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1 Introduction 

1.1 Background 

WKC Environment Consultancy (WKC) have been commissioned by WasteServ Malta Ltd (WSM) to conduct 

a hydrodynamic dispersion modelling study relating to the thermal effluent discharge from the cooling water 

system in support of the overall Environmental Impact Assessment (EIA) prepared for the Waste to Energy 

Facility, here after referred to as “The Project”, in the Island of Malta situated in the central Mediterranean.   

The Project is located within the Maghtab Environmental Complex near Qala San Marku and is situated on the 

Northern part of the main Maltese Island, approximately 2km southeast of Salina Bay. The Waste to Energy 

Facility is considered to be of strategic importance in the local waste management policy and infrastructure for 

the development of waste management systems and practices. Local energy recovery is intended to provide 

a primary solution for the treatment of certain wastes including refusal derived fuel (RDF), rejects from 

Mechanical and Biological Treatment (MBT) plants, residual Municipal Solid Waste (MSW) and other non-

recyclable and non-recoverable wastes. 

At the time of project award, MSM had not yet conducted a detailed design of the intake or outfall structures 

and prompted a nearfield outfall diffuser design screening study utilising CORMIX software in order to identify 

which design aspects would be an ideal starting point for detailed engineering design based on environmental 

performance.  

The first stage of modelling undertaken was a near-field dilution assessment utilising COMRIX software and 

considers multiple diffuser configurations and allows for a direct comparison between each diffuser designs’ 

mixing performance and environmental compliance.  

The second stage of the modelling process considers the preferred CORMIX diffuser design and was utilised 

in a secondary 3-Dimanetional (3D) far-field hydrodynamic assessment for overall environmental compliance.  

The project area is shown in a local context below in Figure 1-1. 

1.2 Study Objectives 

The objectives of the hydrodynamic modelling assessment are to provide technical support in aid of the impact 

assessments contained within the EIA (conducted by WasteServ) and to assess compliance to regulatory 

criteria of two diffuser design cases.  These objectives can be summarised as follows:  

• Diffuser Design Optimisation study to identify preferred diffuser design; 

• Simulation of hydrodynamics to feed into subsequent plume assessments;  
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• Simulations to determine the rejected heated effluent temperature differential results utilising the 

preferred diffuser design, and 

• Possible recirculation of temperature and salinity at the waste to energy plant intake. 

.
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Figure 1-1 - Project Location - Local Context 
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2 Project Standards 

This section describes the environmental regulatory framework within Malta, including relevant guidelines, 

protocols and standards that will be applicable to the Project. The regulatory framework is detailed below:   

2.1 European Union Water Framework Directive 

On the 22nd of December 2000, the European Union (EU) released the EU Water Framework Directive 

2000/60/EC (WFD) and is regarded as the most important and far-reaching legislation to emerge from the EU 

[1].  It was transposed into law in EU Member States at the end of 2003. The primary purpose of the WFD was 

to update and consolidate existing piecemeal EU water legislation. It established a new, integrated 

(ecosystem-based) approach to water protection, improvement and use.  

The WFD applies to all water bodies, including rivers, estuaries, coastal waters and man-made water bodies. 

These water bodies are manged via a series of national or international ‘river basin districts’.  

Article 2(7) of The WFD defines coastal waters as ‘Coastal waters mean surface water on the landward side 

of a line, every point of which is a distance of one nautical mile on the seaward side from the nearest baseline 

from which the breadth of territorial waters is measured, extending where appropriate up to the limit of 

transitional waters’. 

Several pieces of EU legislation contain provisions aimed at protecting surface waters from chemical pollution 

with the WFD 2000/60/EC playing a pivotal role. EU member states must ensure that the Environmental Quality 

Standards (EQS) for priority substances (listed in Annex X to the WFD) and set in the EQS Directive are met 

to achieve good chemical status in accordance with WFD Article 4 and Annex V point 1.4.3.  

In addition to chemical water quality targets, ecological objectives have been set for each waterbody. A key 

aim of the WFD is for all water bodies to achieve ‘good ecological and chemical status’.  

With the main parameter of concern for this project being thermal in nature and not chemical, the ecological 

effects due to a thermal discharge are to be made refrence to with refrence to any critical or priority habitats 

identified at the project area outfall location as described by the Habitats Directive 92/43/EEC (Nature 

Directives) [2] . 

2.1.1 Habitats Directive 92/43/EEC 

Adopted in 1992, the Council Directive 92/43/EEC of May 21, 1992, on the conservation of natural habitats 

and wild fauna and flora aims to promote the maintenance of biodiversity taking account of economic, social, 

cultural and regional requirements. The Habitats Directive ensures the conservation of a wide range of rare, 

threatened, or endemic animal and plant species.  

With Posidonia oceanica beds identified as being present at the project area, special attention to the thermal 

tolerance of this priority habitat must be made refrence to ensure the potential impacts are minimised [3].  
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Although it is stated that that Posidonia seagrass habitats are able to support a relatively large range of 

temperatures (10°C-29°C), the primary factor of concern is its ability to withstand sustained temperature 

increases above ambient [4].  

The Habitats Directive stipulate that cooling water from power plants should not increase the meadow seawater 

temperature by more than 1°C above mean ambient seawater temperatures [2].   

