
Institute for Hydromechanics
University Karlsruhe

Far / nearFar / near--field transitionfield transition 
Case studies Case studies 

Gerhard Jirka, Tobias BleningerGerhard Jirka, Tobias Bleninger 

Institute for HydromechanicsInstitute for Hydromechanics 
University KarlsruheUniversity Karlsruhe 

GermanyGermany



2

Institute for Hydromechanics
University Karlsruhe

Jirka

plant related regional impacts
-> salinity/temperature and additive concentration distributions

influenced by discharge siting and induced mixing (near-field)
water body related impacts

-> additive loads, accumulation
influenced by water body characteristics, and ambient mixing (far-field)

large scale and process differences

EnvironmentalEnvironmental impactsimpacts
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(Fischer et. al, 1979; Jirka & Lee, 1994;)

CORMIX

Delft3D
CorLinkC Li kCorLink
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NF model: CORMIX

� Predicts jet trajectory and dilution 
characteristics of the initial mixing zone

� Variety of outfall conficurations for
simplyfied ambient conditions and 
topography

� CorTime: time series calculation
considering variable parameters (e.g. flow
rate, density,...)

� DCORMIX: module for dense currents
• Allows sloping bottoms
• under improvement (MEDRC project)

� Limitations:
• steady-state
• strong schematization
• no far-field dynamics

FF model: Delft3D-FLOW

� Simulation of multi-dimensional 
hydrodynamic flows and transport processes

� Solves the unsteady shallow water equations
� curvilinear, boundary fitted grid
� s-coordinates for vertical discretization
� Limitations:

• No consideration of NF processes or 
outfall geometry

• Calibration necessary for adjustment of 
initial and boundary conditions

• Spatial and temporal resolution limited by 
computing power and storage capacity

HydrodynamicHydrodynamic modelsmodels
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Coupling algorithm

Pre-Processing Preparation of field measurements as time series input for
the near-field model

Input files are text files with specified structure (given by CORMIX and Delft3D)
Generation of data by the use MatLab�-routinen

CorTime Time series near-field modeling with CORMIXCorTime Time series near-field modeling with CORMIX

Post-Processing Analysis of the results of CORMIX

Model linking
Preparation of near-field results as time series input for
the far-field model

Delft3D-FLOW Hydrodynamic modeling based on field data and the results
of the near-field model

Post-Processing Analysis of the results of CORMIX

Model linking
Preparation of near-field results as time series input for
the far-field model

Delft3DFLOW   Hydrodynamic modeling based on field data and the results
of the near-field model
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ModelModel linkinglinking

� Transformation of local coordinates into global coordinates (horizontal) 
� Determination of corresponding cells considering plume geometry (thickness, width, 

position)
� Calculation of corresponding flow rates Qi (Q0=�Qi )
� Concentration C, temperature T, salinity Sal remain constant (properties of Q)
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CaseCase studystudy
Brine discharge of a RO plant through a submerged single port

� Cartagena outfall (Columbia) following Bleninger (2006): 
field data, boundary conditions, numerical grid

� 1 week = 169 h = 169 time steps

� Ambient conditions:
• Depth averaged velocity Ua = 8 – 80 cm/s
• Ta = 27.7°C, Sala = 36.3 ppt (‰)  � �a = 1023.50 kg/m³
• Density profile: uniform or linear (�� > 0.1 kg/m³)

� Discharge conditions: 
• Qo = 7 m³/s
• To = 27.7°C, Salo = 66.9 ppt (‰) � �o = 1046.78 kg/m³

�
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� Outfall design (e.g. CORMIX)
DesignDesign modelingmodeling

Two different flow classes:
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� Outfall design (CORMIX)

� Numerical grid (Delft3D)

EnvironmentalEnvironmental modelingmodeling
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CaseCase studystudy:: CouplingCoupling
configurationsconfigurations

� no coupling
neglecting any
plume geometry

� vertical coupling
considering the
plume thickness

� full coupling
considering the
plume thickness, 
width and position
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Delft3DDelft3D -- HydrodynamicHydrodynamic modelmodel resultsresults
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Delft3DDelft3D -- HydrodynamicHydrodynamic modelmodel resultsresults
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CaseCase studystudy:: ResultsResults ofof
Delft3DDelft3D
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CaseCase studystudy:: ResultsResults of Delft3Dof Delft3D
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Source: Lattemann and Höpner, 2008

DesalinationDesalination casecase studystudy
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Actual design:
250 m offshore
at 20-25 m depth
exit velocity 7m/s

source: www.sydneywater.com.au
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Source: Lattemann and Höpner, 2008
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� Water quality protection needs careful blend of technologies
- source reduction and contaminant substitution
- treatment technologies
- discharge technologies

� EQS need mixing zone definition for point source discharges
� A multitude of hydrodynamic processes affect mixing and transport of 

effluent. Discharges optimally should
- be sited offshore
- be submerged
- have high velocities
- consist of multiple ports

� Simple screening equations and models are available
� Comprehensive design models improve and optimize design and siting
� Need for intense pre- and post-operational monitoring
� � great potential for environmental and operational optimization of 

existing and new plants due to technological solutions

ConclusionsConclusions
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Institute for Hydromechanics
www.ifh.uni-karlsruhe.de/science/envflu/

MEDRC research project
www.brinedis.net.ms

IAHR / IWA Committee on Marine Outfall Systems
www.outfalls.net.ms

Models:
� CORMIX V 5.0, www.cormix.info
� Delft3D, www.wldelft.nl
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