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Abstract
A process model simulating the Mariannridge Wastewater Treatment Plant, located in the eThekwini Municipality, has
been developed in the WEST (Worldwide Engine for Simulation, Training and Automation) modelling environment, based
on the IWA Activated Sludge Model No. 3 (ASM3). The treatment plant receives a high proportion of industrial effluents.
The development of the model involves the characterisation of the influent wastewater and determining model parameters
(kinetic and stoichiometric coefficients) by undertaking batch respirometric tests on the wastewater and activated sludge,
flocculation filtration and simulation of the batch respirometric experiment. To account for equipment-specific factors, the
simulation model was calibrated against plant data covering a year’s operation.
The model is intended to be used as part of a system to evaluate the ability of a receiving wastewater treatment works to
adequately treat a particular industrial effluent before granting a permit for it to be discharged to sewer.
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List of abbreviations
ASM3			
ASU			
COD			
DO				
IWA			
OUR			
SS				
TKN			
TP				
TSS			
UCT			
VSS			
WEST			
				
WRC			
WWTP		

Activated Sludge Model Number 3
Activated sludge unit
Chemical oxygen demand
Dissolved oxygen
International Water Association
Oxygen uptake rate
Suspended solids
Total Kjeldahl nitrogen
Total phosphorus
Total suspended solids
University of Cape Town
Volatile suspended solids
Worldwide Engine for Simulation, Training 		
and Automation
Water Research Commission of South Africa
Wastewater treatment plant

List of symbols
bA		
bH		
CTCOD
f ns		
K A_NH
K A_O
k h		
K NH
KO		

Decay rate constant of autotrophs ( /d)
Decay rate constant of heterotrophs ( /d)
Total COD (gCOD/m3)
Non-settleable fraction of suspended solids (-)
Ammonium saturation constant for autotrophs (gN/m3)
Oxygen saturation constant for autotrophs (gO2/m3)
Hydrolysis rate constant (gCODXS/gCODXH)
Saturation constant for ammonium (gN/m3)
Oxygen saturation constant for heterotrophs (gO2/m3)
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KS		
K X		
SI		
SS		
X A		
X H		
X I		
XS		
XSTO
Y H		
μ A		
μ H		

Saturation constant for SS (gCODSS/m3)
Saturation constant for particulate COD (gCODXS/gCODXH)
Soluble inert organics (gCOD/m3)
Readily biodegradable substrate (gCOD/m3)
Autotrophic, nitrifying biomass (gCOD/m3)
Heterotrophic biomass (gCOD/m3)
Inert, particulate organics (gCOD/m3)
Slowly biodegradable substrate (gCOD/m3)
Organics stored by heterotrophs (gCOD/m3)
Yield coefficient of heterotrophs gCODXH/gCODXSTO
Maximum growth rate of autotrophs (/d)
Maximum growth rate of heterotrophs (/d)

Introduction
The key elements available to a municipality for the management of industrial wastewater are wastewater treatment plants
for remediation, discharge permits for placing limits on what
may be discharged, and discharge tariffs for financing the treatment and for providing incentives and penalties for the users
of the system. An optimal strategy for managing industrial
wastewater should include all these elements to serve the users
of the sewer system, while meeting the discharge standards for
the treated effluent. However the relationship between these
elements is complex and poorly understood because of the
variable nature of effluents discharged from industries and the
response of the biological processes to them. In response to this
challenge, the eThekwini Municipality motivated a research
project to develop a means of determining the link between a
permitted industrial discharge and the capacity of the receiving WWTP to treat it to meet the river discharge standards
imposed by the Department of Water Affairs and Forestry for
the given WWTP.
Developing a simulation model for a wastewater treatment
plant and calibrating it against plant operating data allows
the response of the wastewater treatment plant to a particular
wastewater to be evaluated. Hence modelling of biological
wastewater treatment systems can be used as a tool for evaluation. For this application, the model needs to be able to
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