2.1.2 Regulatory Mixing Zone Requirements 

Directive 2008/105/EC Article 4 specifies multiple requirements for member states in defining Regulatory 

Mixing Zones (RMZ) for substances listed in Part A of Annex I of the EQS standards for priority substances, 

however temperature increases do not form part of the priority list and is not directly regulated in terms of 

achieving good chemical status for coastal waters. 

However, for reference purposes only, a RMZ of 100m will be applied for special context.  

2.2 Environmental Regulations Summary 

The only parameters of concern associated with the project is Temperature with the Habitats Directive stating 

a maximum allowable temperature differential (rise) of no more than 1°C from ambient seawater temperatures. 

Additionally, although not a regulatory requirement, a 100m RMZ will be adopted for special context only.  
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3 Modelling Systems 

The modelling study will be carried out utilising the MIKE software package (developed by DHI). The MIKE 

software package is a powerful and versatile tool for simulating physical, chemical, biological and ecological 

processes in coastal and marine areas. The package utilises multiple modules for various simulation, 

prediction and forecast applications; the modules utilised within this scope of works are summarised further 

below.  

3.1 MIKE Hydrodynamic Flow Model  

The MIKE Hydrodynamic (HD) Flow Model (FM) is a numerical modelling system for the simulation of water 

level variations and their associated flows.  The model is able to run, in both two-dimensional (2D) and three-

dimensional (3D) modes, using multiple simulation engines, including single grid, multiple grid and flexible 

mesh application.  The MIKE HD FM modules are the ‘base’ module for the software suite, the outputs of which 

are used as input for various other modules of differing applications.  

The MIKE21 FM HD module is a system for simulating 2D free-surface flows.  MIKE21 is applicable for the 

simulation of hydraulic environments, such as lakes, estuaries, bays, coastal areas and seas, where the 

significance of vertical stratification can be discounted.  

The 3D, baroclinic module MIKE3 FM HD, is a general non-hydrostatic numerical modelling system which 

simulates unsteady, 3D flows in fluids when presented with the bathymetry and other relevant ambient 

conditions (e.g. bed resistance, wind forcing, hydrographic boundary conditions, and atmospheric influence).  

MIKE3 FM HD is applicable to areas where stratification cannot be discounted, or where simulation requires 

the assessment of effluent with a positive or negative density differential.  The fully baroclinic nature of the 

module enables density currents caused by this differential density to be simulated accurately, in conjunction 

with other dispersal effects associated tide and wind driven flows and atmospheric effects (such as surface 

cooling).   

The software also incorporates near-field simulations which can accurately simulate the ‘jet’ phase of an 

effluent discharge (where the effluent momentum influences trajectory and mixing behaviour).  These nearfield 

simulations are linked with the MIKE3 FM HD module, enabling the influence of ambient currents on ‘jet’ 

behaviour to be simulated at the same temporal and spatial resolution as the hydrodynamic model.  

Additional scientific documentation on MIKE HD FM can be provided on request. 

3.2 CORMIX 

The CORMIX model is an approved United States Environmental Protection Agency (US EPA) mixing zone 

model and primarily used for the assessment of regulatory mixing zones resulting from continuous point source 

discharges. Mixing behaviour can be assessed from a range of discharge designs within bounded channels 

(e.g. rivers, estuaries or industrial discharge channels) and unbounded channels (e.g. coastline or lakes). The 

mixing behaviour is modelled based on discharge characteristics and ambient conditions such as current 

speed, buoyancy of the effluent, stratification of the ambient fluid, effluent flow rate and port diameter/design. 
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CORMIX is particularly effective at determining near field mixing characteristics based on outfall design and 

the ambient conditions at the point of discharge. 
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4 Methodology 

4.1 Hydrodynamic Modelling 

4.1.1 Overview 

The hydrodynamics of the project area were simulated utilising the MIKE21 HD FM model, driven by tidal 

constituent amplitude and phase predictions sourced from the DTU10 global ocean tide model from the 

Technical University of Denmark [5] .   

Meteorological data, such as Air Pressure and Wind Speeds was sourced from the National Centres for 

Environmental Prediction (NCEP) [6], which provides MIKE3 HD FM with the necessary ambient data over the 

entire domain, which varies in time and space.  

Due to the likely stratified nature of the environment after the introduction of a less dense heated effluent, the 

MIKE3 HD FM 3D module was utilised for the study.  The hydrodynamics of the area were simulated utilising 

the preferred diffuser design, as identified in the CORMIX assessment for both a summer and winter 

operational case (i.e. with the introduction of the intakes and outfalls associated with the plant) allowing for a 

direct comparison to the environmental regulations.  The results of the hydrodynamic modelling have been 

used to ‘drive’ the subsequent heated effluent plumes. An overview of the hydrodynamic modelling approach 

is presented in Table 4-1.  

Table 4-1 - Summary of Hydrodynamic Modelling Approach 

Task Hydrodynamic Modelling 

Model MIKE3 HD FM 

Model Features 3-dimensional 

Horizontal and vertical planes 

Combined σ-coordinate and z-level vertical layering scheme 

Tidal Data HYCOM Data at 1/12° resolution [7]. 

