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Scope of Document 

 

 

 

Executive Summary 

 

Marine pen fish farms (MPFFs) are associated with several types of discharge which present 
a variety of risks to the environment. Organic, particulate waste settles to the seabed where it 
can cause oxygen depletion and smothering, whereas anti-parasitic medicines may cause 
harm to biota on both the seabed and in the water column. This guidance gives an overview 
of the modelling information that is required for the determination of licence applications for 
discharges associated with MPFFs under the Controlled Activities Regulation (CAR). It also 
provides some background information to the key factors and data requirements which need 
to be considered, as well as modelling standards and best practices. 

 

Modelling is required, in the first instance, to demonstrate that proposed MPFF operations are 
likely to comply with minimum environmental standards relating to the spatial extent and 
intensity of impacts, ostensibly in the areas local to the farm site. In some cases, risks to the 
wider environment may also need to be addressed. These include risks to sensitive habitats, 
or other receptors, and the possibility of environmental quality standards being compromised 
by the interaction of discharges from multiple sites. 

 

A number of modelling approaches are available for addressing regulatory concerns and the 
most appropriate methods should be determined on a case by case basis. In some cases, 
standard default methods may be adequate for demonstrating that environmental quality 
standards are not likely to be adversely affected. In other cases, more detailed, sophisticated, 
calibrated and validated modelling will be necessary. In the case that risks are perceived to 

SEPA has outlined a process for Aquaculture permit applicants to follow.  This can be 
found on the SEPA website.  This document gives additional guidance on regulatory 
modelling for the Aquaculture sector and should be used in conjunction with information 
on the SEPA website. 

This document will make reference to modelling reporting guidance detailed in the 
document titled “Regulatory Modelling Process And Reporting Guidance for the 
Aquaculture Sector”.  Text in blue boxes are identified as important information. 

Questions regarding Aquaculture Modelling and this guidance should be directed to: 
aquaculture.modelling@sepa.org.uk 

 

 

 

 

 

 

 

Update: January 2020 

We are in the process of updating this guidance in relation to how we assess whether a 
proposal is likely to be able to meet the pen-edge standard, therefore the approach 
outlined in some sections has been superseded and no longer applies; pending 
publication of revised guidance, please contact SEPA via 
aquaculture.modelling@sepa.org.uk for details of the changes. 

 

 

 

 

 

 

 

mailto:aquaculture.modelling@sepa.org.uk
mailto:aquaculture.modelling@sepa.org.uk


iii 
 

specific features/habitats or the wider environment discharge simulations based on 
hydrodynamically modelled flow information will be required. 

 

It should be noted that modelling only provides part of the information used in the 
determination of discharge licenses. Any results obtained must be evaluated with regard to 
the capabilities and limitations of the methods used as well as other available information. 
There may be occasions when the modelling approach used cannot adequately predict the 
impact on receiving waters. In some cases, subjective judgement may be needed in order to 
interpret and contextualise model results. In some cases a precautionary approach may be 
taken. The final licence decisions made by SEPA may not simply reflect the results obtained 
via modelling. 
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1 Introduction 

Marine pen fish farms (MPFF) are associated with several different types of discharge. The 
environmental impact of these discharges is dependent on their nature and magnitude, as well 
as prevailing physical, chemical and ecological conditions of the receiving waters. To assess 
the potential impact of a discharge it is necessary to predict the duration and area over which 
the pollutants may act, the intensities with which they may occur, and potentially whether any 
other discharges (diffuse or point) might impact the same area(s). This assessment is normally 
made with some form of predictive model which enables the simulation of distinct discharge 
scenarios in combination with the different physical and chemical characteristics of receiving 
waters. 

There are a range of modelling approaches which can be employed in assessing the risk to 
the environment posed by aquaculture-related discharges. These vary greatly in type and 
complexity and it is essential that any models chosen are appropriate to the situation which is 
being considered. It is also important that model behaviour is properly understood to ensure 
that risks to environmental quality are adequately managed. 

This guidance gives an overview of the modelling requirements and standards that are 
required for the determination of aquaculture-related licence applications and provides some 
background information to the key factors and data requirements which need to be considered. 

1.1 Environmental Risks Associated with Aquaculture Discharges 

Two of the major elements of the discharges from MPFF are organic solids and anti-parasitic 
medicine residues.  Dissolved nutrients are also released but in most cases pose a lower 
environmental risk and are not dealt with in this document. 

1.1.1 Organic Solids  

The waste food and faecal material that is discharged from farm pens takes the form of 
particulate solids that are ultimately deposited on the seabed. The location of deposition will 
depend on hydrographic considerations such as water depth and the nature of local flow 
patterns, as well as properties of the particles themselves (size, density, etc.). On reaching 
the seabed, these particles may become incorporated into the sediment or may be 
resuspended back into the water flow by near-bed currents to undergo further transport. The 
extent to which these particulate solids are dispersed by currents determines the area and 
intensities in which they accumulate on the seabed. 

Coastal seabed sediments have a diverse fauna with many species and include a wide range 
of taxa, body sizes and functional types. MPFFs represent concentrations of living organisms 
which are significantly elevated over natural conditions where animals tend to live in less 
aggregated groups. The deposition of the associated elevated quantities of organic waste and 
associated carbon on the seabed can lead to increased bacterial oxygen consumption within 
surface sediments which will produce reduced oxygen concentrations or ultimately anoxia. 
Under these conditions, only a small number of specialist taxa can survive - mainly small 
annelid and nematode worms, which may flourish in huge numbers. In extreme cases of 
carbon deposition, sedimentary oxygen deficiency may eliminate large sections of the benthic 
macrofauna and bring about anoxia in the lower levels of the overlying water column. 

SEPA’s aim is to limit accumulation of organic matter on the seabed to acceptable levels. In 
general the objective is to avoid concentrations that may cause sediments to become anoxic, 
impacting the invertebrate fauna adversely and preventing the necessary aeration and 
reworking of sediment. Some seabed impact may be acceptable if sediment reworking animals 
remain in sufficient diversity and density to maintain a turnover of carbon in the system and 
the impacts do not extend too far from the fish farm pens. Where sensitive habitats occur 
which have a low tolerance to impact from organic solids then the absence of any appreciable 
impact on these features may need to be demonstrated. 
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1.1.2 Anti-Parasitic Medicines 

One of the major difficulties facing the aquaculture industry in Scotland is the proliferation of 
sea lice in MPFFs. Ectoparasitic sea lice (Lepeophtheirus salmonis  and Caligus elongatus ) 
browse on the skin and feed on the blood of farmed Atlantic salmon (Salmo salar). The 
resulting lesions cause stress and increase susceptibility of the fish to secondary infections or 
osmoregulatory failure. Sea lice infestations at fish farms can be treated using medicines. 
Several different medicines have been developed, some of which are identified as List II 
chemicals under the European Dangerous Substances Directive. As such, their discharge to 
the environment is controlled and, where possible, reduced. In Scotland this is achieved by 
regulating the discharge of these substance by imposing limiting conditions in a licence issued 
in accordance with the Controlled Activities Regulation (CAR). 

Medicinal treatments can be administered to the fish in two ways, either systemically in the 
food fed to the farmed fish or topically, in what is known as a bath treatment.  The approach 
to dealing with the type types of medicine vary. 

In-feed treatments are administered in the fish feed. At present there is only one in-feed sea 
lice treatment active ingredient licensed by SEPA for use at MPFFs (Emamectin Benzoate 
(EmBZ)), though others may be licensed in the future. The fate and behaviour of EmBZ in the 
environment is normally primarily associated with the dispersion of waste feed and faecal 
matter in the sediments beneath and around the farm site.   

Bath treatments are an alternative method for administering anti-parasitic medicines taking 
the form of a chemical solution in which the fish are bathed. On completion of the treatment 
the medicine is discharged into the surrounding waters as a dissolved plume and typically 
disperses over the subsequent hours. Most bath treatments require individual pens to be 
treated successively and therefore result in several separate plumes being discharged 
consecutively. There are currently a number of bath medicines licensed by SEPA for use in 
Scotland, these contain four different active ingredients: azamethiphos, deltamethrin and 
hydrogen peroxide.  Hydrogen peroxide is considered to pose a lower environmental risk than 
the preceding three substances and is not dealt with in this document.   

1.2 Environmental Standards and Compliance 

SEPA has defined a suite of standards that should be achieved by all operators of MPFFs. 
One of the ultimate aims of modelling is to demonstrate that a proposed farm operation is 
likely to meet the relevant standards.  

 

 

 

 

 

 

 

 

Our current environmental standards are detailed on the Aquaculture section of the SEPA 
website.  Further general information is given below. 
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1.2.1 Organic Solids 

The impact of discharged organic solids is measured in terms of a proxy, the response of the 
seabed ecological community (as opposed to the physical accumulation of particulate solids 
per se). Adverse ecological impacts are defined in terms of both their intensity and spatial 
extent.  

The areas which are most intensely impacted by waste solids deposition are those underneath 
and close to the site of the farm. Although these areas are likely to experience significant 
ecological change, they must be able to sustain an appreciable population of enrichment 
species which can maintain the aeration of sediments and the turnover of carbon.  Compliance 
with this objective is demonstrated by the collection and analysis of samples (with replicates) 
taken immediately adjacent to farm pens at the end of the growing cycle. 

In addition to intensity, there are limitations placed on the spatial extent of the seabed impact 
associated with organic solids. For this criterion, impacted sediments are defined in terms of 
an ecological metric called the Infaunal Quality Index (IQI).  Compliance with this objective is 
demonstrated by the collection and analysis of seabed grab samples along orthogonal 
transects radiating away from the farm during the latter stages of the growing cycle, from which 
the total area of impact can be inferred.  

Demonstrating likely compliance with these standards via modelling requires that the models 
can, with acceptable accuracy, predict the ecological metrics which are embodied in the 
standards, or predict an acceptably reliable proxy. 

1.2.2 Emamectin Benzoate 

The rate at which emamectin benzoate (EmBZ) accumulates within the environment is 
affected by many factors which are unknown and challenging to model. For example, the 
interplay of physiological and kinetic processes. We currently assume the following behaviour 
for EmBZ. It is excreted into the environment over a period of over 200 days following 
treatment. Once in the environment, the compound breaks down with a half-life of ~250 days. 
In the long-term, the decay of EmBZ results in the complete removal after a period of ~4.5 
years. The maximum theoretical amount of EmBZ in the environment at any given point in 
time occurs ~118 days after treatment and represents ~72% of the initial treatment quantity. 

The localized impact of the in-feed anti-parasitic medicine emamectin benzoate is measured 
in terms of sedimentary concentration. To limit the effect of this toxic substance on the 
environment, SEPA places a constraint on the size of area that can be impacted above a 
particular concentration.   

There is also a limit on the quantity of EmBZ which can be used in cases where the 
depositional fate is more difficult to predict. This situation most commonly arises in cases 
where the size and scope of the area represented by a model is not sufficient to account for 
the total scale of particulate dispersion. In such cases, some proportion of the discharged 
material will be considered to have been lost or “exported” from the model domain and is 
therefore beyond the explanatory scope of the model. The quantity of material lost from the 
model is limited as a precaution, to minimize the impact of this material in areas remote from 
the farm site. The maximum quantity of material that is permissible to be exported in modelled 
risk assessments corresponds to the quantity that could uniformly cover an area of 10 km2 at 
the EQS concentration (given standard modelling assumptions about wet sediment density 
and mixing depth). In cases where the impact can be reasonably expected to form in an 
enclosed water body, this limit is reduced to that corresponding to an equivalent EQS area 
equal to no more than 50% of the enclosed area. 

1.2.3 Bath Medicines 

Bath medicines are released from farms into a range of sea areas which have varying amounts 
of dispersive capacity (i.e., the capacity to mix and dilute material).  The amount of medicine 
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released must be scaled to the available dispersive capacity so that the relevant environmental 
standards can be met.  This must be demonstrated through data collection and modelling.  
Our current environmental standards for Bath Medicines are on the Aquaculture section of the 
SEPA website. 

1.2.4 Other Risks 

The standards described above constitute the minimum standards to which every farm site 
must comply. However, additional risks or complicating factors may arise in certain cases. For 
example, sites which are inside or within proximity to protected marine areas or habitats may 
need to additionally demonstrate that the operation of the farm will not (or does not) adversely 
affect the protected features. Alternatively, farms which are in proximity to other farms (or other 
significant discharges) may produce environmental impacts which are cumulative and difficult 
to distinguish from one another. In such cases it may be necessary to consider how the 
interaction of discharges may affect a farm’s ability to demonstrate compliance with the normal 
standards and whether the combined discharges pose any additional risk to the marine 
environment. 

1.3 The Role of Modelling 

Modelling, as required in support of applications for licenses under The Water Environment 
(Controlled Activities) (Scotland) Regulations 2011 (commonly referred to as ‘CAR’), is 
intended to provide SEPA with:  

 

1. Evidence that compliance with environmental standards is likely 
 

2. An assessment of any additional, case-specific perceived risks 
 

3. Estimates of sustainable biomass levels 
 

4. Estimate of appropriate licence limits for anti-parasitic medicines 
 

5. Information with which to base effective environmental monitoring 
 

It should be noted that modelling only provides part of the information used in the 
determination of discharge licenses. Any results obtained must be evaluated with regard to 
the capabilities and limitations of the methods used as well as other available information – 
for example the performance of an existing farm at the location.  There may be occasions 
when the modelling approach used cannot adequately predict the impact on receiving waters. 
In some cases, professional judgement may be needed in order to interpret and contextualise 
model results, or a precautionary approach may be taken.       

 

In general, modelling should not be considered a substitute for the collection of environmental 
monitoring data. The value of modelling is in making estimates of environmental impacts in 
cases where empirical data is not available. Models can shed light on future, proposed 
scenarios, for example, without the need to “run the experiment” in reality. Models may also 
generate information at scales and resolutions that would be infeasible to explicitly monitor. 
However, models are always estimations, and monitoring surveys, where practical and well-
designed, provide a more meaningful and accurate description of environmental impacts. 

The final permitting decisions made by SEPA may not simply reflect the results 
obtained via modelling. 
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Modelling and monitoring are, however, mutually reinforcing approaches for understanding of 
how and why environmental impacts occur. Models can be used, for example, to provide an 
estimate of impact possibilities and therefore help to target monitoring campaigns most 
effectively. Models may also be used to test hypotheses about the physical or operational 
processes which may have contributed a particular observed impact. Reciprocally, 
observations can be used to anchor the behaviour of models in the real-world, enabling the 
predictive capabilities of the model to be checked and refined. 

 

 

 

 

  

The best information for risk-management purposes is generated in cases where 
modelling and monitoring are used together effectively. SEPA recommends diligent and 
continuous monitoring of sites both to ensure compliance with regulatory standards but, 
moreover, to provide good information with which to continuously improve understanding 
of the formation of impacts and the modelling tools and approaches which can be applied 
to future developments. 
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2 Modelling Principles and Practices 

Models are representations of real-world systems that are used to understand how the system 
behaves in general or will respond to particular conditions or events. They are usually based 
in mathematical descriptions of the system and executed using computer software. They can 
usually be understood to include the following components: 

 

 Model structure – the underlying mathematical representation of the system (features, 
constituents, processes, relationships etc.)  

 

 Configuration parameters – numerical values used to specify and control the behaviour 
of the model 

 

 Input data  – user-defined information describing the scenario being modelled 
 
 

 Output data – the model derived results 
 

The task of the model is to use the logic encoded in the model structure to convert the 
information that the user has (inputs) into information that they need (outputs). 

2.1 Models and Reality 

Table 1 lists the major factors that can be considered to represent the components of the 
system within which aquaculture discharges disperse, accumulate and decay. Given the broad 
range of ways in which each of these factors vary, the context within which each individual 
aquaculture-related discharge occurs is unique. An ideal modelling exercise would consider 
all of these possible sources of variation - on a case by case basis - and represent them 
appropriately in simulating a farm’s discharges. Such complexity cannot, however, be 
accommodated within a predictive modelling environment very easily, due to limitations in 
knowledge, data and computational resources. 

 

 

 

Like a good map, any given model solution is likely to describe only a subset of the relevant 
phenomena and will accordingly be more useful for describing some aspects of a system than 
others. It is necessary, therefore, to exercise some judgement about the most important 
factors to consider and the most appropriate methods available. This invariably means that 
multiple modelling approaches may be required in order to answer all of the necessary 
questions at all of the pertinent scales. 

Models may be more or less complex in terms of the range and resolution of the phenomena 
that they describe. In many cases, a more complex or highly resolved model may represent 
the real world phenomena in more detail and deliver more accurate predictions, but this will 
usually require more information to be specified about the scenario being modelled. For 
example, a model which includes the effects of water temperature on particle settling velocity 

Models must therefore employ simplifying assumptions or explicitly omit particular 
aspects of a system. This places an inherent limit on how well the model can be 
considered to represent the real-world system and such limitations must be borne 
in mind when using and interpreting model results. 
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would only be advantageous if temperature data relating to the scenario being modelled was 
available. In general, a more detailed and accurate model is likely to require greater levels of 
data, expertise and cost. 

 

Table 1: Major factors affecting the size, character and fate of discharges from marine fin 
fish aquaculture sites. 

Factor Description 

Flow the magnitude and spatial and temporal variability of local 
water currents 

Bathymetry the geometry of the coastal basin - water depths, 
bathymetric complexity, hydrographic setting (e.g. sea 
loch, tidal strait, headland, open water) 

Tidal Range the magnitude of the rise and fall of water level and the 
amount of tidal energy available for dispersion 

Stratification the influence of freshwater and temperature can strongly 
influence dispersion 

Exposure the degree a site is influenced by wind and waves, i.e., a 
sheltered or exposed site 

Meteorological Conditions prevailing wind and freshwater influences, as well as the 
occurrence of episodic events (e.g. storms) 

Local Sedimentary Properties e.g. sediment sources and types, grain size distribution, 
bedforms, organic content, cohesivity, porewater 
chemistry 

Water Chemistry e.g. salinity, pH and existing levels of dissolved oxygen, 
nutrients and other pollutants 

Seabed Ecology existing faunas, burrowing, friction-inducing structures 

History existing or historical impacts 

Layout the configuration of farm pens 

Feed properties of the feed and medicated feed (e.g. water 
content, digestibility, dose rates) 

Operation management practices (e.g. pen movements, growth 
cycle management, treatment strategies) 

Proximity to sensitive 
features 

e.g. protected habitats or species 

Proximity to other discharges e.g. other farms or outfalls 

 

2.2 Model Scenarios: Specific or General 

Models can be used to simulate specific or more generalised conditions. Specific conditions 
would be required, for example, when modelling a historical period (known as hindcasting) in 
order to understand the behaviour of a particular system or test the validity of a model against 
a set of observations. Equally, models might be used to mimic specific current or future 
conditions (forecasting) in order to, for example, understand the likely consequences of an 
unfolding situation (e.g. emergency response). 

In either case, it would be necessary to accurately describe the relevant conditions for the 
reference period when setting up the model. For an aquaculture discharge model, this might 
involve, for example, specifying accurate flow and weather forcing conditions for a specific 
period, as well as concurrent farm activity information such as feed loadings. Any conclusions 
drawn from the model outputs would be highly contingent on the specific interplay of these 
specified conditions. 

On the other hand, models are commonly used to describe what might be “typical” or “average” 
scenarios. This approach has the advantage that it can provide a reasonable understanding 
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of how a system may behave in general, which can be useful when considering, for example, 
future scenarios for which exact conditions are not known. However, this approach does 
require potentially difficult choices to be made about what constitutes “typical” conditions and 
the results are not likely to describe the reality of a dynamic system at any given instant in 
time. 

2.3 Judging Model Performance 

The accuracy of a model is determined by the ability of the model to reproduce observations 
made in the real-world system. This is usually achieved by attempting to represent, within the 
model, the conditions under which the observations were made, and then comparing the 
outputs of the model with the observations themselves. This process is a form of hindcasting 
termed model validation. The difference between the observations and model results 
represents the margin of error of the model.  

It is important to note that the performance of the model should be judged according to 
validation of the model outputs - usually the phenomena that the modeller is interested in. For 
example, if the model is being used to understand the concentration of a discharge plume 
through time, then the model should be judged according to the extent to which estimated 
concentrations correspond with observed concentrations. The use of empirically accurate 
model inputs (e.g. parameters) is not sufficient to demonstrate accurate model performance 
with respect to the phenomena of interest. 

The extent to which a model prediction corresponds to reality will depend on a range of factors, 
including the structure and complexity of the model, the input data which is used to describe 
the scenario under consideration, and the extent to which the model has been calibrated (see 
below) for the specific context under consideration. In general, there is a trade-off between 
the resources invested in a modelling exercise - particularly in the collection of input and 
validation data - and the confidence with which the results can be considered.  

