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Glossary 
 

active approach Applies to a model evaluation project, and denotes that the project will generate 

some new information about the model(s), for example by running a model in order to make 

validation comparisons with experimental data. An active approach may be adopted for only one 

part of the evaluation. 

 

approach Applies to a model evaluation project, and is determined by the way in which 

information on the model is obtained. 

 

context-of-use The area of application for a model that is deemed to be of particular interest. This 

can usefully be described in terms of a framework, such as the source-environment-targets 

framework, which then defines a context-of-use in terms of combinations of sources, 

environments and targets. A distinction should be made between context-of-use when evaluating 

models, where it highlights areas given special attention during the evaluation, and context-of-

use when running models, where it highlights areas of interest in using the model. 

 

data set A collection of numerical values of one or more physical quantities, for example 

measurements of concentration at a set of points in a region surrounding a release of a dense gas 

over a certain period of time following the release.  

 

DGD models Dense gas dispersion models, i.e. models that are able to simulate the spreading and 

dilution of clouds of gas whose density is greater then that of the ambient air. 

 

environment The region surrounding a source, i.e. into which material from the source is released 

and with which it interacts. Typically in the present context this consists of the atmosphere and 

the terrain surrounding the release, although there could be other features such as obstacles as 

well. 

 

 

evaluation procedure The list of activities in a model evaluation, including gathering information 

on a model, performing the scientific assessment, recording the outcome of the evaluation and 

agreeing the outcome with the model developer. 

 

evaluation project This consists of carrying out a model evaluation for a set of models, which may 

comprise just one model. 

 

evaluation protocol The set of instructions for how to carry out a (scientific) model evaluation on a 

given model. 

 

event A real physical occurrence giving rise, in this case, to a cloud of dense gas. The term is used 

in connection with data sets: an event gives rise to data specifying the physical properties of the 

dense gas cloud. An event can also be a simulated event, in which case it gives rise to the output 

data set produced by the model.  

 

framework A broad categorisation of the physical scenarios which a group of models address: for 

example, a framework for DGD models has been proposed here consisting of sources, 

environments and targets, and these can be made to describe all aspects of either a physical 
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problem to which a DGD model is to be applied or the types of problem which a model can be 

applied to, i.e. its capabilities. 

 

implementation A particular realisation of a (conceptual) model. Mathematical models typically 

have a computer implementation; in the case of a physical model the implementation would 

comprise the experimental facility used, including instrumentation, procedures, etc. There can be 

more than one implementation for the same model: this is particularly true of CFD models, 

whose implementation can be user-specific due to user-supplied subroutines or site-specific 

restrictions. However, despite such apparent difficulties, “model” is often used to mean 

implicitly the implementation. 

 

model A theoretical representation of a physical scenario. In the present circumstances, models are 

broadly speaking either mathematical or physical. Mathematical models lead to mathematical 

problems to solve, whilst physical models are predominantly based on experimental 

representations of the problem, typically at reduced scale - see also implementation. 

 

model evaluation The examination of a model according to a set of well-defined rules embodied in 

the evaluation protocol. Although the scientific assessment of the model is the central activity, 

“evaluation” is used to mean the entire range of activities before, during and after the scientific 

assessment - see also evaluation procedure. 

 

passive approach Applies to a model evaluation project, and denotes that pre-existing information 

on the model is to be used. A passive approach may be taken for some or all aspects of the 

evaluation of a model: in the case of all aspects, it would then be a purely passive approach. 

 

procedure - see evaluation procedure  

 

project - see evaluation project  

 

project bibliography A list of references to all documents produced or referred to in the course of 

a model evaluation project.  

 

protocol - see evaluation protocol  

 

scientific aspects The scientific basis and algorithms of a model. 

 

scientific assessment The assessment of all aspects of a model through information on the model. 

 

scientific model evaluation - see model evaluation 

 

self-evaluation The application of the evaluation procedure by the developer of a model rather than 

by a third party. Depending on the expertise of the party involved, self-evaluation may be more 

restricted in scope than evaluation by a third party. An interested user could also carry out either 

an evaluation or self-evaluation depending on their experience. 

 

source The origin of the material that eventually forms a cloud of dense gas. At one extreme, a 

source can be defined as the initial conditions to the dispersion calculation; at the other, it can be 

defined as the original physical source of the material, e.g. a pressurised liquid leaking from a 

pipe. In SMEDIS it refers to the former unless otherwise stated. 
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targets The name given to the observables of the system. These can either be quantities measured 

in experiments, or variables calculated by a model. A single target is characterised by a physical 

quantity, together with its distribution in space and/or time, e.g. the molar concentration as a 

function of time at a given point. 

 

user-oriented aspects Those aspects of a model connected with the practical usage of the model to 

solve a given problem, including setting up a problem and handling the output produced, 

experience requirements of a user, etc. 

 

validation The process of comparing the predictions of a model, which has been run to simulate a 

given event, with the observations made in connection with the same event. In the case of 

SMEDIS, the validation is the only part of the evaluation procedure that uses the model actively. 

 

verification The process of comparing the implementation of a model with its mathematical basis. 

Most commonly this refers to checking that a computer implementation of a model (computer 

software) is an accurate representation of the algorithms in the model. In the case of SMEDIS 

this is treated passively as part of the scientific assessment. 
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Introduction 
 

This document comprises the final version of the SMEDIS protocol. It was developed in a form 

consistent with the EC Model Evaluation Group (MEG) generic protocol (MEG, 1994) and the 

Heavy Gas Dispersion Expert Group (HGDEG) protocol (HGDEG, 1996). However, for a project 

such as SMEDIS the MEG protocol was much too general and has been used as a guide only. 

Similarly, the HGDEG protocol, although far more detailed and having been made specific to dense 

gas dispersion compared with the MEG protocol, was still considered to be not explicit enough in 

its description of the evaluation procedure. In developing the SMEDIS protocol we have therefore 

tried to make it as structured and explicit as possible. 

However, we have taken the protocol still further. In addition to the evaluation procedure itself we 

have also included a description of the additional stages before and after the evaluations: these are 

stages that have been undertaken in SMEDIS, such as the development of the protocol, but which 

would not necessarily be required every time the protocol is used: this would depend on the aims of 

any model evaluation project using the protocol. Thus the protocol document becomes further self-

contained and allows for future developments beyond simply the same procedure being applied to 

additional (or possible re-applied to the same) models. 

The guiding principles in SMEDIS may be summarised as follows.  

1. The models considered by SMEDIS are all models either specifically designed for or 

capable of being applied to dense gas dispersion problems. Both types of model are referred 

to as dense gas dispersion or DGD models. 

2. Although DGD models are often used in association with other models, in particular with 

various release models, or may simply represent one type of application for a more complex 

model, it is beyond the scope of the procedure to consider evaluation of the “extended” 

model. In particular, jet models, which are often used prior to a DGD model, are not 

considered. 

3. Application of DGD models to problems featuring the effects of aerosols, complex terrain 

and obstacles is addressed explicitly – the so-called context-of-use. Hence the ability of a 

model to simulate problems containing such features is of particular interest. 

4. Validation is treated actively, while assessment and verification are treated passively. This 

requires the protocol to deal with validation in much more detail than if all three parts had 

been treated passively. 

5. There is some scope for self-evaluation, i.e. by the model developer, as well as evaluation 

by an independent third party. During SMEDIS, validation is treated in this way since the 

model proponent, who in many cases is the model developer, runs the model – they are also 

permitted to know the experimental data before running the model and may run the model 

more than once following further changes to the model, i.e. model evolution. This was 

allowed in order to encourage model improvement. 

6. Parts of the procedure involving the active use of the model must be documented to make 

them auditable and results reproducible. This would apply even if an independent third party 

were performing the evaluation, since they may need to carry out pre- or post-processing of 

data for the model. In the case where model evolution is allowed, such documentation is 

even more important. 

7. The performance of the models is quantified using a range of data sets and performance 

measures, including quantitative statistical comparison techniques. However, ranking of 

models according to their performance is not carried out. 
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8. Models are treated in a uniform way as far as possible, but the range of DGD models, with 

their differing capabilities and requirements, is taken into account. Individual circumstances 

of a model, such as the way it is currently used, are also acknowledged when assessments 

are made. 

9. A policy of comment from participants (evaluator, model developer, information supplier) is 

adopted to help to improve the procedure/protocol. 

10. The aim is that the procedure put in place will continue to be used to evaluate models 

beyond the end of the project. Application of the procedure should be useful in the 

development of a given DGD model (through self-evaluation) as well as DGD models in 

general by highlighting where the strengths and weaknesses lie. Areas are identified where 

further data would benefit the evaluation process. 

11. Ideally, the information produced by the evaluation should be available to the public 

domain. However, it is recognised that for proprietary models this may not be possible, 

although some form of openly-available results would be desirable, and it is hoped the 

Model Evaluation Report would be treated in the same way as other documentation on a 

model. 

 

We end this Introduction with a brief outline of the SMEDIS model evaluation protocol in the table 

below. 

 

Stage 1 Pre-evaluation tasks 

(a) List models and responsible parties 

(b*) Define the scope of the model evaluation project 

(c*) Assess whether there is a suitable protocol that is applicable to the models 

(d*) Develop/modify protocol 

(e*) Develop/modify validation database 

 

Note that the parts marked with an asterisk* would not be necessary for application of the 

procedure to additional models (or, say, new versions of the existing models). 

 

Stage 2 Carry out the scientific assessments 

Obtain information on models and apply protocol to this information to produce the MER. 

 

Stage 3 Carry out the verification exercise 

(This is simply part of Stage 2 in SMEDIS.) 

 

Stage 4 Carry out the validation exercise 

Set up input data, run models and make comparisons according to protocol. 

Note that Stages 2, 3 and 4 can take place in parallel. 

 

Stage 5 Post-evaluation tasks 

(a) Seek agreement of evaluation with model developer/proponent 

(b) Refine the protocol 
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Stage     Pre-evaluation tasks 

                   
 

 

 

This initial stage contains all the setting-up activities that are required before the actual model 

evaluations can begin. These activities consist of: defining the models and who will be responsible 

for the various parts of the evaluation of each one; setting the desired parameters of the evaluation; 

ascertaining whether this protocol is adequate for the requirements; modifying this protocol, if 

necessary, to meet those requirements; and finally modifying the database of validation data sets, if 

necessary, to meet those requirements. 

If you are intending to use this protocol to evaluate one or more dense gas dispersion models (say 

models to which it has not been applied before, or a new version of a model that has already 

undergone evaluation) and you are already content that this protocol is satisfactory for your 

requirements (or you are content to work within its limitations), then the only part of this stage that 

is relevant is Step 1.1 – you may then proceed to Stage 2 immediately. 

 

Throughout it is assumed that “evaluation” comprises the three elements of assessment, verification 

and validation. 

 

Step 1.1 List models and define responsible parties 

This step is concerned with the practical questions of which models and who will be responsible for 

them in any evaluations undertaken. 

 

(a) Models 

 

 Identify the general group of models for consideration.  

Clearly, unless this group consists solely of models used to simulate dense gas dispersion 

problems, then this protocol will not be relevant and would require major or complete re-

working. 

 Identify specific models of interest.  

Each model must be identified with a specific version number (and date if more than one 

release for a given number). 

 

(b) Responsible parties 

 

 Identify a proponent for each model.  

This is an organisation and one or more individuals within that organisation who have 

access to each model and can make it available.  

 Apportion the three evaluation elements for each model.  

If the proponent does not wish to carry out some or all of the three elements, then one or 

more third parties will be required to take their place. Typically the model proponent would 

carry out the validation exercise, while the assessment would be carried out by a third party 

(recall verification is subsumed into the assessment in the SMEDIS protocol). 
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Step 1.2 Define scope of the model evaluation project 

The previous step identified the models and participants in the evaluation. This step considers some 

broad parameters on how the evaluations are to take place. This would be agreed between the 

participants.  

 

 Identify a specific context-of-use for these models.  

There may be certain features of the type of problem to which the chosen models are 

applicable that are of particular interest: we call this the “context-of-use”. In this protocol 

the context-of-use comprises three types of complex effect, namely aerosol releases, 

complex terrain and obstacles. 

 Decide to what extent the evaluation of each model will be active or passive. 

Each of the three elements can be approached in either an active or a passive fashion
1
. The 

active treatment involves a “hands-on” approach, in which the model is actively used to 

investigate the particular element, whereas the passive treatment relies on pre-existing 

information. In general an active approach requires more effort than a passive approach. In 

this protocol, we take an active approach to validation, requiring the model to be run for as 

many of the cases in the validation database as possible, while assessment and verification 

are handled passively. 

 Decide whether self-evaluation and model evolution are important.  

Some degree of self-evaluation was built in to this protocol, i.e. evaluation by the model 

developer or user rather than by an independent third party; in addition, model evolution was 

allowed, whereby the model may be changed while the evaluation is taking place.  

 

Step 1.3 Assess whether there is a suitable protocol that is applicable to the models 

We include this and subsequent steps in this stage to provide some guidance in setting up a new 

protocol or modifying this one.  

 

 Identify a protocol.  

Clearly the present protocol is one possibility, but if there are fundamental differences 

between the properties of this protocol and the requirements identified in Steps 1.1 and 1.2 

then a different protocol will be necessary, and there are few specific protocols in existence.  

 Assess its suitability based on the requirements of Steps 1.1 and 1.2.  

Reasons why this protocol might not be suitable include 

 different model group – a fundamental problem, although possibly there are enough 

differences that this protocol can be used as a basis 

 different context-of-use – not so serious, but will require some changes to the details 

of the assessment and the validation 

 active approach required for verification
2
 - will require a procedure to be developed 

as to how the active verification is to take place 

 self-evaluation and/or model evolution not acceptable – this is of less importance, 

since such features could easily be ignored 

 

If changes need to be made, then you must proceed to the next step. This contains some information 

on how the present protocol was developed and therefore the points that should be considered in 

                                                 
1
 This is uncertain regarding the assessment element, since it is difficult to see how this could be approached actively, 

other than through the active interrogation of the model developer. 
2
 Or assessment, but see previous footnote. 
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making any changes (or even developing a new protocol). Recall that all three evaluation elements 

should be considered and that the conclusions from Steps 1.1-1.3 must be taken into account. 

 

Step 1.4 Develop/modify protocol 

 

 

 Model classification system 

A useful starting point is to define a classification system for the models in the chosen 

group. Such a classification scheme would typically be based on the main overall 

approaches to modelling the problems of interest.  

In the case of dense gas dispersion models, we have distinguished four main types: 

 empirical screening tools 

 integral models 

 shallow-layer models 

 Computational Fluid Dynamics (CFD) models 

 

 Formulate a framework. 

Just as the classification scheme above gives a broad framework for the models, so we can 

formulate a framework for the physical problem that we are considering and to which the 

models are applied. This is helpful in defining not only the categories used in the scientific 

assessment part of the evaluation but also in considering the validation part.  

In the case of dense gas dispersion problems, we have proposed a source-environment-

targets framework:  

 the source is the material released and its immediate surroundings 

 the environment is the region into which the release is made – it interacts with and 

modifies the distribution and properties of the source material. The characteristics of 

the environment might also be termed the ambient conditions. 

 the targets of the problem are the variables or observables associated with it – they 

reflect the interaction of an observer with the modified source material, e.g. the 

distribution in space and time of the molar concentration of the released material. 

 

 Develop/modify procedure for scientific assessments 

The part of the protocol dealing with the scientific assessments describes a series of 

categories according to which the model is to be examined. The main section headings have 

largely been adopted from the MEG protocol, and would therefore be suitable for virtually 

any model. To make it more specific, we use the framework developed earlier in this Step to 

divide these into a number of sub-categories relevant to the particular group of models being 

analysed. 

 

 Develop/modify questionnaires  

In order to obtain information on models for use in the scientific assessments a questionnaire 

is required. This is organised in a similar order to the protocol assessment categories, and 

requires the person completing it to select documentation that covers the topics in the 

questionnaire and supply copies to accompany the completed questionnaire that, ideally, 

should contain cross-references between the supplied documentation and the completed 

questionnaire. 

In a model evaluation project with a lot of models and/or it is likely that a new or 

significantly modified protocol will be produced, it is useful to obtain a preliminary idea of 

the capabilities and features of the models to be evaluated. This was the case in SMEDIS 
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and so a short questionnaire was circulated, which simply required the selection of answers 

from lists of options without any additional documentation or text needing to be added. 

See Appendix 1 of this protocol for both SMEDIS questionnaires in full. 

 

 Develop/modify MER template 

To accompany the protocol a template for the MER is also developed. This ensures that 

there is a common format for the report for every model in the project, further standardising 

the assessment process across models. The organisation of this report template is to use a 

combination of summary information and qualifying text. Thus for some headings summary 

information is given using a “check box” format for rapid overview of the capabilities and 

formulation of the model together with qualifying text that expands on and complements the 

summary information; while for other headings summary information is not appropriate and 

text alone is used. A considerable effort was made to make the layout as clear as possible, 

while at the same time ensuring the summary options covered all the model types and most 

likely responses. 

See Appendix 2 of this protocol for the (revised) SMEDIS MER template in full. 

 

 Develop/modify procedure for verification exercise 

Such a procedure would need to be developed if an active verification is required – if not, 

the passive treatment as part of the assessment will suffice. 

Active verification could involve line-by-line checking of the computer implementation, or 

the development of specific checks against analytical solutions or results from other 

specified models. 

 

 Develop/modify procedure for validation exercise 

The third and final part of the evaluation, namely the validation of the model, is handled 

actively in SMEDIS, and therefore requires a procedure to be defined for how to set up and 

run the model and make the comparisons between the model predictions and the 

experimental data. However, first some other parts of the procedure must be developed. 

The first of these is the set of physical comparison parameters for use in the validation 

comparisons. These must reflect the observables that have been recorded in the experiments 

being used (see Step 1.5), as well as the range of different experimental situations being 

considered (e.g. continuous plumes rather than short-release-duration puffs) and a range of 

information on the phenomena being observed (e.g. measures of cloud dimension as well as 

concentration and, in the case of time-dependent situations, times of arrival and departure or 

length of stay). To some extent the possible types of model output should also be taken into 

account at this stage. 

The other main ingredient it is necessary to define is the set of statistical comparison 

parameters for use in the validation comparisons, i.e. functions of the observed and 

predicted values that provide a quantitative measure of the closeness of agreement between 

the two. These should preferably be robust and relatively easy to interpret and applicable to 

all the physical comparison parameters.  

Further details for the case of SMEDIS may be found in the description of Stage 4 of the 

protocol and in Appendix 3 to this document. 

 

 Define procedure for validation comparisons 
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Finally, the procedure for carrying out the validation exercise itself is developed. The steps 

are as follows – see Stage 4 of this protocol for more details. 

 Obtain the SMEDIS validation database 

 Select the cases to be run in the validation exercise 

 Pre-processing 

 Input data 

 Run model 

 Post-processing 

 Calculate the statistical validation parameters 

 Re-runs in case of model evolution 

 Refinements to protocol relevant to validation exercise 

 

A record of what was done is required for all parts of this part. 

 

 

Step 1.5 Develop/modify validation database 

Assuming that validation is to be treated actively, it will in general require a dedicated set of test 

cases against which to run the model(s) – if validation is only to be treated passively, then pre-

existing information on validation is satisfactory. The aim of this step is therefore to produce a 

collection of data sets for specific experiments in a suitable format against which to make 

comparisons in the validation exercise. 

 

 The test cases are derived from relevant experiments, and so the first step is to identify some 

relevant experiments. This must take into account the context-of-use in operation, e.g. for 

the SMEDIS protocol the complex effects of aerosol releases, complex terrain and obstacles, 

so that a significant number of the test cases should exhibit one or more of these features 

(not necessarily all the tests, so as to provide some examples where such features and their 

accompanying effects are absent to provide a contrast). 

 The first order search identifies high quality data set groups, e.g. Thorney Island, Desert 

Tortoise, BA Hamburg, which may contain some individual tests that are relevant. 

 The next step is to develop a framework for the experimental scenarios, e.g. in SMEDIS this 

included instantaneous vs. continuous releases, strong vs. weak density effects, neutral vs. 

stable stratification and no complex effects vs. the three different types of complex effect. A 

given scenario then consists of a combination of these four features and the framework 

therefore provides a more rational basis for mapping out the scenarios that we wish to cover 

in our final selection of test cases – ideally we would like to find at least one example of 

every combination of important feature. 

 Returning to the data set groups selected earlier, individual data sets within these groups are 

chosen to span the range of possible scenarios as far as possible. In SMEDIS many but not 

all combinations were covered. 

 Finally, the chosen data sets are put in a common format appropriate to the validation task. 

This requires the specification of the experimental conditions as well as the experimental 

observations suitably processed to give the chosen physical comparison parameters. See 

Stage 4 of this protocol for more details of the form adopted for each data set in the 

SMEDIS validation database. 

 

These activities as they took place in SMEDIS are described in further detail in Chapter 4 of the 

SMEDIS Final Report and other referenced documents.  
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Stage     Carry out scientific assessment 

                  exercise 
 

 

 

SMEDIS treats the scientific assessments passively by using pre-existing information about each 

model
3
. The principal stages are therefore first, to obtain information on the model(s) and secondly 

to carry out the scientific assessment(s) according to the protocol and record the findings in the 

Model Evaluation Report or MER. 

 

Note that Stage 2 can take place in parallel with Stages 3 and 4. 

 

Step 2.1 Obtain model information 

The information required for the scientific assessment is obtained by means of the second 

information questionnaire (see Appendix 2 to this protocol). The questionnaire should be sent to the 

model supplier/proponent identified in Step 1.1(b), who should respond with (i) the completed 

questionnaire and (ii) a set of documentation covering all aspects of the model and (preferably) 

cross-referenced to the topics in the questionnaire. Any confidential documents should be clearly 

indicated. 

 

Step 2.2 Carry out the assessment according to the protocol and record findings in MER. 

The relevant part of this protocol consists of the rest of this section, i.e. description of Stage 2. It is 

organised in terms of a series of categories: these are arranged under the following main headings 

 

(0) Evaluation information 

(1) General model description 

(2) Scientific aspects 

(3) User-oriented aspects 

(4) Verification performed 

(5) Validation performed 

(6) Conclusions 

 

which are subdivided into the assessment categories. 

