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PREFACE

In order 1o calculate the possible damage to people, property on the environment from
industrial accidents, analysts resort to mathmatic models of the accident. These models
are often processed using a computer. Increasing numbers of models are emerging from
rescarch leaving the anslyst with a large choice. There is a considerable possibility of
models being simply wrong or of them being used outside their range of applicability.

As a regulator and also a funder of research in Major Industrial Hazards the CEC
became concerned about the need to evaluste existing models and to improve the quality
of what was being developed. Therefore in 1991 it commissioned Dr. Rex Britter to
study the situation. The present repor is the outcome of his work.

Dr. Britter recommended that the CEC establish expert groups to examine the models
in detail. These activities have now been initisted. The groups ate essentially open and

interested scientists are invited to panicipate. Further information can be obtained from
me.

Dr. S.T. COLE
CEC Brussck
DG X7I-D-1
200, rue de 1a Loi
B - 1049 Brussehs
Phone : +32 2295 03 47
Fax: 432229630 24

Brussels, January 1993
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EXECUTIVE SUMMARY

Models are used in many ways by individuals and organisations within the European
Community. Within the context of major technological hazards decisions of consider-
able importance are based whally, or partly, on these models.

The quality, that is the Btness-for-purpose, of these models will differ and there is
obviously an interest in both the relative quality of one model sgainst another and the
absolute quality of any particular model,

This leads to the evaluation of model quality and to methods by which model quality
might be improved.

It is noted that models are a principal method for the transfer of technology but also
that the nature, role and limitations of models is frequently misunderstood.

There is 8 widespread demand for guidance on model quality and consequently on the
development of evaluation techniques. The CEC is ap sppropriate body to bave a role
in the study of the quality and the management of quality of technical models.

The evaluation of the quality of technical models entails

() An assurance of correct coding of algorithms is required and this is probably
straightforward.

(b) A statistical model validation is required and this eptails comparison with exper-
imental data sets. Considerable care is required in performing such a validation,

in particular in determination of an Appropriate protocol to ensure unambiguous
conclusions to be drawn from the validation.

{c) A model assessment including a scientific review and other less objective aspects
is also required and should be Kiven equal weight to a statistical model validation.

Actions which may lead to an improvement in model quality are presented ig the report.



1. INTRODUCTION

1.1 Models

Models are used in many and various ways by individuals and organisations
within the European Community. In many cases decisions of some considerable impor-
tance are based, wholly or partly, on these tmodels.

It will be appreciated that the use of models is pervasive throughout most fields
of study as & means of communicating information. This study may be viewed in a
wider context; however, its main object is the consideration of the use of technical
models, particularly those used for assessing major technological hazards.

The Seveso Directive (82/501/EEC) obliges a manufacturer to foresee the con-
sequences of a major accident to his installation by carrying out a risk and consequence
analysis and to use this to determine means with which to combat the accident. Con-
cern with major accident hazards has ajso led to the development of emergency response

plans and to the need for advanced techniques of accident investigation. These activities

involve analyses which, in turn, contain models.

The quality, that is fitness-for-purpose, of the outcome of these activities will
depend, in part, on the quality of the technical input, e.g. technical models.

There is obvicusly a need to evaluate model quality since they are used to make
important decisions about the likelihood and consequences of sccidents and the steps
which should be taken for their prevention and for mitigation.

Currently there & very large number of technical models available for treating
each of the many different aspects of major technological hazards. This is particularly
evident in the risk and consequence analysis which is commonly referred to as a ‘safety
report’.

The quality of models will differ and there is obviously an interest in both the
relative quality of one model compared with another and the absolute quality of any
particular model. Consequently one is led to the evaluation of model quality and to
methods by which mode} quality, in general, might be improved when necessary, that
is, the management of model quality.

The study takes note of a desire for increased harmonisation of the quality of
the technical input to ‘safety reports’ and the possible need for a framewark to ensure
s minimum standard for that technical input.

Models are used in many ways. In decreasing order of importance, the roles of
models are:

(i) As a predictive tool for various scenarios of interest that have not, themselves,
been tested.

(ii) As & means of summarising extensive analytical and experitental results into a
compact form in order to

(a) assist in the efficient transfer of that kmowledge;
(b} focus on deficiencies in knowledge.

(iii) To provide knowledge in a form accessible to users with varying levels of sophis-
tication in the subject area

(iv} The model muy be used to highlight the sensitivity of the output to the various
input parameters. If this is & real physical sensitivity, then we have » means for
directing research resources to the areas that show greatest sensitivity.

(v} There will always be a better model tomorrow. If we are concerned with model
quality rather than excellence then the model and its evaluated performance can
be used as & measure for the diversion of resources from one research area to
another for which the benefit/cost ratio is higher.

The pature, role and limitations of models are frequently misunderstood. Mod-
els appear to be the principal means of information or technology transfer between a
predominantly research community and an operational cne. It is often not clear what
assumptions are being made at the interface between these communities. The situa-
tion is further complicated by the existence of a third comumunity between research and
operation, e.g. consultants, software developers, etc., wherein technieal model develop-

ment may also take place. It is, of course, the case that these communities may exist
within one organisation.

One frequently hears the comment from the research community that models
should only be used by those who have a sound training in the relevant disciplines and
understand the intricacies of the mode! well. This request is often at variance with
the requirements of many users that they require a model to be used by staff who
have many other, equally important, diversions and distractions and 50 are not able to
develop a level of understanding expected by a research community.

The point to be made here is that it is not clear that the assumptions made
by each community about the others are consistent, thus allowing the possibility of
misunderstanding. It is also uncertain where the responsibility Lies for improving the
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transfer of correct and appropriate technology and information in a manner that best
suits some overall, rather than local, goal.

It is unwise to view a model in isolation from its working environment even if
only to ensure an appropriate specification of the model’s input and output format. The
training and suitability of the user, which can vary markedly, must also be considered.
Further to this point, we note that the user (in 2 broad sense) is also responsible for
the correct selection of an appropriste model and it may be here that the greatest
contribution to poor overall model performance s found.

This study addresses technical models. It does not explicitly concern itself with
(i) techniques for hazard identification;
(ii) techniques for inigning probabilities to various possible scenarios;
(iii) behavioural models;
(iv) models related to plant management;

except insofar as these include technical models, Technjcal models are most frequently
found within the context of consequence analysis.

Evaluation of the quality of safety and risk snalyses from & broader perspective

bas been considered elsewhere - see, for example, Suokas {19588), Rouhiainen (1990)
and others.

1.2 Quality and quality management

It is important to realise that model users differ in their requirements and, as
& consequence, models to address the same problem may also differ. In addition to
a model’s cortectness, we must also consider its appropriateness for its intended use.
Models with similar scientific intent may be quite different, for example:

(i) A model for emergency response may need real-time predictions or access to
pre-calculated real-time output.

(ii) A model for planning or regulatory purposes may need to be rup several thou-
sands of times to cover » wide variety of source possibilities and environmental
conditions.

(iii) A model used for post-sccident investigation would be an advanced (research
grade) model with little concern about computational cost or other resources
required. An investigation can frequently lead to significant mode! development.

Thus, in discussing any evaluation of model quality, it is necessary to consider
the intended purpose of the model. Broadly speaking, we might reduce this difficulty
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by noting that (iii) allows appropriate post-accident selection and development while
(i) is typically & reduced and simplified form of (ii). Thus we may consider the user of
{ii) as the archetypal model user.

Of course, if within (ii) a particular aspect of operation was found to be critical,
resort to (jii) for that operation might be considered. This procedure is widespread and
should be mentioned. One model (a less sophisticated one) will be used for screening
purposes while other models are used for a limited number of critical situations. That
is, a user screens scenarios to best allocate resources to be used for further investigation.

It is commonly the case that it is not apparent, or, at least, not adequately

" documented, what management there is of the quality of the models. For example, in

geoeral there appears to be no attempt by model developers to provide an objectively
assessed performance rating for their models, nor for that matter any attempt to de-
termine what might be an appropriate or even obtainable performance rating prior to
model development.

Presumably, the management is implicit and comes about from an interplay
between interested parties who wish to propose or defend their point of view. These
parties would include, for example,

government or regulatory suthorities

industrial organisations

public groups

insurers

consultancies

researchers (be they from universities or from any of the above groups).