2.4 Improving Model Performance 

Poor model performance may arise for several reasons, such as the use of a model which is 
too simple or poorly specified input data, either of which may fail to adequately characterise 
the scenario under consideration. Even where a model is highly sophisticated in terms of the 
phenomena described and where good data is available, a model is nevertheless still an 
approximation of reality – it does not simulate every atom, every interaction, every process or 
every potential outcome. The omissions, simplifications, assumptions and approximations 
inherent in the model mean that it is unlikely to behave at all like the real-world system which 
it represents without some amount of fine-tuning.  

The process of fine tuning is known as calibration and typically involves the comparison of 
model predictions with observations taken directly in the real-world system. The model is then 
adjusted, by changing the value of parameters or other inputs, until the correspondence 
between the model prediction and the observed data is optimal. In this way, alterations in the 
model configuration help to compensate for some of the omissions and approximations that 
are inherent in the model.  

The process of calibration is like validation, with both seeking to compare model output against 
some benchmark and assessing its accuracy. However, there are important differences. The 
aim of validation is simply to measure and establish the accuracy of a model and a validation 
exercise can be performed on any model irrespective of whether it has been calibrated. 
Calibration aims to improve the model performance. It is possible that the model configuration 
that emerges during calibration merely reflects idiosyncrasies of the calibration dataset rather 
than something more general about the system being modelled. For this reason, it is essential 
that calibration and validation are done using different datasets.  
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2.5 Dealing with Uncertainty 

The confidence required in a model result will be proportionate to the perceived risk inherent 
in the scenario being modelled. In cases where risks are perceived to be great, then a high 
degree of confidence is required in any model-based conclusions, or else other mitigating 
actions may be required. In situations where there are few or no concerns then a 
comparatively basic model may be adequate. It is important, therefore, that models are chosen 
with the appropriate level of detail and accuracy for the problem at hand. 

In some cases, such as where there are limited resources or a time constraint, a simpler, but 
invariably more uncertain, modelling solution may be the only option. In such a case the users 
of the model need to consider the significance of the uncertainty on their interpretation of the 
results. If the model is being used to mitigate some form of harm – e.g. an environmental 
impact – then it may be necessary to consider the “worst-case” end of the uncertainty 
spectrum as the responsible interpretation of the model results. 

Where time and resources permit, confidence in modelling can potentially be improved by 
adopting a better, more sophisticated modelling solution or by using more accurate or highly 
resolved data for describing the scenario(s) at hand or validating the outputs. However, even 
a well calibrated model will not fully represent real world conditions and imperfect modelling 
can be mitigated by assessing potential risks and putting measures in place to offset these. 
For example, in a complex scenario where the calibration/validation process has been 
challenging it would be prudent to monitor impacts and increase discharges only gradually. 

2.6 Standard Default Approaches 

In cases where a specific validation exercise is absent, then a model has unknown accuracy 
(by definition). This presents a risk to end users and undermines the ability of the model to 
provide predictions that can be meaningfully interpreted and contextualised. Nevertheless, 
non-validated models can be useful if used in a way that seeks only to identify risks.  

For example, SEPA has historically applied this approach to regulatory modelling in the 
aquaculture sector, with the use of AutoDepomod and BathAuto models without explicit site-
by-site validation. In these cases, the model was run using input data (e.g. peak biomass) and 
parameter configurations (e.g. dispersion coefficient) that were intentionally conservative such 
that they produce what can be considered a worst-case scenario. Under these conditions, 
outcomes in the model were used to trigger appropriate policy responses such as limitations 
to biomass (e.g. intensity risk) or in-feed medicines (e.g. risk to wider environment). 

 

2.7 Regulatory Modelling Principles 

Modelling of discharges for licence determination will be considered according to the following 
principles 

 

1. A proposed discharge is assumed to be harmful and the burden of demonstration of 
environmental sustainability is on the applicant. 
 

2. The confidence (or uncertainty) with which a model should be considered is 
demonstrated by the validation of the model. 
 

This standard default approach represents more of a risk assessment exercise than a 
predictive model per se, and the emphasis is on producing model-based conclusions that 
are safe rather than necessarily accurate. It is the responsibility of the end-user of the 
model to ensure that the model results are interpreted and categorised with sufficient 
confidence to deliver this outcome.  
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3. A model which is validated specifically within the proposed discharge context is 
preferred to one which is not. 
 

4. If a model is not validated within a specific context, then it is considered to have 
unknown uncertainty. 
 

5. Large or unknown uncertainties may be managed by adopting a precautionary 
interpretation of the results. 
 

6. Greater perceived risk to the environment (e.g. larger discharges, sensitive features, 
waterbody capacity) requires proportionately more confidence in model outputs and 
probably more sophisticated methods and validation effort. 
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3 Marine Discharge Models 

3.1 General Concepts 

Models which are applied to questions relating to discharges into the marine environment tend 
to include certain common elements or concepts. This will usually involve a representation of 
the local topography (e.g. coastline, bathymetry) and flow characteristics, as well as some 
method of representing the discharge itself. Depending on the complexity and structure of the 
model, these may take more simplified or complex forms.  

3.1.1 Dimension 

Models describe changes within a system either over space, through time, or both. The most 
complex models will resolve changes within the system in all 3 spatial dimensions and through 
time. In marine modelling this usually means that the model can describe variations in, for 
example, flow speed or the concentration of a substance, across an entire volume of the 
marine environment (i.e. over space and with water depth). Such models will typically require 
the greatest level of effort in both data specification and computation but will yield the most 
information about the system being modelled. 

In many modelling situations, it is useful to reduce the number of dimensions resolved within 
the model. This means that the properties of one or two of the spatial dimensions are simplified 
For example, one-dimensional models are often used in applications involving river flow, 
considering only the single spatial dimension along the length of the river whilst simplifying the 
effects of width and depth. Similarly, two-dimensional models may simplify one horizontal 
dimension, thereby representing a vertical cross-section of the marine environment. 
Alternatively, the vertical dimension may be simplified reducing water depth processes to a 
single layer in the model. Such approaches can significantly simplify the model setup and 
computational effort, and may be highly pragmatic if the information delivered by such a model 
is deemed to be adequate. 

 

3.1.2 Resolution 

Models cannot resolve the dynamics of every atom, every molecule of water, every grain of 
sediment, etc. Nor can they deal with infinitesimally small periods of time. Therefore, modelling 
of physical systems is typically approached by dividing the area and timeframe under 
consideration into a framework of larger scale units over which properties of the system can 
be approximated. For example, time may be divided into daily or hourly “time steps”, whereas 
the spatial dimensions may be represented by a grid of model “cells” or “elements”. In marine 
models, it is common for the spatial dimensions to be represented by either a regular grid of 
square or rectangular cells, or an irregular “mesh” of triangular elements.  

The size of the units (time steps, grid elements) which are used in a model represent the scale 
on which the model resolves information about the system. Smaller units mean a greater 
degree of resolution is provided by the model, whereas larger units average out the properties 
of the system over larger areas, volumes or periods of time. 

 

The choice between a three or two-dimensional model will often depend on the pollution 
processes to be represented and/or the complexity of the sea area to be modelled.  For 
example, three dimensional models are likely to be required in stratified areas like sea 
lochs.  Two dimensional models may be more applicable to areas of strong flow and low 
stratification.  Alternatively, if the pollutant behaviour has a strong dependency on vertical 
processes, a three-dimensional model may be required, regardless of sea area 
complexity. 
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For any given scale of model (either in space or time), a higher resolution model will contain 
more units (grid cells or time steps) within which the properties of the system need to be 
calculated. This may require more detailed input data and will invariably require more 
computational effort and therefore lead to longer model run times. There is a trade-off between 
the level of information produced by a model and the total modelling effort in terms of time and 
other resources. 

 

3.1.3 Boundaries 

The boundaries of a model define its geographic and temporal range and therefore what is 
inside and outside of the scope of the model. In many cases, some of the boundaries within a 
marine model will represent coastlines, but usually there will be one or more “open” boundaries 
which represent the spatial limit of the model domain within the open marine environment. The 
ability of the model to handle discharges appropriately at these “hard” and “open” boundaries 
is of fundamental importance. Discharges can conceivably be “lost” from the scope of the 
model through open boundaries and therefore the specification of these boundaries can have 
significant effects on the conclusions which can be drawn. In general, the choice of boundaries 
determines the overall spatial scale of the model, which needs to be considered in terms of 
the scale of the phenomena being modelled and the resolution required. 

3.1.4 Geometry 

Marine models need to represent the physical shape of the area under consideration as many 
phenomena might be affected by physical constraints, gradients or water depth. This may be 
achieved in a variety of way depending on the aims and expectations of the modelling 
exercise. Simple models may approximate a marine setting as an idealised rectangular 
channel or basin, or assume, for example, a flat seabed. Such geometries substantially 
simplify the underlying mathematics and the necessity for detailed input data but invariably 
produce a cruder representation of the system under consideration.  More complicated models 
resolve the coastline and bathymetry in more detail. This usually requires a greater burden of 
input data and computational complexity but provides a more realistic basis for the 
representation of the system. 

3.1.5 Flow 

Most marine discharge models need to consider the characteristics of the flow in the area 
under consideration as this is the primary factor in the transport and dispersion of discharged 
substances. Flow patterns in the marine environment are highly complex, with flow speed, 
direction and rates and scales of turbulence varying across even short distances, with water 
depth, and through time according to the interaction of tidal and meteorological phenomena 
with the local bathymetry. A range of approaches for characterising flow - from simple to highly 
complex - are commonly employed in the modelling of discharges. 

The simplest models may represent flow according to summary statistics derived from 
observations. This might involve, for example, the mean flow speed or the depth-averaged 
mean flow speed. In cases where tidal flow is important a single flow speed can be too 
simplistic and the characterisation of the flow as an oscillating sine function may be a more 

The choice of model resolution is critical to model accuracy and the uncertainty 
associated with flow and pollutant modelling results. High resolution models will often be 
required in sea areas with complex bathymetry and topography.  They may also be 
required if the pollutant distributions are to be mapped at high resolution. Ultimately, 
current effective modelling resolutions are still significantly simplified compared to real 
processes.  We cannot expect models to resolve all processes which may be relevant to 
real world impacts.  
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appropriate simplification1. Other models will use measured flow time series data directly, 
which has the advantage that variations through time are more accurately portrayed and 
particularly that the more random, non-tidal components of the flow are explicitly represented.  

Given the 3-dimensional complexity of flow in the marine environment, data measured using, 
for example, conventional acoustic technologies can only be considered to be representative 
of flow characteristics at the location(s) at which it was sampled. The application of such data 
to an entire 1-, 2- or 3-dimensional model domain therefore constitutes a simplification with 
respect to the real-world system. In some cases, such a simplification may be appropriate. 
Examples include modelling exercises which only focus on a small area local to the flow 
sampling location, or areas where the coastline and bathymetry are regular and therefore flow 
patterns can be expected to be similar over the domain of interest.  

In cases where larger areas of the marine environment need to be modelled, or where there 
is significant spatial or vertical flow complexity, then a model is required which can resolve the 
variability in flow characteristics across the domain of the model. This more complex 
representation of flow is typically not obtainable through observation alone and instead is 
generated via a specific form of modelling which explicitly simulates the flow hydrodynamics 
(see Section 5, below).   

3.1.6 Discharges 

A final aspect of marine discharge models is the representation of the discharges themselves. 
The simplest forms of discharge modelling may apply material balance considerations with 
very little or no specific hydrographic context information. For example, it can be useful to 
consider how the concentration of a discharge changes on the basis of simple mixing through 
increasing volumes of water. Likewise, the total quantity of a pollutant in the environment may 
be approximately understood by considering only the interplay of discharge rates and chemical 
decay. 

More typically, the task of the model is to take some specified discharge information (e.g. the 
size and location(s) of the discharge) and to redistribute the discharge according to rules 
encoded within the model and the constraints imposed by the hydrographic (bathymetry and 
flow) information provided. There are two broad ways in which this is achieved, which can be 
loosely termed “particle tracking”, and “water quality”.  

Particle tracking seeks to represent material using a large number of individual “particles” 
which are created within the model at the discharge location(s) and can be moved around the 
model domain according to flow information or other phenomena. The model tracks the 
positions of these particles through time and the distribution of particles at any given point in 
time can be used to estimate the fate of the discharge.  This approach can be used estimate 
the behaviour of real particles (e.g., sediment) or soluble material.  However, the number of 
particles used is often a small fraction of those released in reality.  The main advantage of the 
particle tracking approach is that quick and that it is easy to assign complex behaviours to 
particles.  

Water quality modelling, on the other hand, represents discharges as bulked concentrations 
within the grid cells of the model. These concentrations are transported and dispersed 
between neighbouring grid cells through time using flow information together with the 
appropriate material balance equations. Water quality models are most appropriate for 
modelling dissolved substances, particularly those which interact with one another.  Dissolved 
oxygen, nutrients, plankton growth and a large selection of water quality and ecological 
processes can be modelled.  

 

                                                
1 This approach usually employs a statistical measure derived from observations called the flow 
“amplitude” and a tidal period of ~12.4 hours which corresponds to the principal semi-diurnal lunar 
period. 
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3.2 Modelling Software 

Marine discharge models take a range of different forms. In some cases a model is 
represented simply by raw source code, possibly with the underlying conceptual and 
mathematical framework described in published academic reports. In other cases command-
line or graphical user interfaces are available for preparing model scenarios, executing 
simulations and processing model results. These software packages may be available under 
proprietary/commercial or open source licences. 

3.2.1 Marine Modelling 

Marine Modelling (MM) is a term used to describe a general class of models which seek to 
simulate the flow of water (or fluids more generally) over a specifically-defined area of interest 
(‘domain’). Marine Models are driven by data describing tidal variations along the boundaries 
of the chosen domain, as well as wind and freshwater inputs where appropriate. These 
boundary data work in conjunction with equations describing the fundamental physics of fluid 
motion and turbulence to simulate water movement and mixing over the domain as well as 
variations in other properties, for example, temperature and salinity. 

Examples of Marine Modelling technologies are Delft3D, the Finite-Volume Community Ocean 
Model (FVCOM), the DHI MIKE suite, the Regional Ocean Modelling System (ROMS) and the 
open TELEMAC-MASCARET system (TELEMAC). These are generic hydrodynamic 
modelling technologies that are used to model a variety of aspects of coastal and oceanic flow 
such as dispersion, water quality, sediment transport, power extraction, storm surges, flood 
forecasting and hydrodynamic connectivity. These models therefore require some effort, 
expertise and data to set up and model the specific characteristics of a particular application. 

A pertinent example of the application of one of these technologies is the Scottish Shelf Model, 
commissioned by Marine Scotland and developed using the FVCOM system (please see the 
Marine Scotland website for more information). The SSM constitutes several individual models 
of the waters around Scotland at a range of scales and resolution. 

 

3.2.2 Discharge-Tracking Software 

In principle, the problem of tracking discharges is separate from the problem of simulating flow 
hydrodynamics per se. As such, software can be found independently of hydrodynamic 
modelling software, and it is common for bespoke tools/code to be created by modellers for 
use in conjunction with the results of hydrodynamics models or other forms of flow information. 
In many cases, however, hydrodynamic modelling software includes additional functionality 
for tracking discharges or other phenomena within the context of the modelled flow. These 
usually take the form of particle-tracking or water-quality “modules”. 

3.2.3 AutoDepomod 

AutoDepomod is a particle tracking model that simulates the dispersion of particulate material 
from farm pens. It was developed at the Scottish Association of Marine Science (SAMS) 
specifically with the aquaculture sector in mind and therefore incorporates a significant amount 

Marine Modelling is an important tool for making decisions in the Marine Environment.  
From Flood Forecasting and Warning to Water Quality, SEPA uses marine modelling for 
a variety of tasks.  Many applications to discharge to the Marine Environment are 
supported by marine modelling.  The application of this technology to Aquaculture is 
relatively new and its predictive capability in this area is not well established.  Initial 
Aquaculture marine modelling predictions will require cautious comparison with 
observed impacts.  SEPA seeks to work with all partners to develop marine modelling 
technology for Aquaculture.      
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of sector-specific information. For example, the model is able to estimate faecal discharge 
rates based on feed inputs and convert physical deposition rates in to a benthic ecological 
response.  

The model operates by simulating the movement of discharged particles based on flow 
measurements taken close to the farm, as well as rules describing the release, settling and 
resuspension of particles. Significant limitations of AutoDepomod include: (1) the application 
of flow data measured in one location across an entire 1 km2 domain; and (2) the assumption 
of a flat seabed when calculating the movement of particles eroded from the seabed. 

AutoDepomod has been central to regulatory modelling of aquaculture sites in Scotland, being 
used to estimate sustainable biomass and medicine treatment quantities for over a decade 
from 2005. This approach was based on a conservative model configuration which was 
designed to screen out risks to the local seabed and wider environment. 

3.2.4 NewDepomod 

NewDepomod is the successor to AutoDepomod following a redevelopment completed by 
SAMS in 2017. The redeveloped version represents a number of significant improvements 
over its predecessor:  

 

1. An updated software infrastructure with no direct dependence on third-party software 
 

2. Cutting-edge theoretical and observational research into the seabed processes of 
sediment erosion, resuspension and transport 

 

3. A new conceptual framework for sediment deposition which causes the model to 
respond to varying bathymetry 

 

4. An enlarged range of configuration and input options which are conducive to modelling 
a wider range of scenarios 

 

5. New graphical and command-line interfaces which allow simulations to be automated 
and varied without extensive “clicking” on a graphical user interface 

 

6. An ability to use hydrodynamic flow field data in order to specify more realistic flow 
patterns 

 

It is expected that NewDepomod will feature significantly in regulatory modelling. 

3.2.5 BathAuto 

BathAuto is a collection of simple models which simulate the release and dispersion of bath 
medicines from farm pens, and has also been used for over a decade in Scotland for the 
regulation of bath treatments. It consists of a short-term model and a long-term model, both 
controlled and executed using a Microsoft Excel workbook. 

The short-term model represents a simple geometric calculation of the dilution of a medicine 
plume in the hours subsequent to a treatment. This calculation is based on the approximation 
of the plume as an elliptic cylinder which expands through time according to flow speeds 
measured at the site. This model is pertinent to the short-term standards for Azamethiphos 
and Deltamethrin respectively, and is used to determine the maximum discharge quantities 
that are likely to satisfy these standards.  
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The long-term model simulates the interaction and dilution of multiple medicine plumes over 
a period of several days in order to address the longer-term environmental standards to which 
bath medicines are subject. This model characterises plume movement on the basis of a tidal 
oscillation plus a net, residual flow, and dilution according to a conservative dispersion 
coefficient.  

BathAuto is a comparatively simple tool which cannot be expected to realistically resolve the 
complexities which determine the fate of discharge medicine plumes. It is useful primarily as 
a readily available and deployable risk assessment tool.  

3.2.6 Other Models 

Other modelling technologies may be appropriate for the assessment of aquaculture related 
discharges. SEPA is happy to consider other modelling approaches on the basis that they 
satisfy the same modelling principles and standards outlined in this guidance. 
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4 NewDepomod Modelling 

NewDepomod is a particle tracking model that simulates the dispersion and fate of particulate 
material from fin-fish aquaculture sites. It was developed at the Scottish Association of Marine 
Science (SAMS) and replaces the AutoDepomod modelling package which has been used for 
regulatory purposes in Scotland for over a decade to estimate sustainable biomass and in-
feed anti-parasitic treatment quantities. 

NewDepomod (and its predecessors) was developed specifically with the aquaculture sector 
in mind and therefore incorporates a significant amount of sector-specific information and 
parameterisations. For example, the model is able to calculate faecal discharge rates based 
on feed inputs. It is therefore relatively quick and easy to use for aquaculture purposes in 
comparison to other more generalized particle-tracking or other approaches.  

4.1 Basic NewDepomod Concepts 

4.1.1 Domain 

Aquaculture-related discharges of particulate solids are simulated in NewDepomod across a 
domain which is specified by the user and which defines the geographic scope of the 
simulation. The domain is typically square or rectangular in shape, upwards of 1 km2 in size, 
and is divided into a grid of sub-elements termed cells. Each cell can be described by a water 
depth which, taken together, constitute a representation of the local bathymetry. It is within 
this framework of grid cells that the equations of particle transport are solved, the positions of 
particles tracked through time, and the predicted accumulation of solids on the seabed 
derived. 