 

The assessment categories are structured in a consistent way as follows: 

 general remarks on the category 

 topics of interest describes the subjects relevant to the category. This means that there 

should be information available covering each subject, and the evaluator should check that 

this is the case. If none is available this can be noted together with the reason for its 

absence and recorded later in the Model Evaluation Report (this may prove useful in the 

revision of the protocol) 

 assessment and comment gives aspects of the topics of interest that should be considered 

by the evaluator, i.e. this section suggests ways that the information on the topics of 

interest can be assessed 

                                                 
3
 Other than direct interrogation of the model developers, it does not appear to be possible to take an active approach to 

assessment. 
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 contribution to the evaluation record describes the part to be added to the evaluation 

record, i.e. the Model Evaluation Report, for this category. It gives the relevant headings 

from the MER, followed by the general form of the content under each heading. The 

contribution typically involves a combination of some reporting of the information 

describing the topics of interest, e.g. summarising that aspect of the model, followed by 

assessment of/comment on the information 

 

The evaluator must provide a description or an assessment of the model under each category in turn 

using the notes and instructions provided. Note that each category should be addressed to a level of 

detail that 

 concentrates on the most relevant features, and does not reproduce the information to an 

excessive degree 

 does not demand an unreasonable amount of analysis, e.g. assessing the limits of 

applicability of a model 

 

The results of the scientific assessment are recorded in a MER. A complete template for this report 

is provided in Appendix 2 of this protocol, and this should be used to produce the MER. The 

template contains the headings indicated in the category descriptions below; for many of the 

categories it also contains summary information in the form of a set of self-explanatory check boxes 

that the evaluator should complete. (The inclusion of such summary information is useful not only 

to give a quick overview of many aspects of the model and provide a useful supplement to the text 

produced in response to the assessment instructions, but also it could form the basis of a simplified 

assessment that does not include any text responses – from the point of view of a model developer, 

this would provide a focus on the capabilities of their model, its formulation and implementation.) 

 

 

 

Note that the Final Report to SMEDIS [REF when available] contains complete examples of agreed 

Model Evaluation Reports produced during the original SMEDIS scientific assessment exercise, 

which can provide a useful guide on how the protocol is used in practice for assessments. They 

were based on an earlier version of the MER template, although the differences are small. 
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CATEGORY 0   EVALUATION INFORMATION 

 

 
Topics of interest 

The protocol used, the evaluator, the date of completion of the scientific assessment and the 

documentation for the assessment. 

 
Assessment and comment 

No comment is required for the first three of these. For the documentation, the evaluator needs 

first to state the references supplied together with any additional references that used in the 

assessment. They should then comment on the completeness, relevance and quality of the 

documentation supplied. Finally, the major areas for which there was little or no documentation 

may be listed. 

 
Contribution to evaluation record 

 

0 Evaluation information 
0.1 Protocol 
0.2 Evaluator 
0.3 Date  
0.4 Documentation 

 

A statement of each property of the evaluation should be given, plus comments on 

documentation. 

 

 

 

CATEGORY 1   GENERAL MODEL DESCRIPTION 

 

This initial category is concerned with general features of the model. It is mostly generic, i.e. it 

could be applied with few changes to other groups of models. 

 

Category 1.1  Name, version number and release date 
 
Topics of interest 

(a) The name of the model, expanding any acronyms it contains. If the model has been 

customised locally, then the name should be modified to reflect this, e.g. by adding a prefix to 

denote the location of the customisation. 

(b) The version number, specifically of a reference version of the model. This is needed because 

model evolution is allowed by this protocol, and so some fixed version of the model is needed 

at the start of the evaluation. The reference version should be either 

 the version to be run for the validation tests, or 

 the version to which the majority of documentation being supplied refers.  

These should preferably refer to the same version; however, it should be noted which case (or 

an alternative) applies. 

(c) The release date of the version identified in (b). 
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Assessment and comment 

None. 

 
Contribution to evaluation record 

 

1.1 Name, version number and release date 
 

A statement of each property of the model should be given. 

 

 

 

Category 1.2  Short description of model 
 

A brief description of usage and capabilities of the model. The description scheme given in 

Appendix 5 can be used as the basis for the description. 

 
Topics of interest 

The description should outline the most important features of the following aspects: 

(a) model type 

(b) quantities predicted 

(c) types of source allowed 

(d) features of ambient conditions modelled 

(e) computer platform/environment used 

 
Assessment and comment 

None. 

 
Contribution to evaluation record 

 

1.2 Area of application 
 

A summary in 50-100 words describing the topics listed above. 

 

 

 

Category 1.3  Model type 
 

This category is concerned with the classification of the model according to one of a series of 

classes of DGD models.  

 empirical models 

 screening tools 

 computational models 

 integral models 

 shallow-layer models 

 CFD models 

 physical models 

Note that physical models are not treated by the protocol. In addition, the dimensionality of the 

model is of interest. 
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Topics of interest 

The features of the model determining its dimensionality include: 

(a) The number of dimensions over which the input variables are allowed to vary 

(b) The number of spatial dimensions in the governing equations (main equations solved)  

(c) The number of dimensions over which the output variables are allowed to vary 

 
Assessment and comment 

Consider categorisation of the model should be allocated to and what the justification for the 

choice is. 

 
Contribution to evaluation record 

 

1.3 Model type 

 Overall approach 

 Number of dimensions 
 

Provide information as indicated on the template. 

 

 

 

Category 1.4  Route of model into evaluation project 
 

Access to each model included in a given evaluation project has to be provided by some 

organisation or individual (regardless of who is actually going to run the model for validation), and 

this party is referred to here as the model proponent or supplier. In many cases the model supplier 

will be the same as the model owner/developer, but there is also the important case where the model 

supplier has licensed the model from a third party. 

 
Topics of interest 

(a) the organisation acting as model supplier, including details of a contact in that organisation 

(name, address, telephone and fax numbers and e-mail address) 

(b) the status of the model supplier with respect to the model, i.e. developer, licensee, etc.  

(c) the developing organisation of the model (including the division within the organisation) 

together with contact information for them 

 
Assessment and comment 

None. 

 
Contribution to evaluation record 

 

1.4 Route of model into evaluation project 
     1.4.1 Model supplier 

 Supplier status 

 Contact details 

     1.4.2 Model developer 
 

Provide information as indicated on the template. 

 

 

 

Category 1.5  History of model 
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The heredity of the model is useful in tracing the development of the algorithms that it uses. (In 

particular, the documentation for the model may rely on that of predecessors of the model for more 

detailed explanation of some parts of the model, e.g. in the case of a model that has been patched 

together from several independent algorithms.) 

 

Hence the category should give references to documents describing any models that have been 

involved in the development of the present model. 

 
Topics of interest 

(a) Models that have been involved in the development of the present model, going back as 

far as a single generation, i.e. those models which can be identified as contributing directly 

to the present model 

(b) The aspects of the models in (a) that have been inherited, e.g.modelling of physical 

processes, solution methods 

 
Assessment and comment 

None. 

 
Contribution to evaluation record 

 

1.5 History of model 
     1.5.1 Model ancestors 
     1.5.2 Features inherited 

 

A summary should be given for each topic. 

 

 

 

Category 1.6  Quality assurance standards adopted 
 

The intention of this category is to identify and record any independent standards that were 

employed, as well as any internal standards adopted, both for the model development and the 

software. 

 
Topics of interest 

(a) Standards for development of the model itself 

e.g. CEC guidelines for model developers 

(b) Standards for software development (computer implementation of the model) 

e.g. national standards, international standards, company standards, ISO 9000 series 

 
Assessment and comment 

None. 

 
Contribution to evaluation record 

 

1.6 Quality assurance standards adopted 
     1.6.1 Model development 
     1.6.2 Software development 

 

The standards adopted should be given for each heading, as set out in the template. 
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Category 1.7  Relationship with other models 
 

This category considers the scope of the model being evaluated, in particular whether it is self-

contained, whether it is a restricted part of another, more complex model or whether it is a part of 

some knowledge base formed by the linking of a group of models. 

 
Topics of interest 

(a) Status of model being evaluated with respect to other model(s), e.g. 

 model is self-contained 

 model is self-contained but used in association with a suite of models 

 model is integrated into a larger structure 

 general-purpose model, such as CFD model, but dense gas dispersion problems are simply 

a specific application 

(b) Extent of restricted part and way in which it can be identified 

(c) Way in which model interfaces with other models 

 

Parts (b) and (c) may or may not be applicable depending on the example. 

 
Assessment and comment 

Implications for the rest of the evaluation. 

 
Contribution to evaluation record 

 

1.7 Relationship with other models 
     1.7.1 Status of dispersion model being evaluated 
     1.7.2 Extent and demarcation of restricted part 
     1.7.3 Interfacing with other models 
     1.7.4 Comments 

 

A choice should be made in (1) as set out in the template, a summary should be given for each 

topic in (2) and (3) and comments in (4) if appropriate. 

 

 

 

Category 1.8  Current model usage 
 

The purpose of this category is to set out at an early stage in the evaluation the way in which the 

model is currently used, since this has an influence on the relevance of some of the later evaluation 

categories, such as Categories 3.1-3.5.  

 
Topics of interest 

(a) type of user 

(b) distribution of model 

(c) incorporation in software package/program suite 
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Assessment and comment 

Implications for rest of evaluation, e.g. if usage is restricted to model developer, then the use-

friendliness of the model, say, is of less relevance than for a commercial software package. 

 
Contribution to evaluation record 

 

1.8 Current model usage 
     1.8.1 Type of user 
     1.8.2 Model distribution 
     1.8.3 Comments 

 

A summary of the features of current usage listed should be given as set out in the template for 

(1) and (2), and comments provided in (3) if required. 

 

 

Category 1.9  Hardware and software requirements 
 

Virtually all DGD models
4
 require a computer implementation. This category addresses the issue of 

computer hardware and software required to run the model. Note that information about memory 

and disk storage requirements may be available from the runs performed during the validation 

exercise. 

 
Topics of interest 

(a) The types of computer platform on which the model has been run, in particular the 

platform(s) on which the model was designed to run, e.g. PC, workstation, mainframe, 

supercomputer. 

(b) The peripheral hardware needed to run the model and deal with input/output, including the 

purpose of each item listed, e.g. printer, plotter, monitor, graphics card, mouse. 

(c) Specific requirements for the graphical device, e.g. high resolution, colour display. 

(d) Typical requirements in terms of memory and disk space. For large requirements on 

shared resources there may be site-specific restrictions imposed. 

(e) The operating system necessary to run the model 

(f) Additional software required, e.g. compiler, graphics packages, Graphical Information 

System (GIS) 

 
Assessment and comment 

Consider the following aspects: 

 scale of requirements 

 availability of hardware required 

 
Contribution to evaluation record 

 

1.9 Hardware requirements 
     1.9.1 List of requirements 

 Computer platforms 

 Peripheral hardware 

 Graphical device requirements 

 Memory/disk space 

                                                 
4
 With the possible exception of some empirical models (e.g. Britter & McQuaid, 1988). 
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 Operating system 

 Additional software 
     1.9.1 Comments on overall requirements 

 

A summary should be given as set out in the template for each topic in (1) and comments 

provided on the given aspects in (2). 

 

 

 

Category 1.10  Availability and costs 
 

This category is concerned with how the model may be obtained and the costs involved in obtaining 

it. 

 
Topics of interest 

(a) The availability of the model, i.e. public domain, shareware or proprietary 

(b) The options for obtaining the model if not freely available, i.e. to buy or license; also 

details of costs for each option 

 
Assessment and comment 

None 

 
Contribution to evaluation record 

 

1.10 Availability and costs 

 Availability 

 Options for acquisition 
 

A summary should be given for each topic as set out in the template, together with approximate 

costs if appropriate (and information available).  

 

 

 

CATEGORY 2   SCIENTIFIC ASPECTS 

 

This is perhaps the most important category in the scientific assessment, dealing as it does with the 

capabilities, scientific formulation, solution method, output available, limitations and areas of 

uncertainty of the model.  

 

Category 2.1  Specification of the source 
 

This category is intended to provide a summary of the features of the source that the model 

represents. Since this section is concerned with the representation of features of the problem by 

input data, use is made in the summary information of the distinction between properties that are 

defined by the user and those defined by the model and therefore beyond the control of the user. 

 
Topics of interest 

(a) The primary origin for the dense gas source. This is the type of release giving rise to the 

dense gas source, e.g. single-phase or two-phase jet, vaporising liquid pool. Such stages 
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and models to describe them are outside the scope of the SMEDIS protocol, but it is of 

interest to note the availability of models to the dense gas model of the assessment. 

(b) The “fluid dynamic” properties of the source. These properties are concerned with the 

geometrical and dynamic properties of the source, such as its disposition, release rate and 

density. Distinction may be made between the main “release types”, namely continuous, 

instantaneous and time-varying. 

(c) The thermodynamic properties of the source. These are relevant for non-ambient 

temperature releases and/or two-phase releases.  

(d) The material nature of the source. Considers the generality of the release substance, e.g. 

whether it can be a true mixture, chemically-reactive, radioactive, how general are its 

properties (e.g. temperature-dependent), how many pre-defined substances are available. 

 
Assessment and comment 

 Availability of release models to provide starting conditions for dense gas cloud. 

 Generality of the available source types, including implications for representing realistic 

features of a release, e.g. formation of secondary source blanket for a low momentum 

area source. Guidance available for choosing which type of release to use in a given 

situation. 

 Whether true mixtures may be represented (i.e. with independent evolution of individual 

components) or whether they must be treated as a pure substance with effective 

properties. 

 The range of pre-defined substances available, including the split between flammable 

and toxic materials; availability of user-defined substances. 

 
Contribution to evaluation record 

 

2.1 Specification of the source 
     2.1.1 Primary origin for source 
     2.1.2 Fluid dynamic properties of source 
     2.1.3 Thermodynamic properties of source 
     2.1.4 Material nature of source 

 

The capabilities are listed under each of the headings (1)-(4) according to the format set out in 

the template, supplemented with comment as indicated above. 

 

 

 

Category 2.2  Specification of the environment 
 

This category is intended to provide a summary of the features of the environment into which the 

release takes place that the model represents. Since this section is concerned with the representation 

of features of the problem by input data, use is made in the summary information of the distinction 

between properties that are defined by the user and those defined by the model and therefore 

beyond the control of the user. 

 
Topics of interest 

(a) Frame of reference. Which types of coordinate systems are used and how are they defined 

relative to the features of the environment. 
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(b) Representation of the atmosphere. Of primary concern here are how the wind and 

stratification of the atmosphere are represented: whether they are parameterised or 

modelled directly; if parameterised, the parameterisation that is used. 

(c) Representation of terrain. This includes both properties of the ground regardless of 

whether it is flat or not, e.g. surface roughness, temperature, as well as specific properties 

of sloping ground, e.g. generality of slopes, relationship with wind direction. 

(d) Representation of obstacles. Of concern here is the type of obstacles, their number and 

disposition and any additional effects such as porosity. 

 

 
Assessment and comment 

 Representation of the wind velocity profile – standard representations are available, 

some corrected for stratification (may be important for models that base the cloud 

advection speed on the average wind speed over the cloud depth, or at some fraction of 

the cloud depth) 

 Ability of the model to handle non-neutral stratification. 

 Ability of the model to handle zero wind conditions. 

 Assistance in setting the surface roughness length. 

 Generality with which non-flat terrain is handled, including cross-slope winds for single 

slope models. 

 Generality of obstacles, including relevance of available types to realistic applications. 

 
Contribution to evaluation record 

 

2.2 Specification of the environment 
     2.2.1 Frame of reference 
     2.2.2 Atmosphere 
     2.2.3 Terrain 
     2.2.4 Obstacles 

 

The capabilities are listed under each of the headings (1)-(4) according to the format set out in 

the template, supplemented with comment as indicated above. 

 

 

 

Category 2.3  Model physics and formulation 
 

This category constitutes the primary analysis of the scientific content of the model. There is 

considerable attention paid to the physical processes that the model is intended to represent, in 

particular dispersion processes, as well as the handling of the three complex effects constituting the 

context-of-use for this protocol.  

 
Topics of interest 

(a) Fundamental equations, initial conditions and boundary conditions. A general summary or 

account of the governing equations is of interest, including the principles from which they 

are derived (e.g. mass conservation, etc.) the dependent and independent variables and the 

accompanying initial and boundary conditions. Also of interest are features of the 

formulation specific to the model type, e.g. concentration profiles used in equation 
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formulation for integral models or quantities used for main empirical correlations for 

screening tools. Turbulence modelling is also considered here. 

(b) Dispersion – advection. Parameterisation vs. direct modelling. Ability to calculate 

acceleration of initially stationary cloud. 

(c) Dispersion – gravity spreading. Parameterisation vs. direct modelling. Ability to calculate 

gravity spreading at the source. 

(d) Dispersion – dilution. Direct turbulent diffusion and air entrainment. Parameterisation vs. 

direct modelling of entrainment. Additional contributions from longitudinal shear 

dispersion. 

(e) Dispersion – concentration fluctuations. Availability of information on turbulent 

fluctuations about the mean concentration.  

(f) Dispersion – concentration profiles. Integral models often make use of concentration 

profiles in the dense gas regime to derive concentration distributions from the averaged 

concentration distributions that they typically calculate (instantaneous puff volume or 

continuous plume cross-section). Also of interest is the treatment of concentration profiles 

in the passive regime. 

(g) Thermodynamics. In cases where non-ambient-temperature releases are considered, this 

concerns the treatment of the thermodynamics of such a cloud, in particular the governing 

equations and the physical processes that contribute to changes in its thermodynamics 

properties, e.g. heat transfer from the ground, phase changes for two-phase clouds, etc. The 

particular thermodynamic relations used here are also of interest, e.g. Antoine correlation. 

(h) Mass transfer mechanisms. For vapour phase material, wet and/or dry deposition may be 

relevant. Mass transfer of liquid phase material is handled under aerosols. 

(i)  Chemical reactions. Some hazardous materials may undergo chemical reactions, in the 

present context chiefly with atmospheric water. Mixtures of chemicals released together 

could also undergo chemical reactions. Such reactions may affect the density and hence 

spreading behaviour of the cloud. Of concern here are generality of reactions possible, the 

effects on the cloud modelled and the treatment of reactions. The ability to consider 

radioactive decay of contaminant is also considered. 

(j)  Transition to passive dispersion. Hazard ranges for toxic substances frequently extend 

outside the dense regime, and so the ability of a dense gas model to consider dispersion 

beyond the dense gas regime would be useful in widening its applicability to toxic releases. 

The transition criteria and basic treatment of passive dispersion are considered here. 

(k) Complex effects: aerosols. The first of the three complex effects being highlighted by this 

protocol is the treatment of two-phase releases. Of concern here are the type of model, the 

physical effects of aerosols on the cloud that are taken into account as well as other aspects 

of the treatment of the aerosol droplets, such as rainout and droplet behaviour.  

(l)  Complex effects: terrain. This category considers terrain according to which physical 

processes are modified in the formulation due to the presence of the terrain and which 

cloud variables are affected directly by the terrain, as well as how (if at all) the ambient 

flow is modified by the presence of terrain.  

(m)  Complex effects: obstacles. This category considers obstacles in much the same way as 

terrain, i.e. which physical processes are modified in the formulation due to the presence of 

the terrain, which cloud variables are affected directly by the terrain and how (if at all) the 

ambient flow is modified by the presence of obstacles. Also of interest is whether the 
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model calculates local details or merely gives the net effect of the obstacle(s) on the 

dispersion. 

 

 
Assessment and comment 

 

General points for each topic of interest 

 generality of treatment 

 parameterisation/characterisation of terms/processes adopted 

 tunable parameters employed 

 relevance of treatment to realistic releases 

 

Specific points: 

 Suitability of available turbulence models (if used) for dense gas dispersion problems. 

 Comments on derivation method of cloud advection speed from wind profile, including 

constants used. 

 Comments on treatment of gravity spreading, including coefficients used for 

parameterised treatment (Froude number condition). 

 Comments on the form of entrainment in parameterised treatment (entrainment velocity, 

coefficients, dependence on Richardson number). 

 If shear dispersion available, the types of release to which it has been applied. 

 Use of empirical information in representation of concentration fluctuations (if 

available). 

 Models without the ability to handle thermodynamics are of limited use only in hazard 

modelling of any realistic situation. 

 Comments on form of heat transfer from the ground (most common contribution to heat 

transfer). 

 For chemical reactions, generality of reactions possible and relevance to hazardous 

releases. 

 The ability of a model to calculate rainout is very useful (and relatively advanced). 

 
Contribution to evaluation record 

 

2.3 Model physics and formulation 
     2.3.1 Fundamental equations, initial conditions and boundary conditions 
     2.3.2 Dispersion - advection 
     2.3.3 Dispersion – gravity spreading 
     2.3.4 Dispersion - dilution 
     2.3.5 Dispersion – concentration fluctuations 
     2.3.6 Dispersion – concentration profiles 
     2.3.7 Thermodynamics 
     2.3.8 Mass transfer mechanisms 
     2.3.9 Chemical reactions 
     2.3.10 Transition to passive dispersion 
     2.3.11 Complex effects: aerosols 
     2.3.12 Complex effects: terrain 
     2.3.13 Complex effects: obstacles 
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The capabilities are listed under each of the headings (1)-(13) according to the format set out in 

the template, supplemented with comment as indicated above. 

 

 

 

Category 2.4  Solution techniques 
 

This category considers the solution of the equations formulated (as discussed in the previous 

category).  

 
Topics of interest 

(a) Equation types. The general type has a first-order effect on practicable solution methods. 

(b) Analytical solution methods. Distinction is made between methods developed as part of 

the model development and the use of existing methods. However, analytical methods are 

unlikely to be the principal methods for any but the very simplest models. 

(c) Numerical solution methods. Virtually all dense gas dispersion models require a numerical 

method to solve the governing equations with, in the case of the more advanced models, 

complex and sophisticated numerical solution methods required. Hence there may be a 

number of different aspects to consider, including the computational grid, the discretisation 

methods and the solution of the discrete system. 

 

 
Assessment and comment 

 

General aspects: 

 appropriateness of the solution method based on types of equations to solve 

 advantages and disadvantages of the methods 

 requirements of stability, convergence and accuracy 

 
Contribution to evaluation record 

 

2.4 Solution techniques 
     2.4.1 Equation types 
     2.4.2 Analytical solution methods 
     2.4.3 Numerical solution methods 

 

The capabilities are listed under each of the headings (1)-(3) according to the format set out in 

the template, supplemented with comment as indicated above. 

 

 

 

Category 2.5  Results or output available from model 
 

This category is concerned with the output produced by the model, as a result of solving the 

governing equations together with, possibly, carrying out additional post-processing on these 

results. The primary quantity of interest is contaminant concentration, and so this category focuses 

on concentration-related output. We further distinguish between steady and time-varying situations, 
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and for each consider the concentration field itself (including fluctuations) as well as data derived 

from the concentration, such as contours, time-integrals, etc. 

 
Topics of interest 

(a) Concentration-related output for steady situations. This pertains to steady continuous 

releases only (modelled as solely the final steady state for models that can consider the 

transition to the steady state).  

(b) Concentration-related output for time-varying situations. This pertains to instantaneous 

releases and time-varying releases (plus steady releases modelled as transient problems, i.e. 

the approach to the steady state).  

(c) Other information available. There are usually other variables available, ranging from 

geometrical parameters of the cloud, through the temperature and density to the 

accompanying velocity, pressure and turbulence fields, depending on the complexity of the 

model. 