In addition, one would recognise that individuals or small groups from within
the above would have immediate goals of seeking excellence, in addition to quality, in
their activities.

The lack of more soundly-based and explicit quality management can and does
lead to large differences in the predicted outcome of the same scenario.

1.3 The purpose of model evalusation
The general purpeose of mode] evaluation is to:

(i) produce a mesaaure of model quality that may be communicated to interested
parties;

(i#) nllow a referee to consider & user's use of 3 model and to sssess in a (semi-)
quantitative way what weight should be given to the model results;
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(iii) through (i) and (ii) to encourage and assist the management of model quality:
{iv) through (iii) to ensure that:

{a) any distortion of outcome produced by the use of different models is
reduced;

(b} when technology is transferred to less sophisticated users, it is the correct
and appropriste technology that is transferred;

{v) provide & user with documented bounds of applicability;

(vi) provide a user with documented uncertainty in prediction when the model is
used within its bounds of applicability;
(vii) identify what improvements are needed in & model.

Several of these points will assist model users (with their various levels of ex-
pettise) in the correct choice and implementation of a mode! and the interpretation of
its output.

The consideration of model evaluation procedures may also lead to a frame-
work or structure for determining research priorities by objectively assessing gaps in
knowledge, user demand sod determining what is implied by a ‘state-of-the-art’ model.
Co-ordination or direction on the mansgement of model quality may provide a useful
device for encouraging appropriate model improvements in a cost-effective way,

1.4 What is evaluation?

Model quality or fitness for purpose will need to be evaluated and communicated
to interested parties in & non-arbitrary and structured way in order to ensure acceptance
and usefulness. We argue here that evaluation would have three components: assurance,
validation and assessment.

Assurance here is used to describe whether the computational aspects of the
model are correctly treated, i.¢. it would not involve any consideration of the physics
of the problem (other than how the physics will influence the computational techniques
used). This subject refers to correct and efficient coding of algorithms and is, probably,
the most straightforward aspect. It is also the ares within which there has been the
most extensive prior effort.

Validation, in & crude sense, concerns getting the model to predict the experi-
mental results.

Thus the validation of tecinical models relies on the comparison of model pre-
dictions with experimental data. The usefulness of, and the ability to carry out, model

s

evaluations wil] depend upon the existence and extensiveness of appropriate data bases
and the accessibility of the data bases.

Assessment would offer a more global view in which consideration was given to
points such as

(i) Is the physics correct and is all the necessary physics included?
(ii) Are the assumptions/approximations appropriate?

(iii) Are the mode] limitations indicated?

(iv) Are esiimates of model uncertainties provided?
(v} Is the model computationally expensive?

(vi) Is the model {financially) expensive?

{vii) Are the model input and output formats user-friendly?

{viii) Does the model bave friendly selectability, i.e. will & user be aided in choosing or
not choosing this model in a scenario in which the user's judgement is required
for model selection?

The points (i), (ii) and (jii) are encompassed by the general terms of ‘scientific review".

We might note that assurance and validation should be objective exercises,
whereas elements of a model assessment could be subjective.

The evaluation of model quality will be undertaken by model developers in order
to support acceptance of their models. Evaluation will also be undertaken by users
to ensure that they can defend their use of the models. Evaluation by independent
third parties is of particular sssistance to groups seeking advice or direction on model
selection and who do not have available expertise to undertake evaluation.

There are obvious advantages if model evaluations performed by different parties
produce similar results or, at lesst, use a similar structured evaluation protocol.

Y



2. CURRENT SITUATION

In order. to address the general questions of model quality and that of mode] evaluation
we consider here » technical perspective on models and their evaluation.

2.1 Models

The term (technical) model encompasses both mathematical and physical mod-
els. '

2.1.1 Mathematical models: empirical
These models are basically:

(i) Dimensional correlations, which are a technique for sim

- plifying or shortening
the presentation of experimental results, or

(ii) correlations which may have been written In & non-dimensional form and, with
appropriste caveats, can be extended to quite different materials in different
flow situations, but remaining within the dimensionless parameter range of the

original experiments. See, for example, various workbook formats such as Britter
and McQuaid (1988).

(iii) With suitable argument the models in (i) and (ii) may be extended (extrapo-
lated) outside the parameter range upon which they were based.

2.1.2 Mathematical models: based on the relevant fundamental equations

These models are based, 1o & greater or lesser extent. on the underlying equations
of physics. In the context of turbulent fluid mechanics, only the technique of 'direct
numerical simulation’ actually attempts to solve these ¢quations.
substantial computer resources (of the order of days of dedicated su
Per run for very restrictive flow conditions).

This requires very

per-computer time

Otherwise there are approximations made to the equations and the model is the
solution to these simplified equations. There then follows extensive argument about
the correctness or incorrectaess of the simplifications. A component of the evaluation
of technical models concerns the adequacy of these simplifications and their impsact on
the quality of the model, that is, & ‘scientific review'.

2.1.2.1 Analytical models

Analytical models are, in essence, exact or spproximate solutions to s set of
equations in a closed form.

2.1.2.2 Numerical models

Nurerical models are frequently referred to as computational models, though it
must be recognised that there may be significant computational work within analytical
models such as the evaluation of complex integrals. Numerical models include models
of differing levels of sophistication and complexity.

2.1.3 Comments and perspective

A few comments might be noted:

(i) In » broad sense, there is generally an over-confidence in the ability of mathe-
matical models to provide accurate prediction.

(ii) In particular, there is significant over-confidence in the ability of very large
numerical models to provide accurate prediction.

{iii) There is no guarantee that the larger and more complex the mode! the better
the prediction.

(iv) Ezperience has shown that the more complex models are user-sensitive, i.e. the
same model, applied to the same problem, can produce different results.

(+) The more sophisticated and complex a model is, the more sophisticated & user
must be in terms both of understanding the underlying physical problem and of
understanding the solution procedure that is to be adopted.

To provide some perspective on these points, we note that:

(1) Top-flight research models might be solving unsteady (time-varying) problems
on 5 x 107 grid points and require weeks of dedicated super-computer time per
fun.

(1) Standard research models might be solving steady and unsteady probiems on
10* grid points and require hours of dedicated super-computer time per run.

(iii) Advanced engineering models used in industry might be solving steady problems
on 10 grid points and require an hour of dedicated computer time. This is
sbout the level of the most complex models currently envisaged for use within
consequence studies. These have not, to my knowledge, actually been used in
any consequence study.

(iv} Models typically run in risk assessment nctivities typically require several min-
utes on a mini- or micro-computer. However, several different mode]l modules
may be required and very many (1000s) of possible scenarios considered.



This range of activities can lead to uncertainty as to what is a reasonable expec-
tation from a mathematical model. As a consequence, there is often confusion when
discussing the use of mathematical models and also the possibility of poor communi-
eation between the model developer and the model user. This is made worse by the
frequent lack of adequate documentation (in the most general sense) and the lack of
any external peer-review of the models and their validation (if this exists).

2.1.4 Physical Models

Physical models, sometimes called physical simulations, use wind and water tun-
nels to model specific scenarios. This technique is well advanced, has strong and weak
points and specific limitations, and is sided by the existence of extensive documenta-
tion, e.g. Sonyder (1981), on a required operating practice. However, this guidance is
frequently not followed, leading to the existence of questionable (misleading) dats. The
technique requires experienced and sophisticated users.

When physical modelli.ig is used to provide quantitative data concerning Major
Technological Hazards, it is essential that documentation is provided to ensure the
quality of the physical modelling procedure.

Physical models can also be made with no-scale reduction, i.e. the use of full-
scale experiments but using similar, but non-hazardous, materials. This activity might
also be interpreted as a ‘proving’ operation for technical models.

Experiments i the field and in the laboratory are often performed in order
to provide dats to enable the development of mathematical models. This activity is
distinct from the use of physical modelling.

For the remainder of this report the term technical model will refer enly 1o
mathematical models.

2.2 Evaluation of models

Within the context of Major Technological Hazards evaluating and communi-
cating the.quality of a modal is an area of study which has only recently been addressed
and is, in general, neither simple nor straightforward.