Meteorological Data NCEP supported CFSR data at ≈0.2° spatial and hourly temporal resolution. [6] 

Period Modelled A pre-development simulation (prior to the influence of discharge) will be simulated for 

validation purposes (August 2021). 

 

Two operational simulations of 1-month duration covering operational conditions for a 

representative summer (August 2021) a winter (January 2021).  Summarised as 

follows: 

o x1 Summer  

o x1 Winter  

 

Bathymetry Simulations will be conducted utilising up to date bathymetric data from UKHO 

Admiralty charts (digitised by C-MAP) and survey data provided by the Client.   

Model Verification In the absence of sufficient measured current (e.g. ADCP) data, verification was 

conducted against tidal heights Valetta Tidal Port for a 30 day period.. 
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Resolution Flexible mesh, variable element size with a maximum area of 1,500,000 m2 

(equivalent to approx. 1.0km horizontal resolution) to an area of 75 m2 (equivalent to 

approx. 3m horizontal resolution).  

 

4.1.2 Model Grids and Bathymetry 

Bathymetry within the project area was obtained from a number of sources in order to accurately portray the 

physical environment within the modelling domain referenced to Lowest Astronomical Tide (LAT) The sources 

of data utilised, in the order that they were used, are summarised below: 

• Digitised British Admiralty Bathymetric Charts 2538A & 2538B sourced from C-MAP [8] 

• Site specific survey along the proposed area of interest supplied by the client, and 

• Manual manipulation of bathymetric grid data to better define existing coastal features via satellite 

imagery. 

The coverage and resolution of the modelling domain were decided based on knowledge of the project area, 

and the outcomes of a number of modelling iterations carried out during the validation/calibration process 

(Section 5.1.2).  

The final, overall bathymetry and domain mesh structure used in the hydrodynamic model is presented in 

Figure 4-1 and Figure 4-2 respectively showing the tidal station used for validation with a closer view of the 

project area presented in Figure 4-3 & Figure 4-4 illustrating the proposed Intake and Outfall locations.  
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Figure 4-1 - Modelling Domain Bathymetry and Tidal Station 
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Figure 4-2 - Modelling Domain Bathymetry and Mesh Structure 
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Figure 4-3 - Modelling Bathymetry - Project Area with Proposed Intake and Outfall Locations 
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Figure 4-4 - Modelling Bathymetry and Mesh Structure - Project Area with Proposed Intake and Outfall Locations 
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4.1.3 Winds 

Wind data has been purchased from MIKE DHI’s database of global reanalysed forecast data which is sourced 

from the CFSR.  The CFSR routinely operates a suite of numerical weather prediction models at a spatial 

resolution range of approximately 0.2° and temporal resolutions of 1 hour. Additional meteorological has been 

purchased from DHI which provides MIKE3 HD FM with the necessary ambient conditions [6]  

Wind roses in the months of January 2021 and August 2021 at the project location are provided within Figure 

4-5 and Figure 4-6.  The winds are generally stronger in winter and are dominated by a combination of north-

westerly and south-westerlies winds.  During summer months, the winds are less variable and have a 

predominant North Westerly direction.  

Figure 4-5 - Wind Rose (CFSR) at Project Location (January 2021) 

 

Figure 4-6 - Wind Rose (CFSR) at Project Location (August 2021) 

 

4.1.4 Ambient Currents 

The simulated currents for both the representative winter and summer seasons as illustrated below in Figure 

4-7 and Figure 4-8, are predicted to be influenced by a combination of the seabed and the predominant north-

westerly wind directions as illustrated in Figure 4-5 and Figure 4-6 with the winter current speeds being more 

pronounced due to the stronger winds experienced during the winter seasons. 
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Figure 4-7 - Current Rose at Diffuser Location - Winter Season 

 

Figure 4-8 - Current Rose at The Diffuser Location - Summer Season 

 

 

4.1.5 Tides 

In order to accurately simulate the propagation of the tides to the project area within the modelling domain, 

boundary tidal conditions were sourced from the DTU10 global ocean tide model from the Technical University 

of Denmark [9].  The data is pre-processed in order to be recognised by MIKE and provides the user with 3D 

model boundary data at each open water boundary in order to allow MIKE3 HD FM to simulate the tidal and 

current variations within the project domain.  The modelled tidal variations were checked against prognostic 

data obtained from C-MAP shown in Figure 4-1. 

The amplitude and phase of the two dominant tidal constituents, the principal lunar semidiurnal (M2) and the 

principal solar semidiurnal (S2) constituents for the DTU10 global ocean tide model are presented within Figure 

4-9 and Figure 4-10 for reference purposes. Please note that the data presented is at a lower resolution (0.5°) 

than the raw data utilised within this study (0.125°).  Although only M2 and S2 are presented all major and 

minor constituents were considered when setting boundary conditions.  
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Figure 4-9 - Amplitude and Phase of Principal Lunar Semidiurnal Constituent 

 

Figure 4-10 - Amplitude and Phase of Principal Solar Semidiurnal Constituent 

 

4.2 Simulation of Effluent Discharges 

4.2.1 Overview 

The mixing and dilution of reject waters from a marine outfall can be considered in two distinct spatial zones; 

the near-field and far-field.  Both of these zones must be simulated accurately in order to reliably represent the 

mixing behaviour of an effluent.  The near-field can be defined as the zone where mixing behaviour is 

influenced by the momentum and buoyancy (influenced by discharge design and effluent characteristics).  Far-

field mixing, and dilution rely on the ambient conditions of the receiving waters (tidal and wind driven currents, 
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wave induced turbulence and baroclinic gradients) to induce horizontal and vertical mixing.  MIKE3 HD FM is 

able to accurately simulate, and link, both of these mixing fields in a single software suite.  

