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ABSTRACT

The present report is the final report summarising the work carried out in the
project ‘DATABASE - A databas#or validation of models used in chemical risk
assessment’ (the DATABASE peat). The pract was initiated in April993 and
completed in March 1996. The participants in the project were:

* TRI Tecsa Research and Innovation (Italy, formal co-ordinator);
* VTT (Finland, scientific co-ordinator);

* UMIST University of Manchester, Simon Environmental Technology Centre
(United Kingdom).The scientist principally responsible for UMIST’s
contribution was Paul Foster from PMF Assessments (United Kingdom);

* AUTH LAP Aristotelian University of Thessaloniki, Laboratory of Atmospheric
Physics (Greece).

The objective of theproject was to design and construct a database of
experimental datafor model validation and development apptions. The
experimental data were to coveyusce term and dispersion behaviour over flat
and complex terrain and were to be colledtedh CEC funded research pecis

and other suitable sources of experimental data.

The work described in this report was sponsored by the CEC EDINMENT
programme (contract no. EV5V-CT92-0075).

The main results of the project are:

* A prototype @tabase containing specially chosen data handlingeoodssing
facilties for model validation and development apptions has been
constructed. The database has been namedAMCR - Chemical Risk
Assessment Modelling Database;

« The number of datasets which could beonporated into the database were
limited by project resurce constraints. Representative examples containing
different data formats and experimental measuremeerthniques were
therefore sected inorder to demonstite the data handling amtocessing
capabilities of the CRAMD prototype;



» Key design requirements were that the databheald be readilyaccessible
and easily extended to cope with new datanats and moding applications.
These were achieved by basing CRAMD on aneadbjoriented software
platform with useraccess via the Wdows-based World Wide Web (WWW)
internet connection;

« Difficulties were experienced with data collection which exemplify the need for
a central EC archiving facility in thisoxk area. Examples were found of data
being discarded, lost or poorly documented. There was also a poor response to
formal requests to supphathfor the database. It is suggested that future CEC
funding for experimental and model validation investigations should be
conditional on all measurement results which are used or acquired during the
work be returned to the CEC in a fully documented, computer readable format
for archiving. Clearly, CRMD could provide a suitableeceptaclefor such
data.
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The members of the participating teafmsn TRI Tecsa Research and Innovation
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1 INTRODUCTION

In the 1970’s, Flixborough (United Kingdom), Beek (the Netherlands), Seveso
(Italy) and San Carlos (Spain) were the scenes of disastrczidents. They
alarmed the public, which had already become distrustful of industry, and drew to
the attention of governments theoblems assoated with ndustries which were a
potential source of major accidents. It had becoméous that a coherent and
effective system of controls, a system of measurement and international standards
for industrial safety were urgently needed. Now twenty yedes,la risk analysis

level has been reached where various predictive models are employed, but it has
been recognised that final results contain uncertainties that arise from the
approximations inherent in the model or from adopting certain assumptions.

The assessment of potential risk and consequence associated with the siting of
large, hazardous chemical installations has large economic and socieaiiop$

for the industrial development of communities worldwide. Important decisions
balancing the need of safety and efficiency are based on these assessments,
whence it is essential that the computational models which are emptryseth

work should be validated both thoroughly and comprehensively.

A crucial element of model validation involves the comparison of model
results/predictions with experimental data which has not been employed in the
development of the model. Historically such comparisons have been seriously
hampered, firstly by the difficulties of identifying and obtaining appedpriata,

and secondly by thea€t that the available data is mmrmally in a convenient or
suitable form for model validation work.

Educational requirements in this area have afei®ed due to a notable lack of
suitable tools foteachingpurposes. The development of such tools is crucial both
to draw attention to existing model validation needs and also to ensure the
effective development of new models capable of dealing with more complex
situations, e.g. 3-dimensional modelling.

Considerable research and development work on consequence and risk analysis
has been undertaken iacent years: manybaratory and full scale experiments
have been carried out; dafeom the experiments has been eoted and
assembled in various formats, eitheresélely or in completdorm; numerous
mathematical/physical models have been developed using a mix of fundamental
and empirical concepts. However, although in part there has been some co-
ordination of these activities, overall the linkage between the three areas is poor.

In order to fulfil the above model validation and edtional requirements, and to
provide a focal point drawing together research and developawtinities, the
project DATABASE was initiated 1993 as part of the CEC ENVONMENT
programme. The obgtive of the ENVIRDNMENT/DATABASE project was to
design and construct the prototypgabase called GRVID which contains tools
to facilitate the collectin, presetation and use of experimental ddta model
validation. At this prototype stage, itatd content would be largely restricted to



experimental data on aurce term and dispersion, including complex terrain,
derived from CEC funded projects.