There are two ways in which the domain can be specified. The conventional, and most simple, 
approach is to describe the local environmental setting using a regular grid of square cells. 
Alternatively, NewDepomod allows the option of specifying the domain using an irregular 
“mesh” of triangular cells.  

4.1.2 Flow 

A description of local flow characteristics is provided to the model and represents the primary 
factor in determining the transport of farm waste within the model. There are two options 
available within NewDepomod for specifying flow conditions. The simplest approach is to use 
time series of flow measurements recorded by a current meter deployed at the farm location. 
In this case, NewDepomod applies the measured flow information uniformly across all cells in 
the domain. This has been the conventional approach, historically, with the predecessor 
AutoDepomod model.  

Alternatively, NewDepomod is able to use more complicated descriptions of flow derived from 
hydrodynamic models. This approach provides different flow information for each cell in the 
domain, and is therefore more likely to accurately reflect the spatial variations in flow that occur 
in reality. Spatially-varying flow information needs to be associated with domain which is 
described by a triangular mesh. 

4.1.3 Particles 

The sources of particulate waste within the model domain are defined by the user by specifying 
the locations (as well as size and shape) of the farm pens. As the model iterates through a 
series of time steps, particles are created at positions corresponding to each pen volume, from 
which they can be transported and their fate tracked through the duration of the simulation. 
These model particles represent the nominal excretion of faecal solids from the fish as well as 
waste feed pellets within each respective pen. 
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4.1.4 Settling 

Once particles are “released” they are subject to several “forces” which act to change their 
position. Firstly, particles are moved horizontally (“advected”) according to information 
provided by the user which describes the nature of the currents around the farm site. As the 
model steps through time, the speed and direction of the flow is sampled from the flow dataset 
and applied to suspended particles within the simulation. A random walk component of 
horizontal transport is also applied to each moving particle during each time step in order to 
represent the effects of turbulent diffusion. Each suspended particle is additionally subjected 
to a pre-configured settling velocity, which represents the effect of gravity on the excreted 
solids. This settling velocity causes the vertical position of the particle to change, ultimately 
resulting in deposition on the seabed when the particle position is seen to intercept the model’s 
representation of the bathymetry. This settling velocity, together with the initial height of a 
particle above the seabed, determines the duration for which the particle remains suspended 
within the water column and experiences horizontal transport. 

4.1.5 Resuspension 

Particles which have reached the seabed may be resuspended back into the water column 
when flow conditions at the bed exceed a critical speed threshold. Once resuspended, 
particles are subject to the same forces of transport as described above. Given that particles 
are only resuspended into lower part of the water column, particle settling causes each 
resuspension event to be relatively short-lived. However, in most cases, particles spend most 
of their lifetime at the bed and will therefore undergo the majority of their transport in the 
resuspension phase.  

4.1.6 Export 

Particles which reach the boundary of the model domain are removed from the simulation. 
NewDepomod keeps track of the total mass which is lost at the domain boundaries, which is 
termed the exported mass. The relative or absolute quantity of material that is predicted to be 
exported from the model domain may determine the suitability of NewDepomod for answering 
specific questions about the fate of material discharged from the farm. 

4.1.7 Spatial Impact 

At any given point during the model simulation, the seabed distribution of particles over the 
model domain describes the predicted accumulation of particulate solids arising from the 
interaction of the discharges of the farm with the specified flow conditions and bathymetry. 
This distribution can be analysed in order to measure the areal size and intensity of the 
predicted impact and to compare these with regulatory standards. 

4.2 Role of NewDepomod in Regulatory Modelling 

Every farm discharges particulate waste and therefore there is a necessity in every case for 
an application for a CAR licence to be supported by modelling which describes the dispersion 
and settling of this waste. This includes the direct impacts of the organic solids themselves, 
as well as any toxic substances that may be additionally present within the solids (e.g. in-feed 
medicine residues). Although some farms may pose additional risks to the wider environment, 
all farms are considered to pose a risk to the seabed underneath the farm pens and the 
immediately surrounding areas. These risks are managed by applying a “mixing zone” to each 
site which defines the scale of local seabed impacts that are considered to be acceptable. 
NewDepomod is considered to be the most appropriate method for simulating the seabed 
dynamics of particulate waste in the immediate vicinity of the farm pens and therefore the most 
effective method for understanding the likelihood of compliance with mixing zone standards.  
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NewDepomod can be used in a variety of ways and applied to different types regulatory 
concerns. For example, it can be driven by either flow information sampled from single location 
or spatially-varying flow data derived from a hydrodynamic model. In the case that 
NewDepomod is forced using single-location flow information, it can only be considered to be 
a local-scale model, pertaining principally to questions of mixing zone compliance. This is 
because the representability of the flow information is limited to the area from which it was 
sampled. On the other hand, where NewDepomod is forced using a flow-field derived from a 
hydrodynamic model, the spatial scope of NewDepomod can be considered to be wider and 
it may therefore be applicable to the wider-scale issues that may arise at some sites. The 
applicability of such modelling to such wider-scale issues would depend on the nature of the 
domain size and resolution used. In any case, the use of spatially-varying flow information 
may also improve predictions of seabed impact even at the local scale, particularly where flow 
patterns are complex. 

Another important distinction is whether calibration and validation techniques are used to 
anchor NewDepomod modelling in the real-world, local system, or not. NewDepomod can be 
used without explicit validation only according to the “standard default” approach outlined 
below. In other cases, calibration and validation with local data will improve modelling 
performance and result in predictions which can be interpreted with more confidence.  

4.3 Standard Default Modelling Approach 

The simplest use of NewDepomod involves a flow dataset sampled from current meter 
deployments and without the model being tuned and explicitly validated to the specifics of the 
area where it is proposed to operate a fish farm. This approach is referred to as the “standard 
default” approach and the associated requirements are described below. 

The intention behind this approach is to reduce the burden of modelling and data collection 
and to thereby facilitate the generation of risk assessments for some aquaculture discharges 
where contextual information is not available. This approach is therefore convenient and 
relatively quick to implement but brings about two particular limitations.  

First, the use of flow data within the model that is sampled from a current meter represents 
two types of model simplification. The representability of the data will depend on the length of 
the sampling interval. For non-validated modelling, it is essential that flow information is used 
that is sampled over a sufficient duration to be considered representative, including 
characteristic minima and maxima in terms of local astronomical and meteorological forcings. 
This duration is judged by SEPA to be a minimum of 90 days (see Section 7, below). 
Additionally, flow data measured by a current meter is only representative within the immediate 
vicinity of the sampling location. Therefore, there is an inherent limit on the spatial scale to 
which this form of NewDepomod modelling can be applied. This scale depends on the 
complexity of the local flow patterns but it is recommended that domains in excess of a few 
kilometres in length represent the limit of this approach. In areas of complex bathymetry and/or 
hydrography the limit on domain scale may necessarily be much more substantial. In cases 
where perceived risks exist at scales exceeding a few kilometres, this modelling approach is 
not applicable to address such questions and would therefore need to be augmented by other 
approaches. 

Secondly, the omission of a model validation exercise means that the model is used with 
unknown accuracy. As such it is necessary for the modelling to be sufficiently precautionary 
that the outcomes can be considered to be safe despite the inherent uncertainties. Given the 
suitability of NewDepomod for modelling of particulate wastes from aquaculture sites, SEPA 
has developed a model configuration and method which is considered to be sufficiently 
conservative. The approach was determined by testing the model using data collected at over 
25 sites and represents a system of assumptions and model configuration options which are 
likely to afford the required amount of precaution in the consenting of farm biomass quantities.  

The strength of this approach, from a regulatory context, derives from the conservatism built-
in to the method, and the consistency with which it is applied, ensuring comparability between 
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sites which affords an additional layer of regulatory risk-assessment. This approach is 
therefore associated with strict rules for model setup and analysis. Deviations from this model 
specification invalidate the underlying testing and the basis for acceptability, and can therefore 
only be justified if accompanied by some analogous or more standard form of model validation. 
The advantage to applicants is that this model configuration and approach can be employed 
readily with only the minimal data collection requirements and without model calibration 
exercises. The downside of this approach is that the default configuration may not accurately 
describe the dynamics of dispersion at the site in question and may be overly conservative. 

 

4.3.1 Model Setup 

In order to use the standard default method, NewDepomod modelling projects should be set 
up according to the following modelling choices. Table 2 describes some of the fundamental 
NewDepomod modelling choices which are required with the standard default modelling 
approach. 

Table 2: NewDepomod model setup requirements according to the standard default method. 

Modelling option Requirement 

  
Domain size 2 km x 2km 

 
Cell size 25 m x 25 m squares  

 
Bathymetry Uniform  

 
Flow data duration 90 days or greater 

 
Number of flow depth records 3 or greater. At least: 

 
1. <5 m  from water surface 
2. Pen-bottom 
3. <3 m from bed 

 
  
Number of particles 10 per pen per time step 
  
Time step 60 s 
  

 

In cases where the model is forced by data collected by current meter or another point-source 
of flow information it is not appropriate to use a spatially-varying representation of the local 
bathymetry because this causes interactions between the seabed and the uniform flow field 
that are not realistic. Therefore, the domain bathymetry should be set to a uniform water depth 
which is considered to be representative of the seabed below the farm pens.  

Requirements for the configuration of physical parameters used in the standard default 
method are described in Appendix A. All parameters should be set accordingly in all cases 
with one exception: the vertical dispersion parameter which is applied in the resuspension 
phase of particle transport should be set on a case by case basis. This requirement is an 
artefact of the discretisation and limited scale of the model domain, which causes deposition 
to be resolved only in 25 m increments and only over scales of 1-2 km. At a site with 
comparatively slow flow conditions, the dispersion of discharged material can be under-
estimated if particles are unable to move a sufficient distance to be registered in an adjacent 
cell within a given resuspension event. Equally, where very fast flow conditions occur, 

Even when applicants choose to conduct local validation of NewDepomod it is essential 
that standard default runs are always presented alongside the validation results.  
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dispersion can be over-estimated if particles are able to be transported out of the domain too 
readily. As such, dispersion levels need to be controlled on the basis of the flow conditions at 
each given site. 

The vertical dispersion coefficient for the resuspension phase (σz,r) is defined in the model run 
physical properties file according to the label: 

Transports.resuspension.walker.dispersionCoefficientZ.  

The value of this parameter should be set as function of the mean flow speed at the bed (u, in 
m/s) as follows: 

σz,r = 0.0003 u-0.762 

Note that this parameterization represents a method for accommodating the numerical 
structure and associated emergent behaviour of the model. It is not considered to reflect true 
differences in the physical processes between sites of differing flow characteristics. 

4.3.2 Organic Solids 

Simulations should be made to explicitly model impacts arising from the discharge of organic 
solids. These simulations should represent the maximum biomass which is intended to be 
held on site at any point in time, run at a constant level for a period of 365 days. Feed inputs 
should be based on an assumed feed rate of 7 kg t-1 d-1.  

 

Setup option Requirement 

  
Run duration 365 days 
  
Biomass Peak 
Feed rate 7 kg t-1 d-1 
Waste rate 3% 
Feed water content 9% 
Feed digestibility 85% 
Feed carbon content 45% 
Faeces carbon content 30% 
  
  
Output period Last 90 days 
Output resolution 3 hourly or greater 

 

 

The impact of the simulated farm operation must be considered over multiple model time 
steps, and therefore simulations need to be explicitly configured to output information on the 
deposited mass of organic solids within the model domain at specified points in time. The 
required outputs should be produced at 3-hourly resolution (or greater) for the last 90 days of 
the model run.  

The outputted seabed impact predictions for the final 90 days of the model run should be 
aggregated in order to produce a representation of the average (mean) deposited mass in 
each domain grid cell for that period. NewDepomod does not explicitly model IQI conditions. 
Therefore, the following criteria should be used to identify a scenario which is likely to comply 
with local-scale “mixing zone” standards. 
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Standard Type Definition Model requirement 

 
Pen-edge 
 

 
Intensity 

 
>1 species of enrichment 
polychaete at densities 
>1000 m-2 at pen edge 
locations 
 

 
Mean deposited mass within the 250 
g m-2 impact area should not exceed 
1000 g m-1 

Mixing zone Extent Total area (m2) impacted to 
worse that 0.64 IQI should 
not exceed the 100 m 
composite mixing zone 
area (m2) 

Total area (m2) with a mean 
deposited mass in excess of 250 g m-

2 should not exceed the 100 m 
composite mixing zone area (m2) 

    

 

Note that both environmental quality criteria should be judged using the average seabed 
impact calculated over the final 90-day model period. 

4.3.3 Emamectin Benzoate 

Simulations should be made to explicitly model impacts arising from the discharge of 
emamectin benzoate if such a consent is sought. These simulations should represent a single 
discharge of the total quantity under consideration. Runs should be made over a duration of 
118 days and configured according to the modelling choices described below. 

Setup option Requirement 

  
Run duration 118 days 
  
Biomass Peak 
Feed rate 7 kg t-1 d-1 
Waste rate 3% 
Feed water content 9% 
Feed digestibility 85% 
Feed carbon content 49% 
Faeces carbon content 30% 
  
Treatment duration 7 days 
Linear excretion period 7 days 
Quantity excreted during linear excretion period 10% 
Excretion half-life 36 days 
Decay half-life 250 days 
  
Density of mud 1400 kg m-3 
  
Output period Last 2 days 
Output resolution 3 hourly or greater 
  

 

Seabed outputs should be specified for the final two days of the run at 3-hourly resolution or 
greater. Analysis of the seabed impact should be based on an average seabed impact derived 
from these outputs. The following criteria are then used to identify a scenario which is likely to 
comply with local-scale “mixing zone” standards. 
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Standard Type Model requirement 

   
Mixing zone Extent Total area (m2) which exceeds the pertinent EQS should not 

exceed the 100 m composite mixing zone area (m2) 
 

Export Equivalent 
extent 

The total quantity predicted to be exported out of the model 
domain should not exceed the quantity that would cause an 
impact over 10 km2 if deposited uniformly at the pertinent 
EQS 

   

 

4.3.4 Other In-Feed Medicines 

It is possible that additional in-feed medicines become licensed for use in Scotland in the 
future. It is possible for NewDepomod to be reconfigured to represent the discharge and 
behaviour of alternative compounds, and in such a case, standard default approaches may 
be established, if appropriate. 

4.3.5 Known Issues 

This approach is considered to provide a representation of aggregate particle transport, 
deposition and accumulation that is reasonably accurate over a wide range of environmental 
conditions. There are a number of known issues, however, which in some cases will require 
attention and some form of mitigation. 

The use of representations of flow which are derived from single locations may emphasise 
flow patterns that are idiosyncratic and not necessarily representative of the wider model 
domain or even the flow sampling location at different time periods from the one(s) sampled. 
A particular outcome that is reasonably common when using the standard default method 
described herein is that impacts may be predicted which have a positional offset relative to 
the farm pens. The method has been developed on the basis that it predicts magnitudes of 
deposition and overall scales of impact as a priority with positional accuracy a secondary 
concern. On the basis of available, good quality data, seabed impacts within the mixing zone 
tend to be centred predominantly under the farm pens, even in cases with highly dynamic and 
complex flow. Therefore, significant offsets predicted by NewDepomod should be considered 
with caution. In most cases, it is expected that the scale of the predicted impact will represent 
a good guide the likely scale of the real impact, but that such an impact is more likely to be 
centred on the farm site. This should be borne in mind when considering monitoring design. 

An additional risk factor is represented by sites (or rather, flow datasets) which have significant 
residual currents, particularly at the bed. Such datasets can cause under-estimates to occur 
in levels of deposition, owing to the fact that – on average – material can move beyond the 
model boundaries more readily than cases where bi-directional flow is more balanced and 
material is more likely to oscillate around the farm site. Appreciably large residual currents can 
be considered to be those which are greater than 35-40% of the mean flow speed. In such 
cases, mitigation of this risk must be employed. One useful approach is to remove the residual 
current from the bed (and possibly other) flow record(s). This can be achieved by subtracting 
the residual u and v components from the u and v components of each individual flow record 
in the time series. Simulations should be repeated using such a modified dataset in cases 
where bed residual currents are significant. 

A final issue is that this standard default method achieves approximately realistic levels of 
dispersion by using a tuning parameter which affects the resuspension phase of particle 
transport. This means that, at sites which have flow conditions which only rarely or never 
produce resuspension events, the method cannot be expected to produce an accurate 
representation of dispersion. In such cases, the standard default method is expected to 



24 
 

produce an over-estimate of local deposition, and is therefore more conservative at these least 
energetic sites. Under the parameterization used, the critical threshold for resuspension of 
material on the bed occurs at a shear stress which is roughly equivalent to a flow speed (~3 
m above the bed) of 8.5 cm s-1. Therefore sites with mean bed flow speeds much lower than 
this and which have few - if any - flow vectors that exceed this threshold, are likely to be 
problematic in this respect. Typically, sites with mean bed flow speeds which are less than ~5 
cm s-1 will fall into this category. These sites may need to use NewDepomod modelling which 
is specifically calibrated/validated using local seabed data in order to mitigate this 
conservatism. 

4.3.6 Other Considerations 

The influence of the flow data on modelling predictions requires some consideration. The 
occurrence of a wide range of hydrodynamic conditions within the flow record (e.g. storms or 
other episodic events) may result in a significantly varying seabed impact throughout the 
duration of the model run. In such a case, it is not clear that the impact described at the model 
endpoint represents the worst or even the typical conditions experienced in the simulation. 
Similarly, at highly tidal locations, impact size and/or intensity may vary significantly between 
neap tides (which are more conducive to deposition) and spring tides (which promote erosion) 
and even between individual flood and ebb tides. As such these extremes need to be 
considered and understood. This may require the model to be configured to output spatial 
impact results at a number of specified time points in the simulation and the results 
contextualised, aggregated or summarised in an appropriate way. 

NewDepomod is capable of “optimization” runs. These involve a sequence of model runs using 
varying biomass or medicine treatment quantities in order to arrive at what can be considered 
to be optimal values. Usually these values represent maximum possible values within defined 
environmental constraints – they are an idealised trade-off between site operation and seabed 
impact. In some cases it can be very time consuming to use this automated method as the 
model uses some basic trial and error algorithms to test candidate values, and frequently 
needs to perform a large number of runs in order to converge on the optimum biomass or 
treatment quantity. This may be particularly prohibitive when dealing with 365 day model runs. 

There are some approaches which can be taken to mitigate this. One is to simply perform the 
trial and error process manually using “single” model runs and adjusting the biomass or EmBZ 
quantities oneself between runs. In many cases the user can identify values to test more 
adeptly than the optimization algorithm. Another is to start modelling by testing the 
maximum desired stocking density for the pen layout under consideration. If this is deemed to 
be sustainable then there is no need for the model to explore higher biomasses. It is also 
useful to test the biomass or treatment quantities using shorter runs and a smaller number of 
particles per time step. These conditions can subsequently be increased to preferred values 
once the modeller has a clearer indication of (approximately) the optimum biomasses or 
treatment levels. 

4.4 Predictive Modelling Approach 

Where sufficient, good quality seabed data is available, NewDepomod modelling can be 
calibrated and validated in order to produce more accurate, site-specific modelling predictions. 
It is anticipated that, by virtue of local mixing zone monitoring requirements, all existing farms 
should have the requisite seabed data for this approach following one or two cycles of 
operation. It follows that the standard default method will, in the future, serve predominantly 
as a method for modelling new sites for which no contextual impact data is available. 

Explicitly anchoring modelling with locally sourced seabed impact data produces simulations 
which have their predictive capacity measured or at least constrained within certain bounds. 
Therefore, such modelling exercises can be considered to be predictive models rather than 
simpler, risk-assessment exercise. Given the context provided by validation with local data, 
this approach therefore requires less in the way of strict rules and conventions but does require 
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sensible modelling decisions, good quality seabed validation data – ideally multiple datasets 
– and an effective method of measuring accuracy/error. 

The principles of calibration and validation are described in Section 2. 

4.4.1 Simulations 

This approach will typically involve several types of simulation. In the first instance, simulations 
will be made in order to identify the optimum modelling methods and configuration and 
measure their accuracy based on comparisons with observational data. In many cases these 
runs will represent hindcasting exercises which seek to reproduce discharge conditions and 
characteristics from the operational period preceding the collection of calibration and 
validation data. Other, more generalised (but representative), scenarios may be used in this 
stage if they can be shown to provide good predictive ability. 

Once calibration and validation exercises have established the optimum modelling 
approaches and configuration, simulations of proposed farm operation should be made using 
the same modelling approaches. These simulations should seek to describe the magnitude 
and variability of seabed organic solids impacts and in-feed medicine residues (if sought) and 
should be compared with the pertinent environmental quality standards. Simulations should 
also be made based on the standard default approach in all cases in order to provide additional 
context to the calibrated modelling exercises. 