The near-field solution is determine using the integral jet model approach [9], which determines the steady 

state solution of the jet/plume by solving conservative equations for flux and momentum, salinity and 

temperature, as well as equation for the trajectory of the jet and the equation of state for centreline density.  

The effect of the diluted jet on the far-field model is represented by introducing a number of entrainment sinks 

along the centreline of the predicted jet trajectory and by introducing a source at the final position of the jet 

trajectory [10].  

The purpose of the modelling study is to simulate the dispersion of the rejected effluent in order to aid an 

assessment of potential impacts to the environment in support of the EIA preparation. Furthermore, a preferred 

diffuser configuration was utilised in the hydrodynamic assessment, based on the outcomes of a preliminary 

CORMIX screening assessment conducted as an initial diffuser optimisation study based on predicted 

dilution/mixing performance and engineering limitation input data provided by the client. 

The principal constituent of concern within the rejected effluent is temperature differential.  The heated effluent, 

at the point of discharge, will be significantly less dense that the ambient environment, therefore it is necessary 

to simulate the discharge in 3D to ensure that any potential for stratification is captured.  This density gradient 

has the potential to impact upon ambient currents due to the possibility of baroclinic gravity flows, therefore 

the simulations of the heated effluent dispersion were carried out within the MIKE HD FM module (rather than 

an add on advection and dispersion module). 
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An overview of the approach to modelling is presented in Table 4-2, with additional information provided in the 

following sections. 

Table 4-2 - Plume Discharge Modelling Overview 

Stage Plume Modelling 

Model MIKE3 HD FM 

Task Pre-requisite MIKE3 HD FM baseline condition validation 

Scenarios Two simulations of 1-month duration covering operational conditions utilising the 

preferred diffuser design for a representative summer (August 2021) a winter (January 

2021) conditions Summarised as follows: 

o x1 Summer  

o x1 Winter  

 

No. of Sources 3 Diffuser Jets 

Port Discharge Angles  +30  

No. of Intakes 1 

Parameters Simulated Differential Temperature 

Intake Locations (UTM-33N) Easting – 450901.05 

Northing – 3978847.8 

Outfall Location (UTM-33N) Easting – 450825.55 

Northing – 3978786.60 

 

4.2.2 Effluent Parameters 

The effluent parameters are important to define the differential of the parameters of concern with the ambient 

concentration (in this case temperature) in order that an assessment against criteria or potential for change 

can be carried out.  The effluent parameters also define the buoyancy of the effluent which will determine the 

plume trajectory and how the plume will interact with the ambient environment (i.e. will the plume rise to the 

surface, sink or remain neutrally buoyant) all of which can significantly affect mixing behaviour.  

A summary of the effluent parameters provided by the client for the Summer and Winter seasons and is 

provided in Table 4-3. 

Table 4-3 - Summary of Effluent Parameters 

Parameter Units Operational Period 

Summer Winter 

Effluent Flow Rate m3/s 0.86 0.86 

Effluent Salinity  PSU Ambient Ambient 

Effluent Temperature °C 35 35 

4.2.3 Ambient Parameters 

Ambient parameters, such as depth, current velocity, current direction, tidal period etc. are obtained from the 

hydrodynamic modelling domain set-up (Section 4.1), the bathymetric grid.  Ambient ocean water salinity and 

temperatures for both a representative summer and winter season were provided by the client and also 

sourced from a literature review [10].  
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For reference purposes, a summary of prediction of the ambient parameters at the point of discharge is 

provided in Table 4-4. 

Table 4-4 - Summary of Ambient Parameters 

Parameter Units Value 

Summer Winter 

Ambient Salinity PSU 37.5 37.5 

Ambient Temperature (Average) °C 27.5* 16.0* 

* - Temperature values taken as an average 

4.2.4 Outfall / Intake Design Parameters 

Base Diffuser Design 

The heated effluent discharge is anticipated to be discharged from a triple-port diffuser located approximately 

900 m from the shoreline (Figure 4-3).  A preferred diffuser design has been selected by the client as identified 

through the CORMIX screening assessment and consists of a three diffuser ports discharging at a vertical 

angle of 30° relative to the seabed with a port diameter of 0.35 m. 

The preferred diffuser design which was selected was based on the on the near-field mixing and dilution 

performance in an email dated 03/08/2022 and was summarised as follows.  