From discussions with an, admittedly small, number of interested groups it would
appear that there is no generally accepted, objective procedure in use for the evaluation
of technical models used in the area of Major Technological Hazards. There is also no
accepted technique for quantifying model quality nor for the effective communication
of the outcome of an evaluation procedure to interested parties.

)

There are, of course, many procedures in use which are considered, quite cor-

rectly, to be appropriate for the particular user, though these and the results of their
application are not necessarily openly available. These procedures are normally in use
by large organisations rather than those with smaller resousees.

As an example of an evaluation procedure, Hill (1989) provides an overview of
ali the technical models available at the National Radiological Protection Board in the
UK for caleulating rates of radionuclide transfer through the environment.

The NRPB procedure involves ‘verification’ and ‘validation’ where ‘verificatiop’
refers to the process of showing that a technical model is s proper representation of
the conceptual model on which it is based, and of checking that the mathematical
equations involved have been solved correctly. For cotaputer models verification also
includes quality assurance of the computer ccde. NRPB recognises that different levels
of verification may be appropriate {or different uses, the most stringent verification
being required for regulatory-type models.

The verification procedure is implemented internally by

(i) review of model structure and basjc equations by staff other than those involved
in developing the model;

(ii) checking computer codes to ensure that programming is correct;
(iii) comparing computed results with probiem solutions obtained from other ziodels.

These internal procedures are supplemented by taking part in UK and international
model-model comparison exercises and by submitting model descriptions and example
results to other organisations and experis for external peer review.

Validation, showing that the conceptual mode] and computer code provide an
adequate representation of the problem, requires a coraparison of model results with
experiments that were not used in the model development. When independent ex-
perimental data bases are not available mare qualitative techniques are used. The
quantification of what is meant by an adequate representation is somewhat open and
will depend on the intended model use.

Other large organisations will have some equivalent, similar evaluation proce-

dure. What ia of prime importance here is that an evaluation procedure has been
clearly stated and is communicated to interested parties.

Although there is no general accepted procedure for the evaluation of technical
models within the context of Major Technological Hazard, there does appear to be a
demand for an improvement in the management of the quality of technical models,
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particularly through mode] evaluation procedures. Arguments supporting this view In the discussion subsequent to the discussion document it was noted that:

may be found in: “One reason for failure to apply research was poor diffusion, e.g. information in

(i) Areas of similar activity currently addressing such matters, e.g. » highly technical langusge may not be appropriste to & user — for example »

(a) within the nuclear energy area (see della Logia and Royen (1988), Pro-
ceedings of ‘Water-cooled resctor aerosal code evaluation and uncertainty’
sponsored by the CEC DGXII and other activities at JRC/ISPRAY:

(b) within the ares of the atmospheric dispersion of pollutants - see, for

example, workshops and recommendations arising from the American

Meteorological Society and US Environmental Protection Agency, eg
see Fox (1981), USEPA (1984);

(e) VAMP (1990} {Validation of Model Predictions) is an International Ato-

mic Energy Agency/CEC co-ordinated research programme on validation
of models for the transfer of radionuclides in terrestrial, urban and aquatic
environments and acquisition of data for that purpose;

plus, I presume, many others. Not surprisingly, these activities tend to arise
some time after the initial rapid development and proliferation of models.

(ii) Recent general requests from within the nrea of study, e.g.

& discussion document from Pineau (1990) concerning ‘Research in Areas of
Accident Prevention and Response’ prepared for an OFCD Workshop, Boston,
May 1990, contains the following points:

“Various computer program are available to predict dispersal, but their
validation has been mostly confined to simple configurations. Large-scale
testing and the study of existing data should yield more detajled infor-
mation sbout the phenomens.”

“It is not enough to develop software for calculating the consequences of

discharges or leakage on a full scale. It must be validated...and little has
been done on the subject.”

“How are research findings disseminated today? How can dissemination
be improved?

“Safety studies are now routinely performed and are partly automated
(use of software and software packages). Is there not a risk that such
studies, which ought to be adapted or adaptable to each situation, become
less efficient? To what extent has validation occurred, in particular after
major accidents?™

1

fire brigade service which needs simple tools to be used under stress.”
“Some simple ways to diffuse information were discussed:
- publish a list of research undertaken st a regular frequency;

- summarize ti':e resulty and digest them within & computer package. In
that case, & minimal validation of the content is an absolute necessity.
What's the use of a large diffusion of out-of-date information?”

There seemed as much concern with the dissemination of correct information and
a coherent structure for research activities as there was for identifying specific
research needs, that is, ensuring that the research reflects the needs of the user
and is structured and undertaken with the needs of the user in mind.

Technical models are, of course, the principal means whereby research finds its
way to the user. Two corollaries of this are that information on the quality of
the model should also be passed to the user and that different users will require
models of different character. .

(iii) Recent specific contributions from within the area of study:

(a) The CEC sponsored SHARE (Safety management and hazard assessment
research co-operation in Europe) programme stated the following objec-
tives:

. develop an overview over research needs;
. direct research at most appropriate problems;

. optimise research capabilities and co-ordinate effort;

1
2
3
4, develop a communication network;
5. disseminate information;

6. promote practical use of research findings;
7

- promote the development of integrated approaches to management of
risk.

The question of quality management of technical models encompasses
many of these objectives.

{(b) “User's guide to information systems useful to emergency response plan-
rers and responders, available in OECD European member countries’

12



(October 1990), produced by SERETE for CEC DGXI. This guide sum-
marises, under specific categories, the many systems (typically a group
of linked models) available and provides a brief comment on users’ ex-
periences. In some cases the names of the various constituent models
are mentioned, in others not. What is specifically not addressed is the
quality of the models themselves (except in one case where users doubted
whether the models used were ‘state-of-the-art'). The book by Hanna
and Drivas (1987) is & similar exercise in which descriptions are supplied
but not a model evaluation.

2.3 Experience of modal evaluation

There is experience of model evaluation in a formal, statistical sense provided
over the past decade with regard to atmospheric dispersion codes, sponsored by Amer-
ican Meteorological Society (Fox, 1981, 1984) and the United States Environmental
Protection Agency (which has produced guidelines on evaluation procedure) (USEPA,
1984). This has led to a number of conclusions that can place this activity in context,
that is:

(1} It has been increasingly widely accepted that a purely statistical assessment is
not adequate and attention must be given to the quality of the physics that
have been included in or excluded from the model. This is more difficult to
objectively evaluate although it has been suggested that equal weight should be
given to both activities.

{ii} Models should only be applied to physical situations similar to those used to
derive them.

(iii) Although initially many model performance measures were used it became ap-
parent that & reduced set is desirable to aid comprehension of the results.

(iv) It is often the case that operational models lag behind research grade models by
decades.

{v) In addition, Knox (1885) stresses that & model cannot be improved unless there
is » precise understanding of its performance in certain well defined, physical
situations; knowledge of the model’s sensitivity to input parameters is necessary
in order to decide where emphasis should be placed in research effort. That is,
care and comprehensiveness must be used when selecting experimental data sety
for model comparison.

Recently a model validation exercise has been completed by Hanna et al. {1991)
which compares in a statistical manner the results of 14 models when compared against

13

two sets of trials comprising 4 and 3 experiments respectively. Typically three measure-
ments (concentrations on specific arcs) were used for each experiment. No assessment of
the zppropristeness of the physics within the models was attempted nor was a comment
offered on the parameter range to which the experiments referred.

Hanna et al. (1991b) report on the results of a Model Evaluation Pane! that ad-
dressed hazardous gas dispersion models. Their first recommendation regarding mode]
evalustion was that “an independent international peer-review panel should be estab-
lished".

The recent benchmark exercise on major hazard analysis, performed for the
CEC {Contini ¢t al., 1991), identified the large range (several orders of magnitude) of
concentration and risk estimates arising when different groups of investigators consider

the same plant. A major contributor to this range was the requirement of extensive
engineering judgement necessary throughout the investigation.

A more restricted exercise, undertaken with well defined common boundary
conditions, still resulted in an order of magnitude variation in concentration and greater

variation on risk. These were attributed to differences in source and dispersion models,
and their implementation.