4.4.2 Calibration/Validation Data 

In order to calibrate/validate NewDepomod it is necessary to collect sufficient empirical data 
with which to compare the model output. This entails collecting information with sufficient 
spatial coverage to adequately represent the scope of a seabed impact.  

The primary function of NewDepomod is to describe the physical processes of particle 
transport, resuspension, deposition, etc. Given that some SEPA environmental quality 
standards are defined in terms of ecological metrics which are not explicitly predicted in the 
model, it is necessary to define depositional characteristics in the model output that can be 
considered to be a reliable proxy for these standards.  

Therefore, depending on the nature of the modelling being undertaken, tuning and validation 
exercises may seek to determine: (1) the most suitable representation of physical dispersion 
processes in the model; (2) the most suitable depositional proxies for assessing risks; or (3) 
both. Care needs to be taken in choosing the most appropriate seabed data and analytical 
procedures with which to satisfy these objectives.  

When modelling the effects of organic solids, it is necessary to establish a signal (or signals) 
within the modelling output which can be considered indicators of adverse ecological 
conditions. The standard default method, for example, uses an average deposition rate of 250 
g m-2 over the final 90 days of a 365 day run to achieve this objective, a criterion that was 
established based on testing over a range of sites with good quality seabed data. It may be 
the case that for particular sites with good local seabed impact data, a more appropriate or 
accurate set of criteria can be established for indicating pertinent ecological conditions. This 
type of exercise effectively constitutes a calibration exercise for an “ecological response 
model” and the arbiter of such an approach – as with any general modelling exercise – is the 
quality of validation against empirical data. 

Calibrating both physical dispersion characteristics and ecological risk thresholds is 
challenging and is ideally based on different seabed indicators: some form of physical tracer 
for constraining the physical behaviour of particles, and ecological data to identify a 
relationship between deposition and ecological response. Using a single dataset (e.g. 
ecological data only) for tuning model behaviour presents a risk that any apparent match to 
observed data may be based on a poor representation of the underlying components and may 
therefore not be fit for simulating other scenarios. In some cases, sufficient data for tuning 
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both of these aspects of the modelling may not be available. In such cases it may be fruitful to 
retain some aspects of the standard default method (e.g. the physical setup, or the ecological 
risk proxies) and use the available data to tune the remaining aspects. For example, one may 
retain the default approach for configuring physical dispersion (using the rule of thumb 
described for setting the vertical (resuspension) dispersion parameter) and then use available 
seabed data to identify the most appropriate deposition threshold(s) for representing pertinent 
quality standards. An alternative approach would retain the standard default deposition criteria 
but seek to tune physical dispersion such that these criteria provide a good match to the 
available data. These approaches are not guaranteed to be successful and their quality 
depends on the predictive ability demonstrated by validation against good quality 
observations. 

 

 

 

4.4.3 Flow Data 

This approach may use a flow dataset measured at a single location although it may be more 
difficult to get good calibration/validation results in such a case, particularly if the setting is 
hydrodynamically complex. In any case, the use of a single current meter deployment in 
forcing the model must be associated with a limitation on the domain size over which this data 
can be considered valid. Even in cases where modelling is explicitly validated using local data, 
therefore, it is not expected that the use of a uniform flow field based on current meter data 
would be suitable for addressing risks to the wider environment. 

In the ideal scenario, flow data collected concurrently to the formation of the seabed impact 
would be used in the calibration and validation exercises as this ensures that the model is 
successfully translating inputted forcings and loadings in to the associated seabed impact.  

 

In the case that concurrent flow data is not available then a choice needs to be made as to 
what constitutes representative flow data for the purposes of calibration and validation. A 
particular challenge is ensuring that the modelled flow conditions are similar to those 

The calibration of NewDepomod at new sites is likely to be difficult as there is no pre-
existing seabed impact data that can be used to characterize behaviour of the site and 
with which to seek to replicate in the model. It may be possible, in principle, to use 
artificial tracer releases to circumvent this limitation, but this is likely to be challenging 
and may not convincingly capture the dynamics of sediment transport on an impacted 
seabed. Therefore, the standard default method may be a more suitable initial 
approach for new sites. 

The value in calibrating and validating NewDepomod is likely to be in the modelling of 
existing sites where successive growth cycles and detailed survey information can be 
used to continually refine NewDepomod simulations. In such cases, a deeper 
understanding of both the site and the model is gained, while demonstrably accurate 
modelling is available for assessing future proposals without the in-built conservatism 
of the standard default method. 

 

 

 

SEPA strongly encourages operators to continually record currents, particularly at those 
sites which host – or are envisaged to host – large biomasses (i.e. >2000 t) or are 
associated with other risks.  Benefits to the validation process will far outweigh the cost. 
Accurate hindcasting of impact will help to identify the ultimate capacity of a site.  It may 
also help to explain impacts which were unexpected.  Continual data sets will also help 
to improve all aspects of Aquaculture modelling. 
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experienced at the time of sampling for the calibration/validation dataset, otherwise it may 
prove difficult for the model to reproduce the observed seabed conditions. One approach to 
this problem is to organize the flow data such that the semi-diurnal and spring-neap tidal cycles 
are sequenced appropriately for the time period under consideration. This may be achieved 
by using a reorganized sample of the raw data, or, alternatively, by reproducing the flow 
dataset for the time period on the basis of harmonic analysis, both of which may carry 
advantages and disadvantages. Using tidally-reproduced data means that the precise tidal 
cycles for the period under consideration can be represented and that episodic flows, which 
may not be representative of the calibration time period, are removed. This removal of episodic 
features in the data may under-represent certain aspects of the flow more generally, though 
this may be compensated for to some extent in the model calibration.  

Once an acceptable model configuration has been identified then the model needs to be run 
according to the proposed farm operation scenarios using the validated configuration. This 
requires flow that is consistent with the flow information used during calibration but also 
representative of the future, hypothetical scenario under consideration. Given the calibrated 
and validated nature of the model output, it is less crucial that 90+ days of data be used. For 
modelling calibrated on tidally-reproduced flow data, it is acceptable for the flow information 
to be based on >30 days of continuous current meter recording. However, some consideration 
of the potential uncertainty in the flow is recommended, which may include additional runs 
under different conditions. 

Similar considerations regarding the representability of the flow data should be made when 
using a hydrodynamic flow field. In this case it may be possible to derive flow information that 
matches the tidal characteristics of any given hindcasting period. It is additionally suggested 
that in cases where hydrodynamic flow fields are used, variable representations of the 
bathymetry should also be used. 

4.4.4 Feed Data 

Given the use of demonstrably accurate dispersion and impact predictions, it is permissible 
and encouraged for the farm operation to be modelled using more realistic feed loads. This 
might take the form of the modelling of an entire, single growth cycle, for example. In such 
cases, however, it is necessary to explain the growth model used and the relationship between 
the proposed feed scenario and the realised feed profile which was used in any 
calibration/validation exercise. This is to ensure that the proposed scenarios bear 
resemblance to the validated scenario. In taking this approach, some consideration of 
fallowing would also place the modelled scenarios in a wider context.  

4.4.5 Physical Tuning Parameters 

NewDepomod has an extended range of parameters which can be used to control the physical 
behaviours of processes related to settling, dispersion, deposition, resuspension and 
consolidation of deposited material. Depending on the scenario being modelled and the 
characteristics of the site under consideration it may be appropriate to use certain parameters 
rather than others when seeking to refine model behaviour. The arbiter of these choices is 
always the quality of the validation exercises performed with empirical data. Some suggestions 
are included below, which are by no means exhaustive. 

The vertical dispersion parameter which is applied in the resuspension phase of particle 
transport (and which is used to control model behaviour in the standard default method) is 
considered to be an effective tuning parameter for controlling gross scales of dispersion 
relative to any given flow dataset. An alternative is the release height parameter for 
resuspended particles. Some degree of fine-tuning can be achieved using the counterpart 
(resuspension) horizontal dispersion parameter, which helps to control the relative degree to 
which particle transport is driven by the vectors of the flow data versus more “diffusive” random 
walk process which seeks to represent the effect of turbulence. 
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For sites which have very slow flow conditions it is likely that resuspension will need to be 
invoked at slower flow speeds than normally implied, at least in the standard default method. 
The two ways with which to achieve this are by increasing the (smooth) bed roughness 
parameter, or decreasing the critical shear stress for resuspension. A recommended approach 
is to set the bed roughness value to 0.054 m, which has the effect of reducing the critical flow 
speed for resuspension to ~4.5 cm s-1 (other parameters being equal). From this basis, the 
vertical dispersion coefficient (in the resuspension phase) can then be used as a fine-tuning 
parameter. 

4.5 Wider-Scale Modelling With NewDepomod 

NewDepomod offers the ability to specify a richer description of the flow in the area under 
consideration. This information would typically be extracted from a numerical hydrodynamic 
model and effectively enables NewDepomod to act as the particle-tracking “module” for the 
hydrodynamic model. Since the flow information used in such a case is likely to more 
realistically reflect the spatial variation in currents across the domain of interest, it is 
acceptable for this approach to be applied over larger scales in order to address risks to the 
wider environment and to answer questions relating to specific transport pathways or 
receptors. The test of this approach is in the validation of the underlying hydrodynamic model 
and the validation of the NewDepomod predictions with respect to local seabed impact data. 

In such cases it is expected that the model is calibrated and validated both with respect to the 
underlying hydrodynamic flow and the predicted discharge dynamics and seabed impacts. 
Criteria for these requirements can be found in Table 3. 

4.6 NewDepomod Reporting 

Please refer to document “Regulatory Modelling Process and Reporting Guidance for the 
Aquaculture Sector” [1] for further information. 
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5 Marine Modelling 

Marine Modelling is a term used to describe a general class of models which seek to simulate 
the flow of water (or fluids more generally) over a specifically-defined area of interest 
(“domain”). Such technologies are commonly used in the context of environmental risk 
assessment and mitigation and are the standard for regulatory modelling in other industrial 
sectors in Scotland. 

5.1 Role 

Because marine models are able to describe complex and physically realistic flow patterns, 
they offer several advantages over simpler (i.e. uniformly-applied flow) approaches for the 
modelling of aquaculture-related discharges, e.g.: 

 

 Realistic flow patterns over large areas 
 

 More accurate realisation of transport pathways and potential receptors 
 

 Additional dispersion of discharges due to horizontal and vertical differences in current 
velocities (velocity “shear”) 

 

For the aquaculture sector specifically, marine modelling is useful in the following types of 
situations: 

1. Where sensitive receptors are perceived to be at risk from proposed discharges 
 

2. Where there is considerable flow complexity in the area surrounding the farm (e.g. 
headlands, islands, straits, complex bathymetry, stratification) 

 

3. Where the scale of the farm layout is sufficiently large that appreciable flow variability 
can be expected over the farm itself 

 

4. Where the proposed discharge might be expected to interact with other discharges, 
including those from other aquaculture sites 

 

5. Where medicine (in-feed or bath/well-boat) consents are desired which exceed those 
recommended by simpler, standard default approaches  

 

Marine modelling may therefore be used to demonstrate that particulate or solute discharges 
from fish farms are not likely to adversely affect the marine environment. In most cases, unless 
the perceived risks are agreed by SEPA to be such that it is not merited, marine modelling will 
be required by SEPA in support of CAR licence applications. 

5.2 Model Types 

5.2.1 Hydrodynamics 

The single defining feature of a hydrodynamic model (HD) is the ability to simulate the flow of 
water within a specified geographic (and bathymetric) area in a physically realistic way. This 
enables a vastly richer and more detailed representation of flow characteristics than could be 
achieved via observation. The HD predicts the surface elevations and current velocities across 
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the model grid, as well as, in many cases, changes in fundamental physical properties such 
as temperature and salinity.  

These hydrodynamic simulations provide the flow and dispersion information that can be used 
to drive the other components of discharge modelling, such as water quality or particle tracking 
models. Although these HD models can be quite time consuming to run, once run the output 
files can be used to model many discharge scenarios without the need to re-run the HD model. 

5.2.2 Particle Tracking 

Particle tracking is an approach to the modelling of discharged substances which seeks to 
represent a discharge using a large number of individual “particles”. These particles are 
created within the model at the discharge location(s) and can be moved around the model 
domain according to flow information taken from the hydrodynamic model simulation and other 
phenomena. The model tracks the positions of these particles through time and the distribution 
of particles at any given point in time can be used to estimate the fate of the discharge.  

Advantages of the particle tracking approach are: 

 The precise location of particles in 3-dimensional space is tracked and therefore the 
dynamics of the discharge is not limited by or dependent on the model grid. (However, 
aggregation of particles – for calculating concentrations, for example - may be done 
with reference to the model grid). 
 

 Most particle tracking models include a random component to particle motion intended 
to simulate the effect of turbulent diffusion. The aggregate effect of large numbers of 
particles experiencing their own independent “random walk” enables the model to 
mimic the dispersion and dilution of substances within the marine environment. 

 

 Particles can typically be assigned additional properties which might be appropriate to 
particular modelling situations, such as settling velocities in the case of particulate 
wastes, and decay rates in the case of chemical substances. This feature makes 
particle tracking particularly well suited to the modelling of particulate solids discharged 
from aquaculture sites.  

 

 When using two-dimensional, depth-averaged flow models, a logarithmic flow profile 
can be applied to the particles in order to represent the reduction in flow velocity due 
to boundary effects at the bed. This turns a 2D hydrodynamic model in to a quasi-3D 
discharge model. 
 

 Particle-tracking models typically run much faster than hydrodynamic, sediment 
transport or water quality models. 

 

Many hydrodynamic models include particle tracking functionality as part of the software. 
However, third-party particle tracking software can be used in conjunction with the output from 
hydrodynamic models.  

5.2.3 Sediment Transport 

A more sophisticated class of particle-tracking software may be described as “sediment 
transport” models. These models include functionality intended to convey some of the 
dynamics specifically associated with sediments interacting with both the flow and the seabed 
itself. Commonly employed concepts in such models include settling velocities, critical erosion 
thresholds, mass-limited erosion rates, consolidation of sediments within the bed, and the 
differentiation of various classes of sediment type. Some hydrodynamic modelling software 
includes explicit sediment transport modelling functionality. NewDepomod can be considered 
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an example of a stand-alone sediment transport model which is a hybrid of particle tracking 
and sediment transport modelling. 

5.2.4 Water Quality 

Water quality modelling represents discharges as averaged concentrations within the grid 
cells of the model. These concentrations are transported and dispersed between neighbouring 
grid cells through time using flow information from flow model together with the appropriate 
material balance equations. Usually, water quality models will use some simplified, 
mathematical approach for dealing with processes that occur below the resolution of the model 
grid – so called “sub-grid processes” such as turbulent diffusion.  

5.3 Model Build 

There are a range of considerations to make when designing and building a hydrodynamic 
modelling solution. The most appropriate choices will depend on the specifics of the discharge 
context under consideration including anticipated physical processes and perceived risks, as 
well as data or other constraints. 

5.3.1 Model Domain 

The size of the domain is a crucial consideration as it determines what is within the explanatory 
scope of the model. The location of open boundaries is likely to be at least partially influenced 
by the availability of boundary data and hydrodynamic considerations.  

In ideal cases, the domain would be sized to accommodate the full range of anticipated 
discharge trajectories and fate. In practice this might be infeasible due to the large scale and/or 
complexity of the dispersion. Effort should be made, therefore, to choose boundaries which 
either minimise the quantity of the discharged materials which are lost from the model domain, 
or target the scope of the model towards the areas which address regulatory concerns 
predominantly. This latter approach may consider the fate of the majority (but not entirety) of 
the discharge, for example, or areas which are host to specific risks.  

The absolute minimum size of a model domain is that which accommodates the local tidal 
excursion. The modelled domain should include any sensitive features for which impact 
information is required and any other discharge sources that are considered pertinent. 

5.3.2 Dimensions 

A choice is required as to what dimensionality is most suitable for modelling the discharge. 
This requires some prior knowledge of the hydrography of the area and behaviour of the 
pollutants. It is not expected that 1-dimensional models would be appropriate for modelling 
aquaculture related discharges, but 2- and 3-dimensional models are likely to be appropriate 
in different circumstances. This therefore constitutes a fundamental choice in any aquaculture 
discharge modelling exercise. 

In areas in which waters can be considered to be well mixed then a 2-dimensional, depth-
averaged model may capture the salient hydrodynamic features. This is most likely in relatively 
open settings with fast flow. In areas such as sea lochs, with significant freshwater inflows and 
more stratified flow, 3-dimensional models are more likely to be required for resolving the 
characteristics of the flow. 

5.3.3 Model Time Period 

Running marine models over time periods representing whole years or growth cycles can be 
prohibitively resource-intensive (i.e. computing power, run time, file sizes). It may therefore be 
necessary to consider appropriate time scales over which to simulate the release and transport 
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of discharges. This will depend on the issues being addressed. For example, bath treatments 
can be adequately represented using run periods of one or two weeks. The fate of discharged 
organic solids is more complicated given the interplay of the farm growth cycle with variable 
astronomical and meteorological forcings over time scales of several years. One approach to 
this issue is to use shorter run periods which capture essential hydrodynamic features (e.g. 
spring-neap cycle) and use a suite of representative tidal and wind conditions to capture 
potential sources of variability. In this approach, outcomes can be contextualized within the 
spectrum of tested conditions, and extrapolated (with care) to longer time periods. 

Some regulatory questions are less sensitive to simulated time periods and are more 
concerned with spatial transport pathways and hydrodynamic connectivity. In the context of 
aquaculture, for example, it might be necessary to assess the likelihood of discharges 
impacting specific receptors, such as a protected feature or habitat, or the site of another farm. 
Alternatively, it may be questioned whether the discharges of several farms interact at all and 
whether any areas are cumulatively impacted as a result. These types of questions may be 
addressed using shorter, sensibly chosen run periods which can be considered to capture the 
essential flow characteristics of the system. 

5.3.4 Model Resolution 

The resolution of the model grid or mesh will depend to some extent on computational 
constraints and the requirements of achieving a good flow calibration. However, it is necessary 
that the model specifically resolves the flow conditions and discharge characteristics around 
areas of interest to an acceptable degree. It is recommended that the model build aims to 
achieve a horizontal resolution of no greater than 25-30 m in areas around farm sites and 
other pertinent receptors. Vertical resolution, in 3D models, should be sufficient to resolve the 
required flow characteristics. 

 

5.3.5 Forcing Data 

The data required to force hydrodynamic models will vary from case to case. All models 
require boundary conditions describing tidal variations as a minimum. A model forced only by 
the tide may be useful in cases where other forcings can be considered to be negligible or 
where only a conservative estimate of dispersion is required. In most cases, however, wind is 
likely to play an appreciable role in driving water flow and mixing, enhancing the dispersion of 
discharged material. Therefore, it is recommended that wind is included, where appropriate, 
in both calibration and validation modelling runs, as well as simulations of proposed 
discharges. In constrained areas with appreciable freshwater inputs, these may also need to 
be explicitly specified in order to reproduce flow characteristics adequately. 

5.3.6 Modelled Constituents 

All hydrodynamic modelling solutions should resolve variations in water levels and flow 
properties (i.e. speed and direction). In some cases it will be necessary to include salinity and 
temperature as part of the fundamental physical properties that are modelled, calibrated and 
validated. This will be the case, for example, where freshwater inputs are significant and cause 
waters to be highly stratified or other cases where salinity gradients have an appreciable 
effects on flow characteristics.  

We understand that it may appear convenient to utilise existing larger scale models to 
carry out Aquaculture modelling.  In the vast majority of cases, it will be necessary to build 
smaller scale models to nest within these at a more appropriate resolution. This is almost 
always the case for other SEPA applications.    
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5.3.7 Calibration 

Calibration is the process by which the model is adjusted to reproduce the characteristics of 
the study area for a given set of conditions. The model output is compared against observed 
measurements and model parameters are adjusted to improve agreement.  

To achieve calibration of the tidal cycle the model is often compared to tidal heights or flows 
that have been harmonically analysed to remove the effect of wind and freshwater from 
observations. This may require continuous water level or flow records of at least ~30 days. 
However, if the model is to be used to simulate wind effects it is equally important that the 
model is compared against the observed data.  

Other important considerations for hydrodynamic model calibration are: 

 Location and number of data points to give good coverage of the model area, 
particularly at specific points of interest (e.g. around farm pens, sensitive receptors, 
neighbouring farms) 

 

 Accuracy of input data (boundary conditions, initial conditions and meteorological 
conditions) and the calibration data (observed water levels, currents, temperature, 
salinity, etc.) 
 