• Environmental compliance was achieved with all 45 configurations with favour being placed on the 

unidirectional designs due to its construction simplicity and the likely re-entrainment of the heated 

effluent when utilising an alternating arrangement; 

• Increased discharge velocity (by reducing the discharge diameter) predicted to increase the mixing 

performance of the heated effluent. However, an engineering design threshold was reached in terms 

of the exit velocity being capped at 3m/s to prevent pipe scour. This translated to a 0.35m diameter 

discharge pipe being selected, resulting in a discharge velocity of 2.97 m/s; 

• A discharge angle of 30° from the horizontal was predicted to exhibit better missing characteristics as 

compared to a 60° diffuser discharge angle and is likely due to the heated effluent plume being allowed 

to mix with a greater volume of fresh water above the discharge stream; and 

• Increasing the number of discharge ports results in improved mixing characteristics. However, a 

compromise was made from a capitol cost perspective to limit the diffuser design to 3 discharge ports.  

After consultation with the client, a triple port diffuser design, having a discharge port diameter of 0.35m was 

maintained with the final selected discharge angle selected as +30° as an attempt at avoiding plume contact 

with the surface and allowing the plume to travel under its own momentum for a longer period of time which is 

likely to result in better mixing/dilution characteristics.   

The overall design is summarised below within Table 4-5. 

Table 4-5 - Summary of Diffuser Design 

Operational 

Seasons 

Flow Rate 

(m3/h) 

Flow Rate 

(m3/s) 

Discharge 

Temperature 

(°C) 

Ejector 

Number 

Port 

Diameter 

(m) 

Discharge 

Velocity 

(m/s) 

Discharge 

Angle 

(°) 

Summer & Winter  3, 089 0.86 35 3 0.35 2.97 +30 



 

WasteServ 

Malta Waste to Energy Facility 
20 

Hydrodynamic Modelling Report 

J22026-R-01 

 
 

4.3 Assumptions and Limitations 

The movement of coastal ocean is controlled by the principles of mass, energy and momentum conservation.  

Numerical hydrodynamic modelling attempts to solve complex flow situations using empirical approximations 

and derivations of these principles.  All numerical models make approximations to solve these principles and 

therefore have inherent limitations [11]. 

In addition to these inherent limitations, numerical modelling requires that input data be selected which itself 

has inherent limitations, and where input data is unavailable educated assumptions must be made.  The 

following section highlights the limitations of the input data and assumptions which have been selected.  Note, 

these assumptions and limitations do not invalidate the conclusions of the modelling study and the best-known 

source of data available within the confines of the project scope of work have been selected where possible. 

The modelling assessment has been carried out utilising the most accurate data available at this time, however 

a number of assumptions/calculations were used to fill data gaps.  Where selected methodologies or data gaps 

limit the assessment, these are summarised below: 

4.3.1 Hydrodynamic Modelling 

• Meteorological input data derived from a third-generation reanalysis product, NCEP/CFSR model 

data, is a high resolution reanalysed global meteorological conditions data set collected over a 

period stretching more than 31 years.  However, as a global meteorological model, it can result 

in a ‘smoothing’ of localised and peak conditions.  Note however, that this is the best readily 

available source of gridded meteorological data available for use within the MIKE modelling 

software.   

• Tidal forcing is based on tidal constituent amplitudes and phases from the DTU10 global tidal 

model.  These data sets only take astronomical effects into account and meteorological effects 

such as wind, air pressure and heat transfer are not. However, they have proved to be very 

reliable in the central regions of the Mediterranean.  

• The bathymetric data was collected was a combination of bathymetry points obtained through 

digitisation of historic navigation charts and survey data sourced from the client. Bathymetry 

obtained from the navigational charts were used for most of the surrounding areas within the 

modelling domain whilst the accurate survey data was used specifically around the Project 

Location. The ocean floor is a dynamic and constantly changing environment, therefore it is 

possible that certain bathymetric data used, some variation between modelled bathymetry and 

actual bathymetry may exist. It is however not expected that this variation is significant enough 

to change the outcomes of this assessment.  

4.3.2 Plume Simulations 

• The outfall simulated is based on preliminary design data supplied by the client.  Besides the 

preliminary diffuser design screening exercise, no attempt at further optimising the outfall/intake 

design has been carried out as part of this assessment. 
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5 Results 

5.1 Hydrodynamic Modelling 

5.1.1 Overview 

In order to provide simulation data which captured a full tidal cycle and achieved steady state equilibrium,  

MIKE3 HD FM was run for one month (30 days) for a representative summer (1st August - 1st September 2021) 

and Winter season (1st January - 1st February 2021). 

Figure 5-1 through to  Figure 5-4 show the typical surface currents within the project area modelled during ebb 

and flood tides during representative summer and winter months respectively. 

Current speeds within the area of interest (near the outfall) are generally more pronounced during the winter 

seasons (likely due to the higher wind speeds experienced in the area during winter) but rarely exceed 0.5 m/s 

due to the relatively sheltered natural bay and are predicted to have a predominant north-west to south-east 

direction of flow due to the orientation of the coastline and the predominant wind directions during both summer 

and winter seasons. 