Of relevance to our current study are the observations that

(i) many models cwrrently in use produce concentration varistions of an order of
magnitude and pot, as is sometimes assumed, a matter of 10% or 20%;

(ii) the use of the models may be as important as the models themselves, i.c. the
interaction between models and engineering judgement is important;

(iii) there is a need for greater transparency as to the substance of the models;
(iv) there is » need for the development and validation of more consistent models.

Finally we note that even a comparative presentation of mode! sttributes, by
an independent evaluation, such as Table 1 taken from Hanna et al. {1991) which is a
by-product of a model evaluation, is helpful to a model user.
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TABLE )

Atteitnsten of models®
Attribute Model
. ADAM APTOX ALDHA SAM CHARM DEGADIS EAHAP HEGADAS OB/DO PHAST GAVETI SLAD TRACE WHATAM
Surface roughness (3,) v - Rurel or - - v v v - v - N v
(220008 m) orben (2, 2000 m}
Avg. Time (min) - v Oirorel} — 10 v 10 v - 10 10 v 10
80 (urban}
Helght of wind (m) v - _ 10 - - 10 - _ _ - v -
Receptor height (m) 0 > 0 o v 0 1 0 0 0 0 v v °
Releasr:
Continuous v v v v v v - v > v v v -
Instantaneou v » - v v v v - - v v v > v
VYoriable rate - - _ _ - - - - R _ _ - - _
Asvoschs » - - — - v - - v v v v »
Flash fraction e - _ . e _ - - - » » - > v
Jet mizing v - - - - - v - - v v v v v
Relotive burnidity - - - _ v " - - _ - o v v »
Anbient pressurs v - _ - v - _ _ - " _ _ _ -

*Baplanations of terms ore given I Section 2.3. A check () indicetss thet the model sccounts for variation in thet stizibute. A desh indicates Lhat the model does
Bot sccount for vasistions in Lhat sttribute. A number indiceles the velurs aasumed by the model. An saterisk indicates that we sccnunted for thie stiribule in nur

model initialtzation sasunptions.

Table 1. A comparison of model attributes (from Hanna et al., 1991)



3. THE QUALITY, AND QUALITY MANAGEMENT, OF MODELS

3.1 The quality of models

Evaluation of the quality of models was introduced in §1.4 and we now extend
that discussion.

Assurance of correct and appropriate coding is an essential pact of the evaluation
of the quality of the model. This should be straightforward and will not be considered
further.

3.1.1 Types of model evaluation

Several techniques have been used with the intent of providing an evaluation of
models and/or their use. We note three commonly used approaches:

(i) comparison between prediction and experiment
(ii} code comparison exercises
(i11) benchmark exercises
and these have quite distinct goals.

A comparison between prediction and experiment is currently referred to as a
validation exercise. Comparisons have been made on both raw and dimensionless vari-

ables, performed by the model developer or a neutral agent and based on experimental
data which has or has not been used in model development.

A prelerred arrangement would be a comparison using raw variables, performed
by a neutral agent using data not available to the model developers. Model validation
is discussed further in the next section.

Code comparison exercises require no experimental data and compare directly
the output from varicus codes for a range of scenarios. This exercise allows no absolute
assessment of the models but can be useful when determining whether a consensus exists
amongst mode! developers or in providing a measure of the lack of consensus currently
existing in the activity. With no other information available, model performances
showing large lack of consensus for certain scenarios are likely to encourage further work
in improving the understanding of the relevant physics dominant in those scenarios.
The code comparison exercise is particulacly useful when considering the performance
of models outside the parameter range for which experimental data exist.

The term code-comparison is also used for the statistical comparison of the the
performance of two models against the one experimental data set. The technique allows

16
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determination of the statistical significance of differences in model

performance against
the data set.

Benchmark exercises occur in several forms, The simplest are essentially a code

comparison exercise wherein a specific problem scenario is stated and models are used
to provide predictions which are then compared,

A far more enlightening exercise will require the users to also be responsible for
the correct selection of appropriate scenarios, e.g. see Continj =t al. {1990). This allows
a comparison of the broader methodologies and, of relevance here,
and implementation of a model and the correct interpretation of th
al. (1990) noted that very significant variations occurred due to
selection: variations comparable to any variations between the m

the correct selection
e output. Contini et
inappropriate model
odels themselves.

Finally, we note » somewhat different exercise, noted in §2.2, which is really
8 user’s guide comparing models on the capabilities describe
possibly, including users’ reactions to the models. Similar
undertaken by journals for assessing software. These rarely address the physics of the
models but do serve a useful purpose when considering the more subjectiv
an sasessment procedure.

d by the developers and,

€Xercises are sometimes

€ aspects of

3.1.2 Techniques of madel validation

The validation of air quality models has been an active area of study

since the
early 1980s, driven in part by regulstory requirements on operational models

We can expect that the development of validation procedures for models con-
cerning major-accident hazard installations will follow a similar structure, or at least

the satisfactory parts of it.

A validation procedure must be designed to determine how well 2 model is able
to predict certain scenarios and allow communication of that information to the user.

This superficially simple requirement covers a number of difficult questions.
However, if we restrict ourselves to cases where

(i) an appropriate model has been selected for comparison with observational re-
sults;

(ii) the model is operated correctly and the cutput correctly interpreted;

{iii) the model output data is consistent with the form of the observational data, eg.
the data is based on the same averaging time;
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{iv) the observations nre representative of the scenario that we wish to model;
(v) the observations have not been used in the development of the model, and

(vi) the spatial location of the observation and prediction are coincident,

then progress can be made.

Thus we have a number of pairs of cbservations and model predictions and these

may be statistically compared.

The statistical measures for comparison may be very extcmi.ve although :t. is
realised that “a reduced set of performance measures is desirable to asid comprehension
of results” (Hanna, 1988).

A suggested simple set has been
(Co=Cp)/05(Te+ Cy)

and

(Co - C',)’/CuC,

where the “sign indicates an ensemnble average. Such a simple set has been found to
be very useful - see Figure 1 from Hanns et al. {1991) in a preliminary validation of
dense gas dispersion models.

It is not intended to eluborate here on other possible statistical measures that
might be used other than to note that various measures can be chosen and rather
simply evaluated.

Of more concern is the need for & clearly defined protocol under which an un-
ambiguous statistical model evaluation may be made. Hanna (1991b) addresses some
of the issues relevant to developing a suitable protocol. This is not » simple task but is
of prime importance if the results of the evalustion are to be usable, and to allow the
evaluation to be used for quality management.

Item (vi) above is sometimes relaxed, that is, identical pairing in space may be an
unnecessarily severe restriction on the comparison; see for example Hanna (1988). Such
a relaxstion may be less permissible when considering Major Technological Hazards
(thas for conventional wir pollution problems), where population centres or possible
ignition sources may have to be specifically included in a consequence assessment.
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3.1.3 Uncertainties

A model validation, based on a comparison of model results with experimental
data, requires care when the phenomena under study are stochastic in nature. Concern
about uncertainties arises in two somewhat distinet ways.

In model validation there will be uncertainties associated with the stochastic
nature of the problem and with data errors. The comparison of model and experiments
will include these effects in addition to the inaccuracy of the model itself. Stochastic

effects and dats errors will place a restriction on what quantitative results can be

deduced froun a model validation.

This view of the problem may be inverted when a model is used to predict the
consequences of & particular scenario and stochastic effects and data errors will lead
to uncertainties on the model output. Information on the uncertainty of the model
prediction may be as valuable to a user as the model prediction itself. ‘The consequences
of known uncertainty on model input parameters may be directly evaluated by running
a model for the range of input parameters.

Model uncertainty is & well developed ares of study with its own literature:
see, for example, Hanna (1988). For example, the total model uncertainty might be
measured by (C, — C,)? where ‘0’ indicates observed and ‘p’ indicates predicted. three
areas contribute to the total model uncertainty.

These have been categorised (Hanna, 1988) by expanding observed and predicted
data, as

Co=Cou+Cy+ ACH
G, =C,+C, + AG,.
The cbserved concentration Cy, consists of
Ca. is the actual ensemble average in the sbsence of instrument errors
C; is the observed stochastic random variability
AC, is the data ertor in C,
C, is the predicted ensemble average
C, is the predicted random variability; this is frequently assumed to be zero and
thus leads to an underestimation of the total mode] uncertainty

AC, is the error due to data input errors.