 

 
Assessment and comment 

 The derived concentration data are the quantities that are of most use in hazard modelling, 

and so the degree to which the model is able to supply these data is an important factor in 

the utility of the model. 

 Consideration of averaging time for the mean concentration is directly relevant to 

application of the model to realistic situations. Although very few models are able to give 

details of concentration fluctuations, from mean square fluctuations to full PDFs, some of 

the simpler (integral) models include an adjustment for the effects of averaging time. 

 

 
Contribution to evaluation record 

 

2.5 Results or output available from model 
     2.5.1 Concentration-related output for steady situations 
     2.5.2 Concentration-related output for time-varying situations 
     2.5.3 Other information available 

 

The capabilities are listed under each of the headings (1)-(3) according to the format set out in 

the template. 

 

 

 

Category 2.6  Sources of model uncertainty 
 

This category considers the general sources of uncertainty in the predictions of the model. The 

topics below represent the contributions to total model uncertainty that are not tied to the simulation 

of specific events. 

 
Topics of interest 

(a) Uncertainty from modelling of stochastic processes. 

(b) Uncertainty caused by model physics assumptions. 

(c) Uncertainty associated with the numerical method. 

(d) Uncertainty from errors in the input data, including parameters to which the predictions 

are most sensitive. 
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Assessment and comment 

Consider implications of analysis for use of the model. 

 
Contribution to evaluation record 

 

2.6 Sources of model uncertainty 
2.6.1 Stochastic processes 
2.6.2 Modelling assumptions 
2.6.3 Numerical method 
2.6.4 Sensitivity to input 

 

A summary of each of the sources of uncertainty for the model followed by discussion of the 

implications of the analysis. 

 

 

 

Category 2.7  Limits of applicability 
 

This category is an important one in the scientific assessment, providing some of the potentially 

most useful information about the model. Hence effort should be made to make the response to this 

category as complete as possible. 

 
Topics of interest 

Limits of applicability in terms of physical scenarios modelled, i.e. what can and cannot be 

represented/modelled, as well as limitations on the information produced by the model in its 

output. Hence use the three parts of the source-environment-targets framework as the basis, 

together with sub-categories. 

 

 
Assessment and comment 

Consider  

 restrictions of model capabilities 

 implications of approximations used in the formulation 

 consider also use beyond limits, i.e. likely errors incurred (e.g. modelling a scenario 

without a key feature represented by the model, such as modelling without obstacles a 

problem in which there are obstacles - what is the effect on predicted concentrations). 

Also, what other effects come into play when a given limit is exceeded. 

 
Contribution to evaluation record 

 

2.7 Limits of applicability 
2.7.1 Sources 
2.7.2 Environments 
2.7.3 Targets/output 

 

On the basis of the assessment/comment aspects, give the limits of applicability for each aspect 

of a problem (1)-(3). 
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Category 2.8  Special features 
 

Concerned with the special features of the scientific basis of the model. 

 
Topics of interest 

Special features of 

 capabilities 

 formulation 

 mathematical aspects 

 
Assessment and comment 

Highlight the features that are unusual or particularly useful by reviewing each category. 

 
Contribution to evaluation record 

 

2.8 Special features 
2.8.1 Capabilities 
2.8.2 Formulation 
2.8.3 Mathematical aspects 

 

List the special features for each aspect. 

 

 

 

Category 2.9  Planned scientific developments 
 
Topics of interest 

A general indication of planned scientific developments to the model, if known. 

 
Assessment and comment 

Compare the planned developments with any weaknesses noted in the rest of Section 2. 

 
Contribution to evaluation record 

 

2.9 Planned scientific developments 
 

List the developments and compare with identified weaknesses. 

 

 

 

 

CATEGORY 3   USER-ORIENTED ASPECTS 

 

This section addresses the practical usage of the model. It is divided up into broad categories 

representing different aspects of using a model. In all cases where assessment of a given user-

oriented aspect is undertaken, known restrictions of users and usage will be acknowledged. This 

category is almost entirely generic, i.e. it could be applied with trivial changes to other groups of 

models.  
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Throughout this section, considerable use is made of the summary information on the template; note 

that the user may wish to enter a crossed box to show explicitly that an option is not available, 

rather than simply to leave the box blank and grey it out. 

 

 

Category 3.1  User-oriented documentation and help 
 

The documentation aimed at helping a user to set up and run the model. 

 
Topics of interest 

(a) Written documentation 

(b) On-screen documentation 

(c) User support 

 
Assessment and comment 

Consider the standard of documentation/help according to 

 range of topics 

 level of detail 

 clarity 

 user-friendliness 

 use of examples 

 accessibility 

 
Contribution to evaluation record 

 

3.1 User-oriented documentation and help 
     3.1.1 Written documentation 
     3.1.2 On-screen help and documentation 
     3.1.3 User support 

 

The documentation/support of each type available should be briefly outlined and then assessed 

according to the aspects listed above. 

 

 

 

Category 3.2  Installation procedures 
 

The requirements for installation of a model vary principally according to the type of model, the 

degree to which the model is commercial and the degree of development of the software user 

interface: some software will require little or no written documentation for installation because the 

entire procedure including setting options is carried out on-screen, whilst other models will require 

a more “manual” approach to copying the relevant files, updating settings on the computer and 

perhaps initialising certain files, etc.  

 
Topics of interest 

(a) Medium on which software is supplied, together with format (e.g. compressed files on 

floppy disks) 

(b) The procedure required to obtain a working copy of the model on a specified computer 
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Assessment and comment 

Consider various aspects of the user-friendliness of the procedure: 

 degree of user interaction required 

 clarity of instructions (including explicit steps for installation - are they clearly defined ?) 

 
Contribution to evaluation record 

 

3.2 Installation procedures 
     3.2.1 Medium 
     3.2.2 Procedure 
     3.2.3 User-friendliness 

 

Give a summary of (1) and (2) with comments on these under (3) based on the given aspects. 

 

 

 

Category 3.3  Description of the user interface 
 

The user interface refers to all aspects of the interaction between the user and the model (software). 

It may be interactive, e.g. using a graphical interface running under Windows on a PC, or it may be 

of the batch variety, with no direct interaction with the model, e.g. submitting jobs to a queue for 

running on a mainframe computer.  

 
Topics of interest 

There are three parts to the user interface that are of interest: 

(a) providing input to the model 

(b) obtaining information as it is running and 

(c) examining the output produced. 

 

 
Assessment and comment 

Consider the user-friendliness of the interface in terms of 

 clarity 

 ease-of-use 

 
Contribution to evaluation record 

 

3.3 Description of the user interface 
     3.3.1 General properties 
     3.3.2 Provision of input 
     3.3.3 Information when model running 
     3.3.4 Examining output 

 

A summary of each of these topics should be given together with comments on the aspects listed 

above. 

 

 

 

Category 3.4  Internal databases 
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As part of an implementation of a model, there may be one or more databases that come with the 

model to which the user has access. The most common example is that of a materials database, 

which would contain the physical properties of the various substances that can be selected as the 

released material. 

 
Topics of interest 

(a) The databases available, in terms of the data they contain 

(b) How they are accessed by the user 

(c) How they are modified and by whom 

 
Assessment and comment 

Consider  

 range of database contents (elements and information for each element) 

 safeguards on use/modification of databases 

 
Contribution to evaluation record 

 

3.4 Internal databases 
     3.4.1 Databases available 
     3.4.2 Access by user 
     3.4.3 Modification 

 

A summary of the topics of interest should be given followed by comments on the aspects listed 

above. 

 

 

 

Category 3.5  Guidance in selecting model options 
 

This category is concerned with which values to assign to the input data to the model. These data 

range from options governing the overall way that the model performs the dispersion calculation to 

the individual parameters forming part of each main option.  

 
Topics of interest 

(a) Outline of input possibly expected, in terms of main headings and organisation 

(b) Methods by which user is given help 

 
Assessment and comment 

Consider  

 the range of choices - number, clarity for choice 

 degree of help given for making choices 

 
Contribution to evaluation record 

 

3.5 Guidance in selecting model options 
     3.5.1 Main choices required 
     3.5.2 Guidance in choices available 

 

A summary of the topics of interest should be given incorporating comments on the aspects 

listed above. 
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Category 3.6  Assistance in the inputting of data 
 

This category is concerned with the stage following that of the previous category, i.e. it is assumed 

that the value of each input data item to the model has been chosen for a given problem and now it 

is required to input these data in order to be able to run the problem. 

 
Topics of interest 

Facilities for assisting input of data 

 the input processor checks on typing errors (including a real value instead of an integer 

one, etc.) and allows the user to correct errors 

 the input processor checks on the range of validity of the input data, e.g. to avoid non-

physical (such as negative) input values, or to avoid values falling outside known valid 

ranges 

 initialisation of parameters with default values 

 structured storage of the input and output files 

 mesh generation 

 

 
Assessment and comment 

Consider  

 the range of facilities available 

 degree to which user is made aware of the facilities 

 
Contribution to evaluation record 

 

3.6 Assistance in the inputting of data 
     3.6.1 Facilities available 
     3.6.2 Comments 

 

A summary of the facilities should be given in (1), followed by comments in (2) on the aspects 

listed. 

 

 

 

Category 3.7  Checks on use of model beyond its scope  
 

Checks in this category act as a further screening stage for inappropriate use of the model, 

supplementary to the checking of the input data for invalid ranges. The emphasis is on the checking 

of intermediate results to ensure that invalid calculations have not taken place, for example by 

ensuring that calculated values fall within reasonable ranges of values. 

It is also appropriate to consider here error messages, which may be produced either when the 

model is running, for example when it performs one of the checks referred to under Category 3.6 

and an unacceptable result is obtained, or possibly also when input and output are being processed.  

 
Topics of interest 

(a) Checks performed on intermediate results 

(b) Action taken by model when flag raised 

(c) Scope of error messages produced by the model 
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(d) Format of error messages, e.g. on-screen or reference number to a document (hard copy) 

 
Assessment and comment 

Consider  

 how reasonably the model behaves when an exception is encountered 

 coverage of error messages, i.e. different stages of use of model 

 clarity and helpfulness of error messages 

 ease-of-access if not self-explanatory, e.g. in User Manual 

 
Contribution to evaluation record 

 

3.7 Error messages and checks on use of model beyond its scope 
     3.7.1 Facilities to trap inappropriate use 
     3.7.2 Error/warning messages 
     3.7.3 Comments 

 

A summary of the facilities should be given in (1) and (2), followed by comments in (3) on the 

aspects listed. 

 

 

 

Category 3.8 Computational aspects 
 

The computational cost, i.e. the time taken for the program to run, should be given in terms of 

standardised test cases 

 
Topics of interest 

(a) Programming languages. Consider the languages used both for the main simulation engine 

and for any auxiliary code, such as a graphical user interface.  

(b) User programming. Consider to what extent user interaction with computer code is possible. 

This may either relate to user-supplied subroutines (a common feature of CFD codes, say) or 

to the entire source code of the model. 

(c) The execution times for a set of specified problems. In all circumstances the platform used as 

well as a reference to the details of the example that was run should be given in addition to 

the execution time (both amount of CPU time and elapsed time, so that an indication of the 

amount of time required for I/O is given). 

 
Assessment and comment 

 Established nature of programming languages used and suitability for task. 

 Ease with which user may employ user-defined subroutine facility if available. 

 Comment on execution times achieved and reconcile with likely usage of model, e.g. short 

execution times for interactive use. 

 
Contribution to evaluation record 

 

3.8 Computational aspects 
     3.8.1 Programming languages 
     3.8.1 User programming 
     3.8.3 Execution times for specified problems 
     3.8.4 Comments 
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A summary in (1)-(3) of the topics of interest given above, plus comments in (4) on the aspects 

listed. 

 

 

 

Category 3.9 Clarity and flexibility of output results 
 
Topics of interest 

(a) The output variables available 

 list of variables 

(b) Facilities provided for display of output results 

 may be part of model software, or may require acquisition of third party (perhaps 

proprietary) software 

 output formats available, e.g. tabulated numerical data, graphs, contour maps of 

concentration, etc. 

 
Assessment and comment 

Consider  

 comparison of results available with most useful/preferred ones (see Appendix 5), 

including user-requested resolution available 

 range of output formats available and usefulness 

 organisation, identification and accessibility of cases run, including previous runs 

 scale and availability of additional software for post-processing 

 

 
Contribution to evaluation record 

 

3.9 Clarity and flexibility of output results 
     3.9.1 Summary of model output 
     3.9.2 Facilities for display of results 
     3.9.3 Comments 

 

A summary of each of the topics of interest should be given, followed by comments on the 

aspects listed. 

 

 

 

Category 3.10  Suitability to users and usage 
 

Concerned with the type of usage to which the model is or is not suited. 

 
Topics of interest 

(a) Types of user, based on 

 specialist knowledge and experience 

 frequency of use (occasional vs. frequent user) 

(b) Types of usage based on 

 intensity of usage, e.g. specific incidents vs. risk assessment 

 range of usage, i.e. is model required to cope with (wide) range of scenarios 
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 isolation of usage, i.e. standalone vs. part of knowledge base 

 
Assessment and comment 

Implications for problems attempted - restrictions due to user experience. 

 
Contribution to evaluation record 

 

3.11 Suitability to users and usage 
     3.11.1 Suitability with respect to type of user 
     3.11.2 Suitability with respect to type of usage 

 

An assessment of the suitability of the model should be given under the headings (1) and (2). For 

the first part of (1), the evaluator may wish to copy the table from Category 1.8.1, which 

represents current usage and then comment on how this compares with the user suitability as 

judged from the scientific assessment. 

 

 

 

Category 3.11  Possible improvements 
 

Concerned with possible improvements to the user-oriented aspects of the model.  

 
Topics of interest 

Improvements to  

 user documentation 

 installation 

 user interface 

 selection and entry of input data 

 information and checks whilst running 

 costs 

 output results 

 
Assessment and comment 

Give recommendations for improvements under each category by reviewing the analysis of each 

category. Consider how to reduce or remove limitations. 

 
Contribution to evaluation record 

 

3.11 Possible improvements 
 

List the recommendations with justification in each case 

 

 

 

Category 3.12  Planned user-oriented developments 
 
Topics of interest 

A general indication of planned developments to the model, if known, which impact on the user-

oriented aspects. 

 



Stage 2: Scientific assessments 

SMEDIS/96/8/D Version 2.0 (7 December 2000) 32 

Assessment and comment 

Compare the planned developments with the possible improvements identified in Category 3.12. 

 
Contribution to evaluation record 

 

3.12 Planned user-oriented developments 
 

List the developments and compare with recommendations. 

 

 

CATEGORY 4   VERIFICATION PERFORMED 

 

Category 4.1  Level of verification performed 
 
Topics of interest 

(a) The parts of the implementation for which verification has been claimed/attempted, e.g. 

 computer code 

 internal databases 

 

(b) The types of verification that have been employed for the model. These might include any of 

the following: 

 line-by-line checking of computer implementation 

 checks for internal consistency, such as mass and/or mass flux balances or performing the 

same calculation in two or more different ways 

 running the code for “simple” scenarios for which an analytical solution may be available 

 for some simple scenarios the results of the code could be compared with the results of 

“workbook” procedures, such as the Britter-McQuaid workbook 

 the behaviour of the model in certain limiting conditions could also be considered, for 

example comparing the results for a passive release with the predictions of a dedicated 

passive release model 

 

(c) Quality assurance of software 

 schemes employed during writing of software 

 testing of software 

 external accreditation 

 
Assessment and comment 

Consider the following aspects of verification performed: 

 level of verification 

 parts not verified (satisfactorily) 

 
Contribution to evaluation record 

 

4 Verification performed 
   4.1 Summary of verification 

 Parts of implementation verified 

 Verification undertaken 

 Quality assurance 

   4.2 Comments 
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A summary of this topic should be given according to (1), followed by comments on the aspects 

listed. 

 

 

 

 

CATEGORY 5   VALIDATION PERFORMED 

 

In this evaluation protocol, performing the validation is a separate stage in the evaluation (Stage 4) 

to the scientific assessment. In this section we address previous validation that has been performed 

on the model; the new results from the validation exercise are inserted in Appendix 1 of the Model 

Evaluation Report. 

 

Category 5.1 Validation already performed 
 

In this category, the evaluator needs to assess the validation that has already been performed on the 

model. It should, if possible, refer to the version being used in the rest of the evaluation; if not, then 

this needs to be noted, together with the differences between the two versions. Documents 

describing this validation will be gathered through the model information questionnaire. 

 
Topics of interest 

For previous validation exercises  

(a) reference 

(b) events/data sets used for comparisons 

(c) procedure for running model 

(d) validation comparisons used 

(e) conclusions drawn 

A reference should be available for each example considered. 

 
Assessment and comment 

For each validation exercise, comment on the quality of each aspect of the validation procedure. 

 
Contribution to evaluation record 

 

5.1 Validation already performed 
     5.1.1 Validation exercises 
     5.1.2 Conclusions 

 

A summary of each validation exercise should be given in (1) using the topics listed above and 

commenting as indicated, followed in (2) by the overall conclusions on validation performed so 

far. 
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CATEGORY 6   CONCLUSIONS 

 

The final category of the evaluation concerns the conclusions that may be drawn from carrying out 

the scientific assessment, both for the model and for the procedure. It brings together the main 

conclusions about all aspects of the model in a single section, together with comments for 

improvement of the protocol itself. 

 
Topics of interest 

 

(a) Summary of assessment. We provide a summary of each of the 5 main categories of the 

assessment, including a separate summary of the limits of applicability.  

(b) Advantages and disadvantages. We also include a section on advantages and disadvantages 

of use of this particular model, both for general usage and for use specifically in application 

to problems from the context-of-use (complex effects). 

(c) Refinements to the protocol resulting from the scientific assessment. Here we include all 

aspects of the protocol relating specifically to the assessment element, i.e. 

 gathering of information (method and results) 

 the procedure for scientific assessment 

 the model evaluation report template 

 
Assessment and comment 

 

The primary new assessment and comment arises with possible refinements to the protocol as a 

result of carrying out the scientific assessment. The clarity, comprehensiveness and above all 

relevance of the procedure should be assessed and recommendations for any modifications 

documented. If possible these comments should be communicated to the authors of the protocol
5
 

as part of Stage 5.   

 
Contribution to evaluation record 

 

6. Conclusions 

 General model description 

 Scientific basis of model 

 Limits of applicability 

 User-oriented aspects of model 

 Verification performed 

 Validation performed 

 Advantages and disadvantages of model 

 General usage 

 Usage in context-of-use 

 Suitability of protocol for assessment of model 
 

                                                 
5
 CERC Ltd., 3, King’s Parade, Cambridge, CB2 1SJ, UK. E-mail info@cerc.co.uk.  
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FURTHER CONTRIBUTIONS TO THE MODEL EVALUATION REPORT 

 

In addition to the results of the assessment, as indicated in the “Contribution to evaluation record” 

section of each category, the Model Evaluation Report will contain further elements arising from 

other stages of the evaluation. These are summarised below. 

 

 

Appendix 1: Actively-generated information 
 

In the case of the SMEDIS protocol, the actively-generated information comprises the results from 

the validation exercise carried out in Stage 4 of the evaluation. This Appendix to the MER therefore 

contains a summary of this new information when available. 

 

 

 

Appendix 2: Comments from model supplier/proponent 
 

This appendix may arise as a result of Stage 5 of the evaluation and is only required if the 

assessment is carried out by a third party, and the model supplier/proponent (who, recall, may also 

be the model developer) has comments on the draft report. This Appendix to the MER contains the 

comments verbatim; assuming the evaluator accepts these comments then they will be incorporated 

in the final version of the report. Otherwise there will be some comment made by the evaluator 

giving their reason for disagreement with the comment – in this way the reader may judge for 

themselves (while avoiding excessive iterations between supplier and evaluator). 
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Stage     Carry out verification  

                  exercise 
 

 

 

 

In SMEDIS, verification is treated passively and forms part of Stage 2: evidence for verification of 

the model (supplied as part of the model information) is examined within the scientific assessment 

of the model (see Category 4). This treatment of verification was selected for SMEDIS because of 

the large number of models in the project and the potentially labour-intensive nature of verification. 

A section is included in the Model Evaluation Report summarising this evidence. 

In the general case, this would be a separate activity for all the models in the project. The most 

comprehensive form of verification in a model evaluation project would be to examine the 

(computer) implementation of each model and check that the mathematical algorithms had been 

translated accurately into code. Other types of verification are described in the assessment part of 

the protocol (see Stage 2, Category 4). 

 

In the event of a separate verification exercise, it would be preferable to record any 

recommendations for improvements to the verification procedure, in keeping with the other parts of 

the evaluation procedure. These should be communicated to the protocol author. 
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Stage     Carry out validation 

                  exercise 
 

 

SMEDIS treats the validation element of evaluation actively by requiring that a model be run to 

simulate a number of experimental tests. The tests to be used were chosen, and their data sets put 

into a suitable format in a database in the earlier setting-up stage (see Stage 1), which also defined 

the procedure for carrying out the exercise for a given model.  

The basic requirement of the validation exercise is for the model to be run to simulate as many 

cases as possible from the 30 data sets contained in the SMEDIS database, summarised in 

Table 4.1. For each case attempted, the user must calculate the statistical comparison parameters for 

all the physical comparison parameters relevant to that data set – see Appendix 3 of this protocol. 

The experimental observations are provided to the user in the form of an Excel worksheet for that 

data set, which also contains the source and ambient conditions for the experiment – the collection 

of worksheets comprises the SMEDIS validation database.  

In all cases, it is preferable if a document is produced to record all the details of each step in 

carrying out the validation exercise. 

 

Step 4.1 Obtain the SMEDIS validation database 

The SMEDIS validation database consists of a set of 30 Microsoft Excel worksheets, one per data 

set. If you obtained this protocol from the SMEDIS CD-ROM, this also contains the full database. 

Otherwise, the database may be obtained from [to be agreed].  

 

Step 4.2 Select the cases to be run in the validation exercise 

Ideally all cases would be attempted. However, a given model may not feature the necessary 

capability, e.g. to handle the presence of (a particular type of) obstacle, and so the user may decide 

that their model is not applicable to one or more cases. On the other hand, they may decide to run 

the case anyway, in order to investigate the level of agreement with the observations that is possible 

even though their model is not directly applicable. In such cases, it is desirable that the features of 

the experimental set-up taken into account are recorded. 

Furthermore, in reality, resource constraints are likely to mean that for a complex model only a 

subset is attempted (and/or minimal re-runs are performed to improve agreement). In the original 

SMEDIS validation exercise, this was acknowledged by defining specific subsets of the entire 

database that should be simulated by each class of model: these cases are indicated in Table 4.1, and 

should be treated as a minimum requirement. 

 

Steps 4.3-4.6 are now performed for each case listed in Step 4.2. 