Tidal phase and amplitude are complicated in the Mediterranean due to sleep bathymetric contours of the 

seabed and the restrictive nature of the narrow Strait of Gibraltar, however the tides are generally of a mixed 

diurnal and semi-diurnal nature. The current velocities within the project area are largely driven by coastline 

orientation and the predominant north-westerly winds due to the vast fetch distance available in the area of 

interest. 
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Figure 5-1 - MIKE3 HD FM - Ebb Tide (22/08/21 16:50) - Summer Season 
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Figure 5-2 - MIKE3 HD FM - Flood Tide (22/08/21 04:50) - Summer Season 
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Figure 5-3 - MIKE3 HD FM - Ebb Tide (10/01/21 02:20) - Winter Season 
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Figure 5-4 - MIKE3 HD FM - Flood Tide (08/01/21 19:40) - Winter Season 
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5.1.2 Verification of Tide Predictions 

The tidal currents and water heights utilised within the assessment were simulated for representative summer 

(August) and winter season (January).  Verification of the accuracy of the simulated hydrodynamics in the 

region of interest was possible due to prognostic water level variations, purchased from MIKE CMap, from 

Valetta Tidal station as illustrated in Figure 1-1. A comparison between simulated and prognostic water levels 

over a 30-day period at the Valetta Tidal station is presented in Figure 5-5.  

Presented below in Table 5-1 are the UTM coordinates of the Madinat Yanbu tidal station. 

Table 5-1 - Tidal Station Location 

Description X-Coordinate (UTM) Y-Coordinate Distance from Project 

Area 

Madinat Yanbu Port 291,442.20 3,074,997.80 11.5 km  

 

To statistically analyse model performance, the Index of Agreement (IOA) is calculated through comparison 

between observed (measured) and simulated water level data and is compared to the semantic scale 

presented in Table 5-2. The statistical agreement and analysis of the data has been conducted which is 

presented in Table 5-3 below with explanation of the various metrics and indices given in the text that follows: 

Table 5-2 - Indices of Agreement Score Qualifications 

Range Qualification 

0.8 < x < 1.0 Excellent 

0.6 < x < 0.8 Good 

0.3 < x < 0.6 Reasonable 

0.0 < x < 0.3 Poor 

x < 0.0 Bad 

 

Table 5-3 - Statistical Performance for Water Levels - Summer Period 
 

MAE RMSE E IOA 

Ideal Score 0 0 1 1 

Water Level Variation – Valetta Tidal Station  0.0798 0.0959 0.9251 0.9806 

 

Table 5-3 presents the mean absolute error (MAE) root-mean-square error (RMSE), the coefficient of efficiency 

(E) and the IOA, for water height, along with the ideal score for each test. 

The RMSE can be described as the standard deviation of the difference for predicted and observed pairing at 

the tidal station locations.  The RMSE is a quadratic scoring rule which measures the average magnitude of 

the error.  The RMSE is a good measure of model performance, but since large errors are weighted heavily, 

its value can be distorted.  The MEA is a measure of comparison similar to the RMSE but puts less emphasis 

on the largest errors.  RMSE and MEA are equal to the unit of the values being analysed.  

E can range from negative infinity to 1 with larger values indicating a better fit.  E measures the one to one 

relationship between the observed and simulated values and hence is sensitive to bias and proportional 

effects.   
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The IOA [12] can take a value between 0 and 1, with 1 indicating perfect agreement.  The IOA is the ratio of 

the total RMSE to the sum of two differences, the difference between each prediction and the observed mean, 

and the difference between each observation and the observed mean.  Therefore, the IOA is a measure of the 

match between departure of each prediction from the observed mean and the departure of each observation 

from the observed mean. 

Figure 5-5 compares the simulated water heights against the observed data with the results predicting an 

excellent visual agreement and indicate that the model is accurately representing the tidal and current flows in 

the region of interest.  
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Figure 5-5 - Verification of water level variations – Valetta Tidal Station 
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5.2 Simulation of Effluent Discharges 

5.2.1 Overview 

The heated effluent, rejected from the plant, will be warmer than the receiving waters and significantly less 

dense and therefore may influence baroclinic flows due to the density differential.  Due to the potential to 

influence/cause baroclinic currents, the effluent discharge was simulated within MIKE3 HD FM, which is 

capable of simulating these density currents.  

Simulations were conducted for a representative winter (January 2021) and summer (August 2021) 

scenarios utilising the preferred diffuser design as identified in the preliminary COMRIX diffuser screening 

assessment.   

MIKE3 HD FM simulates both the near-field mixing zone, where the effluent acts under its own momentum 

and can be described as ‘jet-like’, and the far-field mixing zone, where the effluent acts under influence from 

the ambient environment.  The linkage of between these two numerical modelling schemes is dynamic, 

therefore jet trajectory and momentum are dependent on ambient currents speeds, and the point at which 

the far-field commences is dependent on the trajectory of the jet phase. 

5.2.2 Temperature 

The principal constituent of concern within the rejected effluent is differential temperature.  The heated 

effluent, at the point of discharge, will be significantly less dense that the ambient environment, therefore it 

is necessary to simulate the discharge in 3D, to ensure that any potential for stratification is captured.  This 

density gradient, has the potential to impact upon ambient currents due to the potential for density flows, 

therefore the simulations of the effluent dispersion were carried out within the MIKE HD FM module (rather 

than an add on advection and dispersion module). 

The simulation results for the representative summer (August 2021) and winter (January 2021) seasons 

have been statistically analysed to determine the mean and 95th percentile (below which 95% of simulations 

can be found) temperature differential concentrations throughout the simulated period within the modelling 

domain.  For the purposes of comparison to relevant regulatory standards (Section 2), the 95th percentile 

results have been used as this allows a conservative assessment, whilst excluding result outliers which 

occur in only a minority of situations. 