Thus if there is no correlation among the components then the total model uncertainty
is given by
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(Cp=Cof = (C,-Coa)® + ol, +el + ACI+2
N et

-

N, v———
Total modet  Mode] physics Stochastic Data
uncertainty error uncertainty errors

That i, the tota! model uncertainty is made up of:
(i) the model physics errors;

(ii} stochastic uncertainty due to the turbulent ( stochastic)nature of the phenomena
and

(iii) input and output data errors.

It will be apparent that the existence of the last two terms limit the extent to
which the model may be improved by reducing the model physics error. This might be

reinterpreted by suggesting (Hanna, 1988) that there is an optimum degree of model

complexity that minimises model error.

The interest of this report is, in cssence, within the first term, ie. the model
physics error, although the last two terms will be televant in

(i) their influence on the assessment of the model physics errors;
(ii) the uncertainty in the predictions of a mode], and

{iii) reflecting the sensitivity of the model to lack of knowledge of the mode] inputs
e.g- the relevant meteorological conditions, the source release rates etc.

Specifically we note that even if the model physics error was zero there is an
underlying or inherent uncertainty due to the stochastic nature of the problem and
to data errors. An argument can be made for attempting to assess this inherent un.
certainty prior to any model development, thereby providing an estimate of what js a
reasonable goal at which a modei developer should aim.

Similarly, estimates of the influence of errors in data input parameters provide
a useful pefspective on the probiem.

The CEC currently supports research into uncertainty analysis, though within
the context of radiclogical problems, e.g. see Flderkin and Kelly (19%0)

A related technique is the use of expert judgement for uncertainty analysis (see,
for example, Cook, 1991) in which the knowledge of experts is directly used to determine
the uncertainty. This may take the general form and concern judgement sbout the
accuracy of a prediction using whatever tools or methods that may be available. The
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technique is also used whep s particular model structure is used and expert judgement
is sought concerning the values of 'constants’ or parameters within the model. The
CEC cutrently supports a study on the applicability of methods of structured expert
judgement in assessing the uncertainty of accident consequence models in the European

Community’'s COSYMA code.

3.1.4 Further points on model evaluation

Qur basis for mode! evaluation must rest in large measure on & comparison
between experimentsl observations and predictions. However, several questions will
require consideration prior to the implementation of any evaluation procedure, such as:

(i) Do werequire that the physics is correct or is the sole criterion to be the provision

of the correct answer?

Experience indicates that an evaluation of the appropriateness of the physics
is required, particularly if the model is to be applied outside the parameter
range for which it has been validated or if the independent data for validation
is limited. However, how an assessment of the physics may be incorporated into
& model evaluation protocol is uncertain.

(1) How do we evaluate the items, some subjective, under the heading of assessment,
as distinct from validation?

Questions of assessment, including the appropristeness of the physics, would
seem to be best handled by peer review, either in its conventional form of the
published literature, or in a more specific and structured format where, for
example, neutral, competent parties were used.

(iii) If some output variables, e.g. concentration, are more important than others,
¢.g. relative humidity within a cloud, should the model's ability to predict the
more important varisbles be given greater weight?

Mercer (1988) notes the large number of variables that may be used for a model
evaluation procedure. A pragmatic solution will be to perform an evaluation on
8 large number of variables, consistent with resources, and to separately weight
the evaluation guided by an intended use of » model. Further reference to air
pollution model evaluation shows that a weighting system is to be agreed upon
by interested parties based on anticipated problems at a particular site (Hanoa,
1988).

(iv) Do we rank a model that exactly reproduces the experimental results higher
than one that has a consistent error of 10%, if

22



(a) the experimental error is 20%, or

{b) the simplifications to the physics within & model could not provide better
than 20% prediction?

There are statistical techniques available (Efron, 1982) for determining whether
the results of one model are significantly (in & mathematical sense} better than
another or whether the difference in observed performance is not statistically
significant.

3.2 The managemant of the quality of models

Evaluation of model quality and the communication of that evaluation to inter-
ested parties may be seen as a method for managing the quality of models, that is, a
reactive approach.

An active approach requires & consideration of the process of mode] development.
In the broadest sense the mair contribution to the management of the quality of models
is likely to be the awareness that there is a process of mode]l development and the
understanding of what that process entails.

It is not intended to consider this under-studied area here except to note the
basiz: on which a model development will take place and the resulting compromises
faced by a developer.

It is recognised that the fundamental equations will not be exactly solved except
in relatively few, very specific, cases. As a consequence, technical models are developed
based on approximations to the fundamental equations. We note that there will be

disagreement and argument amongst experts concerning
(i) the sppropriateness of the approximations;

(ii) the appropriateness of the conversion of the equations and the boundery condi-
tions into a form to be solved, £.g. into & finite difference form, and

(iii} the appropriateness of the technique used to solve the equations.

In the context of Major Technological Hazards the first of these will bave tbe
largest influence on model quality and produce the grestest disagreement. These dis-
agreements may be scientific or may be based on experience. They mey also reflect the
different, valid, intentions of the developer.

In addition model development will need to consider the intended use of the
model, as outlined in §1.2, and the questions that a model user will ask, such as:

22

(i) Does the model produce the right answers?
(i) Are the model inputs easily obtained?
(iii) Is it clear what are the model's limitations?
{(iv) I it clear what accuracy might be expected for the mode! results?

(v) What level of extrapolation is implicit in the model away from data used for
mode] development and what are the likely effects?

(vi) In it financially expensive?
(vii) Is it computationally expensive?

As a consequence, a model developer will have to face various trade-offs and
these should be recognised as an essential part of model development.

(i) Local versus generq!

A model allowing very genere! use will be more complex and expensive, require
greater computer resources and be likely to be less accurate than one whose
gotls are more modest. If the user's problems are always quite similar then

the latter choice would be preferred, the model here tending to act as a rather
complex correlation.

{ii) Single or modular

. A similar question arises when considering the modular nature of many models.
It is generally the case that a user will have a suite of models that are to be used
serially or in parallel. In other cases the user may be unaware that the overall

model is accessing various modules. A modular nature to models is attractive
in that it

{a} is more transparent, and therefore
(b) is more easily interrogated, and
{¢) the modules may be more easily upgraded.

However, s modular development also requires that inter-module connections
are developed, evaluated and maintained.

(iii) Computationally ezpensive versns mezpensive

The point to be made here is that some credit must be given to models that
are computationally inexpensive. There is little to be gained by having a model
which will give the correct answers but is too computationally expensive for the
user to use in the necessary manner.
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(iv) ‘Comsensus’ model versus ‘New' model

Mode} development and use is an ‘ongoing’ activity; bowever, continyed changes
in what regulators deem to be acceptable models can lead to inefficient use of
resources, particularly in small- to medium-sized companies which wil] not have
internal rescurces to provide broad mode] evaluation.

Thus some consensus mode! should change in discrete steps while state-of-the-
art models, by their name, are continuously evolving, Changes in a ‘consensus’
model should only be considered when serious deficiencies are documented or
when major changes in understanding have occurred. Experience suggests that
& period of five to ten years is typical for ‘consensus’ model change.

However, models treating new phenomena or new scenarios that are of interest
will be immediately accepted if the demand ;s there.

The existence of these trade-offs and how the
model development, should be recognised when an
being formulated.

v bave influenced any particular
¥ protocol for model evaluation is

Finally we note one further dimension to model developtnent. It is common for
more sophisticated (research grade) modeis to be used for the development of simple
{possibly called state-of-the-art) models and the best of these become, de facto, con-
sensus models, A legitimate exercise in the management of the quality of madels would
be to ensure that this process was recognised and assisted when appropriate. It does,

bowever, presume that the more sophisticated model also has excellence and this need
not be so.
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4. POSSIBLE ACTIONS TO MANAGE THE IMPROVEMENT OF THE
QUALITY OF TECHNICAL MODELS

4.1 Introduction

The following questions relate to the use of technical models within the context
of Major Technological Hazards. The responses reflect the experience of the author
and discussions held during this study.