 

Step 4.3 Pre-processing  

This step may be viewed together with the preparation of input (Step 4.4). It arises from the fact 

that, apart from relatively few idealised experiments that were set up specifically with starting 

conditions closely representative of (simple) model source conditions (e.g. Thorney Island), most 

experiments in the database used more realistic sources, e.g. (flashing) jets, low momentum area 

sources. In the original SMEDIS validation exercise the DGD models were run in conjunction with 

whatever other models/methodology would be employed in “normal” use. It is therefore proposed 

that models carrying out the validation exercise now should follow the same procedure. 
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For models that do not have the capability to simulate these stages, some guidance is provided in 

this protocol – see Appendix 4, which gives a methodology for handling two-phase or single-phase 

possibly under-expanded jets. 

 

 

Step 4.4 Input data 

The experimental conditions for each case are contained on the relevant Excel worksheet. 

Appendix 5 lists the variables that are defined for each test together with a brief description of each 

one. The appendix also contains a FAQ document prepared as a result of queries received on the 

validation data sets during the original SMEDIS validation exercise.  

The user should therefore take these data to specify the experimental set-up for the given test and 

set up the input data for their DGD model (and associated release models, if required) on this basis. 

 

 

Step 4.5 Run model 

The DGD model (and any preceding release models, if required) are run.  

 

 

Step 4.6 Post-processing 

The same worksheet containing the experimental set-up that was used to define the input data for a 

given case in Steps 4.3 and 4.4 also contains the experimental observations, processed to give the 

chosen physical comparison parameters for that test. 

Depending on the capabilities of the DGD model, the output from the run in Step 4.5 will contain 

various concentration data. Such data may be directly comparable with the processed experimental 

observations or it may be necessary to carry out additional post-processing: for example, an 

instantaneous release may involve integration of the predicted concentration time history at a point 

(assuming this is available from the “regular” output), or, for a continuous release, it may simply 

involve finding the maximum (steady) concentration over a set of sensor positions on an arc. The 

objective is to end up with a set of predicted values, one for each observed value, and a set of 

observed/predicted pairs for each case run. 

 

 

Step 4.7 Calculate the statistical validation parameters 

Having obtained the necessary numbers, from the previous steps, the remaining task is to input 

these numbers into the formulae for the statistical comparison parameters, as defined in Appendix 3. 

This must be carried out by the user, as the Excel worksheets do not contain any embedded macros 

to carry out the processing and calculate the parameter values. Note carefully that the statistical 

comparison parameters require the use of thresholds: their values are defined in the appendix. 

 

 

Step 4.8 Model evolution 

Finally, the issue of model evolution needs to be addressed. If the user feels that they wish to 

modify their model because they were not satisfied with the performance, then of course they are 

free to do so. 

However, ideally, the same version should be used for all cases. This may not be necessary if a 

change is localised to a restricted type of run, e.g. a change to treatment of slopes. Also, if a number 

of changes are made, then the user may only wish to re-run all cases after the final change has been 

made. These simplifications may mean that the user will not see the effect of all changes on all 
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cases, which may cause complications if the final version does not perform well for a subset of 

cases. 

Also, although clearly not compulsory in general usage, documentation of all changes, strict control 

of version numbers and a record of which version was used to generate the results in each run of 

each case is strongly advised. 

 

 

Step 4.9 Refinements to protocol 

When the validation exercise has been completed, any recommendations for changes to the 

validation exercise procedure should be documented and communicated to the protocol author, i.e. 

so as to be consistent with the other two parts of the evaluation. 
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Data set group Test name Rationale C/I F/W A T O ST I SL 3d 

Prairie Grass PG8 Simple, well-used data set C F    o o o  

 PG17 As Test 17, but with unstable atmosphere C F    o o   

Desert Tortoise DT1 Aerosol and stronger dense gas effects C F x   o o o  

 DT2 Repeat of DT1 with different flow rate C F x   o o   

BA Propane EEC360 Strong density effects C F x   o o   

 EEC361 As EEC360, but with one obstacle (fence) C F x  x o o   

 EEC362 As EEC360, but with two obstacles (fences) C F x  x o o   

 EEC550 Strong density effects C F x   o o o o 

 EEC551 As EEC550 but with one obstacle (fence) C F x  x o o o  

 EEC560 Strong density effects C F x   o o   

 EEC561 As EEC560, but with obstacle (porous fence) C F x  x o o o  

 EEC170 Strong density effects C F x   o o   

 EEC171 As EEC170, but with obstacle (circular fence) C F x  x o o o o 

 LAT49 Instantaneous release with aerosol effects I F x   o o   

BA Hamburg DAT638 Instantaneous source with steep slope I W  x  o o o o 

 DAT648 As DAT638 but slope less steep I W  x  o o   

 DAT231 Instantaneous release with wall parallel to wind I W   x o o   

 DAT647 Continuous release on slope C W  x  o o o  

 DAT458 Instantaneous release with canyon I W   x o o o  

 049101 Instantaneous release and near-field array of obstacles I W   x o o   

 129034 Continuous release with near-field obstacles C W   x o o o  

BA TNO TUV11 Reference continuous release without obstacle C W    o o   

 TUV13 As TUV11 but with obstacle (oblique fence) C W   x o o   

EMU ENFLO EMUDJ Dense release in complex terrain with obstacles (buildings) C W  x x o o o o 

 EMUNJ As EMUDJ but with weak density effects C W  x x o o   

FLADIS Risø FLADIS16 Aerosol effects and stable atmosphere C F x   o o o  

 FLADIS24 Aerosol effects and neutral atmosphere C F x   o o   

 FLADIS9 Dense release with aerosol effects C F x   o o  o 

Thorney Island TI08 Instantaneous release with strong density effects I F    o o o  

 TI21 Instantaneous release with strong density effects and fence I F   x o o o o 

Table 4.1 The SMEDIS validation data sets and their chief characteristics. 

KEY: C = continuous release; I = instantaneous release. F = field trial; W = wind tunnel experiment. An “x” indicates aerosol effects (A), terrain effects (T) and 
obstacles (O) important. Fences are linear unless otherwise stated. An “o” indicates the case should be attempted by screening tools (ST), integral models (I), 
shallow-layer models (SL) and CFD models (3d). 
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Stage     Post-evaluation tasks 

                   
 

 

 

The final stage in the evaluation of a model using this protocol is to agree the results of the 

evaluation with the model supplier/proponent. Note that this is only necessary if the evaluation has 

been carried out by a third party (see Step 1.1(b)), and then only for the relevant parts for which 

they were responsible. 

 

Step 5.1 Seek agreement of evaluation with model developer/proponent 

If a third party has carried out the scientific assessment of the model, then the draft MER is sent to 

the information supplier (the model developer in the majority of cases) for their comments, and the 

MER is revised to incorporate these comments where possible – an appendix records the comments 

received and if agreement is not possible then the appendix also contains the reaction of the 

evaluator to the comment, so that the reader may judge for themselves.  

If the validation exercise is carried out by a third party then the model supplier/proponent should be 

given the opportunity to check that the results of the model runs have been correctly compared 

against the experimental data.  

If there were an active verification exercise then the results would also be provided to the model 

proponent for checking/comment. 

 

Step 5.2 Refine the protocol 

Following practical use of the protocol, it may be refined to take into account any improvements 

that have been suggested in the course of the earlier stages. This may apply to any part of the 

protocol and not just the part dealing with the scientific assessments. The opportunity should be 

taken to improve the protocol where it appeared to be weak or unsuitable. As for the previous stage 

this could be applied to all three elements of evaluation. Note that this step would only normally be 

carried out by the protocol author; however, if there had been significant local adaptations to the 

protocol (Step 1.4), then improvements to the protocol would necessarily take place locally also. 
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Appendix     Information questionnaires 
 

This Appendix contains the questionnaires that are used to obtain information on the models in the 

project.  

 

 

It should be possible simply to cut out the relevant parts of this Appendix and paste them into new 

documents in order to be able to use the questionnaires with, say, a new model. 

 

 

 



Appendix 1 – Questionnaires – Preliminary Questionnaire 

SMEDIS/96/6 Version 2.1 23 January 1997 

Questionnaire to obtain preliminary information on models 

Ref. No. SMEDIS/96/6, Version 2.1, 23 January 1997 

 

The purpose of this questionnaire is to obtain some preliminary information about each of the 

models being considered by SMEDIS. Comprehensive information about the model (for use in the 

evaluation itself) will be gathered by a second questionnaire (see “Questionnaire to obtain 

information on models for evaluation”, Ref. No. SMEDIS/96/7). The preliminary information will 

be used to survey the capabilities of all the models prior to setting up the database of data sets and 

the requirements for model runs. It may be refined and/or augmented at a later date. The 

information received will be confidential within the project and will not be for dissemination (in its 

current form). 

 

Responsibility has already been allocated for the supply of information on each model in the 

project, and the list of models and information suppliers is given in the Annex to this document. 

Therefore, please give a separate response for each model which has been assigned to your 

organisation. You may do this either in electronic form using e-mail (the preferred route) or by 

means of a hard copy and fax. 

 

The goal of this exercise is to present the preliminary information in tabular form for all the models 

in the project. Therefore the procedure adopted here is for the supplier to enter the information for 

each model directly into a section of the final table (thereby also helping to eliminate misinterpre-

tation of the information). A reduced version of this table appropriate to the information on a single 

model is included in this document. It shows the categories to be used and indicates the expected 

response for each category (this should appear in blue when the document is loaded into MS Word). 

A section of notes is provided explaining, where necessary, the meaning of each category. 

 

The expected response takes one of three forms.  

(a) A number of options are given, separated by vertical bars. The information supplier is expected 

to give one option only as their response for the category, editing the entry and eliminating the 

other unwanted options. 

(b) A number of options are given, separated by commas. The information supplier is expected to 

give the options which apply to the category, editing the entry to eliminate the unwanted options. 

(c) The response takes the form of one or more “variables”, indicated by angle brackets, e.g. 

“<Name>”. The information supplier should replace the variable(s) by the relevant name or 

number, e.g. replace “<Month Year>” by “June 1996” (Category 1.3).  

 

Thus the information supplier should make one copy of the table for each model they are 

responsible for, edit the table directly using the notes provided and return their responses as 

indicated below. Additional notes on a model may be given on the separate page provided. 
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Table of preliminary information for each model in SMEDIS. 
A separate copy of this table should be completed for each model. 

 

ABBREVIATIONS USED IN TABLE 

1.5: ST = screening tool; IN = integral; SL = shallow layer; 3D = three-dimensional (CFD) 

2.1.5: FAO = fixed angles only; FPR = fixed plane, restricted; FPA = fixed plane, any; GEN = 

general 

5.2: F7 = FORTRAN 77; F9 = FORTRAN 90; B = BASIC; C = C; P = PASCAL; O = Other 

5.3: G = graphical; T = textual; C = combination 

5.4: I = interactive; B = batch 

1.  GENERAL INFORMATION 

1.1 Model name <Name> 

1.2 Version number <Number> 

1.3 Date <Month Year> 

1.4 Developer <Organisation, Country> 

1.5 Model Type ST | IN | SL | 3D 

2.  MODEL CAPABILITIES: SOURCE 

2.1 Input from a jet 

2.1.1 Momentum jet source  | () | — 

2.1.2 Momentum jet model available  | — 

2.1.3 Ground level source  | — 

2.1.4 Elevated source  | — 

2.1.5 Impinging on surroundings  | — 

2.1.6 Directionality FAO | FPR | FPA | GEN 

2.1.7 Time variation  | — 

2.2  Input from a liquid pool 

2.2.1 Vaporising pool source  | () | — 

2.2.2 Vaporising pool model available  | — 

2.2.3 Time variation of shape/size  | — 

2.2.4 Time variation of flux  | — 

2.3 Time variation of release rate 

2.3.1 Instantaneous  | — 

2.3.2 Continuous  | — 

2.3.3 Finite duration continuous  | — 

2.3.4 General time-varying  | — 

2.4 Spatial distribution 

2.4.1 Cylindrical initial volume  | — 

2.4.2 Other initial volumes  | — 

2.4.3 Flux defined over rectangular area  | — 

2.4.4 Flux defined over other areas  | — 

2.4.5 Time variation  | — 

2.5 Chemical composition 

2.5.1 Multi-component  | — 

2.5.2 Arbitrary substance  | — 

2.5.3 Approximate number of built-in 

substances 

<Number> 

2.6 Two-phase releases  | — 
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3.  MODEL CAPABILITIES: ENVIRONMENT 

3.1  Atmosphere 

3.1.1 Pasquill-Gifford classes  | — 

3.1.2 Wind speed from single z0, U(zref)  | — 

3.1.3 Monin-Obukhov length  | — 

3.1.4 Explicit wind field  | — 

3.1.5 Explicit atmospheric turbulence  | — 

3.1.6 Zero wind  | — 

3.1.7 Explicit atmospheric temp field  | — 

3.1.8 Moisture in atmosphere  | — 

3.2  Terrain 

3.2.1 Single slope  | — 

3.2.2 Multiple slopes  | — 

3.2.3 Variable surface roughness  | — 

3.2.4 General surface topography  | — 

3.3 Obstacles 

3.3.1 Buildings  | — 

3.3.2 Fences  | — 

3.3.3 General obstacle  | — 

3.4 Heat exchange interactions of cloud material 

3.4.1 Sensible heat exchange with 

ambient air 

 | — 

3.4.2 Latent heat from ambient 

moisture 

 | — 

3.4.3 Heat exchange with terrain  | — 

3.4.4 Heat exchange with obstacles  | — 

3.4.5 Phase changes  | — 

3.5 Mass transfer of cloud material 

3.5.1 Wet deposition  | — 

3.5.2 Dry deposition  | — 

3.5.3 Obstacle impaction  | — 

3.6 Chemical reactions of cloud material 

3.6.1 With atmosphere  | — 

3.6.2 With terrain  | — 

3.6.3 With obstacles  | — 

3.6.4 Radioactivity  | — 
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4.  MODEL CAPABILITIES: TARGETS (output variables) 

4.1 Output variables for steady situations 

4.1.1 concentration along centreline  | () | — 

4.1.2 concentration at arbitrary points  | () | — 

4.1.3 crosswind distance to given conc  | () | — 

4.1.4 flammable mass  | () | — 

4.1.5 plume width  | () | — 

4.1.6 other  | () 

4.2 Output variables for time-varying situations 

4.2.1 concentration along centreline  | () | — 

4.2.2 concentration at arbitrary points  | () | — 

4.2.3 flammable mass  | () | — 

4.2.4 crosswind distance to given conc  | () | — 

4.2.5 crosswind distance to given dose  | () | — 

4.2.6 toxic dose at arbitrary point  | () | — 

4.2.7 puff radius  | () | — 

4.2.8 time-of-arrival  | () | — 

4.2.9 other  | () 

5.  USER-ORIENTED FEATURES 

5.1 Computer platform/operating system 

5.1.1 PC <O/S> | — 

5.1.2 Workstation <O/S> | — 

5.1.3 Mainframe <O/S> | — 

5.1.4 Vector/parallel machine <O/S> | — 

5.1.5 Other <O/S> | — 

5.2 Programming languages F7, F9, B, C, P, O 

5.3 User interface G | T | C 

5.4 Modes for running model I, B 

5.5 Form of output from model 

5.5.1 Numerical on-screen  | () | — 

5.5.2 Numerical hard copy  | () | — 

5.5.3 Graphical on-screen  | () | — 

5.5.4 Graphical hard copy  | () | — 

5.6 Typical run-time <Range> on <Computer> 

6.  VALIDATION PERFORMED 

6.1 Validation documents available ?  | — 

7.  SUPPLIER OF INFORMATION IN THIS TABLE 

7.1 Name of individual <Name of person> 

7.2 Name of organisation <Name of organisation, 

Name of department> 

7.3 Status of organisation with respect 

to model developer 

Same | Licensee | User 
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Additional notes 
This page should be used if it is desired to qualify the responses given. Each note should indicate 

the item to which it pertains, and all notes should refer to a single model. However, please note that 

the information supplier should try to avoid the need for giving such additional notes as far as 

possible. 
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Notes for completion of questionnaire 
 

The following notes should be referred to when completing your response. The number shown 

refers to the question number. 

 

1. General Information 
The required information here should be largely self-evident. 

 

1.5 Model type 
This is taken from one of the following options

6
: 

ST = screening tool 

IN = integral 

SL = shallow layer 

3D = three-dimensional (CFD) 

 

 

2. Model Capabilities: Source 
The information required in this section is concerned with whether or not the model is able to deal 

with certain source situations. Sections 2.1 and 2.2 consider “specific” situations where the source 

for the dispersion model is derived from a certain type of flow, such as a momentum jet or a 

vaporising liquid pool, whilst Sections 2.3-2.6 consider “non-specific” situations, i.e. we consider 

the source to the dispersion model in more general terms without taking into account how it arose. 

In Sections 2.1 and 2.2 instructions for giving the response are included within the sections. For 

Sections 2.3-2.6 the information supplier should enter either a tick  if the feature applies to the 

dispersion model or a dash — if it does not. 

 

2.1 Input from a jet 

Concerns input to the dispersion model derived from a momentum jet release and the characteristics 

of the jet that are allowed. 

2.1.1 The ability of the dispersion model to handle a momentum jet source. A tick  or a qualified 

tick () indicates that the dispersion model has an explicit option for handling the input 

from a momentum jet source; the former indicates that a suitable momentum jet model is 

available directly (i.e. is “bundled in” with the dispersion model), whilst the latter indicates 

that a separate jet model must be used. A dash — means that the dispersion model has no 

explicit option for handling a momentum jet source. 

2.1.2 This indicates whether or not an actual jet model is available (this response must be consistent 

with 2.1.1).  

The rest of Section 2.1 applies to the properties of the jet in the model indicated in 2.1.2. In general, 

if the model has the indicated capability then enter a tick , otherwise enter a dash —. If no jet 

model is available then enter a dash — in all categories. 

2.1.3 The jet can be at zero elevation above the terrain 

2.1.4 The jet can be at non-zero elevation above the terrain 

2.1.5 The jet can interact with its surroundings, i.e. terrain and/or obstacles 

                                                 
6
 The classification scheme used here is not the same as that in use in the current draft of the SMEDIS protocol (Ref. 

No. SMEDIS/96/8); the present scheme will be retained until that adopted in the protocol is finalised; it should be 

straightforward to reclassify the models given the information available here. 
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2.1.6 The directionality of the jet. The jet direction is usually defined with respect to some fixed 

direction appearing in the set-up, such as the wind direction. Choose one of the following 

options: 

FAO = the direction of the release can be at one of a finite number of fixed angles only 

FPR = the direction of the release can be within a fixed plane, such as the vertical plane 

defined by the wind direction, and over some continuous but restricted range of 

angles, such as horizontal downwind to vertical 

FPA = the direction of the release can be within a fixed plane, such as the vertical plane 

defined by the wind direction, and at any angle within that plane 

GEN = the direction of the release is completely general 

2.1.7 The characteristics of the jet can vary with time 

 

2.2 Input from a liquid pool 

Concerns input to the dispersion model derived from a liquid pool release, i.e. a low momentum 

surface area source, and the characteristics of the liquid pool that are allowed. 

2.2.1 The ability of the dispersion model to handle a liquid pool source. A tick  or a qualified tick 

() indicates that the dispersion model has an explicit option for handling the input from a 

liquid pool source; the former indicates that a suitable liquid pool source model is available 

directly (i.e. is “bundled in” with the dispersion model), whilst the latter indicates that a 

separate pool source model must be used. A dash — means that the dispersion model has no 

explicit option for handling a liquid pool source. 

2.2.2 This indicates whether or not an actual pool source model is available (this response must be 

consistent with 2.2.1). 

The rest of Section 2.2 applies to the properties of the pool source in the model indicated in 2.2.2. If 

the model has the indicated capability then enter a tick , otherwise enter a dash —. If no pool 

source model is available then enter a dash — in all categories. 

2.2.3 The shape/size of the surface area source can vary with time 

2.2.4 The flux from the surface area source can vary with time 

 

2.3 Time variation of release rate 

Concerned with the explicit options that may be selected for the time variation of the release rate of 

the source 

2.3.1 The released material is an initially quiescent volume 

2.3.2 The material is released at a constant rate for all time 

2.3.3 The material is released at a constant rate but over a finite time interval only 

2.3.4 The rate at which material is released can be varied in an arbitrary way 

 

2.4 Spatial distribution 

Concerned with the spatial distribution of the material forming the initial cloud or entering the 

cloud 

2.4.1 Source material is initially confined to a cylindrical volume 

2.4.2 Source material is initially confined to a volume whose shape is not necessarily cylindrical 

2.4.3 Source material is emitted as a flux defined over some rectangular area 

2.4.4 Source material is emitted as a flux defined over some area whose shape is not necessarily 

rectangular 

2.4.5 The dimensions of the source can vary with time 

 

2.5 Chemical composition 
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Concerned with the composition of the released material 

2.5.1 The released material can be specified to be a mixture of different “pure” substances 

2.5.2 The released substance can be arbitrary, provided its physical properties are known and can be 

entered 

2.5.3 The approximate number of pre-defined substances which can be accessed by the model 

 

2.6 Two-phase releases 

The material forming the input to the cloud can be a two-phase mixture 

 

 

3. Model Capabilities: Environment 
The information required concerns which features of the environment the model is able to deal with. 

Hence the response in all cases is either a tick  for “yes” or a dash — for “no”. 

 

3.1 Atmosphere 

Concerns how various features of the atmosphere, in particular the wind, are treated by the model. 

3.1.1 Pasquill-Gifford class can be entered 

3.1.2 The wind speed is determined by a single roughness parameter and a single wind speed at a 

specific height 

3.1.3 Monin-Obukhov length can be entered 

3.1.4 An explicit mean wind field (generally just vertical profile) can be entered  

3.1.5 Explicit turbulence field for atmospheric flow can be entered 

3.1.6 The case of zero wind is a valid input option 

3.1.7 An explicit mean atmospheric temperature field (generally just vertical profile) can be entered 

3.1.8 Moisture in the atmosphere is taken into account 

 

3.2 Terrain 

The terrain is the surface over which the wind blows and above which the dispersion of the cloud 

takes place. 

3.2.1 The ground can be uniformly sloping, i.e. at the same angle to the horizontal everywhere 

3.2.2 The ground can have piecewise constant slope 

3.2.3 The surface roughness can vary with position 

3.2.4 There can be general variations in the surface height over some two-dimensional domain. 

 

3.3 Obstacles 

Objects which are in contact with the terrain and around/over which the cloud disperses. 