Another progct, REDIPHEM, was also initiated within the CEC
ENVIRONMENT programme at the same time as DATABASE. It's main aim was
to test selected mathematical models developeder CEC funding against
experimental data. However, the test database was constructedoortlye
REDIPHEM project purposes and was not suitable for other validation purposes.

The CEC have also founded tiMODEL EVALUATION GROUP (MEG) to
advise on guidelines for model validation work. Initially, MEG has conatadr

on dispersion modelling, however, specialisedugs have now been established

to consider more specific areas such as heavy gas dispersion and pool fires. It
should be noted that the ebj oriented structure of GRID will rapidly permit

its extension to other areas of model validation and to the inclusion of additional
validation tools based on MEG recommendations.

The users of the CRAMDadabase W comprise experienced research scientists,
modellers, industrial safety people, authorities andcational institutions. The
experienced research scientists need the experimental data to be complete and in
its original form, i.e. usually time series. Modellers are interested in testing their
models and therefore require the experimensdhdo be available in the same

form as their model results, e.g. concentration profiles against time/distance.
Industrial safety people and authorities usually require the experimamdaialbe
available in the form of hazard areas in order to assess the consequences and
actions to be taken in different situations.AMRD is equipped with experimental

data and data handlipgbcessing facilities to eet the requirements of all of these
types of users.



2 OBJECTIVES

The objective of the DATABASEproject was to collect and assemble existing
data on surce term, dispersion, and complex terrain experiment intatabdse
for model validation and motieg purposes. The pre¢gt was comprised of five
workpackages:

 Definition of the database;

» Development of a prototype database;

» Collection and processing of available experimental data;

» Database manual & proposals for further research and development;
» Project management.

These five workpackages were managed seplr by theproject partners who
were assigned roles which made best use of their resources, but all ateatdom
meet the project objectives.

Chapter 3 describes what kind of data has been collected in DATABASECt.
Chapter 4 describes the data and chapter 5 describes the structurerofdtygpe
database CRMD. Examples of the use of CRAMD are given in Chapter 6. The
future of the developed prototype is discussed in Chapter 7, and final conclusions
of the DATABASE project will be presented in the last Chapter 8.



3 EXPERIMENTAL DATA

3.1 THE OBJECTIVES AND COLLABORATION IN DATA
COLLECTION BETWEEN DATABASE AND REDIPHEM
PROJECTS

The objective of the DATABASKroject was to collect available data ausce
term, dispersion and complex terrain experiments funded by CEC.

During May 1993, a formal request foatd was made to all CE@nded praogcts

in the form of a étter prepared in conjunction with S. Cole/CEC. Following the
lack of response to this request, enquiries made by VTT revealed thattdre |
had clashed with another request fatadwhich had been made slightly earlier in
connection with the REDIPHEMTroject. This latteproject was concerned with
validating dispersion models against experimental data andfidretead snilar
data collection needs to the DATABASkoject. REDIPHEM's requedor data
had also received no response.

It was thought that the existence of twata requests hadifused the recipients

of the letters, whence it was agreed that the DATABASE and REDIPHEM
projects sould collaboate more closely regarding data collentiOn behalf of

both progcts, visits were thefere made to various organisations in order to
clarify the situation and to try to obtain data. However, these personal requests
also failed to stimulate offers to provide data.

Subsequent to these initial failures there has been some improvement in the data
collection situatn. Co-operation between the DATABASE and REDIPHEM
projects has continued, the last joint meeting on data collection having been held
during August 1995 at Risg where information on emttd data and related
literature were exchanged.

3.2 OTHER ACTIONS TO GET EXPERIMENTAL DATA IN THE
DATABASE PROJECT

Because of the initial difficulties in collecting CEGhded @ta, dforts were made
by PMF Assessments to it datafrom other potential sources within the UK
and, to alimited extent, within the USA. All of the organisations that were
approached were supportive in providing or offering to providea,d as
summarised in Table 1.
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Table 1. Data collected by PMF Assenents(N.B. Where more than one
organisation is listed against a dataset, the first represents the organisation that
acquired the data and the others were instigators.)

DATA ORGANISATIONS

Wind tunnel simulation of a propane | BMT Fluid Mechanics Ltd, British Gas
release at Port Hudson (Hard copy dajdg

Maplin Sands Trials (Hard copy data) Shell Research Ltd

Reports on major accidents from the | SRD
MHIDAS database (Hard copy data)

Modellers' Data Archive due to HannaSigma Research Corporation
Chang and Strimaitis

Lidar data for elevated and ground leyeMIST
plumes

Thorney Island Trials, data and video| HSE
images

Wind tunnel study of surface roughnesSPP, American Petroleum Inst, Shell
effects on dense gas dispersion Research Ltd

Becauseproject resurces were limited, it was not possible to utilise all of the
offered dita. Consequently, for the purpose of demonstrating the dajesbof

the prototype dtabase, a subset comprising the later three listed datasets was
selected on the grounds that:

» They were representative of different types of experiment (i.e. full scale; large
scale; model scale);

 They provided different types of concentration measuremexith di.e.
instantaneous two-dimensional profiles; point sampler time series; point
sampler time averaged);

e One of them included video data;

* Much of the data was already in a digitisedmat, thereby reducing additional
data processing requirements.