(i) How accurate are these models st making predictions? We do not know.

(ii) Are these models using state-of-the-art knowledge in their construction? Techni-
cal models undergo an evolutionary development, sometimes continuous, some-
times frozen for several years and then improved or replaced. Thus some are
trying to maintain a state-of-the-art while others go through periodic, substan-
tial changes when their deficiencies become embarrassing. There are also many
examples of obsolete models which are locked within a larger operational model
and are difficult (both scientifically and administratively) to disentangle. This
last point reflects the observation that it is disconcerting for users to be required
to change their procedures too frequently. In essence, this question requires fur-
ther consideration of what is desirable in the development of models and what
is implied by the term ‘state-of-the-art'.

(iii) Have the models been validated? Not in any formal scientific (as distinct from

crude) sense.
{(iv) Have their limitations been documented? In my experience, never satisfactorily.

In this report it has been demonstrated that there is a need for the consideration
of the quality and quality management of technical models that arise in the study of
Major Technological Hazards. It aiso suggested that the CEC was in a position to
address these matters or to encourage their consideration.

In this chapter we consider what actions might be undertaken to address the
quality and quality management of technical models, indicating areas in which the CEC
could provide support.

We first determine some possible common pmuid among interested parties and
some constraints on action that should be recognised and finally list some general and
specific recommendations.



4.2 Possible common ground

Before considering actions which may lead to an improvement in the quality
and quality management of technical models, a statement of possible common grounds
amongst interested parties and ope regarding any constraints on possible actions will
be useful. This, and the next, section address these points.

Common ground includes:

(i) The use of various different technical models will lead to & distortion of the
technical content of ‘safety reports’.

(i) It is uncertain what the magnitude of the distortion may be; the benchmark
exercise (Contini et al., 1991) indicates that the magnitude is unlikely to be
acceptable.

(iii) Quality management of technical models appears to be based on an ‘ad hot'
spproach relying on the good intentions of individuals or groups within organi-
sations to ensure that they are able to defend their use of the models; to defend
them within and external to their organisation.

(iv) There is a need to encourage an increased degree of quality management of
technical models throughout the Community. Note that the final remarks made
from the benchmark exercise might be summarised as:

- reduce variability

- provide transparency of assumptions made

- be aware of and indicate the limitations of models

- development and validation of more consistent models.

(v) As some member nations have s Jonger experience in the submission of ‘safety
seports’ to Competent Authorities etc., there is a need to encourage dissemioa-
tion of information (subsequent to appropriste quality management) within the
Commaunity.

{vi) The interplay between regulators and industry is a significant use of resources
but it is also the principal means of ensuring improved model quality and is
probably essential.

(vii} Within an industry there is a balance met between concerns about safe operation
and responsible commercial activity. This balance must be recognised and not
influenced without good reason.

27

(viii) There is also an interplay between concerns regarding safe operation within an

industry and the view that insurers may have of that industry. This interplay
must also be respected.

{ix) Continual improvement in the quality of technical models is required but there
also needs to be a focusing of attention on those areas where need is greatest.
Methods to assist in this focusing of effort should be encouraged.

{x) 1t is preferable for actions to be voluntary rather than mandatory.

4.3 Standards

In many activities, and io particular those involving safety, s society will accept
the setting of various Standards for materials and Standards for operating procedures.

There would seem to be a reasonable case for the requirernent of some form of

Standards as a technique of quality management, in the development and epplication
of technical models.

Similarly, the setting of Standards for the presentation and reviewing of experi-
mental observations for use in model evaluation might be considered.

Apart from Standards on the quality assurance of computer codes and, in some
cases, on the implementation of particular computational techniques, there does not

appear to be any Standardisation concerning the evaluation of technical models within
the context of Major Technological Hazards.

4.4 Who should assist in improving quality management?

From the previous comments and others it is apparent that a need does exist
for guidance on the quality of models and, by implication, what models are and what
might be expected of them. It follows also that some objective messure of model quality
also clarifies questions concerning the setting of achievable goals and of determining

research funding priorities.

It is unclear what guidance is currently available on questions of model quality
but it is clear that little support has previously been provided for studies in this area.

Within any country there is likely to be a great difference in the resources avail-
able for attention to these matters when comparing s large national or multinational
company with a small or medium-sized company. The larger company may be in the
process of model development itself whereas the small/medium-sised company will be
trying to purchase advice from consultants or to sequire available models with little to
guide their choice or the subsequent method of use.
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In a similar manner the resources of the regulatory agencies within a country
and between countries and their different levels of experience in the field will lead to
different views on the need for guidance in these matters,

However, it would seem to be the case that there is an ¢ prior need for guid-

ance as to the quality of technical models and to the implementation of measures for
improving model quality.

The CEC's Major Technological Hazards and the Industrial Hazards prorammes
of DGXII and JRC respectively and other national research programmes are targetted,
in part, at increasing knowledge concerning relevant chemical and physical phenomena
and at improving the quality of technical models by incorporation of that knowledge.

It might be argued that there is a mismatch between sponsored research on major
technological hazards and the development of an effective procedure for assessment of
that research and its translation into usable applied resylts, i.e. technology transfer.
This area of formalised model evaluation is one in which the CEC could, if deemed
appropriate, have & significant co-ordinating role. It is one of several areas, outside strict
technological research, in which much good may come with quite modest investment.

Further to this, the CEC would be an appropriate body to have a role in this
activity because of its implied regulatory role in the Seveso Directive and because of
its active research programme on Major Technological Hazards. This is particularly so
if there is concern (Otway and Amendola, 1989) that “different national approaches to
the safety studies...could result in the distortion of industrial competition within the
EEC",

There are also many other organisations, national and international, concerned
with the quality, and quality management, of technical models and some co-ordination
of activities will be required.

4.5 Constraints on action

Before considering action, the following constraints should be borne in mind:

(i) Any encouragement on quality management would want to make use of the
existing, very substantial, expertise and experience residing within the various
industries and regulators rather than act to disrupt their activities.

(ii) It is important to bear in mind the local situation existing in member nations.

(iii) It is important to note that within any nation the goals and resources of

(a) regulators
(b) large companies
(c) medium- and small-sized companies

will be quite different. Their different views will have to be accommodated.

(iv) Any structured (centralised) model evaluation procedure may lead to an accep-
tance of favourable assessed models and a reduction in further development.
This may be an unsatisfactory outcome.

(v) The comment (iv) may be viewed differently. General acceptance of a favourably
evalusted model may be a usefu] indicator for the timely diversion of resources
elsewhere.

(vi) The availability of favourably evaluated models, particularly to small- and med-
jum-sized companies could lead to a reduction in the number of competent per-
sonnel employed. As they are likely to be necessary in order to handle local
factors, such an outcome would be unsatisfactory.

4.6 Actions that may encourage improvement in the quality of technical
madels: General

(i) Conducting research programs into all agpects that will contribute to a safety
report including general risk mansgement procedures xnd specific technical is-
. wues.

(it) Ensuring that such research programs are undertaken jointly by members to

assist in information transfer which will lead to common bases for technical
mode] development.

(iii) Ensuring that this and other research is transformed into technical models as
300n as possible.

(iv}) Ensuring that the research results and subsequent technical models are commy.
nicated to possible users, i.e. to facilitate communication regarding models.

{v) Ensuring that the research results and subsequent technical models and existing
technical models are evaluated in order to provide a degree of quality manage-
ment. The model evaluation involves both a statistical validation and a scientific
review. It may be that in attempting model evaluation it is noted that a valj-
dation data base is not avajlable. If it is the case that the model is frequently
used and its outcome is of consequence in & ‘safety report’ (that is, the uncer.
tainty in this model was shown to be an important contribution to the overall
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uncertainty of the report), then the lack of a suitable evaluation would naturally
divert research funds to that area in order to provide the necessary data.

(vi) Facilitate the implementation of models that have undergone some degree of
quality management.

(vii) Communicate the need for quality management of models to all users.

(viii) Facilitate intercomparison of techniques including models to allow users to assess
their own position regarding quality management.

(ix} Encourage training in the use of operational models together with adequate
and appropriste information on the limitations of models and in the correct
interpretation of the output.