3.3.1 One or more cuboidal objects distributed over the terrain. 

3.3.2 Barriers of finite height (and negligible thickness) but infinite lateral extent 

3.3.3 Objects of general shape, dimensions and surface characteristics. 

 

3.4 Heat exchange interactions of cloud material 

Thermodynamic interactions taken into account between the dispersing cloud material and its 

surroundings 

3.4.1 The ambient air and the cloud material are allowed to have different specific heat capacities, 

so that there is exchange of sensible heat between the two 

3.4.2 The condensation of ambient moisture releases latent heat 

3.4.3 Heat exchange between cloud material and terrain (not obstacles) 

3.4.4 Heat exchange between cloud material and obstacles themselves 

3.4.5 Vaporisation/condensation of released material in a two-phase cloud can occur 
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3.5 Mass transfer of cloud material 

Loss of mass from the cloud to its surroundings 

3.5.1 Transfer of mass to the ground due to rain washing out material from the cloud 

3.5.2 Transfer of mass to the ground due to settling (sometimes also called “rain out”) and/or 

diffusion 

3.5.3 Impaction of droplets on obstacles (non-horizontal surfaces) 

 

3.6 Chemical reactions of cloud material 

Chemical reactions involving cloud material and its surroundings 

3.6.1 Chemical reactions between the cloud and the ambient air (which may include water vapour) 

3.6.2 Chemical reactions between the cloud and the terrain 

3.6.3 Chemical reactions between the cloud and any obstacles present 

3.6.4 Spontaneous decay of radioactive material within the cloud 

 

 

4. Model Capabilities: Targets 
The information required is concerned with how the model deals with certain targets (output 

variables). Hence the response is a tick , indicating that a quantity is available directly from the 

dispersion model, a qualified tick (), indicating that the feature is available but separately, e.g. as a 

standalone post-processing stage, or a dash — for when the feature is not available.
7
 

 

4.1 Output variables for steady situations 

This section concentrates on the output variables relevant to steady situations, i.e. where the source 

and external conditions are constant in time. This situation leads to a plume-like cloud.  

4.1.1 Centreline concentration distribution 

4.1.2 Concentration at arbitrary point(s) 

4.1.3 Crosswind distance to given concentration level 

4.1.4 Mass of gas between upper and lower flammability limits 

4.1.5 Horizontal distance from cloud centreline to the cloud “edge”, at a given distance from the 

source 

4.1.6 Other output variables available for steady situations may be noted. Details should be given on 

the additional page provided, if desired. 

 

4.2 Output variables for time-varying situations 

This section concentrates on the output variables relevant to time-varying situations, i.e. where the 

source and/or external conditions vary with time. This situation tends to lead to a puff-like cloud.  

4.2.1 Concentration along centreline as a function of time 

4.2.2 Concentration at arbitrary point(s) as a function of time 

4.2.3 Mass of gas between upper and lower flammability limits as a function of time 

4.2.4 Crosswind distance to given concentration level as a function of time 

4.2.5 Crosswind distance to given dose level, where toxic dose is defined as the integral over all 

time of concentration time history at given position x modified by toxic exponent n, i.e. 

integral of {c(x,t)}
n
 from t  0 to t   

4.2.6 Toxic dose (as defined above) at arbitrary point 

4.2.7 Horizontal distance from cloud centroid to the cloud “edge” as a function of time. 

4.2.8 Time taken for cloud centroid, say, to reach a given distance from the source 

                                                 
7
 In this section we do not attempt to address the issue of averaging (either ensemble averaging or time-averaging); we 

regard it as an extra level of complexity which may be categorised for the models at a later stage. 
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4.2.9 Other output variables available for time-varying situations may be noted. Details should be 

given on the additional page provided, if desired. 

 

 

5. User-oriented features 
The information required here concerns the computer implementation of the model, if one exists. 

The response is generally either a tick  if the feature is available or a dash — if it is not. In Section 

5.5 a distinction is also made between a tick , indicating that the feature is available directly from 

the model, and a qualified tick (), indicating that the feature is only available separately. If there is 

no computer implementation, then the dash option should be chosen throughout. 

 

5.1 Computer platform/operating system 

For each type of computer on which the model is run, enter the name of the operating system, 

otherwise enter a dash if the type of platform is not used. 

 

5.2 Programming languages 

Confirms which programming languages are used for the model. Choose one or more of the 

following options: 

 F7 = FORTRAN 77 

 F9 = FORTRAN 90 

 B = BASIC 

 C = C 

 P = PASCAL 

 O = Other 

 

For the “Other” option, further details may be given on the additional page provided. 

 

5.3 User interface 

Indicates the type of user interface. Choose from one of the following options: 

 G = mainly graphical (e.g. Windows-like) 

 T = mainly textual (e.g. DOS-like) 

 C = combination of both graphical and textual 

 

5.4 Modes for running model 

Indicates the general way in which the model is run. Choose one or both of the following options: 

 I = model can be run interactively 

 B = a number of runs can be set up and then executed in sequence, i.e. in batch mode 

 

5.5 Form of output from model 

Indicates the forms of output which may be obtained from the model. A tick  indicates that the 

form of output can be produced directly from the model itself, whilst a qualified tick () means that 

it may be obtained but separately, e.g. by means of some post-processing facility.  

5.5.1 Numerical values of output from the model may be viewed on-screen 

5.5.2 Numerical values of output from the model may be printed out as hard copy 

5.5.3 Graphical representation of output from the model (e.g. x-y plots, contour plots, etc.) may be 

viewed on-screen 

5.5.4 Graphical representation of output from the model (e.g. x-y plots, contour plots, etc.) may be 

printed out as hard copy 
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5.6 Typical run-time 

For a given computer platform, enter a typical run-time from one of the following ranges: 

 < 1 minute 

 1-5 minutes 

 5-30 minutes 

 30-60 minutes 

 > 60 minutes 

 

 

6. Validation performed 
The information required here is whether or not documents are available on validation exercises that 

have already been performed on the model. 

 

 

7. Supplier of information in this table 
The required information here should be self-evident. 
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Questionnaire to obtain information on models for evaluation 
 

Ref. No. SMEDIS/96/7, Version 1.0, 4 March 1997 

 

The purpose of this document is to request the information which is needed for the evaluation of 

each model in SMEDIS. Preliminary information has already been gathered on each model
8
 from 

the organisation responsible - both models and organisations are listed in the Annex to the present 

document. 

 

Evaluation protocol and information requirements 
The layout of this questionnaire is dictated by the information requirements of the associated 

evaluations, which in turn are embodied in the evaluation protocol. The SMEDIS protocol adopts 

the same general structure as that of the CEC Heavy Gas Dispersion Expert Group
9
. Thus we 

employ a general division of the evaluation into four main topics, namely 

 scientific assessment 

 user-oriented assessment 

 verification 

 validation 

The database used in association with the evaluations is documented separately [to appear]. 

 

Active vs. Passive 
Some of the topics used for an evaluation can be approached actively rather than passively, i.e. the 

information needed to address them can be obtained by active use of the model rather than by pre-

existing documentation and experience. For those parts treated using a passive approach, it is 

necessary to obtain the information from a designated supplier such as the model developer. This is 

the approach adopted for the majority of aspects considered in the SMEDIS protocol
10

, which is 

therefore the reason why this questionnaire is needed. 

 

Layout of questionnaire 
Due to the direct link between the type of information required and the categories used in the 

evaluations, we organise the information required into the same categories, so that the questionnaire 

contains the following headings: 

1. General information 

2. Information for scientific assessment 

3. Information for user-oriented assessment 

4. Information on verification 

5. Information on validation 

6. Administrative details 

It is the job of the supplier to gather and forward information under each heading. The information 

supplied should refer to a single well-defined version of the model, which is termed the reference 

version of the model, and which should be unambiguously identified. 

 

In addition there is a heading  

                                                 
8
 By means of “Questionnaire to obtain preliminary information on models”, Ref. No. SMEDIS/96/6. 

9
 
 
Heavy Gas Dispersion Evaluation Protocol, produced by the CEC Model Evaluation Group, Heavy Gas Dispersion Expert Group. 

Version 2.1, April 1996. 
10

 With the important exception of validation of the model, for which an active approach is taken, although pre-existing validation is also 

of interest (see Section 5). 
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7. Revision of information 

which comes into play should the information on the model require updating (e.g. due to further 

development of the model).  

 

Information required 
The broad categories listed above are divided up into further sub-categories, and for each one the 

information supplier is requested to give information covering that aspect of the model. A response 

is sought in one of two forms. 

(a) In the first form of response, the information supplier is required to identify and supply 

documentation which describes the given aspect of the model, for example using reports, 

manuals and papers (journals, conference proceedings). This type of response is the preferred 

form, and is particularly appropriate to those aspects for which there is a body of information, 

some or all of which is needed in the assessment, for example for assessing the scientific basis of 

the model.  

(b) The second form of response requires the information supplier to enter information explicitly on 

the given heading. Headings of this type are marked with an asterisk in the questionnaire. 

This type of response is restricted to aspects of the model that can be recorded relatively 

concisely and/or for which there may not be an answer explicitly documented, for example the 

heredity of the model or the computer platforms used. 

In terms of the sections of this questionnaire (see above), Sections 2 and 5 use predominantly 

document responses, Sections 1 and 6 (and 7 if present) use explicit responses, and Sections 3 and 4 

use a mixture of the two. 

 

Instructions for completing questionnaire 
For each model for which they are responsible the information supplier needs to make a copy of this 

questionnaire and then work through the sections in turn, completing them as follows. 

 Where a document response is expected, documentation describing the aspect in question should 

be found. The supplier should make a note of the part(s) of the document(s) relevant to the 

aspect, and then move on to the next heading. 

If no such documentation is available the information supplier is requested to add their own notes in 

the space following the heading. 

When all categories of this type have been considered, so that all the documentation to be used has 

been assembled, the supplier needs to number these documents and then run through the 

questionnaire again, now entering the cross-references, i.e. the number of the document together 

with the relevant section/page numbers, for each category
11

. If they wish to, the supplier can add 

some text expanding on how the cross-references given relate to the aspect in question. If a 

document refers to a version different to the reference version, the supplier should note this and 

outline any differences that may be relevant to the given aspect. 

 Where an explicit response is expected, this should be entered in the space following the 

heading. 

 

Notes are provided with the questionnaire, outlining the scope of each heading in Sections 1-3; 

these notes are intended to be sufficiently detailed to guide the provision of information if there is 

no documentation available. A cover sheet is also provided, on which the variables in angle 

brackets <…> should be replaced with the appropriate information, such as the name of the model 

in the title, the date completed, etc. 

                                                 
11

 The potential advantage of assembling all the documentation first is that the most important references can be identified and 

highlighted by placing them at the top of the list of documents, i.e. numbering them “1”, “2”, etc.  
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Since this questionnaire is being supplied in electronic form, there should automatically be 

sufficient space to make responses. 

 

Supplementary information 
In cases where the information needs to be updated on a model, for example due to further 

development, a supplement should be created. This is a document entitled “Supplement to response 

to questionnaire for information on <model>, <date>”, where “<model>” is the name of the model 

and “<date>” is the date at which the supplement was created. A supplement contains details of 

how the information has changed, and should clearly state the heading(s) to which the changes 

refer. There can be more than one supplement to the response to the questionnaire, e.g. due to 

successive revisions of the model.  

 

Thus, whenever a new supplement is created, the information supplier should send the supplement 

document, together with Section 7 only of this questionnaire, to the evaluator. 

 

Notes 
 

 The supplier should attempt to make their answers as complete as possible, to reduce the need 

for further requests for information. 

 In the case of more general-purpose (CFD) models, some of the available documentation will 

not be relevant to the current context-of-use, namely dense gas dispersion, with particular 

interest in complex terrain, obstacles and aerosol releases. The supplier should therefore 

confine information and documentation to this subset. 

 Any information which the supplier wishes to remain confidential should be so marked: this 

information may be used for the evaluation, but would not be circulated directly amongst the 

rest of the partners (see also the notes on Item 1.8). 

 Documents supplied can be left entire, i.e. they do not need to be fragmented if they are 

relevant to more than one part of the questionnaire. 

 Any queries concerning this questionnaire may be sent to the e-mail address given below. 
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1. General information 

 

This section is concerned with information of a general nature. It is also used to define the reference 

version of the model. In this section, responses should be made explicitly in the spaces provided. 

 

1.1* Name of model 

 

 

 

1.2* Version number and date 

 

 

 

1.3* Approximate age of model 

 

 

 

1.4* Heredity of model 

 

 

 

1.5* Model developer contact information 

 

 

 

1.6* Short description of model  

 

 

 

1.7* Short description of areas of application of model  

 

 

 

1.8* List of documents supplied 
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2. Information for scientific assessment 

 

This section is concerned with the physical and mathematical basis of the model, and so documents 

should be supplied which describe in as much detail as possible the theoretical background to the 

model. Please give the cross-references which address the following topics: 

 

2.1 Physical problems addressed by the model 

 

 

 

2.2 Physical processes modelled 

 

 

 

2.3 Mathematical formulation of the problem 

 

 

 

2.4 Solution method 

 

 

 

2.5 Output variables 

 

 

 

2.6* Planned scientific developments 
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3. Information for user-oriented assessment 

 

This section is concerned with the practical aspects of the model, i.e. all aspects of how the model is 

operated and used to solve specific problems. Some of this information will be contained in the 

User Manual or other documentation intended to assist a user in setting up and running the model. 

Please give explicit responses to the headings marked with an asterisk; otherwise please give the 

cross-references which address the following topics. 

 

3.1 Computer environment 

 

3.1.1* hardware 

 

 

 

3.1.2* operating system 

 

 

 

3.1.3* auxiliary software 

 

 

 

3.1.4* programming language(s) 

 

 

 

 

3.2 Installation procedure 

 

 

 

3.3 User interface 
 

 

 

3.4 Internal databases 
 

 

 

3.5 Input aspects 

 

3.5.1 entering given input data 

 

 

 

3.5.2 guidance for selecting input data 
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3.5.3 automatic checks on data validity 

 

 

 

3.6 Running the model 

 

3.6.1* modes for running model 

 

 

 

3.6.2 error messages 

 

 

 

 

3.7 Output aspects 

 

3.7.1 types and formats of output displayed 

 

 

 

3.7.2* identification, organisation and accessibility of output from runs 

 

 

 

3.7.3 hard copy facilities 

 

 

 

3.8 Interfacing to other models and software 

 

3.8.1* part of program suite ? 

 

 

 

3.8.2* general-purpose model ? 

 

 

 

3.8.3* interfacing with software tools 

 

 

 

3.8.4* source models 

 

 

 

3.8.5* other models 
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3.8.6* customisation of software 

 

 

 

3.8.7* modularity of software 

 

 

3.9 Status and availability of model 

 

3.9.1* maturity of model 
 

 

 

3.9.2* availability of model 
 

 

 

3.9.3* peer review of model 
 

 

 

3.9.4* options for acquisition 

 

 

 

3.9.5* contact information for obtaining model (if available) 

 

 

 

3.10 Resources 

 

3.10.1* financial cost of model (if applicable) 

 

 

 

3.10.2* order of magnitude of run time on specified platform and for specified problem  

 

 

 

3.10.3* order of magnitude of memory and disk requirements on specified platform for 

specified problem 

 

 

 

3.11 Users 

 

3.11.1* current users 
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3.11.2* knowledge requirements 

 

 

 

3.11.3* experience requirements 

 

 

 

3.11.4* day-to-day support provided 

 

 

 

3.11.5* training available in use of model 

 

 

 

3.12 Planned user-oriented developments 
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4. Information on verification 

 

This section is concerned with activities to ensure that the mathematical model is translated 

accurately into its computer implementation. The most comprehensive method would be to check 

the computer code line-by-line against the calculations it is meant to represent; however, in practice 

a less rigorous route may be taken, such as  

 comparisons against analytical solutions 

 accuracy of conservation relations 

 performing the same calculation in two (or more) different ways 

 

In addition to the model itself, verification should be applied to any internal databases used. This 

means that for each database verification is required that it has been constructed accurately, i.e. the 

information for each element of the database is correct, and that the database is used by the model 

in the correct manner, i.e. the model accesses the correct data from the database for a given model 

run. 

 

Finally, this section is also concerned with the quality assurance procedures adopted during the 

development of the software. Such procedures may be internal to the model developer or may be of 

a more independent origin.  

 

Please describe in the space below how these issues have been addressed for the model in question, 

and give the cross-references of any documentation that describes the verification and quality 

assurance activities. 
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5. Information on validation 

 

The SMEDIS protocol takes an active approach to model evaluation, inasmuch as it requires 

validation against data of a model to be carried out by running it to simulate specified experimental 

conditions and then comparing the simulation results against the experimental data, rather than 

relying on pre-existing validation work. However, it is likely that there has been other validation 

work performed for the model in the past, and it is of interest to include this in the evaluation as a 

separate part of the section on validation. 

 

Also of interest are the results of any documented sensitivity studies, showing the effects of 

variations in the model parameters on the model output, as this information is useful in quantifying 

some aspects of model uncertainty.  

 

Therefore, please supply any documentation which describes validation or sensitivity studies of the 

reference version of the model. Give the relevant cross-references here. If the validation refers to a 

different version of the model, then this should be noted and the differences should be documented. 

 

(Note that at this stage it is unnecessary to consider information relating to data set databases used 

for validation, as this is a separate activity in the project.) 
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6. Administrative details 

 

When this questionnaire has been completed, each person who has made a contribution should enter 

their details here, as indicated, with the principal contributor first. 

 

 

Name:  

Organisation:  

Position:  

Status of organisation (developer/licensee/user/other):  

Date:  
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7. Revision of information 

 

This section allows the recording of any changes to the information on this model, for example due 

to further developments of the model algorithms.  

 

The description of changes to the information on the model should be contained in supplements (see 

Introduction) produced by the information supplier. Each time a supplementary document is 

produced for this model it should be listed below together with an outline of the contents in each 

case. 
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Notes to accompany questionnaire 

The following notes have been provided to assist the completion of the questionnaire. Recall that 

items marked with an asterisk* require the information supplier to enter explicit answers in the 

spaces provided on the questionnaire, whilst the response to those without an asterisk should be in 

the form of relevant documentation cross-referenced on the questionnaire.  

 

1. GENERAL INFORMATION 

 

1.1* Name of model 

Expand any acronyms used in the name. 

 

1.2* Version number and date 

Give the number of the reference version, i.e. the version being evaluated, together with the date of 

release for this version. 

 

1.3* Approximate age of model 

Give age to the nearest year. 

 

1.4* Heredity of model 

Briefly describe the historical relation to other models, if any. 

 

1.5* Model developer contact information 

Give name, postal address, telephone number, fax number and e-mail address of a contact located at 

the model developer. 

 

1.6* Short description of model 

This could include:  

 general type
12

 (empirical, integral, shallow layer, CFD);  

 capabilities (source characteristics, types of environment, time-dependency, etc.);  

 computer platform used (hardware, operating system);  

 output produced (variables, resolution). 

Use up to around 100 words. 

 

1.7* Short description of areas of application of model 

This could include: 

 general areas, e.g. chemical onshore industry, hydrocarbon onshore/offshore industry, etc. 

 well-suited application areas 

 limitations on application area 

 suitability for toxic/flammable releases 

 suitability for near-field/far-field problems 

Use up to around 100 words. 

 

1.8* List of documents supplied 

This list must contain all the documents accompanying this questionnaire, and the numbering must 

match that of the copies supplied. The numbering scheme of the documents can be decided by the 

                                                 
12

 Note that model types will be adjusted later to match those adopted in the protocol; here, the classification used in the Annex is 

retained. 
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supplier, but it may be desirable to place the dominant references at the start of the list (i.e. those 

documents that cover most aspects of the model), followed by the other less comprehensive 

references in alphabetical order, say. The suggested format for each document is: 

<No.>   <Reference> 

<Outline scope> 

where 

<No.> is the document number in the list 

<Reference> is a reference for the document (abbreviated if desired) using a consistent format 

<Outline scope> gives an indication of the content of the document and the general headings to 

which it is relevant 

 

If the information supplier wishes some documents/information to remain confidential, they should 

indicate this in the document list. One option is to use a code, chosen so that it distinguishes the 

required types of confidentiality: for example, CD = document confidential, CI = information 

confidential, U = not confidential, etc. The supplier would be responsible for devising such a code, 

and they should define what the classification scheme means at the start of the list so that it is clear 

how the document/information may be used. Alternatively, short notes can be added to the “Outline 

scope” indicating the confidentiality aspects of the document. 

 

 

2. INFORMATION FOR SCIENTIFIC ASSESSMENT 

The information should include, where possible, statement of the assumptions that have been made 

in defining a given aspect of the model. 

 

2.1 Physical problems addressed by the model 

Provide information on the capabilities of the model, in terms of the problems that it can simulate. 

Ideally the capabilities should be described in terms of the source-environment-targets framework 

adopted in the protocol. Since the targets (output variables) are described in a later category, restrict 

attention to the sources and environments, e.g. 

 use of input from source models 

 space- and time-dependency of source 

 source materials (including access to a database of materials) 

 two-phase releases 

 atmospheric properties 

 terrain 

 obstacles 

 

2.2 Physical processes modelled 

Provide information on the physical processes taken into account in the model, including how these 

are simplified or approximated. The processes should include 

 fluid dynamics and mass transfer (e.g. entrainment, turbulence, diffusion, deposition, 

interaction of flow with obstacles) 

 thermodynamics (e.g. heat transfer, latent heat, temperature dependence of physical 

properties) 

 chemistry (reactions, radioactivity) 

 



Appendix 1 – Questionnaires – Main Information Questionnaire 

SMEDIS/96/7 Version 1.0 4 March 1997 

2.3 Mathematical formulation of the problem 

Provide information on how the mathematical problem is formulated. This should include the 

following aspects: 

 the governing equations (e.g. conservation relations) 

 the boundary conditions accompanying these equations 

 approximations made to the equations, including the parameterisation of terms in the 

equations 

 the final equations solved, i.e. following non-dimensionalisation, transformations, etc. 

 

2.4 Solution method 

Provide information on how the mathematical problem whose setting-up was described in 2.3, is 

solved, especially the numerical methods employed. Consideration of numerical methods should 

include an indication of parameters needed to achieve a certain accuracy, e.g. size of time step, grid 

refinement. Also consider the subsequent steps in processing the solution obtained to produce the 

dimensional variables of the governing equations, e.g. (inverse) transformations, scalings, etc. 

 

 

2.5 Output variables 

Provide information on the output variables available from the model, both directly, as in the 

dependent variables of the governing equations, as well as those derived from the primary variables. 

The issue of averaging, both ensemble- and time-averaging, should be addressed, i.e. how the 

variables incorporate this (if at all, perhaps implicitly), and how the computed variables relate to 

measurable quantities. 

 

 

2.6* Planned scientific developments 

List any further scientific developments of the model that are known to be planned by the model 

developer. 

 

 

3. INFORMATION FOR USER-ORIENTED ASSESSMENT 

 

3.1 Computer environment 

Considers the hardware and software associated with running the model. 

3.1.1* List the hardware platform(s) on which the model runs. Give the type of computer, together 

with any auxiliary hardware required, including VDU, mouse, printers, etc. 

3.1.2* Give the operating system running on each of the hardware platforms in 3.1.1. 

3.1.3* List any additional software required to run the model, e.g. compilers, proprietary graphics 

packages, etc. 

3.1.4* Give the programming languages used to write the computer code. 