 Distribution of data with respect to model dimensionality - vertical and lateral variability 
fully described, if appropriate 

 

 Required level of agreement between model output and observations from field 
surveys, sampling etc. In other words, is the model fit for purpose? 

 

Typically, the model resolution, boundary conditions, bathymetry, seabed roughness, eddy 
viscosity and/or wind drag coefficient can be adjusted to improve agreement to the desired 
level.  

5.3.8 Validation 

The purpose of validation is to measure and demonstrate model accuracy by comparison of 
model output with a separate, independent dataset. Once the model has been validated it can 
be used in the validated configuration without further adjustment to simulate the required 
scenarios and the results interpreted in the context of the known margins for error.  

Validation with several datasets (either spatially or temporally) is preferable to a single 
validation dataset, to ensure that the model is able to reproduce the phenomena of interest 
over a range of conditions or circumstances. In any case it is crucial that validation data are 
collected in locations and at times that are relevant to the questions being addressed in the 
modelling. 

It is common practice to calibrate a hydrodynamic model against a spring tide dataset then 
validate against a neap tide dataset. Calibration and validation periods for a water quality 
model should reflect the timescales of the phenomena in question, tidal and possibly seasonal 
variability.  

It is recommended that calibration and validation is performed with the aim of achieving the 
standards described in Table 3, adapted from the Foundation for Water Research guidelines 
(1993) [2]. 
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Table 3: Calibration/Validation Standards For Hydrodynamic And Discharge Modelling. 

 
Parameter 
 

 
Standard 

 
Hydrodynamics 
 

 
Absolute 

 
Percentage 

 Water level 
 

+/- 0.1 m +/- 10% Spring range 
 

+/- 15% Neap range 
 
 

 Flow speed 
 

+/- 0.1 m/s +/- 10-20% 

 Flow direction 
 

+/- 30 degrees  

 Timing of high water / phase +/- 15 mins  
    

 
Tracer / discharge / particles 
 

  

 Temperature +/- 0.5 degrees C 
 

 

 Salinity +/- 1 psu 
 

 

 Tracer concentration at a point factor of 5 
 

 

 Areal extent of tracer concentration 
contour 
 

factor of 2  

    

 

5.4 Discharge Modelling for Aquaculture 

The discharges required to be modelled at aquaculture sites fall in to two broad categories. 
Waste feed and excreted faecal matter – including any bound, in-feed medicines – represent 
particulate solid wastes which ultimately settle on the seabed. Bath and well-boat treatment 
medicines represent plumes of dissolved constituents which ostensibly impact the water 
column. It is necessary to select an appropriate method for modelling these distinct types of 
discharge.  

5.4.1 Modelling Particulate Solids 

An initial challenge in modelling particulate aquaculture discharges is in defining the 
discharges themselves. Specifically, particulate waste arises from the excretion of faeces from 
farm pens as well as uneaten feed pellets. Since these quantities are typically not known 
explicitly, it is necessary to estimate them on the basis of feed loadings. Such calculations 
involve assumptions about feed assimilation and wastage rates. The discharge of in-feed 
medicines similarly depends on rates of excretion, which may be complex. See the 
Appendices for information regarding the defining of general solids and EmBZ discharges. 

Particle tracking technologies are well suited to the modelling of organic solids as well as any 
bound medicine residues. This approach depends on specifying appropriate particle 
properties and behaviour. The modelling of sedimentary dynamics on the seabed is a 
particular challenge in this sense as it is likely that to adequately simulate the dispersion of 
particulate wastes some consideration of settling and resuspension dynamics will be 
necessary. There are a range of possibilities depending on the technology that is employed.  
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Some particle tracking software enables particles to be assigned basic forms of behaviour 
such as settling velocities and critical flow thresholds for erosion. These features can therefore 
be used to simulate the deposition and resuspension of discharged materials to and from the 
seabed. It may be the case that an adequate model performance can be achieved by using 
comparatively simple particle-tracking approaches. In other cases, explicit sediment transport 
modelling may be needed to capture the particular nuances of particulate dispersion, 
incorporating more complex types of processes such as rate-limited erosion and consolidation 
of sediments within the bed. Water quality models are not appropriate for simulating the 
discharge of particulate wastes. 

5.4.2 Modelling Bath Treatments 

Bath treatments may be modelled by using particle tracking or water quality technologies. In 
either case it is recommended that the dispersion in the model is validated against observed 
data in the form of, for example, dye tracer and drogue studies.  

Modelling of bath treatments should seek to simulate the treatment of an entire farm, involving 
the successive treatment of individual pens, spaced appropriately through time. Some 
consideration should be given to the sensitivity of bath medicine concentrations to 
hydrographic conditions, such as the effect of wind or position within the spring-neap cycle, 
as well the nature of the whole-farm treatment itself (pen working depths, pen treatment 
frequency, etc.).  

Well-boat treatments and treatments involving freshwater may require additional 
considerations. 

5.4.3 Validating Discharges 

Given the complexities around the settling, erosion and transport of particulate material there 
are typically several parameters that need to be specified and upon which predicted seabed 
impacts depend (e.g. dispersion coefficients, erosion thresholds, etc.). It is important that 
these parameters are chosen carefully such that confidence can be held in the results. An 
ideal modelling study will base the choice of these parameters on calibration and validation 
exercises which anchor the model performance in observed sediment transport or seabed 
impact data. This approach is not always possible or feasible, however, and in such cases the 
particle tracking or sediment transport model must be configured by alternative means. It is 
recommended that conservatism is employed in choosing parameter values in these cases 
and that sensitivity of the model to these choices is fully explored in order to place the model 
results into the appropriate context. 

Confidence in model output with respect to bath treatment dispersion depends on the type of 
discharge model used. For water quality modelling, good agreement between predicted and 
observed salinities may demonstrate that the model accurately reproduces the dispersive 
characteristics of the study area. In the absence of salinity data, or where particle-tracking 
methods are used, dye-tracking surveys are required for validating the ability of the model in 
this context.  

Indicative standards for the reproduction of impact concentrations or areas are given in Table 
3. 

5.5 Model Outputs 

Marine models can output a large amount of data covering a variety of modelled constituents 
over 1-, 2- or 3-dimensional space and through time. It is essential that this information is 
analysed, summarised and presented appropriately according to the aims of the modelling 
study. In some cases it might be necessary to reference results from single, specific time 
steps, when identifying modelled maxima or minima, for example, or when comparing 
modelled results with time-specific observed data. In other cases it may be more appropriate 
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to average impact areas or intensities over a period of time (i.e. multiple model time steps) or 
to express the proportion of time over which a particular impact level is predicted. This may 
be useful when describing the more general impact levels of proposed scenarios, for example. 
In any case, care needs to be taken in the analysis and summarising of rich, complex model 
outputs such that the modelling aims are satisfied most effectively and clearly. 

5.6 Examples of Marine Modelling Applications 

The following examples show typical marine modelling scenarios and possible approaches. 
They are intended to be illustrative only and do not constitute strict guidelines. 

Open, well-mixed water body 

In cases where coastal waters are relatively unconstrained, shallow, and well-mixed it 
is likely that a 2D, depth-averaged model will capture the salient hydrodynamic 
features. These cases will not require freshwater inputs to be defined nor the modelling 
of salinity explicitly. However, wind may play an important role in driving local flow 
patterns and is therefore likely to warrant inclusion in order to produce a successful 
calibration and representative discharge scenarios. Model resolution should be 
structured such that areas around the farms are modelled in sufficient detail. Flow 
validation datasets are ideally positioned in the principal areas of interest, i.e. in 
proximity to the modelled farm site. 

Stratified water body 

In cases where coastal waters are appreciably stratified - for example, within a sea 
loch – this may have important implications for vertical mixing and vertical differences 
in flow velocities. In such cases it may be necessary to explicitly model freshwater 
inputs and mixing using a 3D model setup. Again, wind is likely to be an appreciable 
factor in driving some features of the local flow, and should be included as input forcing 
data in most cases. The model should be calibrated/validated using data representing 
locations close to the farm site. 

Water body with sensitive features/habitats 

In cases where impacts on sensitive features are being investigated then decisions 
around the build should consider the locations of these features. For example, model 
boundaries should be positioned away from these areas of interest where possible and 
the model resolution should be increased in such areas. In the ideal case, 
calibration/validation data collected from areas near to the sensitive features would 
provide confidence that the model performs well in those areas. 

Water body with several farms 

In cases where there are other farms in proximity to the proposed discharge then these 
should be considered in any decisions around the model build in order to resolve the 
interaction of discharges most effectively. Again, model boundaries should be 
positioned away from these areas of interest where possible and the model resolution 
should be increased in areas where detailed information is sought. In the ideal case, 
calibration/validation data collected from areas of interest would provide confidence 
that the model performs well in those areas. 

5.7 Marine Modelling Reporting 

Please refer to document “Regulatory Modelling Process and Reporting Guidance for the 
Aquaculture Sector” [1] for further information. 
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6 Bath Medicine Modelling 

6.1 Introduction 

There are currently a number of bath medicines licensed by SEPA for use in Scotland, these 
contain three different active ingredients: Azamethiphos, Deltamethrin and hydrogen peroxide.  
Hydrogen peroxide is considered to pose a lower environmental risk than the preceding 3 
substances and is not dealt with in this document.  

The modelling of bath treatments will usually differ in significant ways from the modelling of 
particulate waste owing to the nature of the treatment which is administered in the form of a 
chemical solution. These discharges therefore enter the water column in solution, usually at 
the water surface, and disperse according to processes which differ from those associated 
with particulate material (which typically settles through the water column to the seabed). 
Modelling approaches must therefore be used which are appropriate for these types of 
discharges.  

In most cases, marine modelling approaches will be required in order to demonstrate 
efficacious bath treatments which are consistent with environmental quality standards. In 
cases which are deemed low-risk, for example highly-flushed locations with no sensitive 
receptors or other significant discharge sources nearby, comparatively simple modelling 
approaches may be considered to be acceptable. 

6.2 Treatment Schedules and Practices 

A complicating factor in the modelling of bath treatments is that the precise form of the 
discharge(s) is subject to a range of variables, meaning that a treatment may take on a very 
wide range of characteristics that have different implications for their environmental impact. 
Firstly, the initial concentration of medicines within farm pens may depend on the dosage 
practices employed, techniques for mixing the medicine within the pen, and the working depth 
above which the fish are concentrated. Secondly, the frequency with which individual pens 
are treated will determine the overall time frame within which dispersive processes can 
operate on the entire sequence of treatments and affect, to a large extent, the concentration 
of medicines within the immediate vicinity and wider environment. Thirdly, the conditions under 
which treatments take place dictate the dispersion and dilution that is likely to be achieved. 
This will vary according to short- and longer-term tidal cycles as well as meteorological 
conditions. 

Given these degrees of freedom, it is essential that modelling reflects treatment practices and 
conditions which are plausible, expected and, where uncertain, represent worst case 
scenarios. If programme(s) of bath treatments are anticipated to employ a particular dosage 
objective or working depth practices, for example, attempts should be made to reflect or 
accommodate these expectations in the configuration (or at least interpretation) of any 
modelling exercises. Equally, if bath treatments are expected to be organised according to 
specific logistical constraints such as a limited number of pens per day or a requirement for 
daylight or slack water working conditions, modelled treatments should be sequenced and 
spaced in the most appropriate manner to reflect these limitations. Consideration should also 
be made as to the likelihood of treatments occurring during particular tidal (e.g. spring versus 
neap) and meteorological conditions and the effect this may have on environmental outcomes. 
Where such choices cannot be made with certainty, a range of scenarios should be modelled 
which represent the range of plausible treatment scenarios. 

Assumptions regarding the likely form in which baths treatment will occur and upon which 
modelling is based should be justified by supporting information. This may take the form of, 
for example, historical information regarding the nature of bath treatments at the site in 
question, or demonstrable typical practices for an operator. 
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6.3 Environmental Quality Standards 

The environmental quality standards that are expected to be satisfied by any bath medicine 
discharge are described on the SEPA website. These standards need to be applied 
appropriately in any modelling exercise in order to determine the sustainability of a particular 
treatment programme and dispersion scenario. 

For both Azamethiphos and Deltamethrin, several quality standards are imposed which 
pertain to specific points in time subsequent to the release of individual medicine plumes. 
These quality standards represent the maximum concentrations that can be considered to be 
acceptable within the marine environment at the respective reference times. Note that these 
concentration limits should take in to account the contribution of all previously released plumes 
in the same programme of bath treatments. This means that for any particular schedule of pen 
treatments there will be a counterpart schedule of reference times with which to assess 
compliance with environmental quality standards. In some cases the reference times for 
individual plumes will coincide, and the shorter term standard for the more recently discharged 
plume will represent the concentration limit against which to test the overall, cumulative 
impact. 

The longest term quality standards defined for Azamethiphos (72 hrs) and Deltamethrin (48 
hrs) are treated differently. These standards are applicable only in relation to the completion 
of the whole treatment programme and represent concentrations that should not be exceeded 
over an area greater than 0.5 km2 at the respective points in time. 

6.4 Marine Modelling 

Marine modelling is considered to be the default, required approach to modelling the 
dispersion of bath treatments in all but the lowest-risk cases. Guidance on the principles and 
standards which are expected in marine modelling are described in Section 5. Some additional 
points pertaining specifically to bath treatment modelling are found below. 

6.4.1 Vertical Mixing 

The dispersion and dilution of medicine plumes released during bath treatments is dependant 
(in part) on the extent to which vertical mixing through the water column occurs. This may 
occur relatively rapidly in well-mixed areas or more slowly where appreciable density 
stratification occurs. It follows that in some cases, in order to adequately capture these 
dynamics, a 3-dimensional model will be required for modelling bath discharges. A 
fundamental modelling choice which may have significant implications for bath treatments, 
therefore, is the decision to use a 2- or 3-dimensional model.  

Dissolved constituents such as bath medicines can be represented as either buoyant particles 
within a particle tracking model or by using water quality modelling techniques. This choice of 
discharge modelling framework may also significantly affect how vertical mixing of discharges 
is characterised and therefore requires careful consideration. In cases where 2-dimensional 
models are used, for example, it may be the case that modelled discharges are unrealistically 
“mixed” or averaged over the whole water column. This is likely to over-state the degree of 
dispersion and dilution and in such cases it may therefore be necessary to convert the 
modelled concentrations by applying conservative assumptions about mixing depths. 

In general, whether pertaining to the setup and build of the model, or the analysis of the output, 
the extent to which model behaviour or modelling choices affect how vertical mixing is 
characterised needs careful consideration. Modelling choices should be justified on the basis 
of contextual hydrographic data and supported by validation exercises (e.g. using dye survey 
data) showing that the model adequately represent the dynamics of the phenomena of 
interest. Where there is uncertainty surrounding the extent of vertical mixing, conservative 
assumptions should be made. 
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6.4.2 Model Scenarios 

Modelling scenarios should seek to represent anticipated treatment programmes for whole 
farms (and in some cases multiple farms). Marine modelling provides an opportunity to test 
the sensitivity of the modelled dispersion to a range of treatment programmes and 
hydrographic conditions. Consideration should be made as to the scenarios which can be 
considered to be: (1) most representative; and (2) most precautionary. In general, the most 
precautionary scenarios can provide a powerful case for environmental sustainability and 
therefore simulating all pens treating concurrently and during, for example, neap tidal 
conditions, may provide a useful benchmark against which to consider the inherent risks 
associated with the proposed discharges. On the other hand, it is not always the case that the 
most sluggish flow conditions present the worst case scenario for area-based environmental 
standards and therefore a range of plausible discharge conditions should always be 
considered. 

6.5 Simplified Bath Treatment Modelling 

For cases which are considered to be low-risk, operators may continue to use the simple 
modelling tool known as BathAuto. This tool represents two distinct modelling approaches for 
dealing with the short- and longer-term environmental quality standards that are subject to 
bath medicines respectively. Further details can be found in Appendix C. 

6.6 Bath Medicine Modelling Reporting 

Please refer to document “Regulatory Modelling Process and Reporting Guidance for the 
Aquaculture Sector” [1] for further information. 
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7 Modelling Data Collection 

In order to accurately characterise any site for modelling purposes it is necessary to collect a 
variety of field data including information on the site layout and the local hydrographic setting. 
An application to discharge from a marine pen fish farm (made under CAR, 2005) therefore 
needs to be supported by a minimum amount of such data as well as a report that summarises 
and qualifies the data (see below for details). The report will be held on SEPA’s Public 
Register.  

This section provides guidance on what data are required and how to gather, process and 
report the data. The scope of the information in this section covers the data necessary to 
support the minimum, compulsory modelling requirements – that is, NewDepomod and 
BathAuto modelling using the standard default approach. This section does not provide 
specific requirements for the wider data collection that may be required in order to validate 
these models in a site-specific context or for the construction of a marine model. Those 
requirements are highly context-specific and beyond the scope of this document. The 
information below does include relevant standards for data quality that may be pertinent in a 
more general sense, however. 

7.1 Site Infrastructure and Layout  

The effective dispersion of discharged materials and the rate of accumulation of solids beneath 
a farm is highly contingent on the dimensions, layout and water depth of the farm pens. This 
information is crucial for defining the characteristics of a site both within the context of 
modelling and in the context of wider consideration such as monitoring.  

The following information should be collected and reported to SEPA in all cases: 

1. Total number of pens 
 

2. Number of pen groups 
 

3. Formation of each pen group (e.g. 2 x 3, 2 x 6, etc.) 
 

4. Dimensions of each individual pen (shape, width or diameter, depth) 
 

5. Centre location of each individual pen 
 

6. Water depth at pen group corners 
 

7. Location of moorings  
 

There should be an explicit description of the pen shape and dimensions. For square pens, 
width and depth measurements should be provided. Circular pens should be described using 
a diameter. All reported measurements should be in metres. 

Depth measurements should be taken at the corner positions of each pen group. These 
measurements should be accurate to ±0.5m. Acoustic sounders typically return depths to 
±0.1m; for manually obtained data, the reported depth should be an average of at least five 
soundings during the position fix period. In shallow water (<25m), a plumb line is a reasonable 
alternative. Care should be taken that depths are not over-estimated because of the line’s 
drifting in strong currents. Record or convert the times of the position fixes and depth 
measurements to GMT. Correct the depths to Chart Datum (CD) by subtracting the local tidal 
height as predicted from Admiralty Tide Tables (ATT) or an equivalent electronic method. All 
reported measurements should be in metres relative to Chart Datum. 
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Locations should be quoted relative to the Ordnance Survey National Grid reference system 
using all-numeric grid references describing the easting and northing of the location in metres 
(e.g. 123456, 654321).  

In submissions which are associated with existing sites and which include a change in the 
layout of the site, all of the information described above should be provided for the existing 
layout as well as the proposed layout. 

7.2 Bathymetry 

All modelling exercises require an accurate representation of the bathymetry around the farm 
site. There are a number of approaches for obtaining this information, for example: 

 Remotely sensed using a vessel-mounted multi-beam echo-sounder  

 Digitised Admiralty charts 

 Manual depth soundings 
 

Multi-beam bathymetry data is likely, in most cases, to represent the highest resolution of 
measurements over the seabed (typically sub-metre scale) and is therefore the recommended 
approach. This form of data may be available in some cases from third-party sources (e.g. the 
UK Hydrographic Office) but may also be commissioned for the explicit purpose of model-
building (which has the advantage of being precisely up-to-date). Digitised chart data and 
depth soundings usually take the form of contours and spot depths with a much sparser 
resolution than for multi-beam data.  

Most modelling exercises require bathymetry information to be specified over a system of 
locations defined by the model grid or mesh. Since it is unlikely that the raw bathymetry 
measurements coincide with these locations, the data typically has to be manipulated (e.g. 
interpolation) in order to produce estimates for water depth at the locations required by the 
model. In cases where the underlying data is sparse there may be features in the generated 
bathymetry that are artefacts of interpolation procedure and do not reflect real bathymetric 
features. These erroneous features may affect model results and should be avoided or 
mitigated, particularly in areas of interest. It is recommended, that in areas of sparse 
bathymetric data coverage supplementary measurements are made in order to resolve 
pertinent topographic features, such as channels, reefs, and embayments, or to validate any 
generated bathymetries. 

It is common, particularly in the building of marine models, that a variety of sources of 
bathymetry data are combined. These data may differ in the datum against which water depths 
are measured and sign convention used (i.e. positive or negative values to denote depths). 
Care must be taken when combining datasets to ensure that all data are converted to the 
same referencing system. 