{x) Address the question as to whether some centralised structure to this activity
is required or whether it is more nppropriate to facilitate the development of &
distributed structure by providing support.

(xi) Research contracts (1)

These might be worded to indicate that the intent is for someone to use the
information that has been gathered. Consequently the requirements for docu-
mentation might be addressed.
{xii) Research contracts (2)
Support might be given to research which does address the harmonisation of
tools impinging on the development of *safety reports’.

(xiii) In general to increase awareness that the quality and quality management of
technical models are important and substantia) issues.

4.7 Actions that may encourage improvement in the quality of technical
models: Specific
(i) No action

Reliance on the natural diffusion of correct and appropriate information will
lead to an improvement in mode! quality but over an extended period of time.
(ii) Action leading to mandatory requirements

The use of & common framework for ‘safety reports’ together with an evaluation
of model quality would Jead to an improvement in model quality over time.

Such an spproach is unlikely to achieve support due to the diverse positions of
interested parties and with the dificulties of determining an acceptable level of model
quality.

N

An easier path to follow might be to encourage the harmonisation of models
aod to facilitate their use. That is, we might, more effectively, address the quality
aad facility of models, the choice of models remaining free. But how should models be
evaluated and is a standard framework necessary for doing so? A standard framework
is not essential but there is little reason for not adopting one.

(iii) Non-mandatory actions
(s) Conferences and Workshops

There would seem to be a good case for the sponsoring of both conferences and
workshops on these issues.

Conferences are an effective way of increasing awareness of an issue and assisting
the transfer of information among interested parties.

Worksbops allow for more precise attention to specific goals. These can be
successful, particularly if discussion documents are prepared prior to meetings, and the
conclusions of the workshop are formally prepared and speedily published.

The workshop may be the eppropriate forum for the scientific review of models
{see Weil, 1984, for this use in the context of atmospheric dispersion models).

It is unlikely that a statistical modal evaluation could be undertaken at a wark.
shop, but the setting up of a protocol and the interpretation of the results would be
suited to a workshop format. Pethaps the next step in the consideration of the quality
of technical models would be a conference or workshop on the topic. A conference is
to be preferred as this allows wide participation.

For a workshop 1o be useful, some restriction on attendance is desirable.

The following topics wre matters that could usefully be given wider discussion
8t & canference or workahop.

(b) Data base development

There have been many extensive (and expensive) field and laboratory experi-
ments on Major Technological Hazards, several funded by the CEC. It might be argued
that there has been less investment jn ensuring that this data is used, and used wigely,
than the cost of acquiring the data would warrant.

The CEC could encourage the setting up of a dats base arising from experiments
funded by the CEC and including experimental results avaiiable elsewhere,

.This would be sssisted by ensuring that any contracts contained (and funded)
& requirement that the data is made available in an accessible format.
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wish to allow the archiving of only the best quality data.

communication to interested pusties of the existence of the data.

It must also be asked whether this is really worth the effort.

Maybe there are
ouly a few organisations interested in the data ang they will ask for ;

t if necessary.
The response must be that

(i) in general the experiments have been done principally in order to assist in the
eventual development of technical models;

(ii) the experimental results are only of use if they are available, ang available in
form that facilitates their use;

(iii) if a contractor is to undertake (i) as part of » contract, it
with a more general user jn mind;

may as well be done

in different forms. Consequently more than one data set may exist and these
may differ. This is to be avoided by the release of & unique data set; and

(v) the selection procedure for proposals should have ensured that there would be
wide interest in the results.

The point to be made here is that the availability of good quality archived

data sets should come about as naturally as possible without the need for any undue
administrative effort.

There are also obvious attractions to data bages being produced in 5 consistent
format: a difficult requirement uniess some centralised direction is offered.

It may be that the principal requirement here is the acquisition of existing
sppropriate data bases and subjecting them to a form of review and then reformatting
them into & consistent framework,

As an example of dats base documentation, Tabie 2 is taken from the mode]
validation by Hanna et al. (1991). Another example of data base documentation, Table
3, essentially locates and categorises the dats.
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(<) Model evaluation activities

Given the existence of satisfactory data bases from CEC-funded research and

oped. Techniques of mode! evaluation are ot discussed here

, only ways by which the
quality of the models used might be improved.

4.7.1 Model evaluation working group

The CEC could assist in the establishment and funding of a Model Evaluation
“working group, within the context of Major Technological Hazards, Such a group would

collaboration with and, possibly, amalgamation with other groups
tasks.

4.7.2 Model evaluation service

activity documented.

It must be stressed that this js A0 activity which, to be effective and not mjs-
leading, requires carefyl plaaning and implementation. 1t it reduces to an ad hoc and
arbitrary running of computer codes against data bases without a clear protocol and

without the supporting weight of experts (from all interested parties), the effort and

resources will be wasted. Experience has shown that this is all too frequently the
outcome of such activities.

A possible candidate for this role would be the CEC Joint Research Centre at
ISPRA.

; however,
it should be noted that many models are never presented to the open literature. It

is also not clear that peer review alone, through the open literature, is an adequate
technique for the scientific review of operational models.

4.7.3 Model evaluation by user: checklist

A brief checklist might be developed {(~ 2 pages) to include various aspects of
any technical model used in reaching conclusions within, for example, a ‘safety report’,
and could include:

v

name

developer

physical basis

where evidence of any peer review can be found
data bases against which it has been tested
where evidence of that testing can be found
range of applicability of model

where supporting evidence can be found
uncertainty on model prediction.

Such a checklist might be standardised and » regulator might suggest they be
supplied with a ‘safety report’. It would also be responsible to suggest that & regulator
could supply similar documents for their own models.

Such a checklist might become a Standard to be provided with any model, i.e. a
model developer might find himself obliged to provide these with any mode! supplied.

The advantage of such an approach is that it would eause all interested parties
to consider an evaluation of the models they were using. It would also be clear to aj]
that such an evaluation had been carried out.

4.7.4 Users groups

The encouragement and support of model users groups can assist in the commu-
nication of best available and appropriate models. This currently takes place through
conferences and journal articles though exist users groups do exist and are centred
around particular model packages, e.£. SAFETI, or are restricted to & limited group
of (similar) users. Of course these are closed groups.



S. CONCLUSIONS

{i) Much use is muade of technical models within the context of Aajor Technological
Bazards.
{ii) Within the CEC technical models are extensively used as part of a ‘safety report”.
(iii) The use of technical models is likely to increase.
{iv) Technical models are usually central to the conclusions of investigations of Major
Technological Hazards.
{v) The outcome of investigations may differ sigrificantly due to
{a) the models avuilable for use
(b) the expertise and training of the user ! «ing inadequate to ensure sppro-
priate model selection, the correct im: ‘ementation of a mode! and the
correct interpretation of the model out it
(c) the quality, that is the fitness-for-purpc -, of the models.
{vi) There is little formalised evalustion of the que y of these models.
(vii} There is a demand by users for a more struct :d evaluation of the quality of
models.
(viii) Thus decisions of substantial consequence may  based, in part, on investiga-
tions for which there is insdequate concern abor  ae quality of elements of that

investigation.

(ix) The CEC is an appropriate body to have a role  he study of the quality and
the management of quality of technical models.
(x) The evaluation of the quality of technical model tails
(a)} an assurance of correct coding of algorith: s required and this is prob-
ably straightforward
(b) » statistical model validation is required ar  1is entails comparison with
experimental data sets. Considerable care  quired in performing such
a validation, in particulsr in the determinat  of an appropriate protocol
to ensure uaambiguous conclusions to be d 1 from the validation
(¢} a model assessment including & scientific re v and other less objective
aspects ia also required and should be giver  :1al weight to & statistical
(xi) Actions which may Jead to an improvement in m«  quality are presented in

the report.
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EXAMPLES OF MODEL EVALUATION



Two recent examples of model evaluation are presented. The first is an evaluation of

hazardous gas models by Hanna and colleagues for the US Air Force and the American
Petroleum Institute.

The second is an outline of topics included in an evaluation by Britter.

1. In the study by Hanna and colleagues some fifteen hazardous gas models were evalu-
ated using data from eight field experiments. The paper, 'Hazardous Gas Model Evalua-
tion with Field Observations’ by S.R. Hanna, J.C. Chang and D.G. Strimitis { Atmosphere
Environment, 27A, 15, (1993), pp.2265-2285) is & recent example of model evaluation.