 

3.2 Installation procedure 

Provide information on the procedure that must be followed when installing the model on a given 

computer platform.  

 

3.3 User interface 

Provide information on the user interface for the model, concentrating on the appearance of the user 

interface and how it is operated. For example, if the computer implementation runs on a PC under 
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Windows 95, and the model has a Windows interface, then the information should describe how the 

screens, dialogue boxes, etc. behave when using the model. 

 

3.4 Internal databases 

Provide information on the contents, use and modification of databases used in conjunction with the 

model (i.e. for which the model developer is responsible), e.g. a database of chemical substances 

and their properties from which the released material can be selected. 

 

3.5 Input aspects 

This category considers the process of inputting the data for a run of the model. 

3.5.1 Provide information on how the user operates the user interface in order to enter given input 

data, i.e. the data values have already been decided upon and need to be entered. 

3.5.2 Provide information on guidance available, both from the program itself and in the 

documentation, for choosing input, including which input data need to be given values and 

what their values should be. 

3.5.3 Provide information on checks performed by the model on the data values being used, in 

terms of whether the values are valid (e.g. fall within a sensible range, fall within a range of 

validity for usage in the model). 

 

3.6 Running the model 

Features relevant to when the model is running. 

3.6.1* List which modes are available for running the model, i.e. batch mode, interactive mode, or 

both. 

3.6.2 Provide information on the error messages produced by the model, both when running and at 

other stages in its use (e.g. setting up input, examining output). 

 

3.7 Output aspects 

Features relevant to the presentation and examination of the output from the model. 

3.7.1 Provide information on the variables that can be examined and displayed, and the formats 

used to display them. 

3.7.2* Outline how cases run are identified, i.e. does the output file contain input data, can the 

output files be given identifiable names; also, how the cases run are organised, e.g. can the 

output file be anywhere in the directory structure of the user; and finally, how accessible 

previous runs are, including whether several cases can be loaded at once. 

3.7.3 Provide information on the production of hard copy versions of output from the model. 

 

3.8 Interfacing to other models and software 

Considers beyond the scope of the dispersion model itself, either to incorporation of other models or 

to interfacing with other models and software tools. 

3.8.1* Is the dispersion model one of several programs linked together, or is it (part of) a standalone 

model ? 

3.8.2* If standalone, is the model general-purpose ? If so, what is the range of problems covered ? 

3.8.3* What other types of software tool can the dispersion model interface with, e.g. databases, 

CAD/CAM, process and instrumentation (P&ID) diagrams, maps or system lay-outs, 

geographical information systems (GIS), thermodynamics packages, etc. ? 

3.8.4* What source term models are available from the dispersion model (e.g. momentum jet, 

vaporising pool, etc.) ? Indicate whether they are incorporated with or interfaced to the 

dispersion model. 
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3.8.5* What other models are available from the dispersion model, e.g. ignition, fire, explosion, 

toxicity, escalation, etc. ? Indicate whether they are incorporated with or interfaced to the 

dispersion model. 

3.8.6* What scope is there for customising the software, e.g. add own subroutines, submodels, etc. ? 

3.8.7* To what degree is the structure of the code modular, i.e. new features and effects can be 

added as new modules ? 

 

3.9 Status and availability of model 

Concerns aspects of the state of development of the model as well as how to obtain the model in 

practice. 

3.9.1* Choose between, for example, mature and tested technology, research tool. 

3.9.2* Choose between, for example, commercially available, for own company use. 

3.9.3* Indicate where the model has received public exposure, other than in written form, for 

example, presented at (international) conferences, workshops, seminars, reviewed by 

industrial users. 

3.9.4* Choose between, for example, available free, time-limited or perpetual licence, can be 

purchased outright, not available (proprietary). 

3.9.5* Give contact details for obtaining the model, if available, for example name, postal address, 

telephone number, fax number and e-mail address. 

 

3.10 Resources 

Concerns both financial and computer costs involved in running the model. 

3.10.1* Indicate the costs of any options in 3.9.4 which involve payment of money. 

Give approximate band in each case, such as: <£2,000, £2-5,000, £5-10,000, >£10,000. 

3.10.2* An estimate only is required, based on partner experience. 

Use bands such as: <1 minute, 1-5 minutes, 5-30 minutes, 30-60 minutes, >60 minutes. 

This information could be superseded by using statistics of the validation runs performed. 

3.10.3* An estimate only is required, based on partner experience. 

For memory requirements, in Mbytes, use bands such as: <0.1, 0.1-0.5, 0.5-1.0, 1.0-5.0, >5.  

For disk requirements, in Mbytes, use bands such as: <1, 1-10, 10-50, >50. 

This information could be superseded by using statistics of the validation runs performed. 

 

3.11 Users 

Items related to properties of the user. 

3.11.1* Enter here the approximate number of users and their general distribution according to 

location and type. 

For number of users, use bands such as <5, 5-10, 10-50, 50-100, >100. 

For geographical distribution, examples are: UK, Europe, US, Worldwide. 

Examples of type are: model developer, safety engineer, design engineer. 

3.11.2* The knowledge requirements of a user in various disciplines (e.g. physics (fluid dynamics, 

thermodynamics), chemistry, mathematics, statistical methods (sensitivity, accuracy), 

numerical methods, programming, computers, etc. Also, whether experience is required in 

risk analysis and consequence assessment. 

3.11.3* The order of magnitude of time required to run the model unassisted, i.e. hours, days, 

weeks, months or years. 

3.11.4* The types of support available to a user on a day-to-day basis, e.g. telephone Help Desk, 

frequently-asked questions on a Web page, direct contact with model developer. 

3.11.5* Availability of training for users of the model. 
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3.12 Planned user-oriented developments 

List any further user-oriented developments of the model that are known to be planned by the model 

developer. 

 

 



 

 

Appendix     Model Evaluation Report 

                            template 
 

 

In this Appendix we include a copy of the complete Model Evaluation Report template. This is the 

revised version (Version 1.1) that has been modified to include changes that appeared to be needed 

as a result of carrying out the scientific assessments.  

Most of these changes are relatively minor; however, the main change is the transfer of the 

References section to the start of the report (Section 0), since it was felt that this is an important part 

of the parameters of the assessment itself, i.e. which documents were supplied. This also allows the 

addition of comments on the documentation supplied – such a section was not available in the 

original reports, although comments were interspersed in the rest of the report concerning the 

availability (or otherwise) of documentation on the different topics. 

It should be possible simply to cut out this Appendix and paste it into a new document for use as a 

starting point for a Model Evaluation Report. 
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Preface 

Technical models are widely used to inform decisions relating to safety problems. The quality of a 

given model and its appropriate and defensible use in simulating a given problem are clearly of 

great importance, and such issues have provided the primary motivation for the development of 

scientific model evaluation, a technique which aims to provide information addressing these aspects 

of models and their use. 

Scientific model evaluation has been supported by the European Union in a number of ways, one of 

the most recent being the project SMEDIS (Scientific Model Evaluation of Dense Gas Dispersion 

Models). The principal objective of this project is to develop a structured procedure or protocol for 

the scientific evaluation of dense gas dispersion models, with particular emphasis on the complex 

effects of aerosols, terrain and obstacles, and then to apply this protocol to models used in Europe to 

simulate dense gas dispersion problems.  

The protocol which has been developed for SMEDIS is consistent with the guidelines issued by the 

CEC Model Evaluation Group
13

, in that evaluation comprises the three elements of validation, 

verification and assessment: 

(a) assessment is the examination of a model according to a series of detailed categories, 

including specific categories for the area of application being highlighted (in this case 

aerosols, terrain and obstacles) 

(b) validation is the quantitative comparison of experimental observations with model 

predictions 

(c) verification is the confirmation that the (computer) implementation is an accurate translation 

of the model algorithms 

The evaluation of each model in SMEDIS focuses on the validation and assessment elements: a 

validation exercise is carried out using selected data sets typifying a wide range of release and 

environmental conditions, including a significant number in which complex effects play an 

important role; and a scientific assessment is carried out concentrating on the scientific basis of the 

model and its user-oriented aspects. Verification is effectively absorbed into the assessment by the 

inclusion of a section reporting previous verification carried out on the model. 

This report represents the output from the assessment element in the scientific evaluation of 

<MODEL, Version No.>. It has been produced by analysing information supplied on this model by 

a nominated organisation (either the model developer or an experienced user). The information has 

been elicited by means of questionnaires and supplied mainly in the form of pre-existing 

documentation on the model. Only this information has been taken into account in preparing this 

report
14

. 

There are six main sections, each of which is part description and part analysis. Sections 1-3 form 

the principal part of the assessment, focusing on the general description, scientific basis and user-

oriented aspects of the model, respectively. Each section is divided up into specific subject 

headings, many of which include summary information presented in “check box” format for rapid 

overview of the capabilities and formulation of the model. Sections 4 and 5 summarise previous 

verification and validation work performed on the model, and Section 6 concludes with a summary 

of the findings in the report. References are listed for the documentation utilised in the assessment. 

                                                 

13
 CEC Model Evaluation Group Model Evaluation Protocol Version 5, May 1994. 

14
 Together with comments from the model supplier/proponent on the draft version of the report. 
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In addition two appendices are included containing both the comments from the model developer 

and a summary of the new actively-generated results from the validation exercise. 

This report is intended for use by both the model developer and model users: 

 for the model developer it represents an independent assessment of their model according to a 

protocol which has been applied to a wide range of other dense gas dispersion models. It 

highlights both the strengths and the weaknesses of the model 

 for the model user the report assists them in deciding whether the model is appropriate to their 

intended use. The inclusion of both scientific and user-oriented aspects of the model in the 

review helps the user to gauge how well the model can simulate the specific scientific 

problem of interest as well as how well the model performs from a practical point of view. 

In all cases, the report can form part of the standard documentation accompanying the model in the 

specific version. 
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Key to summary information 

In Sections 1-3 summary information is provided on many aspects of the model. This is organised 

as follows: 

 

(a) Where there is a mutually exclusive choice of options, the relevant choice is denoted by a circle 

containing a dot , while the remaining choices are accompanied by an empty circle .  

(b) A square box containing a tick  denotes that a feature is present or an option applies to the 

model; if the box contains a cross , this emphasises that the feature is not present or that the 

option does not apply. 

(c) A character between square brackets can convey one of the following meanings: 

[U] denotes that the user can specify the details of the feature; 

[M] denotes that the model specifies the details of the feature; 

[?] denotes that the status of the feature is uncertain;  

[n] denotes that the item has the value n. 

(d) Any parts which are greyed out are not relevant to the model in question. 
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0. Evaluation information 

0.1 Protocol 
This scientific assessment was carried out using the SMEDIS Model Evaluation Protocol, 

Version 2.0 (7 December 2000), and the Model Evaluation Report template Version 1.1. 

0.2 Evaluator 
The scientific assessment was carried out by: 

<Name 1>, <Organisation 1> 

<Name 2>, <Organisation 2> 

etc. 

0.3 Date  
The date of this scientific assessment is <Date>. 

0.4 Documentation 

0.4.1 References 

The following references were used in this scientific assessment. 

 

0.4.1.1 Supplied documents 

[1]  

[2]  
 

 

0.4.1.2 Other references 

[A]  

[B]  
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0.4.2 Comments on documentation supplied 

 

0.4.3 Major omissions and uncertainties arising 

 

 



Appendix 2 – Model Evaluation Report Template 

<Model, Ver> Version <MER verno> (<Date>)  3 

1. General model description 

1.1 Name, version number and release date 

Name:   <Model> 

Version number:  <Version> 

Release date:   <Date> 

1.2 Short description of model 

<Description ~100 words> 

1.3 Model type 

  Screening tool   Integral model   Shallow layer model   CFD model 

  1-D    2-D     3-D  

1.4 Route of model into evaluation project 

1.4.1 Model supplier 

  Developer   Licensee   Other 

Contact details: 

Name:   

Address:   

Telephone:   

Fax:   

E-mail/Web:  

 

1.4.2 Model developer 

  As above 
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1.5 History of model 

1.5.1 Model ancestors 

 

1.5.2 Features inherited 

 

 

 

1.6 Quality assurance standards adopted 

1.6.1 Model development 

  MEG guidelines   Other 

 

1.6.2 Software development 

  National    International   Organisation   ISO 9000   Other 

 

1.7 Relationship with other models 

1.7.1 Status of dispersion model being evaluated 

  Self-contained      Can be used as one part of suite 

  Inextricably bound to other models   General-purpose, specific application 

  Other 

 

1.7.2 Extent and demarcation 

 

1.7.3 Interfacing with other models 
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1.7.4 Comments 

 

1.8 Current model usage 

1.8.1 Type of user 

Background 
  Engineer   Consultant    Regulator    Academic    Other 

Type of experience 
  Dispersion   Fluid dynamics   Thermodynamics    Numerical methods 
  Programming    Consequence modelling   Risk analysis   Other 

Length of experience 
  Hours    Days   Weeks    Months    Years 

 

1.8.2 Model distribution 

Location 
  Outside model developer 
  Country of origin   Continent of origin    Worldwide    Other 
  Industry    Consultancies      Universities   Regulatory authorities     Other 

Numbers 
  <5   5-10   10-50   50-100   >100 

 

1.8.3 Comments 

 

1.9 Hardware and software requirements 

1.9.1 List of requirements 

Computer platforms 
  PC: 386     PC: 486    PC: Pentium/Pentium II    
  Workstation    Main frame   Vector/parallel machine   Other 

 
Peripheral hardware 
 Monitor  Keyboard   Mouse   CD-ROM drive   Printer   Plotter  
  Other 

 
Graphical device requirements 
  High resolution    Colour display   Other 

 
Memory 
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  <1 Mbytes       1-5 Mbytes      5-10 Mbytes   10-50 Mbytes   >50 Mbytes 
 
Disk space 
  <10 Mbyte   10-100 Mbytes   100-1000 Mbytes   >1000 Mbytes  

 
Operating system 
  DOS   Windows    UNIX   VMS   Other 

 
Additional software 
  Required   Optional    Not required 
  Compiler   Graphics package   GIS    Other 

 

 

1.9.2 Comments on overall requirements 

 

 

 

1.10 Availability and costs 

  Proprietary   Shareware    Public domain   Other 

  Licence     Perpetual licence/buy outright    Not available   Other 
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2. Scientific basis of model 

A simple categorisation of dense gas dispersion models is included in the protocol, consisting of 

four main types: 

(a) Simplified empirical screening models or screening tools based on either a generic interpretation 

of a problem or specific experience in a restricted domain 

(b) One-dimensional integral models in which the development of the flow is in one spatial 

dimension. Variations of, say, the concentration field in the other two dimensions are 

accommodated by the assumption of self-similarity in the concentration field. 

(c) Shallow-layer models or two-dimensional integral models in which the development of the flow 

is in two spatial dimensions 

(d) Fully three-dimensional models allowing for the development of the flow field in three spatial 

dimensions and time. This would include computational fluid dynamics (CFD) and the attendant 

models for turbulence. 

The present model may be classified as a <type> model. 

2.1 Specification of the source 

2.1.1 Primary origin for source 

 

2.1.1.1 Types of release conditions available directly to dispersion model 

  Release models available 
  Gaseous jet    Liquid jet    Two-phase jet   Liquid pool 

  Catastrophic release   Other 

 

2.1.2 Fluid dynamic properties of source 

 

2.1.2.1 Instantaneous releases 

  Instantaneous releases 

[]  Spatial dimensions  [] Symmetry  []  Velocity 

[]  Volume   [] Density  []   Mass 

[]   Multiple sources  []  Elevation   []  Other 

[]  Entrained air  
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2.1.2.2 Continuous releases 

  Continuous releases 

[]  Spatial dimensions  []  Orientation  []  Symmetry  []  Velocity  

[]  Volume flow rate  []  Density  []  Mass flow rate 

[]   Multiple sources  []  Elevation   []  Other 

[]  Entrained air  

[]  Model can recalculate source dimensions  

 

2.1.2.3 Time-varying releases 

  Time-varying releases 

[]  Spatial dimensions  [] Orientation  [] Symmetry 

[]  Volume flow rate  [] Density  [] Mass flow rate 

[]   Multiple sources  []  Time variation  [] Other 

[]  Entrained air  

[]  Model can recalculate source dimensions 

 

2.1.2.4 Other aspects of release types 

  Guidance provided on choice of dispersion source type 

  Instantaneous   Continuous   Time-varying   Other 

 

2.1.3 Thermodynamic properties of source 

[]  Temperature  []  Quality (two-phase) []  Other 

 

2.1.4 Material nature of source 

  Pre-defined substances (#) 

[]  Flammable  []  Toxic  []  Mixtures  []  Other 

 

 

  User-defined substances 
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  Mixtures 

[]  True mixtures   []  Effective single-component mixtures   []  Passive tracer      []  Other 

 

 

  Chemically reactive substances 

[]  Reaction with H2O []  Specific reactions []  Oligomerisation []  Other 

 

 

  Radioactive substances 

 

 

  Dependence of physical properties 

[]  Temperature  []  Pressure  []  Composition []  Other 

 

 

 

2.2 Specification of the environment 

2.2.1 Frame of reference 

 

2.2.1.1 Coordinate system 

  Cartesian   Cylindrical polar   Spherical polar   Other 

 

2.2.1.2 Relation to environment 

  Origin at source   x-axis downwind    Other 

 

2.2.2 Atmosphere 

2.2.2.1 Mean wind field 

  Mean wind parameterised 
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  Vertical profile     Horizontal field   Time-varying 

[]  Dependence on stratification []  Other 

  Vertical velocity profiles used 

  Logarithmic      Other 

[]  Velocity at reference height   []  Friction velocity specified 

  Mean wind modelled 

[]  Vertical profile []  Horizontal field []  Time variation   Other 

  Zero wind allowed 

 

2.2.2.2 Turbulence 

  Turbulence parameterised   Turbulence modelled 

 

2.2.2.3 Stratification 

  Stability ranges 

[]  neutral []  stable [] unstable   

  Stratification parameterised 

 Vertical density profile     Horizontal density field   Time-varying 

[]  Pasquill-Gifford stability categories used  []  Monin-Obukhov length used 

 Monin-Obukhov  Pasquill-Gifford conversion 

  Stratification modelled 

[] Vertical density profile []  Horizontal density field []  Time-varying   Other 

 

2.2.2.4 Use of meteorological data 

  Meteorological data used 

[]  Temperature   []  Humidity    []  Cloud cover 

[]  Date/time  []  Latitude/longitude  []  Other 
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2.2.3 Terrain 

 

2.2.3.1 Terrain types available 

  Non-flat terrain 

[]  Single slope  []  Slope segments (#) []  General 2-D []  Other 

 

2.2.3.2 Wind orientation for non-flat terrain 

  Downslope     Upslope     General  []  Other 

 

2.2.3.3 Surface characteristics 

[]  Roughness length 

  Pre-defined surface types    User-defined values 

[]  Temperature   []  Other 

 

2.2.4 Obstacles 

 

2.2.4.1 Obstacle types available 

  Obstacle types available 

  2-D fence     Cylindrical building     Cuboidal building   

  General shape   1-sided canyon    2-sided canyon   Other 

 

2.2.4.2 Obstacle distribution 

  Distribution of obstacles 

[]  Max number (#)  

[]  Positions  []  Orientations []  Other 
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2.2.4.3 Obstacle characteristics 

  Dimensions 

[]  Horizontal  []  Vertical  []  Other  

  Structural characteristics 

[]  Porous  []  Other 

 

2.3 Model physics and formulation 

2.3.1 Fundamental equations, initial conditions and boundary conditions 

 

2.3.1.1 Equations used/set up 

  Volume    Mass   Momentum     Width/radius 

  Energy    Enthalpy   Temperature 

  Concentration    Species concentration  

  Contaminant mass fraction  Species mass fraction  Other 

 

2.3.1.2 Dependent variables
15

 

  H    W       R             

  Uad      u       v      w   

  E   h    T  

  c    {ci}     m    {mi}     Other 

 

2.3.1.3 Independent variables (#) 

[]  spatial (#)    time    Other 

 

                                                 
15

 H = depth; W = width; R = radius; Uad = advection velocity;  = density; (u, v, w) = velocity components; E = energy; 

h = enthalpy; T = temperature; c = concentration; ci = concentration of species i; m = contaminant mass fraction; 

mi = mass fraction of species i 
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2.3.1.4a Model-type-dependent features of equation formulation (“screening tool”) 

  Physical quantities for which correlations are available 

   Concentration   Other 
 

  Main quantities used to form dimensionless groupings 

  Length scale    Velocity scale   Ambient density   Other 
 

  Main independent variables 

  Downwind distance   Wind speed   Release size/rate   Other 
 

  Physical quantities fixed (or given limited values) for purposes of correlation 

  Wind speed   Atmospheric stability    Surface roughness   Other 

<Denote “Not applicable” if <MODEL> is not this type of model> 

2.3.1.4b Model-type-dependent features of equation formulation (“integral”) 

  Use of similarity profiles in setting up equations 

  Dependent variables  

  Concentration   Velocity   Temperature   Other 

  Profile shapes used  

  Uniform    Gaussian   Other 

 

<Denote “Not applicable” if <MODEL> is not this type of model> 

2.3.1.4c Model-type-dependent features of equation formulation (“shallow layer”) 

  Shape factors for depth variation 

[]  Constant  []  Other 

<Denote “Not applicable” if <MODEL> is not this type of model> 

2.3.1.4d Model-type-dependent features of equation formulation (“CFD”) 

 

<Denote “Not applicable” if <MODEL> is not this type of model, otherwise “See 2.3.1.5 and 

2.4.3.”> 
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2.3.1.5 Turbulence modelling 

  Turbulence models available 

[]  k-  [] Buoyancy-modified k- [] Algebraic stress []  Reynolds stress []  Other 

 

2.3.1.6 Initial conditions 

  Initial conditions specified 

  Source   Atmosphere   Terrain    Obstacles    Other 

 

2.3.1.7 Boundary conditions 

  Boundary conditions specified 

  Source    Atmosphere   Terrain    Obstacles  

  Cloud boundary   Other 

 

2.3.2 Dispersion - advection 

  Advection velocity derived from wind profile  

  Average over cloud height []  Wind speed at fraction of cloud height    Other 

  Acceleration of stationary cloud from rest calculated 

  Advection modelled directly 

 

2.3.3 Dispersion - gravity spreading 

  Gravity spreading parameterised 

  Gravity spreading locations  

  Plume sides     Puff edge      Cloud boundary   Other 
 

  Gravity spreading characterisation 

[]  Constant Froude number    Other  
 

  Upstream/lateral spreading of vapour blanket (continuous releases) 

  Upstream spreading    Lateral spreading    Other 

  Gravity spreading modelled directly 
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2.3.4 Dispersion - dilution 

 

2.3.4.1 Dilution by direct turbulent diffusion 

  Dense gas regime    Passive regime 

 