The heated effluent dispersion is anticipated to be relatively similar in both summer and winter for both 

diffuser port design cases, even though meteorological conditions are anticipated to be significantly 

different, and any potential influence caused by variation in seasonal meteorological patterns, is anticipated 

to be limited to the surface layer, with influence being diminished near the seabed where the plume 

centreline will be located. 

Since the heated effluent plume is less dense than the ambient environment, upon discharge the plume will 

tend to rise towards the sea surface, with horizontal movement being influence by prevailing flood or ebb 

currents.  However, considering the relatively low velocities of the ambient currents in the area during both 

the representative summer and winter seasons, and the relatively deep nature at the discharge location 

comparatively to the small discharge volume, dilution of the plume is anticipated to occur quickly  

Figure 5-6 through to Figure 5-11 present the predicated statistical mean differential temperature at seabed, 

mid-column and sea-surface respectively for the summer and winter season respectively. Figure 5-12 

through to Figure 5-17 illustrates the predicted statistical 95th percentile differential temperature for seabed, 

mid-column and sea-surface for the summer and winter season respectively. 

The simulations predict that the greatest influence of the outfall is likely to occur at the sea surface in the 

vicinity of the diffuser location with the orientation of the plume being in the predominant current direction 

being north-west to south-east direction.  
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Overall, the 95th percentile results at the sea surface predict ∆0.3°C and ∆0.2°C temperature differentials at 

the illustrative 100m RMZ with the temperature differentials of the diffuser predicted to be well within the 

regulatory limit of ∆1.0°C.  

Additionally, the influence at the mid-column and seabed is predicted to be negligible due to the heated 

effluent being less dense that the ambient waters and tends to quickly rise to the surface with no regulatory 

exceedances being predicted at the mid-column or seabed layers for both the summer and winter seasons.  
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Figure 5-6 - Mean Differential Temperature - Summer - Seabed  

 

Figure 5-7 - Mean Differential Temperature - Winter - Seabed 

 

Figure 5-8 - Mean Differential Temperature - Summer - Mid-Column 

 

Figure 5-9 - Mean Differential Temperature - Winter - Mid-Column 

 

Figure 5-10 - Mean Differential Temperature - Summer - Sea Surface 

 

Figure 5-11 - Mean Differential Temperature - Winter - Sea Surface 
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Figure 5-12 - 95th-Percentile Differential Temperature - Summer - Seabed  

 

Figure 5-13 - 95th- Percentile Differential Temperature - Winter - Seabed 

 

Figure 5-14 - 95th-Percentile Differential Temperature - Summer - Mid-Column 

 

Figure 5-15 - 95th- Percentile Differential Temperature - Winter - Mid-Column 

 

Figure 5-16 - 95th- Percentile Differential Temperature - Summer - Sea Surface 

 

Figure 5-17 - 95th- Percentile Differential Temperature - Winter - Sea Surface 
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5.2.3 Temperature and Salinity Recirculation Potential 

Due to the less dense effluent discharge rising to the sea surface layer after overcoming the initial ‘jet-like’ 

phase, the predicted results indicate that the potential for temperature recirculation at the proposed intake 

location is unlikely.  

Presented below in Figure 5-18 and Figure 5-19 are the temperature differentials predicted for both the 

summer and winter period, respectively.  

It is predicted that there are sporadic temperature recirculation occurrences, most of which remain less than 

0.2°C for both the summer and winter seasons at the SWRO plant intake. The ambient currents cause most 

of the heated plume to drift to the north-west and south-east (missing the intake location) with a maximum brief 

peak of approximately 0.18°C predicted to occur during the summer season and is likely due to the warmer 

ocean temperatures during the summer season.  

Overall, the results predict that temperature recirculation is unlikely to occur at the plant intake location due to 

the heated effluent plume quickly rising to the sea surface and drifting away to the north-west and south-east. 
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Figure 5-18 - Summer Temperature Differential at Intakes 

 

 

Figure 5-19 - Winter Temperature Differentials at Intakes 
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6 Summary and Conclusions 

WKC Environment Consultancy (WKC) have been commissioned by WasteServ Malta Ltd (WSM) to conduct 

a hydrodynamic dispersion modelling study relating to the thermal effluent discharge from the cooling water 

system in support of the overall Environmental Impact Assessment (EIA) prepared for the Waste to Energy 

Facility, here after referred to as “The Project”, in the Island of Malta situated in the central Mediterranean.   

The Project is located within the Maghtab Environmental Complex near Qala San Marku and is situated on the 

Northern part of the main Maltese Island, approximately 2km southeast of Salina Bay. The Waste to Energy 

Facility is considered to be of strategic importance in the local waste management policy and infrastructure for 

the development of waste management systems and practices. Local energy recovery is intended to provide 

a primary solution for the treatment of certain wastes including refusal derived fuel (RDF), rejects from 

Mechanical and Biological Treatment (MBT) plants, residual Municipal Solid Waste (MSW) and other non-

recyclable and non-recoverable wastes. 