The evaluation is essentially a validation exercise and does not provide any sci-
entific assessment or model verification. Nor are any comments made on the user-
friendliness etc. of the models being evaluated.

However, the validation exercise has been thorough and comprehensive, It in-
cludes:

(i) a summary of the characteristics of the data sets;

(i1) a summary of the characteristics of the models;

{(ii1) the creation of a modeller's data archive;

(iv) explicit specification of the parameters to be evaluated;

{v} explicit specification of model evaluation statistics;

(vi) a clear presentation of the evaluation statistics;

(vii) model sensitivity studies by the analysis of residuals.

An important omission from the study is an explicit statement of the limitations
of the experimental data used for the evaluation. As a consequence, the results of the
evaluation are widely quoted to support the use of some models well outside their region

of appicability. For example the evaluation can provide no information on the usefulness

of any of the models in realistic accident scenarios involving buildings, complex source
structures or topography.
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Table 1. Summary of characteristics of the data sets

Desert

Haalord Kr*? Thotrney lsland  Thornay Ialand
Burro Coyote Tortoise Goldfish (continuous) Maplin Sands Prairie Grasa  (instantancous}  {continuous)
Number of “ . 2
trials ] 3 4 3 s 48
Maderial LNG LNG NH, HF K LNG, LPG zo, ] greon and N, gr::u sad N,
Type of Boiling liquid Boiling liquid 2-phase jet  2-phasc jei Gas Boiling liquid a jet as
release {dense gas) (dense gas) {dense gas)  (dense gas) {non-buoyant) {dense gas) (non-buoyant)  (dense gas) (dense gos)
Total mass {kg)  10,700-17,300 6500-12,700 10,000-36,800 3500- 3800 I-24° LNG: 2000-6600
LPG: 1000-3800  2)-63 3150-3700 4500
Dwuration (s) 79-190 65-98 126-381 125-360 5981191 60360 600 Instantancous :I
Surface Water Water Sail Soil Soil Waler Soil Soil o001
Roughness (m}  0.0002 0.0002 0.003 0.00) 003 00003 0.006 0.005-0013 S
Stability class C-E Cc-D D-E D C-E D A-F D-F B-
Max. distance
{m) 140-800 300- 400 800t 3000 800 400-650 800 500-3580 mn
Min averaging )
time (1) 1 i I 666-88) 184 3 Dosage 006 %
Max. averaging 00 006 »
time (1) 40- 140 50-90 80- 300 66.6-88.3 270-845 3 y . .
Reference Koopman ¢t al. Goldwire ¢7 al. Goldwire Blewilt e al. Nickola ot af. Puttock et al. Barad (1958) McQuaid and McQuaid :::S)
(1982) (1983} ef al. (198%) (1987} (1970 (1984} Roebuck (1983}  Rocbuck (

* Curies, rather than kg, are used as a measure of the amount of this radicactive tracer released.

1 Concentrations are measured beyond 800 m, bul there are nol well-instrumented messurement arcs.
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(2a) Group 1, Continuous Dense Fieid Data

100 T T T T
1o j & 7
N ——
‘f..v.. .........U...-......
0.1} 4
A
001 L Jb t "\ 1 #‘\
0 200 400 600 500 1000
x{m)
100 T T T T
wor b
) o — P E .......... é_ _.#Lr_
o1l N | | | T i
3 &
0_01 ’\ 1 "\ 1 f 1 ’4 1 p
0 1 4 6 8 10
u(m/s)
100 T T T T T
1or T
e A
1 -t & 3y
T |
0.1 .
-
0.01 L& , F
0 1 2 3 4 5 é
PG Class

(2b) Group 1, Coatinuous Passive Fieid Data
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Fig 2 Distributions of model residuals, C/C, for HGSYSTEM for maximum concefitrations on the
plume centerline. The “box plot™ format indicates the 2nd, 16th, 50wk, 84th and 98th percentiles of the
cumulative distribution function of the N points in the box. (3} Group |—continuous dense gas data sets
(Burto, Coyote, Desert Toroise. Goidfish, Maplin Sands and Thorney Island). (b) Group 2—the Prainie
Grass continuous passive gas data set



2. The contents page of the second evaluation exercise (called assessment) by Britter is
presented here to emphasize other aspects of evaluation: the scientific asscssment and

the model verification. These aspects will be discussed during the presentation.

Ty

T

Ty

"y



ASSESSMENT OF
HGSYSTEM/PLUME, PGPLUME

by

Dr R.E. Britter
Cambridge, England

For

November 1998



CONTENTS

Summary

i

SCIENTIFIC ASSESSMENT

1.1  Iotroduction

1.2,  Model Description

1.3.  Technical Assessment

1.4. Poative and Negative Aspects of the Model

1.5 Restrictions of the Model

1.6. Possible Inprovements to the Model

1.7.  Alternative, Avnilable and Superior Models

1.8. Further Aspects

1.9.  Relevant References

1.10. Conclusions

VERIFICATION

2.1  Introduction

22  Momentum Jet with Small Buoyancy

2.3  Non-momentum Release

2.4  Momentum Release (ground levei}
changing from PLUME to HEGADAS-5

2.5  Buoyant Release compared with Conventional
Plume Rise Formula

2.6 Contaminant Code

2.7  The Lethality Code

VALIDATION

3.1  Buoyant Plumes

3.2  Dense Plumes #1

3.3  Dense Plumes #2

3.4  Concentration Profiles

3.5  Passive Release Validation

Page No.

49

S5
60
64

74

74
76
81
83
83

EE]

-



FUTURE EVALUATION ACTIVITIES



Commission of the European Communities

MODEL EVALUATION GROUP

MEG

MEG is a European initiadve on evaluation of technical models used within the

major indusmial hazards area and is supported by the CEC DGXII, Directorate-
General for Science, Research and Development.

Background

Technical models arc used in a number of areas of industrial hazards assessment It is
becomming more and more apparent that most of these models have never been through a
procedure of evaluation, but nonetheless are used to assist in making decisions which may
directly effect the safery of the public and the environment. As a major funder of European
research on Major Indusmal Harards, DGXII is conscious of the imporunce in ensuring that

model development is of a standard which is commensurate with the imporance of model use.

A meeting which acracted 35 persons from industry. authorities and research, and with a good
European coverage, agreed to estabiish a2 Model Evaluation Group and recommended that an
iniative be suppored by the CEC.

Objectives

The objectives of a Model Evaluation Group are twofold. The primary aim is to improve the
culmure in which madels are developed and used and so ensuré that technical modeis used in all
aspects of major hazard evalyation are up-to-date with techaical developments and utilised by
personnel wetl-versed in their applicability and functioning.

Secondly, in the course of the work the results are applicable in assisting the CEC in establishing
a balanced set of research priorities for its research programmes within Major Industrial Hazards.

Organization

The CEC's advisory body Safety Management and Hazard Assessment Research Cooperation in
Europe (SHARE) acts as the steering committee for the inidative.

The CEC has established the MEG to manage the activites. MEG consists of:
K.E. Petersen, Risp, Denmark (chairman)
B. Stork, TNO, The Netherlands
S.I. Jones, SRD, United Kingdom
T. Cartage, SOLVAY, Belgiam
R. Britter, Cambridge University, United Kingdom
M. Schatzmann, University of Hamburg, Germany.

The model evaluation activities will be carried out by involvement of European experts within
the various scientific fields of major industrial hazards.
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Activities

MEG will initiate the following tasks:

1.

Classification of available models in major industrial hazards.

2. Development of a general evaluation protocal for evaluation of technical models in
major industrial hazards.

3 Development of a guidelines for model developers,

4. Definition of working groups and working group tasks for selected classes of models.

5. Status on model evaluation within the subject area of working groups.

6. Specification of lacking data/model deficiencies within the subject area of working
groups.

7. Identify research needs.

8. Open European seminar where results are presented.

Participation

The work in the working groups is open to European researchers and users of technical models
used in the major industrial hazards area. The CEC/DGX s supporting the work covering travel
and subsistance for those nominated to perform the tasks.
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