7.3 Flow 

The collection of representative flow data at the site is crucial for successful modelling. In the 
first instance, such data allows an understanding of the magnitudes and variability of flow at 
the site, and the derivation of useful characteristic metrics such as the tidal excursion, the 
residual current and the dominance of tidal versus other forces. For BathAuto, and some 
applications of NewDepomod, measured flow data represents the primary description of the 
flow at the site which is used to force the model simulations. For marine modelling flow 
measurements constitute one of the main bases for model calibration and validation. It is 
important therefore that such data is collected with minimum standards and best practices in 
mind, which is the focus of this section.  
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7.3.1 Equipment 

SEPA’s current data requirements may be met by a variety of different technologies. These 
can be divided into two broad categories: instruments that return data from the point of 
deployment (Discrete Measuring Devices); and those that return data from a range of depths 
local to the device (Profiling Devices). In addition to flow measurements the collection of water 
level data needs to be considered. 

Discrete measuring devices include mechanical, electro-magnetic and acoustic devices.  In 
all cases, current velocity is determined by relating measurement of current speed to the 
orientation of the device.  The orientation is most often determined by an on-board electro-
magnetic compass. 

 

1. Mechanical meters typically employ impellors that complete a calibrated number of 
revolutions, during the specified sampling period, in response to water flow. They 
therefore return an average of the flow speed during the sampling period. The impellor 
usually has a minimum starting speed below which it will not turn; at speeds lower than 
this threshold, no current is recorded. To minimise the effect of short-term turbulent 
fluctuations in the flow, the sampling period should be more than 30 seconds. To 
reduce biasing by sub-threshold speeds, the sampling period should be less than 2 
minutes. 
 

2. Electro-magnetic meters determine current speed by measuring the voltage generated 
across pairs of orthogonally aligned electrodes when water moves through the 
magnetic field applied by the device.  They are therefore not as susceptible to fouling 
and have a very low threshold speed, giving valid readings from near zero to their full 
scale.  However, they are sensitive to the conductance of the water in which they are 
immersed; this is not normally a problem in seawater but can lead to difficulty in low 
salinity waters; consequently, care should be taken at sites in proximity to river 
discharges.  The data returned are instantaneous and therefore sub-sampling and 
averaging are required to describe the average flow-field rather than the detailed 
turbulent fluctuations.  The averaging is normally done internally by use of appropriate 
instrument settings. 
 

3. Acoustic meters transmit sound pulses at a specific acoustic frequency. They then 
measure the Doppler shift in the return signal echoing from particles entrained in the 
water: this frequency shift depends on the speed of the entrained particles. Orthogonal 
current components are determined by resolving the signals from two or more 
transducers aligned with specific divergent beam angles.  The recorded speed is an 
average of a large number of estimates of the entrained particles’ velocity.  The 
precision of these values reflects the number of estimates and the sampled volume of 
water; a useful target for configuring such instruments is that speed precision should 
approximate to 10% of the mean of the dataset. 

 

Profiling devices utilise the same acoustic technology as the discrete devices described above 
but determine average currents across successive depth layers through the water column, 
termed ‘cells’, or ‘bins’. Where profiling instruments are used, they must be fitted with suitable 
ancillary sensors and set up carefully with respect to averaging interval, number of ‘pings’, cell 
size and deployment depth, to ensure that the following criteria are met in addition to those 
specified in Table 4: 

1. the height of the transducers above the bed, blanking distance and cell size should be 
set such that the centre of the first cell meets the near-bottom depth criterion defined 
in Section 7.3.6. 
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2. sound-speed should be determined in real-time from measured temperature and an 
appropriate salinity 
 

3. during deployment the device should not tilt away from the vertical to an extent that 
would invalidate the flow estimates – this angle is device specific 
 

4. the horizontal speed precision should not exceed 10% of the mean 
 

5. the acoustic frequency of the device should be chosen to return reliable flow estimates 
through the full deployment depth 
 

In areas of weak current flow an acoustic instrument may be unable to deliver sufficient 
precision for a reliable estimate of flow.  Similarly, in situations with low turbidity (high clarity) 
such as during the winter, when phytoplankton concentrations are at their lowest, there may 
be insufficient scatterers in the ensonified sampling volume to provide adequate echoes from 
which the instrument can determine reliable flow estimates.  In such cases, an alternative 
means of measurement is advised.  If the data have been collected with equipment slightly 
outwith the specifications in Table 4 they may still be acceptable. In this instance, applicants 
are strongly advised to seek SEPA’s opinion before using the data for modelling purposes. 

7.3.2 Data Quality Assurance 

All instruments should be selected to achieve the specifications in Table 4 as a minimum. 
Record the specifications of the instruments in a format similar to Table 4.  Include any 
additional sensors for which data are to be presented. Report any device-specific set-up 
parameters such as sampling interval or number of averaged samples. Include calibration 
certificates, or evidence of calibration tests, as appendices to the survey report. 

Where an instrument that has been deployed fails to meet the requirements specified in Table 
4, arguments for the validity of the resultant data can be documented and submitted for 
approval by SEPA before any further use. The specifications stipulated in Table 4 may be 
relaxed where it can be shown that the uncertainty in the current measurement is sufficiently 
low that resulting model predictions are not altered significantly by increasing or decreasing 
the data by the uncertainty. Large uncertainties in flow speed are likely to be most problematic 
in cases where the flow speed is small in general or is close to the threshold for sediment 
resuspension in which case the pattern of resuspension events may vary significantly within 
the range of uncertainty. 
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Table 4: Specification Standards for Recording Current Meters. 

 Accuracy2 Precision3 Resolution4 Range 

     

Speed5 ≤ 1 cm/s ≤ 2 cm/s ≤ 1 cm/s ≥ 3 cm/s 

Direction ≤ 5° ≤ 3° ≤ 1° 0° to 360° 

Pressure ≤ 0.05 dBar ≤ 0.02 dBar ≤ 0.01 dBar ≥ 0 dBar 

     

Acoustic instruments should also include   

   

Tilt/Roll ≤ 0.5° ≤ 0.5° ≤ 0.1° 0° to 20° 

Temperature ≤ 0.5°C ≤ 0.5°C ≤ 0.1°C ≤0° to >25°C 

     

 

7.3.3 Duration 

For a robust and representative assessment of the local current conditions the minimum 
requirement is 90 days of current measurements. This length of data collection is required in 
order to capture the range of astronomical and meteorological conditions at each site and 
follows the recommendations of the Technical Standard for Scottish Finfish Aquaculture 
(2015). It is not required that the full 90 days represent a single, continuous survey, but can 
comprise multiple deployments if there are limitations on battery-life or other deployment 
constraints, or if existing, valid but shorter datasets from the site are available. The absolute 
minimum duration requirement for any single deployment is 15 days, which represents a 
duration slightly longer than the average spring-neap cycle (14.77 days). Other conditions on 
the use of multiple deployments are described below. 

Longer deployments are preferable for two reasons. Firstly, longer continuous datasets are 
more conducive to “harmonic analysis” which allows flow (and water level) variations to be 
described in terms of individual cycles related, ostensibly, to the orbits of the sun and the 
moon. This enables the balance between tidal and other forces (e.g. wind, freshwater) to be 
understood and allows the repeatable (i.e. tidal) component of the dataset to be extrapolated 
through time. For this reason, it is recommended that deployments are at least 30 days in 
duration as this significantly improves the tidal analysis which is possible.  

Secondly, in the case that multiple deployments are used to fulfil the 90 day requirement, it is 
necessary that datasets are joined together at equivalent stages in the flood-ebb and spring-
neap cycles. This means that it is likely to be necessary for datasets to be truncated at their 
beginning and/or end in order for them to be aligned with respect to mutually represented tidal 

                                                
2 ‘accuracy’ is the measure of the discrepancy between the value returned by a sensor and the true 
value 
 
3 ‘precision’ is the measure of the variability of the values returned by a sensor for any true value, 
calculated as standard deviation 
 
4 ‘resolution’ is the measure of the smallest interval that a sensor can determine 
 
5 this is horizontal speed; some instruments provide estimates of 3D speed precision which may be 
biased by the generally higher precision of the vertical speed component; the manufacturer should be 
contacted for clarification 
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conditions. A 15-day deployment provides no flexibility in how the data can be joined with 
another dataset, whereas longer datasets increase the likelihood of obtaining the requisite 
periods of overlapping conditions in each dataset. 

 

7.3.4 Resolution 

The lowest acceptable temporal resolution for flow and water level measurements is 20 
minutes. This value is specified so as to capture minimum and maximum currents; a lower 
temporal resolution (longer interval between samples) is more likely to miss a short slack-
water period. Greater resolution is acceptable and recommended, though there is likely to be 
a trade-off between deployment resolution and length. Multiple deployments should share the 
same temporal resolution if they are to be combined. 

7.3.5 Deployment Position 

The location of the meter(s) is inevitably a compromise between the goal of returning a 
representative dataset and practical considerations, particularly with regard to obstruction by 
natural features or farm equipment such as moorings. 

With the forgoing in mind, the deployment(s) should meet the following criteria: 

1. To obtain data representing flow in the vicinity of the pens, the meter should be in a 
similar depth.  A desirable target is ±5m of the mean depth of the pen corners. 
 

2. The meter should be within 150m of the centre of the site pens. If multiple deployments 
are used then the mean position of all deployments should be within 150 m of the 
centre of the pen group. In addition each deployment should be no more than 100 m 
from the centre of the nearest pen. 

 

3. The mooring should be sited to avoid local currents associated with topographic 
features such as reefs, skerries, points and the pens themselves. 

 

4. Where any of these criteria are compromised by site-specific limitations, the report 
should include the rationale behind the selection of the mooring site and an 
assessment of the degree to which the data represent current around the pen groups. 

 

7.3.6 Depth of Data Retrieval 

At sites with chart depths in excess of 15m, the minimum requirement is that data is collected 
and reported at three depths: 

 

It is strongly recommended that at larger sites (>2000 t) flow data is collected on 
a continuous basis.  

This enables the operation of the site to be modelled with actual – rather than 
representative – forcing data. In combination with good quality, regular 
monitoring data, this approach substantially improves the extent to which 
modelling can be used to explicitly connect flow conditions with the concurrent 
or subsequent formation of impacts. This leads to two benefits: (1) modelling can 
be used to understand and explain the response of the environment to particular 
conditions or events; while (2) the monitoring data provides a basis for continuing 
refinement and validation of any model. 
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1. Sub-surface - from a depth within 5m of the lowest predicted spring tide during the 
deployment period. 
 

2. Pen-bottom - at a depth corresponding to the bottom of the pens at mean sea level 
±1m. 
 

3. Near-bottom - as close to the bed as is practicable, typically 1-2m above the bed.  
3m is the maximum permissible distance from the bed for near-bottom data. 

 

For profiling devices, the above measurement depths should be the centres of data collection 
cells (bins).  The sub-surface bin should be of sufficient depth that it does not suffer from 
effects such as wave breaking or side-lobe interference. 

At sites with mean charted depths of less than 15m, only sub-surface and near-bottom 
datasets, as defined above, are required. 

7.3.7 Data Repair 

SEPA accepts that there may be data loss during a current meter deployment because of 
various technical and environmental factors.  Every effort should be made to minimise this. 
SEPA will accept the repair of up to 2% of data submitted. SEPA will assess the scientific 
robustness of any synthesis technique to repair missing or erroneous data and may reject data 
deemed unlikely to represent the flow conditions.  It should be noted that data from sites with 
weak tidal currents relative to other influences are difficult to repair satisfactorily. Where the 
processing of current data involves the removal of spikes, filtering or the repair of missing 
records, the affected records should be identified and the repair method should be reported. 

7.3.8 Data Processing 

All time references should be standardized to GMT (equivalent to UTC or GPS time), all depths 
to Chart Datum, and all bearings (i.e. current data directions) should be standardized to Grid 
or True North (i.e. from Magnetic North), prior to performing statistical analyses.  

True North is slightly different from Grid North and this difference varies across the country. 
Local magnetic and grid correction information is included on Ordnance Survey maps. The 
values of magnetic variation and grid convergence that have been used should be reported.  

Each flow record should also be decomposed into orthogonal vector components which are 
required for several purposes including the derivation of summary statistics, harmonic analysis 
(see below) and plotting.  

These requirements only relate to the depth records chosen to be used in any modelling 
exercises. 

7.3.9 Harmonic Analysis 

The tidal component is the signature in the recorded flow data which can be ascribed to the 
astronomical forcings associated with the sun and the moon and which give the observed 
variations in water level and flow speed their cyclical character. The tidal component of the 
flow is useful for use in modelling for several reasons:  

1. The tidal component is cyclical and predictable and is therefore conducive to repeated 
use through a modelling scenario which exceeds the length of the sampled flow data 

 

2. It represents the minimum flow which is guaranteed at a given location (in lieu of 
meteorological effects: wind, freshwater, etc.) and therefore constitutes a “worst-case 
scenario” for dispersion 
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3. The tidal component can be recast for any time period or resolution and is therefore 
useful for explicitly representing tidal conditions during periods for which no data is 
available 

 

The tidal component of the flow can be derived using an approach known as “harmonic 
analysis” and which reduces the flow to a series of “harmonic constituents” describing the 
magnitude and timing of the various cyclical patterns within the flow. These harmonic 
constituents can then be used to reproduce the tidal component of the flow in terms of speed 
and direction. Harmonic analysis is a standard technique in oceanography and modelling and 
can be performed using specialised software or code libraries which are available for several 
programming languages.  

The tidal component of the flow, in terms of speed, direction, and orthogonal vectors, should 
be derived from each depth and each separate deployment and included in the data submitted 
to SEPA. This can be presented in a spreadsheet table in a similar way to the original, 
unconverted data. It is not necessary (nor valid) to perform harmonic analysis on a composite 
dataset comprising multiple, non-continuous deployments. 

7.3.10 Composite Data Sets 

A 90 day time series of flow data is required for modelling and therefore in the case that this 
90 day requirement is fulfilled using multiple deployments a joined, “composite” dataset needs 
to be prepared. The joining of datasets should be done with aim of preserving, as far as 
possible, the semi-diurnal (i.e. flood-ebb) and spring-neap tidal cycles.   

7.4 Water Level 

Water level data is crucial for corroborating the success of any deployment and contextualising 
the flow measurements. In the case that multiple deployments are used to satisfy the 90 day 
requirement, water level data is additionally required for identifying suitable points in the 
datasets at which they can be joined. It is therefore additionally required for the period covered 
by any current meter deployment.  

Pressure sensors are available with many types of acoustic profiling device and therefore in 
many cases water depth variations can be measured without the deployment of additional 
equipment. Alternatively, explicit tide gauge devices may be deployed. 

7.5 Modelling Data Collection Reporting 

Please refer to document “Regulatory Modelling Process and Reporting Guidance for the 
Aquaculture Sector” [1] for further information. 
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8 Modelling For Regulation 

Modelling is required to give SEPA confidence that proposed discharges are not likely to harm 
the environment as defined in SEPA’s environmental standards. In addition, modelling is used 
to assess additional perceived risks that may arise on a case-by-case basis, such as impacts 
on protected features or the interaction of discharges originating from different sources.  

These guidelines form the basis of a common core of approaches and standards required in 
modelling presented to SEPA. It is important that all work presented to SEPA is based upon 
sound science using the most appropriate information and that the modelling approaches and 
technologies used are shown to be “fit for purpose“. The sophistication and cost of any project 
will be expected to reflect the complexity and scope of the scenario to be modelled.  Proposed 
applications which may pose a greater risk are likely to require a comprehensive modelling 
study. 

8.1 Modelling Requirements 

Each discharge context is unique and, correspondingly, the modelling solutions required to 
address any issues which are associated with these discharges will vary. Formal modelling 
requirements are therefore difficult to generalize and appropriate modelling approaches 
should be agreed with SEPA on a case-by-case basis.  In simple terms, the modelling 
standards expected in conjunction with CAR licence applications can be considered to fall into 
3 categories.  

8.1.1 The Standard Default Approach 

The standard default approach to modelling represents the use of NewDepomod and 
BathAuto in a non-validated context. This means adhering to the strict modelling 
configurations and methods set out in Section 4 of this guidance. This form of modelling 
should be provided in every case, though it may be optionally or mandatorily supported by 
other forms of modelling. 

8.1.2 Validated Approach 

Applicants may optionally choose to demonstrate anticipated compliance with SEPA 
minimum environmental quality standards using validated forms of modelling. This provides 
an opportunity to improve on the precautionary nature of the standard default methods and 
may provide evidence that, for example, greater quantities of biomass or medicine are 
expected to be sustainable. Such validated modelling may make use of, for example, 
NewDepomod, but may feature alternative modelling approaches.  

8.1.3 Hydrodynamic Approach 

In the interests of providing the strongest modelling case, applicants should provide modelling 
based on hydrodynamically realistic flow patterns in any application. In some cases, however, 
there will not be a requirement for this type of modelling to be provided. This will be 
determined on a case-by-case basis and will most likely be required in cases where perceived 
risks do not occur over appreciable spatial scales, are not associated with complex flow 
patterns, or where there are no specific transport pathways and receptors of interest. This 
approach will typically require the use of a bespoke hydrodynamic model and accompanying 
discharge modelling. Again, NewDepomod may be a valid choice for discharge modelling in 
this context if used with a hydrodynamically modelled flow field, though other discharge 
modelling approaches may be alternatively or additionally used. 
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8.2 Examples of Modelling Requirements and Approaches 

The following examples show typical modelling approaches. They are intended to be 
illustrative only and do not constitute strict guidelines. 

Existing site, desiring an increase in biomass 

The NewDepomod standard default approach would be required to demonstrate 
estimated sustainable biomasses.  Additionally, the applicant may opt to calibrate and 
validate NewDepomod against seabed observations, which may help to explicitly 
demonstrate model accuracy and provide more confidence in specific biomass 
estimates. 

Existing site, desiring a larger EmBZ consent 

If EmBZ quantities are required that exceed the estimates based on standard default 
methods (i.e. NewDepomod) then it may be possible to use other modelling 
approaches to demonstrate expected compliance with environmental standards with 
larger quantities. This will typically require some form of calibration/validation and is 
therefore most appropriate at existing sites where observations from an impacted 
seabed can be used to ground-truth any modelling.  

In cases where consent quantities are limited because of export from the 
NewDepomod model domain, then a larger-scale model forced by hydrodynamically 
generated flow would be necessary in order to adequately assess the fate of the 
material. 

New or existing site, desiring a larger bath medicine consent 

If bath medicine quantities are required that exceed the estimates based on standard 
default methods (i.e., BathAuto) it may be possible to demonstrate expected 
compliance using other modelling approaches. The most effective approach would be 
to use marine modelling calibrated and validated using data obtained from a dispersion 
tracer study at the site. Tracers such as fluorescent dye and drogues can provide an 
adequate basis for characterising the dispersion of solutes and may therefore be 
effective at new or existing sites. 

 

 

 

 

 

 

 

Hydrodynamic modelling is required in cases where either the scale or the specific 
pathways of dispersion suggests a risk to the wider environment or sensitive features. 
These risks may be associated with the proposed farm size itself or proximity to other 
significant discharges (including other farms) which may, for example, lead to 
cumulative impacts or interference with the environmental compliance requirements of 
other stakeholders in the marine environment. 

By default, it is required that marine modelling is submitted in applications for discharge 
licenses under CAR. It is the responsibility of applicants to demonstrate why the 
requirements for marine modelling do not apply to their proposal. 
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New site with no additional perceived risks 

The NewDepomod standard default approach would be required to provide estimated 
sustainable biomasses and compliant medicine quantities. In the absence of 
contextual seabed information, it is unlikely that a calibrated/validated approach would 
be successful.  This scenario therefore favours highly tidal sites. 

Marine Modelling would be required to demonstrate sustainable bath treatment 
quantities. 

New or existing site with proximity to sensitive habitat 

This would require the standard default approaches but with the additional requirement 
for hydrodynamic modelling to demonstrate discharge transport pathways and 
likelihood of sensitive receptors being impacted. 

New or existing site with proximity to other farms or significant discharges 

This would require the standard default approaches but with the additional requirement 
for hydrodynamic modelling to identify any issues arising from the interaction and 
accumulation of discharges. This modelling would be expected to address, for 
example, any complicating factors with respect to the ability of individual farms to 
achieve their normal compliance standards, the likelihood of cumulative impacts 
occurring, source apportionment for cumulative impacts, and proposed monitoring 
locations. 

8.3 Method Statement 

Applicants are required to prepare a Method Statement which proposes modelling work which 
will address identified risks and shows that environmental standards will be met.  This is an 
important part of the pre-application process.  For more information, please refer to: 

 the relevant Aquaculture sections of the SEPA Website 

 “Regulatory Modelling Process and Reporting Guidance for the Aquaculture Sector” 
[1]. 

