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What is GSS?

• Ongoing SW work in Glasgow looking at:
– Improving water quality and habitats
– Relieving development pressures in the city 

(Commonwealth Games)
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(Commonwealth Games)
– Assisting flood alleviation schemes
– Integrated and optimised investment planning 



Glasgow Drainage Catchments
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GSS Influenced by MGSDP 
Steering Group

• Scottish Water (SW) & delivery partners
• Glasgow City Council
• Scottish Environment Protection Agency
• Scottish Enterprise Glasgow
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• Scottish Enterprise Glasgow



Study Process
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Modelling Process

CATCHMENT-
IMPACT

SEWER NETWORK / WwTW

MIKE11 RIVER MODEL

DELFT3D ESTUARY
MODEL

HYDROLOGY MODELS
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Metoc’s Role
• Upgrade and verification of fluvial Clyde 

M11 model
• Upgrade and verification of White Cart 

Water M11 model
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Water M11 model
• Upgrade and testing of Delft3D estuary 

model
• Testing of all models to assess needs
• Solution modelling scenarios



Sewer Network Models

• Model maintenance programme for
– Dalmuir
– Dalmarnock
– Shieldhall
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– Shieldhall
– Daldowie

• Principal focus on UIDs initially
• Water quality modelling using a “default” 

approach



Estuary Model
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Estuary Model
• Initially constructed by SEPA, later developed under 

GSDP and DWF verified
• Model further improved

– Refined and Improved the HD Model
– Incorporating Surveyed SOD 
– Spatially Varied Decay Rates
– Vertical Walking Discharges
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– Vertical Walking Discharges
– Model Grid Refinement 
– Spatial Varied Manning Coefficient 
– Horizontal Large Eddy Simulation 
– Wind Effects 
– Temperature Process 
– Ozmidov Length Scale

• Model validated for DWF, storms and historical data sets



Estuary Model Validation
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River Models
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River Models

• Initially constructed for GCC, later 
developed under GSDP and DWF verified

• Model further improved
– Improved HD Model
– Improved tidal weir modelling
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– Improved tidal weir modelling
– Incorporating Surveyed SOD 
– Spatially Varied Decay Rates
– Vertical Walking Discharges
– Hydrological models used for U/S boundaries

• Model validated for DWF and storms



River Model Validation
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Catchment Models

• Built using CATCHMENT-IMPACT
• Calibrated for flows and quality 
• Uses diffuse, continuous and individual 

CSO pollutant inputs

WHERE ENGINEERING MEETS THE ENVIRONMENT

CSO pollutant inputs
• Used to determine boundary conditions for 

Mike11 model
• Used to allow the rapid assessment of 

upstream catchments



Needs & Options Assessments

• Needs assessed using present day models with 
typical year and 10 year runs
– Key physical processes identified
– Greatest influences identified
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• Options being developed to find greatest 
environmental benefit at greatest efficiency
– Matrix of scenarios tested
– Most successful elements combined to determine 

potential strategies



Key Findings - Estuary
• Maximum achievable DO limited by 

estuary morphology and hydraulics
• SOD plays a key role in DO processes

TidalWwTW & Storm 
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Tidal
Weir

Low Salinity

High Salinity

Detritus

WwTW & Storm 
water overflowsSeawater 

Exchange

River 
Flow

Detritus



SOD Processes

• Oxygen demanding material settles to bed
• Demand varies according to material type and 

also DO availability
• Sources of material variable
• Sediment budget study revealed potential 
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• Sediment budget study revealed potential 
ranges for sources (by mass)
– Upstream river 58-87%
– WwTW 10-17%
– CSOs 3-25%

• Still a degree of uncertainty in the contribution to 
SOD and the processes involved 



Key Findings - Estuary

• Continuous discharges more significant 
than intermittent – highlighting the 
importance of holistic approach

• System sensitive to climate variations
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• System sensitive to climate variations
– Wet years = improved DO
– Warm years = reduced DO

• Merit shown in oxygenation methods



Key Findings - River

• Upstream water quality highly important
• Continuous discharges more significant 

than intermittent
• Some areas of naturally occurring dips in 
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• Some areas of naturally occurring dips in 
DO identified in the White Cart

• Key assets identified for potential 
improvements



Potential Future Modelling

• Ongoing optioneering to devise the 
optimum strategy for water quality 
improvements

• Develop long term strategy
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• Develop long term strategy
• Develop greater understanding of SOD 

sources and processes
• Apply tools to upstream areas
• Apply tools for further WFD applications 

such as nutrient modelling



Conclusions

• Models improved to include all key processes
• Models tested against new data sets to ensure 

appropriate performance
• Current water quality needs assessed and key 
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• Current water quality needs assessed and key 
assets identified

• Development of strategy for water quality 
improvements underway

• Tools available for long term strategy and 
application to new areas