2.3.4.2 Dilution by air entrainment  

  Entrainment parameterised 

[]  Top surface   []  Side surface  [] Other 
 

 Entrainment modelled directly 

 

2.3.4.3 Shear dispersion  

  Types of release for which shear dispersion is calculated 

  Instantaneous    Time-varying   Other  

  Contributions to longitudinal shear dispersion modelled 

[]  Vertical shear  []  Lateral shear   Other 

 

2.3.5 Dispersion - concentration fluctuations 

  Concentration fluctuations considered 

 

2.3.5.1 Fluctuation calculations  

[]  Derived from data []  Modelled directly    Other 

 

2.3.6 Dispersion - concentration profiles 

  Concentration profiles considered 
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2.3.6.1 Types of concentration profiles used for dense gas dispersion region 

  Vertical profile 

 Uniform  Gaussian    Exponential decay    Other  

  Lateral profile 

 Uniform  Gaussian    Uniform core with erf edges    Other  

  Radial profile 

  Uniform  Gaussian    Uniform core with erf edges    Other  

 

2.3.6.2 Types of concentration profiles used for passive dispersion region 

  Concentration profiles applied 

 Uniform  Gaussian    Exponential decay    Other  

 

2.3.7 Thermodynamics 

  Thermodynamics considered 

 

2.3.7.1 Sources of heat gain/loss for cloud 

[]  Ambient air []  Ground: forced convection []  Ground: free convection  

[]  Insolation []  Chemical reactions  []  Phase changes   []  Other 

 

2.3.7.2 Relations used for thermodynamic properties 

  Perfect gas law   Antoine correlation    Other 

 

2.3.8 Mass transfer mechanisms 

  Mass transfer mechanisms considered 

 

2.3.8.1 Sources of vapour mass loss from cloud 

[]  Dry deposition  []  Wet deposition    Other 

 



 Appendix 2 – MER template  Category 2: Scientific basis of model 

<Model, Ver> Version <MER verno> (<Date>)  17 

2.3.9 Chemical reactions 

  Chemical reactions considered 

 

2.3.9.1 Substances considered 

  NH3   HF    N2O4   UF6    Other 

 

2.3.9.2 Effects of chemical reactions on cloud 

  Heat source/sink   Species (composition)   Other  

 

2.3.9.3 Level of detail in modelling 

Reactants 

[]  Vapour phase []  Liquid phase  

Reaction types modelled 

[]  Finite rate  []  Reversible  []  Turbulence-controlled     Other 

 

2.3.9.4 Radioactivity 

[]  Radioactive decay modelled 

 

2.3.10 Transition to passive dispersion 

 

2.3.10.1 Criteria for transition to passive dispersion 

  Richardson number small   Density difference small  

  Rate of lateral spreading small   Other 

 

2.3.10.2 Treatment of passive dispersion 

  Dispersion parameters (’s) used   Other 
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Dispersion parameter dependencies 

  Downwind distance     Roughness length   Atmospheric stability Other 

 

2.3.11 Complex effects: aerosols 

  Aerosols considered 

2.3.8.2 Sources of mass loss from two-phase clouds 

[]  Rain-out (two-phase)    Other 

 

 

2.3.11.1 Type of model  

  Homogeneous equilibrium   Explicit droplet   Other 

 

2.3.11.2 Effects incorporated in aerosol model  

  Mass transfer between phases    Heat transfer between phases  

  Interaction with atmospheric water     Other 

 

2.3.11.3 Cloud variables affected by aerosol 

  Temperature   Density   Velocity   Concentration   Other 

 

2.3.11.4 Rainout and other effects considered 

Mass loss 

  Rainout    Obstacle impact    Other 

Droplet behaviour 

  Coalescence    Break-up    Other 

 



 Appendix 2 – MER template  Category 2: Scientific basis of model 

<Model, Ver> Version <MER verno> (<Date>)  19 

2.3.12 Complex effects: terrain 

  Terrain considered 

 

2.3.12.1 Cloud variables affected by terrain 

  Depth    Width   Velocity   Concentration   Other 

 

2.3.12.2 Physical processes modified in formulation of terrain effects 

  Advection   Entrainment   Gravity spreading   Other 

 

2.3.12.3 Modification of ambient flow by terrain 

  Mean flow   Turbulence   Other 

 

2.3.13 Complex effects: obstacles 

  Obstacles considered 

 

2.3.13.1 Level of detail 

  Net effect   Local details    Other 

 

2.3.13.2 Cloud variables affected directly by obstacles 

  Depth    Width   Velocity   Concentration   Other 

  Puff time-of-arrival 

 

2.3.13.3 Physical processes modified in formulation of obstacles 

  Advection    Entrainment    Gravity spreading   Other 
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2.3.13.4 Modification of ambient flow by obstacles 

  Mean flow   Turbulence   Other 

 

2.4 Solution technique 

2.4.1 Equation types 

 

2.4.1.1 Type of main equations 

  Algebraic   Ordinary Differential   Partial Differential    Other 

  Coupled equations 

 

2.4.2 Analytical solution methods 

  Significant analytical solution methods used 

  Methods developed as part of model   Existing methods used   Other 

 

2.4.3 Numerical solution methods 

  Significant numerical solution methods used 

  Methods developed as part of model   Existing methods used   Other 

 

2.4.3.1 Computational grid 

  Structured   Unstructured   Adaptive       Multi-block      Other 
 

[]  Grid size/arrangement 

 

2.4.3.2 Discretisation methods 

  Temporal discretisation of governing equations 

  Explicit    Implicit    Other 
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  Spatial discretisation of governing equations 

  Finite difference    Finite volume   Finite element   Other 

  Simultaneous solution for velocity field 

  Co-located grid    Staggered grid    Other 

  Flux differencing applicable 

  Upwind    Central    QUICK    Other 

 

2.4.3.3 Solution of discrete system 

Solution methods used 

  PISO    SIMPLE   Other 

Convergence 

  Convergence criteria    Features to enhance convergence   Other 

Accuracy 

  Desired accuracy specified   Other 

 

2.4.3.4 Accuracy 

  Desired accuracy specified   Other 

 

2.5 Results or output available from model 

2.5.1 Concentration-related output for steady situations 

 

2.5.1.1 Plume centreline 

  Plume centreline trajectory 

 

2.5.1.2 Pointwise concentration output 

  Pointwise concentration distributions 

  Centreline   Longitudinal         Lateral   Vertical   All points   Other 
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2.5.1.3 Derived concentration data 

  Concentration information - derived 

  Contours   Flammable inventory  

  Lateral distance to given concentration    Other 

 

2.5.1.4 Concentration fluctuations 

  Concentration fluctuations 

  Averaging time   PDF   Other 

 

2.5.2 Concentration-related output for time-varying situations 

 

2.5.2.1 Cloud position 

  Position of cloud 

  Centroid   Time-of-arrival    Other 

 

2.5.2.2 Pointwise concentration output 

  Coordinate origin for distributions 

  Cloud centroid   Fixed origin    Other  

  Distributions relative to origin 

  Centreline   Longitudinal         Lateral   Vertical   All points   Other 

 

2.5.2.3 Derived concentration data 

  Concentration information - derived 

  Contours   Flammable inventory 

  Dose   Toxic load     Lateral distance to given dose 

  Concentration time history at a point   Maximum concentrations 

  Other 
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2.5.2.4 Concentration fluctuations 

  Concentration fluctuations 

  Averaging time   PDF   Other 

 

2.5.3 Other information available 

 

2.5.3.1 Temperature  

  Mean temperature   Fluctuations 

 

2.5.3.2 Further variables 

  Other variables available in output 

  Radius/width    Height/depth     Density  

  Velocity magnitude   Velocity vector    Pressure 

  Turbulent k.e.    Turbulent dissipation   Other 

 

2.6 Sources of model uncertainty 

2.6.1 Stochastic processes 

 

2.6.2 Modelling assumptions 

 

2.6.3 Numerical method 

 

2.6.4 Sensitivity to input 
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2.7 Limits of applicability 

2.7.1 Sources 

 

2.7.1.1 Primary origin 

  

2.7.1.2 Release type 

  

2.7.1.3 Thermodynamic properties 

  

2.7.1.4 Chemical properties 

  

2.7.2 Environments 

 

2.7.2.1 Atmosphere 

  

2.7.2.2 Terrain 

  

2.7.2.3 Obstacles 

  

2.7.3 Targets/output 

 

2.7.3.1 General situations 

  

2.7.3.2 Steady situations 

  

2.7.3.3 Time-dependent situations 
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2.8 Special features 

2.8.1 Capabilities 

 

2.8.2 Formulation 

 

2.8.3 Mathematical aspects 

 

2.9 Planned scientific developments 
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3. User-oriented aspects of model 

3.1 User-oriented documentation and help 

3.1.1 Written documentation 

  User Manual    Other 

 

3.1.2 On-screen help and documentation 

  Context-sensitive help   User Manual online   Other 

 

3.1.3 User support 

  Telephone support   E-mail   Training courses    Other 

 

3.2 Installation procedures 
 

3.2.1 Medium 

  Diskette    CD-ROM    Tape   Internet download    Other 

 

3.2.2 Procedure 

  Copy files manually  Installation program/script    Other 

 

3.2.3 User-friendliness 

 Description of procedure   Help available during installation  
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3.3 Description of the user interface 

3.3.1 General properties 

 Interactive   Batch    Other 

 Graphical   Textual    Other 

 

3.3.2 Provision of input 

 Edit files directly    Guided input   Enter data on graphical forms   Other 

 Edit existing files   Edit default input   Other 

 

3.3.3 Information when model running 

 Numerical values   Error/warning messages   Status of calculation   Other 

 

3.3.4 Examining output 

Graphical display of output 

  Integral graphical display facilities   Separate graphical display program   Other 

  Select data with graphical forms   Guided input    Other 

 

 

Examining numerical values 

  Integral numerical display facilities   Separate numerical display facility  

 Edit output files      Other 

 

3.4 Internal databases 

  Internal databases available 
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3.4.1 Databases available 

  Material properties    Scenarios    Other  

 

3.4.2 Access by user 

  Access from model   Access outside model   Access by model itself    Other 

 

3.4.3 Modification 

  General users    Specific users   No users    Other  

 

3.5 Guidance in selecting model options 

3.5.1 Main choices required 

   Primary origin details   Source configuration  

  Substance released    Properties of substance released 

  Atmospheric conditions    Terrain      Obstacles 

  Boundary conditions    Initial conditions     Computational grid 

  Output required     Other 

 

3.5.2 Guidance in choices available 

Sources 
   User documentation   Within interface  Pre-existing input files   Other 

Type 
  Worked examples    Explicit advice     Pre-set lists of values    Defaults    Other  
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3.6 Assistance in the inputting of data 

3.6.1 Facilities available 

Checks 
   Valid range    Valid type   Entry has been made   Other  

 

 

Filing system 
   Choose input file location    Choose input file name 

 

 

Special case: grid and surface generation 

  Import file formats   Built-in facility   Other 

  Automatic    User-defined   Other 

 

3.6.2 Comments 

 

3.7 Error messages and checks on use of model beyond its scope 

3.7.1 Facilities to trap inappropriate use 

  Facilities available 

   Checks on intermediate results   Other 

   Warning messages given    Other action taken 

 

3.7.2 Error/warning Messages 

Occurrence 
  During input      During model run   During output examination   Other 

Type 
  Self-explanatory    Look up online    Look up in documentation    Other 
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3.7.3 Comments 

 

3.8 Computational aspects 

3.8.1 Programming languages 

Simulation engine 
  Fortran 77      Fortran 90   C       C++   Pascal   Other 

Interface 
  Visual C++      Visual Basic   X Windows    Other 

 

3.8.2 User programming 

  User-defined subroutines permitted 

  Required    Optional 

  Boundary/initial conditions      Properties   Other 

  Main source code editable 

  All      Specific parts only   Other 

 

3.8.3 Execution times for specified problems 

  Seconds    Minutes    Hours      Days 

 

3.8.4 Comments 

 

3.9 Clarity and flexibility of output results 

3.9.1 Summary of model output 

 

3.9.2 Facilities for display of results 

  Graphical formats 
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  Line (“x-y”) plots    Contour plots    Vector plots 
  Display on GIS    Animated display     Virtual reality  
  Other 

 
  Numerical formats 
  Tabulated output    User interrogation    Other 

 
  Hard copy facilities available directly from program 
  Numerical output    Graphical output    Other 

 
  Additional software may be required 
  Necessary    Optional 

 
Required for 
  Line (“x-y”) plots     Contour plots    Vector plots 
  Display on GIS    Animated display     Virtual reality  
  All      Other 

 
  Direct incorporation of directives/guidelines 

 

3.9.3 Comments 

 

3.10 Suitability to users and usage 

3.10.1 Suitability with respect to type of user 

 

Background 
  Engineer   Consultant    Regulator    Academic    Other 

Type of experience 
  Dispersion   Fluid dynamics   Thermodynamics    Numerical methods 
  Statistics   Programming    Consequence modelling   Risk analysis 

Length of experience 
  Hours    Days   Weeks    Months    Years 

 

 

Frequency of use 

  Occasional users   Constant users 
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3.10.2 Suitability with respect to type of usage 

Intensity 
  Specific incidents   Risk assessment    Other 

 

 

Range of problems 
  Narrow     Medium     Wide 

 

 

Integration with other models 
  Standalone    Knowledge base    Other 

 

3.11 Possible improvements 

 

  Written documentation     On-line help and documentation   

  Installation 

  User interface      Selection/entry of input data   

  Information and checks while running 

 Output results 

  

3.12 Planned user-oriented developments 
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4. Verification performed 

4.1 Summary of verification 

4.1.1 Parts of implementation verified 

 

4.1.2 Verification undertaken 

 

4.1.3 Quality assurance 

 

4.2 Comments 
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5. Validation performed 

5.1 Validation already performed 

5.1.1 Validation exercises 

 

Instantaneous releases 

 

Continuous releases 

 

Other releases 

5.1.2 Conclusions 
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6. Conclusions 

General model description 
<Summary of Section 1> 

Scientific basis of model 
<Summary of Section 2> 

Limits of applicability 
<Summary of Section 2.7> 

Source:   

Environment:   

Targets/output:   

User-oriented aspects of model 
<Summary of Section 3> 

Verification performed 
<Summary of Section 4> 

Validation performed 
<Summary of Section 5> 

Advantages and disadvantages of model 

(a) General usage 
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(b) Usage in context-of-use 

  

 

  

 

 

 

Suitability of protocol for assessment of model 
<Give modifications proposed and/or implemented to the MER template, together with details of 

resulting version number/date change> 
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Appendix 1: Actively-generated information 

 

Summary of validation results: not available at this stage. 
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Appendix 2: Comments from  

                       model supplier/proponent 

The following comments were received from the supplier/proponent of <model, version no.> in 

response to the draft version of this Model Evaluation Report. The comments have been taken into 

account in revising the draft to the final version. 

 



 

 

Appendix     Definition of validation 

                          parameters 
 

 

This Appendix contains the definitions of all the comparison parameters used in the SMEDIS 

validation exercise, i.e. both the physical comparison parameters and the statistical comparison 

parameters. 

 

Physical comparison parameters 
These are the physical quantities that are compared between the experimental data and the model 

predictions. They are all ultimately derived from the concentration measurements made during the 

experiment at a set of nc sensors located at positions cn

ii 1}{ x ,   cn

iio tC
1

);(


x  (where the subscript “o” 

denotes observed values), processed in various ways. We distinguish between pointwise 

concentration data, based on individual sensors, and arcwise concentration data, based on individual 

sensor arcs; we further distinguish between continuous and instantaneous releases, where we use the 

concentration and the dose (time-integrated concentration), respectively, in the two cases. A given 

data set from the database will have its own particular set of physical comparison parameters, 

depending on the type of experiment and to some extent on the availability of data (e.g. sensor arcs 

containing sufficient numbers of sensors). The parameters that are relevant to a given data set may 

be obtained by looking at the Excel worksheet for the data set. 

The entire list of possible physical comparison parameters used by SMEDIS is summarised in 

Table A3.1, with precise definitions of the parameters in Sections 1-3 following the table. 

 

 

Statistical comparison parameters 
As described above, for any given data set in the SMEDIS validation database there is a list of 

physical quantities for that experiment comprising some pointwise and some arcwise concentration 

data for that experiment, e.g. time-averaged concentration at a set of Ns sensor locations (1(a) in the 

Table), arcwise maximum (time-averaged) concentration at a set of Na sensor arcs (1(b)), cloud 

width at a set of Na sensor arcs (1(c)). The set of values for each physical parameter has been 

calculated from the raw observations and has been included in the corresponding SMEDIS data set. 

When a given model is run to simulate this experiment, these are the quantities that it must produce 

either directly as part of its output or with suitable post-processing. Consider one particular quantity 

, e.g. the arcwise maximum concentration at Na sensor arcs: this is represented in the data set by a 

set of values N

io 1}{  , and the model must then provide a corresponding set of predicted values, 
N

ip 1}{  . When both sets of values are available, it is then possible to make the statistical 

comparison for that physical quantity by calculating the quantities listed in Section 5 of this 

Appendix. All statistical parameters should be calculated for all physical comparison parameters 

available for a given data set. 
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APPROACH RELEASE TYPE 

 1. Continuous 2. Instantaneous 

Data compared 

at all sensor 

positions 

a) Time-averaged concentration at sensor position x 

using an averaging time )(c

avgt  (based on ul ttt  , the 

useful part of trial) 

  );( )(c

avgo tC x   [1.2, 1.3] 

a) Dose D at sensor position x 

   )(xoD    [2.1] 

b) Cloud arrival time at x 

   )(, xoarrt   [2.2] 

c) Cloud departure time at x 

    )(, xodept       [2.3] 

Data compared 

at all sensor 

arcs 

b) Maximum concentration across arc at a given radius x 

and height z based on time-averaged concentrations at 

sensors (averaging time )(c

avgt ) 

  );,( )(c

avgarcmaxo tzxC  [1.3, 3.4(a)] 

c) Width of cloud across arc at (x, z) based on time-

averaged concentration at sensors (averaging time )(c

avgt ) 

),( zxbo     [1.3, 3.5(a)] 

d) Maximum dose across arc at a given radius x and height z 

  ),()( zxD arcmaxo    [2.1, 3.3] 

e) Maximum concentration across arc at (x, z) based on 

maximum concentrations at individual sensors in arc 

(maximum occurs at sensor) 

  ),()( , zxC arcmaxmo   [3.1, 3.3, 3.4(b)] 

f) Time for maximum concentration across arc at (x, z), based 

on sensor maxk with arcwise maximum concentration  

 ),,( zyxt
maxkcmax     [3.2, 3.3] 

g) Cloud width across arc at (x, z) based on dose 

  ),( zxbo   [2.1, 3.5(b)] 

h) Cloud arrival time across arc at (x, z) based on sensor 

maxk with arcwise maximum concentration 

 ),,(, zyxt
maxkoarr   [2.2, 3.3] 

i) Cloud departure time across arc at (x, z) based on sensor 

maxk with arcwise maximum concentration 

   ),,(, zyxt
maxkodep     [2.3, 3.3] 

 
Table A3.1 Summary of the physical comparison parameters used in the SMEDIS validation exercise. The numbers in square brackets refer to the relevant 
part of the section defining the parameters. 
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Definitions of Physical Comparison Parameters 

 

In the following sections we define the SMEDIS physical comparison parameters that appeared in 

Table 1. These definitions are for the observed data, and hence use a subscript “o” to denote the 

observed concentrations, etc. Each parameter can also be defined for model predictions  - in which 

case a subscript “p” would be used. 

1. Concentration 

1.1 Concentration time series 

At each of a set of nc sensors, located at  xi i

nc

1
, the concentration of released material is measured 

and recorded in the form of a time series, which we denote by  C to i; x  for the i
th

 sensor. Each 

time series contains fluctuations with frequency up to the time resolution of the corresponding 

sensor.  

1.2 Time range of concentration time series 

The concentration measurements are recorded for a finite time, which we denote by tmax, i.e. the 

time series in Section 1.1 is defined for 0  t  tmax. For the purposes of the calculation of time 

integrals of the concentration, the time range may be restricted to a subset tl  t  tu with 0  tl , 

tu  tmax. In general the values of tmax, tl and tu depend on the sensor xi. 

1.3 Time-averaged concentration 

At each of the set of nc sensors, located at  xi i

nc

1
, at which a concentration time series is available, 

the time-averaged concentration, denoted by C t to i avg

c( ; ; )( )
x , is defined as the average over a period 

of duration tavg

c( )  beginning at time t, i.e. 

tdtC
t

ttC i

tt

t
oc

avg

c

avgio

c
avg

 


);(
1

);;(
)(

)(

)(
xx  

for tl  t  tu. The concentration averaging time tavg

c( )  should be clearly stated.  

 

If the averaging time corresponds to the entire range tl  t  tu  (i.e. there is only one averaging 

period) then the argument t is omitted, i.e. 

C t
t

C t dto i avg

c

avg

c o
t

t

i
l

u

( ; ) ( ; )( )

( )
x x  

1
 

and t t tavg

c

u l

( )   . 
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2. Dose and related quantities 

2.1 Dose 

The dose Do ( )xi is defined at each of the concentration sensors located at xi i

nc

1
 by integrating the 

corresponding original time series C to i( ; )x  over the period tl  t  tu: 

D C t dto i o i
t

t

l

u

( ) ( ; )x x  . 

 

N.B. In general the dose depends on the time range of the integration tl  t  tu; however, this 

dependence is suppressed in the notation. This applies to the rest of the parameters in this section as 

well, since they all depend on integration of the concentration time series. 

 

2.2 Arrival time 

The arrival time of a cloud at a given point xi , tarr,o(xi) , is defined to be the time at which a fraction 

arr of the dose has occurred at that point: 

)();(
,

ioarr

t

t
io DdttC

oarr

l

xx  . 

Currently arr = 0.1. 

2.3 Departure time 

The departure time of a cloud point xi , tdep,o(xi) , is defined analogously to the arrival time, i.e. the 

time at which a fraction dep of the dose has occurred at that point: 

C t dt Do i
t

t

dep o i
l

dep o

( ; ) ( )
,

x x   . 

Currently dep arr  1 0 9. . 

 

3. Concentration - other related quantities 

3.1 Maximum concentration at a point 

Given a concentration time series Co(t;xi) defined over the period tl  t  tu at the sensor at xi, we 

define the maximum concentration over this period to be Co,m (xi): the period of the time series is 

divided into N equal segments, the average over each of these segments is calculated and cm is taken 

to be the maximum of these average values, i.e. 

 

C
t

C t dto m
j N

ot j t

t j t

l

l

,
, ,

( )
( ) max ( ; )x xi i 







 



 

0 1

11

  


 

 

in which t t t Nu l ( ) / . The value obtained for cm(xi) depends on the choice of N: currently 

N = 10 for all sensors. 
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3.2 Time of maximum concentration at a point 

Given the maximum concentration as calculated in Section 3.1, suppose the segment containing the 

maximum concentration is t j t t t j tl max l max     ( )1 , i.e. it is indexed by jmax . Then we 

define the time of the maximum concentration, tcmax  , by 

t t j tcmax l max  ( / )1 2  . 