8.4 Reporting 

Please refer to document “Regulatory Modelling Process and Reporting Guidance for the 
Aquaculture Sector” [1] for further information.  
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Appendix A – NewDepomod Standard Approach Configuration 

The configuration of NewDepomod when using the standard approach must follow the 
specifications outlined below. 

Inputs Properties 

The .depomodiputsproperties file for all pertinent model runs should include the following 
parameter configurations: 

Particle.characteristicLengthOfFaeces.dispersion=0.000500 

Particle.characteristicLengthOfFaeces.distribution=UNIFORM 

Particle.characteristicLengthOfFaeces.location=0.005000 

Particle.characteristicLengthOfFeed.dispersion=0.001100 

Particle.characteristicLengthOfFeed.distribution=UNIFORM 

Particle.characteristicLengthOfFeed.location=0.011000 

Particle.consolidationTimeOfFaeces=0.0 

Particle.consolidationTimeOfFeed=0.0 

Particle.degradeT50Carbon=Infinity 

Particle.degradeT50Chemical=Infinity 

Particle.densityOfFaeces.dispersion=10.800000 

Particle.densityOfFaeces.distribution=UNIFORM 

Particle.densityOfFaeces.location=1080.000000 

Particle.densityOfFeed.dispersion=11.800000 

Particle.densityOfFeed.distribution=UNIFORM 

Particle.densityOfFeed.location=1180.000000 

Particle.diameterOfFaeces.dispersion=0.000300 

Particle.diameterOfFaeces.distribution=UNIFORM 

Particle.diameterOfFaeces.location=0.003000 

Particle.diameterOfFeed.dispersion=0.000900 

Particle.diameterOfFeed.distribution=UNIFORM 

Particle.diameterOfFeed.location=0.009000 

Particle.lengthUnitsSiConversionFactor=1.000000 

Particle.massUnitsSiConversionFactor=1.000000 

Particle.settlingVelocityOfFaeces.dispersion=0.003200 

Particle.settlingVelocityOfFaeces.distribution=GAUSSIAN 

Particle.settlingVelocityOfFaeces.location=-0.032000 

Particle.settlingVelocityOfFeed.dispersion=0.009500 

Particle.settlingVelocityOfFeed.distribution=GAUSSIAN 

Particle.settlingVelocityOfFeed.location=-0.095000 

Particle.velocityUnitsSiConversionFactor=1.000000 

 

Physical Properties 

The .depomodphysicalproperties file for all pertinent model runs should be configured 
according to the following entries: 
 
Bathymetry.minimumSurfaceDX=25.0 

Bathymetry.minimumSurfaceDY=25.0 

Bathymetry.surfaceDX=25.0 

Bathymetry.surfaceDY=25.0 

Eqs.Benthic.impactedArea.contourLevel=4.0 

Eqs.Benthic.impactedArea.targetArea=500000 

Eqs.Benthic.impactedArea.targetAreaPercentageTolerance=1.0 

Eqs.Benthic.minimumItiValue=10.0 

Eqs.Benthic.minimumItiValuePercentageTolerance=1.0 

Eqs.Benthic.samplingIti=30.0 

Eqs.benthic.defaultBenthicFarField.critical=true 

Eqs.benthic.defaultBenthicFarField.enable=true 

Eqs.benthic.defaultBenthicImpactedArea.critical=true 

Eqs.benthic.defaultBenthicImpactedArea.enable=true 

Eqs.benthic.defaultBenthicNearField.critical=false 

Eqs.benthic.defaultBenthicNearField.enable=true 

Eqs.benthic.defaultBiomassStep.enable=true 

Eqs.benthic.defaultChemicalFarField.critical=false 

Eqs.benthic.defaultChemicalFarField.enable=false 
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Eqs.benthic.defaultChemicalNearField.critical=false 

Eqs.benthic.defaultChemicalNearField.enable=false 

Eqs.benthic.defaultFauxFarField.enable=true 

Eqs.benthic.defaultFauxImpactedArea.enable=true 

Eqs.benthic.defaultFauxNearField.enable=true 

Eqs.benthic.defaultOverTreatmentFactorStep.enable=false 

Eqs.biomass.step=50.00 

Eqs.cageAreaPercentageTolerance=1.0 

Eqs.cageVolumeAdjustment=1.0 

Eqs.calcide.farFieldContour=0.002 

Eqs.calcide.nearFieldContour=10 

Eqs.calcide.rhoBulk=1216.0 

Eqs.chemical.defaultBenthicFarField.critical=false 

Eqs.chemical.defaultBenthicFarField.enable=true 

Eqs.chemical.defaultBenthicImpactedArea.critical=false 

Eqs.chemical.defaultBenthicImpactedArea.enable=true 

Eqs.chemical.defaultBenthicNearField.critical=false 

Eqs.chemical.defaultBenthicNearField.enable=true 

Eqs.chemical.defaultBiomassStep.enable=false 

Eqs.chemical.defaultChemicalFarField.critical=true 

Eqs.chemical.defaultChemicalFarField.enable=true 

Eqs.chemical.defaultChemicalNearField.critical=false 

Eqs.chemical.defaultChemicalNearField.enable=true 

Eqs.chemical.defaultFauxFarField.enable=true 

Eqs.chemical.defaultFauxNearField.enable=true 

Eqs.chemical.defaultOverTreatmentFactorStep.enable=true 

Eqs.farFieldAreaAdjust=0.0 

Eqs.farFieldAreaDistance=100 

Eqs.farFieldAreaPercentageTolerance=1.0 

Eqs.fluxTrigger=10000.0 

Eqs.massBalancePercentage=80.0 

Eqs.massBalancePercentageTolerance=1.0 

Eqs.nearFieldAreaDistance=25 

Eqs.nearFieldAreaPercentageTolerance=1.0 

Eqs.nearFieldContourPercentageTolerance=1.0 

Eqs.none.carbon.farFieldContour=1.0 

Eqs.none.carbon.nearFieldContour=3.0 

Eqs.none.iti.farFieldContour=10.0 

Eqs.none.iti.nearFieldContour=30.0 

Eqs.none.solids.farFieldContour=192.75 

Eqs.none.solids.nearFieldContour=1555.97 

Eqs.overTreatmentFactor.step=0.01 

Eqs.parameter.limit=true 

Eqs.slice.defaultChemicalExport.critical=true 

Eqs.slice.defaultChemicalExport.enable=true 

Eqs.slice.defaultChemicalExport.exportLimit=0.922 

Eqs.slice.defaultChemicalExport.exportTime=10195200 

Eqs.slice.defaultFauxChemicalExport.enable=true 

Eqs.slice.defaultRecordSurfaces=true 

Eqs.slice.defaultRecordTimes=10195200,19612800 

Eqs.slice.farFieldContour=0.763 

Eqs.slice.nearFieldContour=7.63 

Eqs.slice.rhoBulk=1400.00 

FeedInputs.activeIngredientFormulationConcentrationEmbz=10.0 

FeedInputs.activeIngredientFormulationConcentrationTfbz=2.0 

FeedInputs.activeIngredientPresentationConcentrationEmbz=0.05 

FeedInputs.activeIngredientPresentationConcentrationTfbz=10.0 

FeedInputs.biomass= 

FeedInputs.compoundName.embz=EMBZ 

FeedInputs.compoundName.none=NONE 

FeedInputs.compoundName.tfbz=TFBZ 

FeedInputs.deltaT=3600.0 

FeedInputs.faecesCarbonPercentage=30 

FeedInputs.faecesCompoundConcentration=13.18681 

FeedInputs.feedAbsorbedPercentage=85 

FeedInputs.feedCarbonPercentage=49 

FeedInputs.feedCompoundConcentration=2 

FeedInputs.feedWastedPercentage=3 
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FeedInputs.feedWaterPercentage=9 

FeedInputs.massUnitsSiConversionFactor=1.0 

FeedInputs.nullInputId=badf00d0-0123-4567-badf-00d0badf00d0 

FeedInputs.numberOfTimeSteps=3600 

FeedInputs.plugLoadPeriod= 

FeedInputs.timeUnitsSiConversionFactor=1 

Flowmetry.deltaT= 

Flowmetry.lengthUnitsSiConversionFactor=1.0 

Flowmetry.meterDepth= 

Flowmetry.meterDepths= 

Flowmetry.neapSpringNeapStartSample= 

Flowmetry.numberOfTimeSteps= 

Flowmetry.siteDepth= 

Flowmetry.siteTide= 

Flowmetry.siteXCoordinate= 

Flowmetry.siteYCoordinate= 

Flowmetry.springNeapSpringStartSample= 

Flowmetry.timeUnitsSiConversionFactor=1.0 

Model.biomassLimit=Infinity 

Model.defaultCageVolumeAdjust=1.0 

Model.defaultOverTreatmentFactor=1.0 

Model.defaultSpecificFeedingRatePercent=0.7 

Model.defaultStockingDensity=23 

Model.iterationParameter.embz=OVERTREATMENTFACTOR 

Model.iterationParameter.none=STOCKINGDENSITY 

Model.iterationParameter.tfbz=OVERTREATMENTFACTOR 

Model.maximumSpecificFeedingRatePercent=1.0 

Model.maximumStockingDensity=30 

Model.minimumSpecificFeedingRatePercent=0.1 

Model.minimumStockingDensity=10 

Model.run.number=-1 

Model.run.numberOfParticles.embz=10 

Model.run.numberOfParticles.none=1 

Model.run.numberOfParticles.tfbz=10 

Model.run.plugLoadPeriod.embz=5352 

Model.run.plugLoadPeriod.none=0 

Model.run.plugLoadPeriod.tfbz=168 

Model.run.runType.embz=REFINING 

Model.run.runType.none=SCOPING 

Model.run.runType.tfbz=REFINING 

Model.run.tide.embz=N 

Model.run.tide.none=N 

Model.run.tide.tfbz=N 

Model.run.useNumber=true 

Model.specificFeedingRatePercentUseMax=FALSE 

Model.stockingDensityUseMax=TRUE 

ModelTime.delta=60000 

ModelTime.endTime.embz=19699200000 

ModelTime.endTime.none=31989600000 

ModelTime.endTime.tfbz=1728000000 

ModelTime.releasePeriod.embz=19267200000 

ModelTime.releasePeriod.none=31557600000 

ModelTime.releasePeriod.tfbz=1296000000 

ModelTime.startTime=0 

ModelTime.timeUnitsSiConversionFactor=0.001 

Particle.calcide.degradeT50Chemical=9936000 

Particle.characteristicLengthOfFaeces.dispersion=0.0005 

Particle.characteristicLengthOfFaeces.distribution=UNIFORM 

Particle.characteristicLengthOfFaeces.location=0.005 

Particle.characteristicLengthOfFeed.dispersion=0.0011 

Particle.characteristicLengthOfFeed.distribution=UNIFORM 

Particle.characteristicLengthOfFeed.location=0.011 

Particle.consolidationTimeOfFaeces=345600 

Particle.consolidationTimeOfFeed=345600 

Particle.degradeT50Carbon=Infinity 

Particle.degradeT50Chemical=Infinity 

Particle.densityOfFaeces.dispersion=10.80 

Particle.densityOfFaeces.distribution=UNIFORM 
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Particle.densityOfFaeces.location=1080 

Particle.densityOfFeed.dispersion=11.80 

Particle.densityOfFeed.distribution=UNIFORM 

Particle.densityOfFeed.location=1180.0 

Particle.diameterOfFaeces.dispersion=0.0003 

Particle.diameterOfFaeces.distribution=UNIFORM 

Particle.diameterOfFaeces.location=0.003 

Particle.diameterOfFeed.dispersion=0.0009 

Particle.diameterOfFeed.distribution=UNIFORM 

Particle.diameterOfFeed.location=0.009 

Particle.lengthUnitsSiConversionFactor=1 

Particle.massUnitsSiConversionFactor=1.0 

Particle.none.degradeT50Chemical=Infinity 

Particle.settlingVelocityOfFaeces.dispersion=0.0035 

Particle.settlingVelocityOfFaeces.distribution=UNIFORM 

Particle.settlingVelocityOfFaeces.location=-0.035 

Particle.settlingVelocityOfFeed.dispersion=0.0095 

Particle.settlingVelocityOfFeed.distribution=UNIFORM 

Particle.settlingVelocityOfFeed.location=-0.095 

Particle.slice.degradeT50Chemical=21600000 

Particle.velocityUnitsSiConversionFactor=1 

SeaWater.default.densityOfSeaWater=1027.0 

SeaWater.default.kinematicViscosity=0.000001212 

SeaWater.default.pressure=0.0 

SeaWater.default.salinity=35.0 

SeaWater.default.temperature=10.0 

Transports.BedModel.bioTurbationMixingCoefficient=0.1 

Transports.BedModel.characteristicLengthOfSediment.dispersion=0.00011 

Transports.BedModel.characteristicLengthOfSediment.distribution=UNIFORM 

Transports.BedModel.characteristicLengthOfSediment.location=0.0011 

Transports.BedModel.contractionT50=Infinity 

Transports.BedModel.dLayerMass=3375 

Transports.BedModel.densityOfFaeces.dispersion=10.0 

Transports.BedModel.densityOfFaeces.distribution=UNIFORM 

Transports.BedModel.densityOfFaeces.location=1080.0 

Transports.BedModel.densityOfFeed.dispersion=10.0 

Transports.BedModel.densityOfFeed.distribution=UNIFORM 

Transports.BedModel.densityOfFeed.location=1180.0 

Transports.BedModel.densityOfMud.dispersion=0.0 

Transports.BedModel.densityOfMud.distribution=DIRAC 

Transports.BedModel.densityOfMud.location=1400.00 

Transports.BedModel.expansionT50=1.000000 

Transports.BedModel.internalFrictionAngle=23 

Transports.BedModel.massErosionCoefficient=0.031 

Transports.BedModel.massErosionExponent=1 

Transports.BedModel.minimumSurfaceDX=25.00000000 

Transports.BedModel.minimumSurfaceDY=25.00000000 

Transports.BedModel.mixingDepth=0.05 

Transports.BedModel.numberOfLayers=3 

Transports.BedModel.releaseHeight.height=0.00000000 

Transports.BedModel.releaseHeight.instanceName=CARTESIANBEDRELEASEHEIGHTFIXED 

Transports.BedModel.releaseParticles.particlesPerArea=0.00160000 

Transports.BedModel.releasePosition.instanceName=CARTESIANBEDRELEASEPOSITION 

Transports.BedModel.releasePosition.position=CENTRE 

Transports.BedModel.settlingVelocityOfSediment.dispersion=0.00057 

Transports.BedModel.settlingVelocityOfSediment.distribution=GAUSSIAN 

Transports.BedModel.settlingVelocityOfSediment.location=-0.0057 

Transports.BedModel.surfaceDX=25.00000000 

Transports.BedModel.surfaceDY=25.00000000 

Transports.BedModel.tauECritMin=0.020000 

Transports.bed.instanceName=CARTESIANBEDNOTRANSPORT 

Transports.bed.walker.dispersionCoefficientX=0.1 

Transports.bed.walker.dispersionCoefficientY=0.1 

Transports.bed.walker.dispersionCoefficientZ=0.0 

Transports.bed.walker.type=LATTICEWALKER 

Transports.bedSlope.criticalAngle=30.0 

Transports.bottomRoughnessLength.rough=0.054 

Transports.bottomRoughnessLength.smooth= 0.001273 
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Transports.consolidation.instanceName=DEFAULTCONSOLIDATION 

Transports.degrader.instanceName=DEFAULTPPARTICLEDEGRADER 

Transports.g=9.80665 

Transports.regime.frictionvelocity.type=LAWOFTHEWALL 

Transports.regime.rough.constant=4.9 

Transports.regime.rough.factor=5.6 

Transports.regime.smooth.constant=0.0 

Transports.regime.smooth.factor=0.65 

Transports.regime.transitional.constant=0.0 

Transports.regime.transitional.factor=8.18 

Transports.release.instanceName=CARTESIANRELEASE 

Transports.resuspension.instanceName=CARTESIANRESUSPENSIONTRANSPORT 

Transports.resuspension.settling.allowBuoyant=false 

Transports.resuspension.settling.modifiedSettling=false 

Transports.resuspension.walker.dispersionCoefficientX=0.10000000 

Transports.resuspension.walker.dispersionCoefficientY=0.10000000 

Transports.resuspension.walker.dispersionCoefficientZ= 

Transports.resuspension.walker.type=LATTICEWALKER 

Transports.settling.alpha=0.64 

Transports.settling.intercept.absoluteAccuracy=0.1 

Transports.settling.intercept.maxVal=100 

Transports.settling.intercept.maximalOrder=5 

Transports.shieldsParameterJames.coefficientOfDrag=1.100 

Transports.shieldsParameterJames.k10=1.0 

Transports.shieldsParameterJames.k4=0.0 

Transports.shieldsParameterJames.k5=1.0 

Transports.shieldsParameterJames.k7=1.0 

Transports.shieldsParameterJames.lambda=1.0 

Transports.shieldsParameterJames.mu=0.375 

Transports.shieldsParameterJames.theoreticalBedHieght=0.001 

Transports.shieldsParameterJames.velocityProfileFactor=1.0625 

Transports.suspension.instanceName=CARTESIANSUSPENSIONTRANSPORT 

Transports.suspension.settling.allowBuoyant=false 

Transports.suspension.settling.modifiedSettling=false 

Transports.suspension.walker.dispersionCoefficientX=0.10000000 

Transports.suspension.walker.dispersionCoefficientY=0.10000000 

Transports.suspension.walker.dispersionCoefficientZ=0.00100000 

Transports.suspension.walker.type=LATTICEWALKER 

Transports.vonKarmanConstant=0.41 

endOfDataMarker=endOfDataMarker 

startOfDataMarker=startOfDataMarker 
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Appendix B – Useful Quantities, Conversion Factors and Equations 

A variety of standard parameters, conversion factors and calculations are described below 
which can be useful for the modelling of aquaculture-related discharges. These primarily 
reflect research which has informed the development and use of the 
Depomod/AutoDepomod/NewDepomod series of models. 

 

Feed Requirement 

In most modelling situations it is necessary to use feed loads for the calculation of discharge 
quantities (waste feed, excreted faecal material). In some cases it may be appropriate to use 
actual, historical feed data or alternatively complex fish growth models to forecast the feed 
load profile over, say, a growing cycle. In other cases a simpler approach is useful, one of 
which is to assume a simple proportionality between biomass and feed requirement. A 
standard feed rate to use is 7 kg (feed) per t (biomass) per day. 

 

Waste Feed Calculation and Default Parameters 

Waste feed” is that which is uneaten and therefore effectively enters the marine environment 
in its original form. The size or rate of this discharge is typically calculated in the following 
ways: 

waste solids (kg) = (1 – feed water content) x feed wastage rate x feed load (kg) 

Typical values for the water content of the feed and the feed wastage rate are 0.09 (i.e. 9%) 
and 0.03 (3%) respectively. Calculating the discharged carbon specifically requires a small 
addition: 

waste solids (carbon) (kg) = (1 – feed water content) x feed carbon content x feed 
wastage rate x feed load (kg) 

where a typical value for the feed carbon content is 0.49 (49%). These calculations used in 
conjunction with the feed requirement described above provides a simple way to calculate 
rates of feed wastage as a function of biomass. 

Excreted Solids Calculation and Default Parameters 

Excreted solids represent the bulk of the discharge anticipated at MPFF sites. As with wasted 
feed, the quantity of excreted solids is typically derived from feed inputs using the same 
wastage and water content parameters together with an estimate of the quantity of feed which 
is assimilated within the tissues of the fish. The typical calculation is: 

excreted solids (kg) = (1 – feed water content) x (1 - feed wastage rate) x (1 - feed 
absorbed rate) x feed load (kg) 

where a typical value for the absorption rate is 0.85. Again, calculating the excreted carbon 
specifically requires a small modification:  

excreted solids (carbon) (kg) = (1 – feed water content) x (1 - feed wastage rate) x (1 
- feed absorbed rate) x faeces carbon content x feed load (kg) 

where the faecal carbon content is typical taken to be 0.3 (i.e. 30%). These calculations used 
in conjunction with the feed requirement described above provides a simple way to calculate 
rates of faecal discharge as a function of biomass. 

Emamectin Benzoate Dosage Calculation 

The recommended dose rate is 50 µg of EmBZ per kg of fish biomass per day for seven 
consecutive days. It therefore follows that for effective treatment each tonne of biomass will 
require 50 mg or 0.05 g of medicated feed per day for the seven days of the treatment. 
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The calculation of standard treatment quantities for a given tonnage of fish is therefore as 
follows: 

treatment mass (g) =  0.05 (g / t / day) x biomass (t) x 7 (days) 

This quantity can be used to model EmBZ treatments associated with nominal biomass 
quantities. 