This subset has been processed ready for inclusion inatabake. Altough the
selected datasets areagl for demonstration purposes, it should be noted that, at
present, two of them are incomplete. Thus, the UMIST data are missirgg sand
meteorological information which ilvnot become available untilada analyses
associated with the studies are completed and the results havpuidished in
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the open literature. Likewise, datar all the Thorney Island Trials illv not
become available until the HSE have completed its transfer tdoGbat for
archiving. In the interim, the HSE have generously made availableatadéram
two trials for demonstration use in the database.

It is hoped that the unusedtdsets Vil be incorporated into the database at a later
date. This taski®uld be a particularly easy for the Modellerat®Archive which

is largely digitised and which provides useful summaatadelevant to a number

of important experiments which are to be included in full in the database.
However, the task will me moreldarious for the Hudson Bay and, particularly in
view of its sizes, the Maplin Sands data, both of whighhave to be scanned in
from hard copy formats.

3.3 EXPERIMENTAL DATA IN THE DATABASE PROJECT

Table 2 presents an overview of the received experimental data. The DATABASE
and REDIPHEM practs have the same collection of available experimental data.
Additional data can be found in Table 1.

No attempt has been made to evaluate the original data which is included in the
database. This is because, within the context of the database, data quoality ca
be uniquely defined, i.e. it will vary with resgt to applicatn. For example, for
some applications the main factors determining quality may be tfermpance

and accuracy of the sensors, whereas for othercapiphs, factors such as the
positioning of the sensors may be of equal importance.
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Table 2. An overview of the received experimental data which caaubd fn
DATABASE and REDIPHEM pexts. (N.B. See also Table 1 which contains
additional data.)

EXPERIMENTAL DATASERIES IN DATABASE AND
REDIPHEM PROJECTS

MTH-BA project:

. Field trials Risg/TUV, Lathen

. Wind tunnel data WSL

. Wind tunnel data TNO-ME

. Wind tunnel data Univ. Hamburg

FLADIS project:

. Field tests Risg, Landskrona

. Wind tunnel tests Ecole Centrale de Lyon
. Wind tunnel data WSL/BRE

. Wind tunnel data TNO-ME

. Wind tunnel data Univ. Hamburg

Development VDI 3783:

. Wind tunnel data Univ. Hamburg

Lawrence Livermore National Laboratory:

. Field tests Burro

. Field tests Coyote
. Field tests Tortoise
. Field tests Eagle

. Field tests Falcon
. Field tests Goldfish

Thorney Island:

. Field tests

13



4 DATA MODELLING AND FUZZY METHODS

4.1 DATA MODELLING

In accordance with the spirit of the initiative the main goal was tectodnd
present in a uniform way atia that was previously difficult to access and
extremely varied in format. &1a mod#éing was the first and most portant
activity tackled by the team in the design of the database.

Main issues that were pointed out in the design phase of the database were:
» Data abstraction;

» Data standardization;

» Data life cycle support.

The progct started with the analysis of the experimental dgiarte to try and
reach a god level of @ta abstraabin. This task was aimed at identifying a set of
data structures that could be generadiggh to be used for describing all the data
collected in experiments. It was noted that, even if all the experimental data
reports had a different structure, all of them contatadhat are, to a certain
extent, more or less the same in terms of structure.

This data abstraction activity, in conjunction with tlimjgtion of obgct oriented
modellingtechniques, led to the first schema: even if this first schema has been
revised many times during the prof development, the main classes and their
associations have changed only slightly, as they capture the core of the
information they represent. It is worth while saying that thasadabstraction
activity is quite new in the field of experimental data orgamsatUp to now,
actually, no #orts had been made to identify generatal classes in which the
collected data could be stored.

The data abstraction naturally also instigated data standawdizhtithis context,

data standardization means that the structure of theMLRdatabase itself can

be used in the process of data search and screening. Having many different
experimental programs stored in the samtldase with the same structure was a
key point in the design. This approach helps all the phases oathdifé cycle:

data nput, cita access and data maintenance, since it is very easykomth

data that are organised in the same way. The reasonable price to be paid is an
small effort made in the pre-arrangement of the experimeatallofore they can

be inserted into the CRAMD.