In general, the parameters tcmax and jmax (and t ) all depend on the sensor xi. 

3.3 Sensor arcs and arcwise maximum 

Typically, concentration (or other) sensors are arranged in vertical arrays of one or more sensors, 

with the vertical arrays distributed in some ordered pattern over the test site. In plan view, this 

ordered pattern may be arranged on a polar or Cartesian grid (although a more irregular pattern is 

also possible). For each test, it should therefore be possible to define sets of sensors, or “arcs”, 

which are at the same downwind distance from the source - exactly so at radius r for a polar grid 

arrangement, approximately so at downwind coordinate x for Cartesian grid or other (irregular) 

arrangements. Hence the definition of an “arc” depends on the arrangement of sensors, and should 

be interpreted accordingly in the rest of this section; however, for definiteness, we concentrate on 

the case of a regular Cartesian grid. 

 

Given a sensor arc, the definition of the arcwise maximum of a quantity is therefore simply the 

arithmetic maximum of the values of the quantity at the sensors in the arc. So, for example the 

arcwise maximum of any observed quantity o over the arc of M sensors defined by x = constant, 

z = constant is 

  ( ) ( , ) max , ,
, ,

 o
k M

o kx z x y zarcmax 
1 

 

where { }yk k
M
1 are the lateral positions at which the sensors are located. In the more general case of 

an irregular arrangement of sensors in the arc, the argument of o  on the right-hand side would be 

(xk, yk, zk), and the arguments x and z on the left-hand side would be a representative range and 

height for the arc.) 

 

Furthermore, let the sensor in the arc which gave the maximum value be denoted by kmax , i.e. it is 

located at ( , , )x y zk
max

. 

3.4 Arcwise maximum concentrations 

In the particular case when the observed quantity of  Section 3.3 is the concentration, the arcwise 

maximum concentration, Carcmax,o , is defined using an appropriate set of concentrations for each 

sensor, depending on the release type: 

(a)  for continuous releases, use the set of time-averaged concentrations { Co }, i.e.  

    C x z C x z t C x y z to arcmax avg
c

k M
o k avg

c
arcmax,o , ( ) ( , ; ) max , , ;( )

, ,

( ) 
1 

 

(b)  for instantaneous releases, use the set of maximum concentrations, { },Cm o , derived for each 

individual sensor in the arc using (3.1), i.e. 

    C x z C x z C x y zo m arcmax
k M

o m karcmax,o , ( ) ( , ) max , ,,
, ,

, 
1 
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3.5 Cloud width 

The cloud width on a given arc ( , )x z and at a given time t, bo(x, z; t), is derived from the arcwise 

concentration distribution. If (y; x, z; t) is the concentration distribution across the arc or a quantity 

derived from it, then the width is defined as some multiple b of the standard deviation of , i.e. 

 

b x z t x z to b y( , ; ) ( , ; )    

where 
2

0

1

0

22)};,({ 
















 tzxy  

 

and the p
th

 moment p is defined by  

 

 p
px z t y y x z t dy( , ; ) ( ; , , ) 


 

The choice of physical quantity (y; x, z; t) used in the calculation of the moments depends on the 

release type: 

(a)  for continuous releases, the time-averaged concentrations at each sensor on the arc, { Co }, are 

used to define  (in this case the time-dependence in bo may be suppressed if there is only one 

averaging period) 

(b)  for instantaneous releases, the dose at each sensor on the arc, {Do}, is used to define  (in which 

case there is no time dependence in bo) 

 

Currently b = 1.  

 

 

4. Meteorological measurements 

4.1 Wind speed and direction 

The wind speed and direction are measured at one or more locations on the site,  yi i

nw

1
, with 

resulting time series  u to i; y  and  o it; y , respectively, at each location. 

 

4.2 Time-averaged wind speed and direction 

A time-averaged wind speed and direction are defined at each measurement point yi in an analogous 

way to the time-averaged concentrations (see Section 1.3) by averaging the time series using an 

averaging time tavg

u( )
 , to give u t to i avg

u( ; ; )( )
y  and o i avg

ut t( ; ; )( )
y , respectively. Currently t tavg

u
avg

c( ) ( ) . 

 

Note that there will also be a duration and range of times associated with the meteorological 

measurements as there was with the concentration measurements in Section 1.3; again, if there is 

only one averaging period then the argument t is omitted in the time-averaged values. 
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4.3 Spatial averages 

In addition to the time-averaging carried out, there can also be spatial averaging for events where 

the meteorological conditions were measured at more than one location on the site. Where 

appropriate this is carried out using a straightforward arithmetic average over the measurement 

locations at a fixed height. 

 

 

5. Definition of statistical comparison parameters for SMEDIS 
 

In this section we define the SMEDIS statistical performance measures to be used in the validation 

exercise and the way in which they are used with a threshold parameter. 

Assuming a set of N observed values N

iio 1}){(   and a set of N predicted values, {( ) } p i i

N

1 , the 

statistical comparison measures are defined as follows: 

 

(a) Mean Relative Bias, MRB 

 
op

op
MRB










2

1
 

 

(b) Mean Relative Square Error, MRSE 

 

 2

2

4

1
op

op
MRSE








  

 

(c) Factor of n, FAn 

N

N
FAn

nn po 


 //1
 

 

(d) Geometric Mean Bias, MG 
















p

o
eMG



logexp  

 

(e) Geometric Mean Variance, VG 

2

logexp





























p

o
eVG



 

In these definitions, the angle brackets <…> denote an average over N observed/predicted pairs: 

 





N

k

k
N 1

1
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The notation Na b   denotes the number of members of the set of N values of  which lie between 

a and b. 

 

Thresholds 

If in the relations given in Section 1 above any of the set of either observed values N

iio 1}){(  or 

predicted values {( ) } p i i

N

1 fall below some value , designated the threshold, then that value will 

assume the value  and this value shall be used in the calculation of the SPMs. 

Thus for the kth member of the set, if either of  Tko  )( , Tkp  )(  is true then Tko  )(  or 

Tkp  )( . 

 

 

Threshold for Concentration 

Currently in SMEDIS  where represents concentration, T = 10
-3 

% or 10
-5

 absolute of the source 

concentration for trials where concentrations are measured in % by volume. Where test data are 

reported as parts per million (ppm) by volume the threshold value applied will be considered on a 

case by case basis to set an appropriate value. As a starting point, the threshold will initially be set 

at T = 10
-3

 ppm. 

 

 

Threshold for Dose   
A threshold for dose will also be applied to derived values. When represents dose, as defined in 

Appendix 1, the value assigned to T  will be derived using the relation 

 

pTT TC  


where CT is the value adopted for the threshold concentration in % or ppm and Tp is some cloud 

passage time taken to be either the cloud passage time at the sensor or the maximum observed cloud 

passage time for the sensor array. T will be in units of  % s or ppm s for concentration expressed in 

% or ppm by volume respectively. 

 

 

 

 

 



 

 

Appendix     Equivalent single-phase 

                          sources for validation runs 
 

 

 

A significant number of the cases in the SMEDIS validation database involve the release of a 

liquefied gas stored under pressure, with the result that the release begins as a flashing two-phase 

jet. Not all models are able to simulate these preliminary stages; we therefore present some 

discussion of the various stages that occur together with information on how to estimate the 

parameters at the end of each stage. 

 

We are concerned with models that cannot handle two-phase behaviour or a single phase 

momentum-dominated stage. 

 

A release containing a liquid fraction above its normal boiling point will be assumed to comprise 

three stages;  

 

(i) a flashing stage with no air entrainment at the end of which the pressure is ambient and the 

temperature is the normal material boiling point;  

 

(ii) a second stage during which air is entrained and the liquid fraction evaporates. This stage 

extends to the point where all the liquid has evaporated. The temperature is in equilibrium with the 

partial vapour pressure throughout the jet but may be well below the boiling point;  

 

(iii) the final stage comprises a cold single phase vapour jet dispersing in air.  

 

A top-hat distribution will be assumed throughout. Dense gas effects can persist after recovery of 

the temperature to ambient due to the presence of a high molecular weight contaminant.  

 

The FLADIS project (Duijm, 1994) addressed these first two stages providing a calculation 

1 2 3

e f j

stage

flash

vaporisation
two phase evaporative jet single phase jet
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procedure to give the jet conditions at the point where no liquid remains in the jet. A control volume 

approach conserving mass, momentum and enthalpy was used. 

 

It is intended to use this method to determine jet conditions at the point at which pressure has 

returned to atmospheric and all flashing has ceased, i.e. the end of stage 1. At this point an 

equivalent source comprising a two-phase jet with a top-hat profile will be specified with a single 

temperature, a quality, velocity and radius by use of the following relations. Throughout it is 

assumed that there is no droplet rain out from the jet.  

 

In the following we use the notation 

 

A = the jet cross-sectional area, 

h = the specific enthalpy, 

H = the heat of vaporisation, 

M = the molecular weight, 

p = the pressure, 

T = the temperature, 

v = the velocity, 

X = the quality, 

 = the contaminant molar fraction and 

 = the density. 

 

Additionally let the subscripts e, f and j denote conditions at the nozzle exit, the end of the flashing 

phase and the position at which all liquid has evaporated (Figure 1), g and a contaminant and air 

components, and l and v liquid and vapour phases, respectively. Then for the flashing stage the 

following equations will be used: 

 

Conservation of energy     0)(
2

1
)1()1( 22

,,  efeeevfffv vvHXhHXh  

 

Conservation of momentum 0)()(  efefee ppvvv  

 

Conservation of mass  ffeeef vvAA  //   

 

These are solved for Xf, vf, f, Af  and Tf  assuming that the temperature after flashing is the 

saturation temperature at ambient pressure pa,  and using an equation of state relating pressure, 

density, temperature and quality. Thus: 

 

),(   and   
)1(1

,

,,

affv

fv

f

fl

f

f

pTF
XX




 


 

 

For the second stage of the process when the remaining liquid evaporates, again following Duijm 

(1994), then just sufficient enthalpy from entrained air is introduced to the jet to vaporise all the 

liquid. The following relations will be used for the calculation of conditions at the end of stage 2. 

These will comprise a single phase jet parameterised by a single vapour temperature, a jet velocity, 

the contaminant mass fraction and a jet radius. 

 

The single phase jet conditions at the cross section denoted by the subscript j: 
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Conservation of enthalpy  0)1(,  aagggjg hMhM   

 

Conservation of momentum  0/ 22  fffjjj vAAv   

 

Conservation of mass     0/]/)1[(1/  gaggfffjjj MMvAAv   

 

These equations are solved for jjjjg TAv  and ,,,  assuming that the fractional partial pressure of 

the contaminant is equal to the contaminant mole fraction, g , and an equation of state relating 

density, pressure, temperature and mole mass fractions is given by: 

 

),(

)1(

),(

)1(

aja

ag

ajg

gg

aggg

j

pT

M

pT

M

MM
















  

 

This procedure does not involve any explicit calculation of the rate of air entrainment, however, so 

the distance to the end of stage 2 is not determined. Computer models for this stage that include 

entrainment are available. For example, the EJECT code (Tickle, 1996) [find a better example] 

follows the methodology used in FLADIS and a Ricou-Spalding entrainment assumption to 

compute the downstream conditions in a two-phase flashing jet. This will be employed to obtain an 

estimate of the downwind distance to the end of stage 2. 

 

Stage 3, comprising a single phase jet where momentum effects dominate over those of atmospheric 

turbulence, will persist until the jet velocity is comparable with the ambient flow. With significant 

entrainment during stage 2 immediate transition to a dense plume may occur and stage 3 will 

therefore be absent. However, where a momentum jet does occur and modellers require 

specification of conditions at its termination, these will be computed at a point where the jet 

velocity is twice that of the ambient flow, using a simple jet model incorporating a Ricou-Spalding 

entrainment assumption (see for example Rodi,1982). This will specify jet radius, contaminant mass 

fraction, temperature and the distance downwind at which this occurs. 

 

A similar treatment may be required for a high pressure under expanded single phase release. 

Various prescriptions are available to specify a pseudo source at the point where the pressure has 

decayed to atmospheric. These have been discussed by Britter (1994). Here, where required, an 

equivalent jet source will be provided including a jet density, temperature, velocity and diameter at 

a point where the jet pressure has fallen to that in the atmosphere. This will be based on one-

dimensional integral conservation equations for mass momentum and energy for flow downstream 

of the nozzle and  assumptions of isentropic flow in the pipe. 
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                          validation database tests 
 

 
 

 

Definitions of release condition variables 

(based on REDIPHEM Online Help) 

 

SMEDIS/97/18/D - Version 0.1,  December 1997. EdF (B. Carissimo) 

 

 

 

    Substance             : The name of the released substance (text) 

    Release type          : Jet, cyclone, pool or puff 

    Stability class       : Pasquill-Gifford class expressed as one or 

                            two characters: A B DE 

    Obstacletype          : None, fence, channel, box, circle, wall, city, 

                            arch, crossing, canyon. Adjectives: circular, 

                            linear, porous. 

    Nobs                  : The number of obstacles 

 

 

    Releasestart          : The start of the release (in seconds) 

    Releaseduration,      : The duration of the release in seconds. 

                            A large number indicates that the duration 

                            was longer than the recorded time series. 

                            For puffs the release duration is usually 

                            set to 1 second. 

    Releaserate           : Measured in kg/s. For puffs it is 

    Releasedmass          : The total mass released. 

    Initialconc           : The concentration of pure contaminant in 

                            the released gas. 

    Nozzlediameter        : The diameter of the source 

    Poolfraction          : The rain out fraction of the released mass. 

    Xrelease,Yrelease 

    ,Zrelease             : Source coordinates 

    A_release             : Direction of release (degrees from N) 

    B_release             : Inclination of release (degrees from horizontal) 

    Idealwinddirection    : The desirable wind direction (degrees from N). 

                            Note that that 270 means that the wind blows 

                            from west towards east. 

 

 

    Xorientation          : The direction of the X-axis in degrees from N. 

                            270 means that the axis points towards W. 

    Exittemperature       : The temperature in centigrade measured before 

                            flashing. In most cases equal to the storage 

                            temperature. 

    Exitpressure          : Pressure in Bar measured just before exit. 

    Atmtemp               : Mean atmospheric temperature (C). 

    Atmpress              : Mean atmospheric pressure (Bar). 

    Atmrelhum             : Mean atmospheric relative humidity. A number 

                            between 0 and 1. 

    Windspeed             : Mean wind speed in m/s measured at the reference 

                            height. 

    Zref                  : Reference height in m. 

    Winddirection         : Average wind direction (degrees from N) 
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    Cloudiness            : A number between 0 and 1 indicating cloud cover. 

    MOlength              : The Monin-Obukhov length scale in m. 

    Phase                 : A number between 0 and 1 indicating the mass 

                            fraction of the released mass in liquid phase. 

 

 

    Moleweight            : An EFFECTIVE molar weight which takes thermo- 

                            dynamics into account. For a precise definition 

                            see report. 

    Slope                 : Tan(s), where s is the slope angle of the 

                            terrain. 

    Ustar                 : The friction velocity in m/s. 

    Z0                    : The surface roughness in m. 

    Lc                    : Characteristic length scale in m (see report) 

    Tc                    : Characteristic time scale in s (see report) 

 

 

Additional Notes : 

 

     The release rate range is specified for continuous releases. 

     The total mass released is specified for instantaneous 

     releases. 

 

     'Phase' is the mass fraction on liquid form of the released 

     substance prior to release. It is a number between 0 and 1, 

     where 0 indicates a purely gaseous release and 1 indicates a 

     release of pure liquid (which may flash immediately after). 

 

 

     The effective molar weight is calculated as the molar weight 

     of an ideal simulant gas. The simulant gas simulates lean 

     adiabatic mixtures of the actual substance. Confer report for 

     more details. 

 

     The non-dimensional windspeed is determined by the use of the 

     characteristic scales of length and time. These are 

 

          Lc = V**(1/3)            for instantaneous releases 

          Lc = (Q**2/g')**(1/5)    for continuous releases 

 

          Tc = (Lc/g')**(1/2)      for instantaneous releases 

          Tc = (Q/g'**3)**(1/5)    for continuous releases 

 

     where V is the released volume, Q is the release rate expressed 

     as a volume rate and g' is the reduced acceleration of gravity. 

     In case of a two-phase release V, Q and g' are the values for the 

     corresponding isothermal simulant gas release. See report for 

     more details. 
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Answers to "Frequently Asked Questions"  

about the SMEDIS validation database (batch 1, 2 & 3) 

 

SMEDIS/99/3/Z  

Version 2.3, B. Carissimo, EDF 

 

 

 

 Should modellers use their own source model or use equivalent source from 

HSL/EdF ?  

 

Use own model if it is normally part of the procedure for the dense gas model - 

criterion is that source model should be covered in the documentation submitted 

for the scientific assessment. 

 

 How should modellers use a model if it does not have a particular 

capability ? 

 

For models which do not have an explicit capability, e.g. cannot model 

dispersion on slopes, then leave to the participant concerned whether they agree 

that their model is not directly applicable for the type of problem or whether 

they wish to run the model anyway with the feature omitted. 

 

* What averaging time should be used for the concentration 

predictions ?  

 

Use the indicated "averaging time for mean values" (note that this time is also 

used for standard deviations,see below).  

 

* How is defined the arc-position 

 

The arc-position distances are downwind distances from the point of release. 

 

* What is the definition of mean_C, std_C   

 

These are respectively the mean and the standard deviation for the concentration 

during the above defined "averaging time for mean values" (idem for T) 

 

*  For dat638, dat648, what is the initial puff size ? 

 

At wind tunnel scale, the source is a cylindre 85 mm diameter and 80 mm height. 

 

 In Eec550.xls and Eec551.xls some wind speeds, temperatures and wind 

directions have already been filled in the response tables. What is the meaning 

of this? Should we also calculate these properties? 

 

These correspond to undisturbed profiles, averaged with the "averaging time for 

mean values" and that might be used for example by CFD models. These will not be 

included in the statistical evaluation. 

 

 For Thorney Island a number of different stability class are provided, 

which is to be used ?  

 

These are all obtained by independent methods giving equally valuable estimates. 

One can take a kind of average, namely D for TI8 and D/E for TI21 

 

 Details about equivalent source term ? 

 

As for batch 1, equivalent source terms are circulated separately by HSE. 
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* For dat231 what is the diameter of the source ?  

 

For all Hamburg instantaneous releases, the source diameter is 85mm 

(based on the scaling indicated in the REDIPHEM report page 7) 

 

* What is the stability of tuv11/13 ? 

 

These are wind tunnel with neutral stability. 

 

* For dat647 is the slope up or down ?   

 

Terrain height is decreasing in the wind direction (REDIPHEM report p13) 

 

*  There appear to be more than one sensor at a given location ? 

 

For some experiment there are different types of sensor at the same location for 

comparison purposes. 

 

* For EMU the x axis direction should be 180 and not 0 ? 

 

This has been corrected (v2.2) 

 

* For EMU it seems that BLD1 is completely enclosed in BLD2 ? 

 

These two elements are part of a water tower, the larger part being above the 

smaller. In addition some building heights (not all) were relative to the 

ground. Therefore a new file together with the digitalized maps has been 

distributed (v2.1). 

 

 

 For Thorney Island the x axis direction appear to be inconsistent with the 

wind and the results? 

 

There is an error in the indicated wind direction that has been corrected in the 

newly distributed files (v2.2). 

 

 For dat231, the position of the parallel wall is given with positive y-

coordinate which means the sensors are placed on both sides on the wall. Is this 

true? 

  

Yes sensors are placed on both sides of the wall. 

 

 For TUV11 and 13, the scaled nozzle diameter is really 8.35 m ? 

 

Yes, this corresponds to the equivalent “cyclone” release (no momentum) of the 

propane release eec57. 

 

 

 Concerning the case LAT49 (EEC49) of Batch3. 

Release type is stated as puff and phase is 1 (all liquid). Exit 

temperature is stated as -42°C (boiling point of propane) and pool 

mass fraction is 0 (no pool). In what manner the released liquid will 

evaporate if no pool formation occurs? 

 

 

In the original report for the propane releases by Heinrich and Sherwinsky 

(1990), the "instantaneous" releases were done with a large diameter pipe (on 

the order of 80mm). 
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 For some releases, the dose integration time is omitted ? 

 

The following are the dose integration times (in seconds) omitted from the data 

sets from Batches 2 and 3 (include in Rev. 2.3). 

Lathen 49           100 

     DAT458              3.0   (scaled 98.7) 

     DAT231              5.0   (scaled 164.4) 

     049101              4.5   (scaled 148.1) 

     TI08                800 

     TI21                600 

 

 

* For emudj, does the 230 kg/s includes both chlorine and air and, if so, is 

the diameter still 1.74m ? 

 

Yes it is 230 kg/s of the mixture. The original EMU reports states : a mixture 

of chlrorine (10% by volume) and air at an emission speed of 70 m/s from a 

source diameter o 1.74m. This gives approximately 230 kg/s. 

 

* For emudj there appears to be a formula giving Mean_C from Cmol/C*) ? 

 

Cmol/C* are the original adimensional values reported in the EMU documents. 

These have been converted to obtain “ mean_C ” 

 

* For emudj, there are sensors outside the region where the ground height is 

defined in the sheet amsite.xls!amlwch (more than about 335m south of the 

source). 

 

There is another terrain file with a domain 2km by 3km 

 

 

* For some runs we cannot provide predictions of concentration for some 

fraction of the sensors: this is due to the fact that sometimes sensors fall 

within the initial jet region of a continuous run and our model does not give 

concentrations over this region. 

Can we just put -999 for these sensors, so that they are ignored ? 

 

Yes we will ignore the -999 values in computing the statistics. 

 

 

*For some wind tunnel experiments (for instance DAT231) an equivalent molecular 

weight is given in the datasheet, while for others (for instance DAT638) , only 

the true molecular weight is given. Should the molecular weight be scaled for 

laboratory experiments ? 

 

Where a full scale analogue of a wind tunnel experiment exists this is 

no problem and the scaling is clear. Where no full scale analogue 

exists then one must be chosen. Thus analogue experiments have been 

chosen at a larger scale and entered on the data sheet. The length and 

time scales of these experiments are given alongside those of the wind 

tunnel experiment on the data sheet. Similarity maintaining Ri and S 

has been used. Where no scaled density or molecular weight has been 

given then this quantity is the same on model and full scale. However, 

to maintain equivalence of Ri with the same density for some releases 

would mean unrealistic values for the velocity scale for example. So 

in such cases the density must be scaled to obtain a sensible velocity 

scale. These are then the densities (or molecular weights) given in 

the scaled quantities column. Thus in such cases if you carry out a 

scaled simulation you use the given molecular weight.



 

 

 

 

 

 

 

 

 

 