6.1 Hydrodynamics and Heated Effluent Discharge Modelling Summary 

At the time of project award, MSM had not yet conducted a detailed design of the intake or outfall structures 

and prompted a nearfield outfall diffuser design screening study utilising CORMIX software in order to identify 

which design aspects would be an ideal starting point for detailed engineering design based on environmental 

performance.  

The first stage of modelling undertaken was a near-field dilution assessment utilising COMRIX software and 

considers multiple diffuser configurations and allows for a direct comparison between each diffuser designs’ 

mixing performance and environmental compliance.  

The second stage of the modelling process considers the preferred CORMIX diffuser design and was utilised 

in a secondary 3-Dimanetional (3D) far-field hydrodynamic assessment for overall environmental compliance.  

Due to the likely stratified nature of the environment after the introduction of a less dense heated effluent, the 

MIKE3 HD FM 3D module was utilised for the study.  The hydrodynamics of the area were simulated utilising 

the preferred diffuser design, as identified in the CORMIX assessment for both a summer and winter 

operational case (i.e. with the introduction of the intakes and outfalls associated with the plant) allowing for a 

direct comparison to the environmental regulations.  The results of the hydrodynamic modelling have been 

used to ‘drive’ the subsequent heated effluent plumes. 

Current speeds within the area of interest (near the outfall) are generally more pronounced during the winter 

seasons (likely due to the higher wind speeds experienced in the area during winter) but rarely exceed 0.5 m/s 

due to the relatively sheltered natural bay and are predicted to have a predominant north-west to south-east 

direction of flow due to the orientation of the coastline and the predominant wind directions during both summer 

and winter seasons. 
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Tidal phase and amplitude are complicated in the Mediterranean due to sleep bathymetric contours of the 

seabed and the restrictive nature of the narrow Strait of Gibraltar, however the tides are generally of a mixed 

diurnal and semi-diurnal nature. The current velocities within the project area are largely driven by coastline 

orientation and the predominant north-westerly winds due to the vast fetch distance available in the area of 

interest. 

The principal constituent of concern within the rejected effluent is differential temperature.  The heated effluent, 

at the point of discharge, will be significantly less dense that the ambient environment, therefore it is necessary 

to simulate the discharge in 3D, to ensure that any potential for stratification is captured.  This density gradient, 

has the potential to impact upon ambient currents due to the potential for density flows, therefore the 

simulations of the heated effluent dispersion were carried out within the MIKE HD FM module (rather than an 

add on advection and dispersion module). 

The heated effluent dispersion is anticipated to be relatively similar in both summer and winter for both diffuser 

port design cases, even though meteorological conditions are anticipated to be significantly different, and any 

potential influence caused by variation in seasonal meteorological patterns, is anticipated to be limited to the 

surface layer, with influence being diminished near the seabed where the plume centreline will be located. 

Temperature Results 

Since the heated effluent plume is less dense than the ambient environment, upon discharge the plume will 

tend to rise towards the sea surface, with horizontal movement being influence by prevailing flood or ebb 

currents.  However, considering the relatively low velocities of the ambient currents in the area during both the 

representative summer and winter seasons, and the relatively deep nature at the discharge location 

comparatively to the small discharge volume, dilution of the plume is anticipated to occur quickly  

The simulations predict that the greatest influence of the outfall is likely to occur at the sea surface in the 

vicinity of the diffuser location with the orientation of the plume being in the predominant current direction being 

Overall, the 95th percentile results at the sea surface predict ∆0.3°C and ∆0.2°C temperature differentials at 

the illustrative 100m RMZ with the temperature differentials of the diffuser predicted to be well within the 

regulatory limit of ∆1.0°C.  

Additionally, the influence at the mid-column and seabed is predicted to be negligible due to the heated effluent 

being less dense that the ambient waters and tends to quickly rise to the surface with no regulatory 

exceedances being predicted at the mid-column or seabed layers for both the summer and winter seasons 

Due to the less dense effluent discharge rising to the sea surface layer after overcoming the initial ‘jet-like’ 

phase, the predicted results indicate that the potential for temperature recirculation at the proposed intake 

location is unlikely.  

It is predicted that there are sporadic temperature recirculation occurrences, most of which remain less than 

0.2°C for both the summer and winter seasons at the SWRO plant intake. The ambient currents cause most 

of the heated plume to drift to the north-west and south-east (missing the intake location) with a maximum brief 

peak of approximately 0.18°C predicted to occur during the summer season and is likely due to the warmer 

ocean temperatures during the summer season.  

Overall, the results predict that temperature recirculation is unlikely to occur at the plant intake location due to 

the heated effluent plume quickly rising to the sea surface and drifting away to the north-west and south-east. 
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6.2 Conclusions 

The overall mixing performance of the preferred diffuser deign is predicted to be excellent with the temperature 

differential results predicted to not result in any regulatory exceedances of ∆1.0°C for both the summer and 

winter seasons. 

Furthermore, the predicted temperature differential results predict that temperature recirculation at the plant 

intake location is unlikely due to the less dense effluent plume rising to the surface relatively nearby the diffuser 

location. 
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Appendix A - Hydrodynamic Modelling Results 

 

Note: To be provided as separate attachments. 
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Appendix B – Effleunt Plume Results 

 

Note: To be provided as separate attachments. 

 

 


