were found to improve water quality throughout the catchment. The initial runs found that, 
for current conditions, the Diatoms, Compliance and BAT options were effective in achieving compliance at 
the locations presently monitored by SEPA. However, only the Compliance and BAT options were effective 
enough to largely achieve compliance throughout the catchment once predicted growth has been taken into 
account. All options required the addition of storage at various CSO locations and an increase to the FFT at 
Blackburn. 
 
Since existing predictions of catchment growth are associated with considerable uncertainties, a further 
assessment should be carried out prior to undertaking future modifications, so that the latest growth 
predictions can be taken into account. 
 
The outputs from this study will now feed into Scottish Water’s Investment Planning Process where, in 
collaboration with SEPA and other stakeholders, the extent and timeline of future interventions will be 
defined. The development of the new tool will enable the effect of proposed future interventions to be 
assessed and will enable available resources to be targeted to achieve the maximum beneficial effect on 
water quality. 
 