 

Emamectin Benzoate Equivalent Area Calculation 

The equivalent impact area of a quantity of EmBZ being deposited evenly at a given 
concentration can be calculated as follows: 

area (m2) = mass (kg) / (concentration (kg/kg) x sediment density (kg/m3) x mixing 
depth (m)) 

where default values for (wet) sediment density are 2416 kg/m3, and for mixing depth, 0.05 m. 
Typically, EmBZ quantities are recorded in grams, concentrations in µg/kg and depths in cm, 
and therefore the appropriate unit conversion may be required. 
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Appendix C – BathAuto 

This appendix provides further detail on the BathAuto suite of tools. 

Short term model 

In the short-term model results are primarily governed by the mean current speed at the farm 
site and the distance of the site from the shore. The model assumes that the medicine patch 
is stretched longitudinally at the mean current speed, whilst spreading laterally at a rate 
determined by a dispersion coefficient. The area of the medicine patch is thus a function of 
the time since release. The volume of the patch is calculated by multiplying the surface area 
by an assumed constant depth and therefore the mean concentration within the patch at the 
end of a given evaluation period can be calculated by dividing the initial mass released by this 
volume. Details of the calculations employed are attached at Appendix A.  

There are several simplifying assumptions in the modelling approach that must be highlighted:  

 The model assumes material is dispersed longitudinally by a unidirectional mean 
current speed. This is a gross simplification at most locations. The model is not valid 
for periods extending beyond a single flood or ebb, i.e. it should only be used for 
periods no longer than 6 hours.  

 The model includes dispersion in the lateral direction, which is assumed to be 
proportional to the square root of the time elapsed since discharge.  

 Calculation of the mean concentration within the patch assumes homogenous 
concentration, whereas the derivation of patch width assumes that the actual 
concentrations within the patch are normally distributed. With increasing time, the 
variation in patch size will depart from proportionality and the concentrations will 
similarly depart from a normal distribution. Consequently, the model becomes less 
valid over time.  

 The model assumes mixing to a depth of up to the lesser of 10m, or half the average 
depth, to account for the effects of vertical and lateral current shear and turbulence.  

 During calculation, if the patch impinges on the shore boundary due to lateral 
dispersion (see Figure G-1: A), one half of the patch ellipse is reduced to the 
distance to the shore (see Figure G-1: B).  
 

Figure G-1 Comparison of ellipse areas with and without shore limitation 

A: Expansion of Patch due to Dispersion B: Expansion of Patch limited by Shore 

  

 

 

KEY:  land:  sea:    

current:  pen group:     patch:  
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The model requires little in the way of input data although other site-specific information may 
assist in interpretation of the results. The key data requiring specification are as follows:  

 Mean current speed.  

 Pen volume during treatment, i.e. pen area and shallowing depth  

 Distance to shore  

 Available depth of water 

 

Longer term (MLA) dispersion model  

Modellers at the Fisheries Research Services’ Marine Laboratory, Aberdeen (MLA), have 
developed a dispersion model that estimates the impact of fish farm treatment chemicals 
resulting from multiple releases made during a treatment episode (Gillibrand & Turrell, 1999).  

The model simulates the dispersion of plumes from each discrete bath treatment of a number 
of pens, and predicts the path and concentration of these plumes throughout the period under 
assessment. Within the confines of a model domain, each patch is advected by tidal (i.e. 
oscillating) and residual currents, and horizontally dispersed at a rate parameterised by a 
dispersion coefficient. Vertical mixing is restricted to a specified depth.  

The model determines the peak concentration at each time step, and calculates the total area 
wherein a specified concentration is exceeded. The model continues its calculations until a 
specified time after the last treatment, and produces time-series output of peak concentration 
and total area exceeding the specified concentration.  

In its simplest form, the model domain is a rectangle with length determined from the tidal 
amplitude, the period of assessment, and the residual current, such that advection due to 
residual and tidal current flow will not carry any patch of discharged chemical beyond the 
modelled area. The width of the model domain is explicitly specified by the user, except in the 
case of ‘open water’ sites, where the model applies a default width of 5km.  

The modelled area may be defined as having one, two, or three, closed boundaries, from 
which patches are reflected, that correspond to three topographic categories: 

 open or coastal waters;  

 a strait;  

 a sea loch or voe.  
 

For a sea loch, or voe, the area and length of the inlet is specified and the resulting rectangle 
is bounded by three coastal ‘closed’ boundaries and one ‘open’ boundary. Whilst in this inlet, 
the patches are reflected from these boundaries as they expand and as they are transported 
by the oscillating tidal current and the unidirectional residual current. Once beyond the 
confines of the inlet, no restriction is placed upon the patches’ movement or growth. A 
schematic diagram of the model domains are shown in Figure G-2. 
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Figure G-2 Schematic diagrams of MLA model domains  

 

Loch 

  

 

Strait 

 

 

 

Open Water 

 

 

 

 

 

KEY:  Pen group  Closed model boundary  

L :  Length of loch  x : Distance from pen 
group to head of loch  

Ax,y :  Amplitude of tidal 
current speed  

W :  Width of 
constrained 
receiving water  

y : Distance from pen 
group to shore  

Rx,y :  Residual current 
speed  
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A strait has two opposing closed boundaries for which separation, or width of the strait, is 
defined - the remaining two boundaries remain open. At an open water site, only one closed 
boundary is defined. Open water should be specified where the nearest opposite shoreline is 
more than 5km distant. 

The tidal and residual currents are defined as vector components relative to the model 
domain’s native axes. Figure G-2 illustrates the orientation of the longitudinal (x) and 
transverse (y) coordinate system - these are arbitrary, the positive longitudinal current 
direction being defined relative to the ‘head’ of the loch. From this, it follows that for the ‘strait’ 
and ‘open’ model domains, which do not have transverse closed boundaries, the positive 
longitudinal direction is in the direction of the current residual. 

The model requires the definition of a scenario via an input data file, an example of which may 
be found below. This includes site-specific topographic and hydrodynamic parameters and 
allows the particulars of a treatment programme to be specified, i.e. total area of pen group, 
number of pens, depth of pens during treatment, number of discrete treatments and interval 
between treatments. 

The dimensions of the system require definition; for lochs, the area and length of the receiving 
water must be established. In the case of a strait, a representative width scale must be defined. 
The pen group is positioned within the model domain by specification of distance from the 
shore and ‘distance from head’ of a sea loch. For ‘strait’ and ‘open’ models this parameter 
represents a distance to the upstream open boundary, where ‘upstream’ is the opposite 
direction to the residual flow, for which a value greater than the tidal excursion is required to 
prevent loss of chemical through the open boundary. 

The Sea Lochs Catalogue of Edwards and Sharples (1986) is a useful reference that defines 
all of the aforementioned dimensional parameters for the water bodies it embraces. However, 
there will be cases when this is not appropriate and relevant data will need to be determined 
by other means. 

The model has the capability to determine residual flow from the loch length and a flushing 
time; this feature is not usually employed, as site-specific data describing the local flow-field 
is required for all applications to discharge controlled substances from marine pend fish-farms. 
However, where the current residual is towards the head of the loch the model has the facility 
to determine a residual towards the mouth. 

SEPA’s automated bath treatment assessment tool: BathAuto 

SEPA has developed a modelling tool (BathAuto) that integrates the short-term model with an 
iterating procedure that automatically configures, executes, and examines the results of the 
MLA model. This tool is built within a MS-Excel spreadsheet that prompts for the required input 
data, and records the outcome of each model iteration. The tool includes only the minimum of 
error checking; it is left to the user to ensure that valid parameter values are supplied. 

BathAuto’s ‘Site_Input data’ sheet invites the user to specify the configuration information 
required for both models. Sources of the required data are summarised in Table G-3.  

The data entered in the ‘Site_Input data’ sheet are formatted for use by ‘opendisp.exe’ in the 
‘input.dat’ sheets of the BathAuto workbook; these are updated as each new treatment 
scenario is examined, and exported to a text file prior to each model run. 
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Type of receiving water 

 

The three types of model domain are differentiated by the number of closed boundaries. A 
‘loch’ model, with three closed boundaries, may be configured such that no plumes reach the 
boundaries during the simulation-period. This is the case where the longitudinal tidal excursion 
is less than the distance of the pen group from the head and the combined transverse lateral 
tidal excursion and residual advection is less than the distance to the opposite shore; this will 
produce the same results as an ‘open water’ model. 

With the foregoing in mind, the user should select the type of receiving water based on a 
consideration of the real constraints on the chemical patches’ development, and of their 
advection by the tidal and residual currents. 

 

Distance to head 

In the case of a ‘loch’ the ‘distance to head’ is to the transverse closed boundary; for ‘strait’ 
and ‘open’ configurations, with open transverse boundaries, this parameter can be used to 
ensure that patches do not leave the model domain by setting it to a value greater than the 
tidal excursion. 

 
Average water depth  
 
Vertical mixing is assumed to be constrained by stratification to maximum depth of 10 m. 
Where the available depth of water is less than 20 m, BathAuto reduces the depth of the mixed 
layer to half the average water depth.  

The time taken for full vertical mixing to a depth of 10 m can be estimated to take about 3 
hours, applying a vertical dispersion coefficient of 0.001 m2/s; consequently, the ‘average 
depth of water’ applies to the area in which a patch might find itself after 3 hours. This is 
typically some way distant from the farm site, and consideration should be given to charted 
depths, the tidal excursion, and the residual drift.  

The latter values are calculated within BathAuto for a period of 72 hours, and displayed on the 
‘Site_input data’ sheet. The MLA model simulates multiple releases, potentially over a number 
of days; consequently, some patches will be advected for periods in excess of 72 hours. 

 

Table G-3 Compound-specific parameters for Azamethiphos  

Dose rate :  100 μg/l 

Decay half-life :  8.9 days  

Test parameters :  AZE contour                                  =  0.04 μg/l  

 EQS period                                   =  72 hours  

 Area of patch exceeding 0.04 μg/l = the lower of: 
2% of loch area, or 0.5 km2 

 

BathAuto Version 5 

BathAuto Version 5 is based on an excel spreadsheet in office 2003 and also links to a file 
called ‘opendisp.exe’. It only works on an XP virtual machine. Upon first use of BathAuto 
(version 5), the user is prompted to navigate through their local file system, to the location of 
the MLA model executable, ‘opendisp.exe’. BathAuto stores the details of the path in the 
Windows registry; as long as the executable is not moved or deleted, the user should not be 
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required to locate it again. Therefore, it is prudent to place ‘opendisp.exe’ somewhere secure, 
such as under ‘Program Files’, typically on the primary hard-drive (usually C:\). 

 

 

 
Operation  
A compliant treatment scenario is obtained by iterative adjustment of the pens per treatment, 
number of treatments, number of treatments per day, treatment intervals, and pen depths.  

The first model run is configured to simulate the treatment scenario predicted as EQS-
compliant by the short-term model, which is the maximum quantity of medicine that can be 
used in any three hour period. The results of the longer-term model are examined for the 
period after 72 hours have elapsed since the last treatment. A compliant treatment scenario 
determines the maximum quantity of chemical that may be discharged in any 24 hour period.  

Table G-4 Summary of sources of model input parameters  

Spatial configuration of model domain  

Type of receiving water  Determined by modeller  

Loch area  Sea loch catalogue or map/chart  

Loch length  Sea loch catalogue or map/chart  

Width of strait  Map or chart – a representative value  

Average water depth  Chart and site survey  

Depth of mixed layer  Calculated by BathAuto  

Distance from shore  Distance to the nearest closed longitudinal 
boundary  

Distance to head  Map or chart; for Straits and Open Water use 
parallel tidal amplitude +300m 

Flow field  

Longitudinal tidal current speed amplitude  Site-specific longitudinal and lateral components 
of residual velocities and tidal amplitudes are 
determined as detailed in Attachment VIII.  Transverse tidal current speed amplitude  

Longitudinal residual current speed  

Transverse residual current speed  

Flushing time  Refer to Appendix  

Diffusion coefficient  Model default (0.1 m2/s)  

Pen group configuration  

Number of pens  Farm operator  

Pen dimensions  Farm operator  

Total pen area  Calculated by BathAuto from pen dimensions.  

Pen depth  Farm operator  

Pen reduction increment  Determined by modeller  

Treatment configuration  

Dose rate  Model default  

Total number of treatments  Calculated by BathAuto  

Treatments per day  Calculated by BathAuto  

Interval between treatments  Calculated by BathAuto  

Assessment parameters  

Duration of model run  Model default (84h)  

Concentration thresholds  Model default  
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The order in which the treatment parameters are reconfigured is:  

1. number of treatments per day,  
2. treatment interval,  
3. number of treatments (and corresponding number of pens per treatment), 
4. pen depth.  

 
BathAuto automates this reconfiguration process; initially, it determines all of the viable 
treatment scenarios, from maximum pens per treatment, maximum treatments per day, 
minimum interval between treatments to a single pen per day. Should all of these fail to 
achieve the EQS, the treatment depth of the pen is iteratively reduced by a user-defined 
interval. 

The MLA model executable produces three output files, described below: 

 PATCH.OUT – this file is updated with time (in days), peak concentration, the area 
exceeding the EQS threshold, and the total mass of chemical, at the end of each model 
time-step 

 

 AREAS.OUT – this file is produced at the end of the model run; it reports the threshold 
concentration subdivided into ten equal increments, and the area of the model domain 
over which each of these is exceeded. 

 

 RESULTS.OUT – this file is produced at the end of the model run; it summarises the 
configuration, and the results of the tests against the specified EQS. 

 

The final two files present the state of the model at the end of its run, i.e. 84 hours after the 
final treatment; care should be taken when comparing these to the results used by BathAuto, 
as it extracts the peak values between 72 and 84 hours after the final treatment. These are 
compared with the test values, as per Table G-3, and compliance is determined. 

 

Limitations 

The MLA model uses a calculation of the total mass of chemical required to treat the pen 
group and the user-defined number of treatments to determine the mass of chemical released 
in any single treatment episode; therefore, all treatments result in the release of an equal mass 
of chemical. This presents a problem if the number of pens happens to be a prime, i.e. 3, 5, 
7, 11, 13, 17, 19, 23, &c., in that the iterative routine will only examine treatment scenarios 
where all the pens are treated at once, or where they are treated individually. For instance, a 
group of 7 pens will not be treated as two groups of 3 pens followed by a single pen, or as 
three groups of 2 pens again followed by a single pen. 

To maximise the compliant quantity of chemical, the user should test the impact of using a 
higher number of pens; in the example above, of a 7 pen group, pen numbers of 8, 9, 10, and 
possibly even 12 may yield a greater compliant chemical amount, under the same 
environmental model configuration. 

 

Testing scenarios 

BathAuto is equipped with a facility to aid testing the performance of different pen group 
configurations; it is assumed that the environmental configuration will remain constant, i.e. 
model domain and flow conditions, whilst pen numbers size and position may be varied. After 
BathAuto has successfully iterated to a conclusion, the ‘Run Log’ sheet may be copied. The 
pen configuration details can then be locked such that they no longer automatically update 
when the values in the ‘Site_Input data’ sheet are changed. There is space for adding notes 
regarding the configuration or outcome. 
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Table G-5 Short-term dispersion model for intermittent aqueous discharges  

 

References 

Davies, I M, Turrell, W R and Wells, D E (1991). The observation and simulation of the 
dispersion of DDVP in Loch Ailort - August 1990. Scottish Fisheries Working Paper No 15/91, 
Marine Laboratory.  

Edwards, A and Sharples, F (1986). Scottish Sea Lochs: a catalogue. Scottish Marine 
Biological Association / Nature Conservancy Council.  

Gillibrand, P A and Turrel, W R (1999). A management model to predict the dispersion of 
soluble pesticides from marine fish farms. Marine Laboratory, Aberdeen Report 2/99 SOAEFD  

SEPA, (1997). Mixing zone model for fish farm treatment chemicals. DRAFT 23-Jan-97, SEPA 
West Document 218njb01  

Turrell, W R and Gillibrand, P A (1992). Assessing the environmental effect of new and existing 
fish farms in Scottish sea lochs. Fisheries Research Services Report 3/92.  

Turrel, WR (1994). Simulating the dispersion of azamethiphos in the marine environment. 
Fisheries Research Service Report 9/94 SOAEFD  

Turrel, W R and Gillibrand, P A (1995). Simulating the fate of cypermethrin in the marine 
environment. Fisheries Research Service Report 11/95 SOAEFD 

Parameter  Description  Notes  

Input data  

u [ms-1]  near surface mean current speed  obtained in accordance with 
Attachment VIII  

t [s]  duration of dispersion  for a 3 hour assessment, t = 10,800s; 
for a 6 hour assessment, t = 21,600s  

s [m]  minimum distance from the pens to the shore  obtained from site survey data  

z [m]  depth of the mixing zone  the smaller of 10m or half the total 
depth  

v [m3]  pen volume  

c [ng/l]  treatment concentration  2mg/l [deltamethrin], 100 μg/l  

[azamethiphos]  

D [m2/s]  dispersion coefficient  assumed to be 0.1m2/s, unless site-
specific data is available  

X [ng/l]  3 or 6 hour EQS  see Table G-1 and Table G-3  

Calculations  

L [m]  half-length of the mixing zone  L = 0·5.u.t  

w [m]  half-width of the mixing zone  w = 0·5.4(2.D.t)1/2
  

A [m2]  area of mixing zone ellipse,  

                          where s ≥ w       A = π.L.w 

                          where s < w       A = π.L.w-(L.w.ACOS((w-s)/w) - L.(w-s).√(1-((w-s)/w)2))  

V [m3]  volume of the mixing zone  V = A.z  

M [g]  maximum mass of the chemical that would 
result in the mean concentration in the mixing 
zone volume, V, being equal to the EQS, X  

M = X.V ÷ 1,000,000.  

this mass is the quantity reported for 
recommendation as a consent limit.  

m [g]  mass required to treat a single pen  m = v.c ÷ 1,000,000  

N  number of pens that may be treated in a 3 hour 
period  

N = M/m  

this is the size of the initial treatment 
group used in the longer-term model 
assessment.  
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Flushing Time Calculation 

In instances where the hydrographic data collected at the fish-farm site suggests that the residual 
current is towards the head of a loch, i.e. is negative with respect to the MLA model domain, a positive 
residual velocity can be estimated by the model, from the length of a system and a flushing time. For 
many sea lochs, flushing time estimates are available from the Sea Loch Catalogue (Edwards and 
Sharples, 1986). 

The flushing time (Tf) can be estimated from: 

 the tidal period (P, 12.42 hours), 

 the volume of the system at low tide (VL), 

 the mean tidal range (Rs), and 

 the mean of the high and low water areas (AHL = (AH + AL)*0.5), such that: 

 

 𝑇𝑓 =
𝑃𝑉𝐿

𝑅𝐴𝐻𝐿
   (hours)  

 
The flushing time of the whole system may be applied to individual basins in sea lochs. 

An equivalent calculation is given in the Sea Loch Catalogue, whereby Tf is estimated from: 

 the volume of the system at low tide (VL), 

 the spring tidal range (RS), and 

 the high and low water areas (AH and AL), such that: 

 

𝑇𝑓 =
1.035𝑉𝐿

0.7𝑅𝑆(𝐴𝐻+𝐴𝐿)
 (days)  

 

Example Input File 

0 Site name  

0 Mixed Layer Depth (m)  

0.1 Diffusion Coefficient (m2/s)  

L Loch, Strait or Open water  

(only required for Loch) Length (km) - Loch only  

(only required for Loch) Area (km2) - Loch only  

1.0 Flushing time (days) - Loch only  

0.000 Longitudinal residual velocity (m/s)  

0.000 Lateral residual velocity (m/s)  

0.000 Tidal current amplitude U (m/s)  

0.000 Tidal current amplitude V (m/s)  

0 Tidal current phase (degrees)  

0 Number of pens to be treated  

Biomass Annual production   

0.0 Total pen area (m2)  

0.00 Distance from head of system  

0.00 Lateral distance of pen from shore (km)  

Treatment depth (m): Pen depth during treatment (m)  

Azamethiphos Name of medicine  

100 Treatment concentration (µg/l)  

8.6 Chemical half-life (days)  

# of treatments: Number of separate treatment events  

# treatments per day: Number of treatments per day  

Treatment interval (hrs): Interval between treatments (hours)  

0.04 EQS (µg/l)  

0.04 Concentration of contour enclosing patch area (µg/l)  

84 Time after which the standard is applied (hours)  
 