The modellingactivity was aimed at setting up a common framswfor which
almost all data collected in gas dispersion experiments fit. Thisdome during
the model design activity, where the team tried to identifyoaig of classes that
could accommodate all the possible dé&and in the reports. The identified
classes were structured in the Object Model that was used as théobase
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database implementati. The resulting model provides a framework that can be
easily extended to include new classes that contain new data types. The CRAMD
class hierarchy could be incorpbed in future experiments. This could ifitate

the data insertion into the database, thus avoiding therpoessingactivity
described before. The two main results of this data modelling approach are:

» The reduction of the “data vanishing” problem;
» Ease of data consultation.

Actually, up to now, data collected in experiments were fully accessibldarrdy

limited period of time bcause they were stored on many different mettan

tapes to hardcopies. As time passes, only the hardcopies tend to survive, making it
difficult to retrieve and deliver data: am-line database can, oburse, increase

the data’s longevity. Together with this, data collected into a single database gains
value from thedct that the ease of consultation @mages use and thus helps the
dissemination of the information.

4.2 SELECTION OF DEVELOPMENT PLATFORM

The use of the Object Oriented Database Management SyYS@DBMS) was

also an important choice. The decision of adopting such a tool was made for one
major reason: the data to be stored in the database were extremely varied in terms
of content and, mostly important, quite complex in terms of structure.

Before making the choice, theeam had also considered and evaluated the
alternative of using a RDBMS. This alternative was discarded mainly due to the
following points:

 Introduction of new dta structures in RDBMS can be very difficult, especially
if the information needs to be structured into several classes. In such a case,
some mapping activity from classes to tables is also needed;

» Complex data (input, retrieval, maintenance);
* Non-standard data types;

* Programs and applicatiorfer data insertion and consultation need to be
written and distributed as external to the database. Smmlelems with
multiplatform software development could also arise, together with run time
fees for the software layers that access the database.

An OODBMS, on the other Imal, can be easily modified, when new classes are
needed, simply deriving the new classes from the existing ones.

The use of an OODBMS also made it possible sata an “active” database, in
the sense that all the data handlfngctions (from dta nput to satistics) are

15



stored in the database itself. This extendsftimetionality of CRAMD from a
simple data reposity to a working tool that can be ofegit sipport to model
evaluation activities.

The ability of storing méiods and programs in thatdbase allows the building of
applications that become part of the database itself. This feature was used to
create two applications, namely Admin and Client, tdanh’t need to be
distributed to the users of the database. A simpfenection is rough to allow

users to connect to @GRID and to access it using the two applications. This
assists with the maintenance of the database, as there is no need of distributing
new versions of the consultation software each time it is revised. The database can
be extended both with new classes and with new methods, programs or
applications in a way that is completely transparent to the user.

4.3 FUZZY METHODS

The objective of this stly in the pragct was to also collect that data which was
partially inexact or uncertain. The main concern was that data concerning
analogical situations would exist or some piece of data would be missing. To make
all the available data useful, fuzzy metls were thought to offer a tool for this
purpose.

To study the posdiiiies of using fuzzy mdtods in the dtabase, a review study

was initiated. The objective of the review of the fuzzy hodt study was to
identify and classify method&chniques and models that can be used to perform
the evaluation of chemical hazards and risk assessment. Furthermore, the available
computer databases and other software tools applicable to this subject area were
reviewed. The literature review covered the 1987-1993 period [Karwowski 1994].

Karwowski made the following findings:

* Fuzzy methods had been used for relatiorstildases but ndor object
oriented databases;

* Fuzzy methods were not good for analysing time series, otfa¢istisal
methods were more applicable;

» Fuzzy methods could have been used for trecteh of datasets, but because
of the limited étabase, there did not seem to be a rieed complex decision-
based fuzzy selection system [Koivisto et al. 1991].

Furthermore, a fuzzy software tool like TillShell was tested based on ploet re
made by Karwowski [1994].

Based on the above findings alimited time resurces, it was decided not to
include the fuzzy methods in CRAMD.
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5 THE STRUCTURE OF THE PROTOTYPE
DATABASE CRAMD

5.1 TECHNICAL OBJECTIVES FOR THE DATABASE

The progct began with discussions on the validation needs of model developers
and users. It was noted that model validation activities varied considerably in their
data requirements, some being very specialised and requiring access to the original
measurement data and others being more genericnaalding comparison with
statistical summaries of the measurement data. It beaw®us that the
databasel®uld be capable of storing both original and summary versions of the
measurement data. Since the original datasets could be very large, they would
need to be accompanied bypporting descriptive information about the
experiment. Furthermore, simple methods fatadselection anghrocessing in

order to reduce the amounts a@ftd which needed to be downloaded by the user
would also be desirable. On a more philosophical vein, it was also noted that
model development and validation were ongoing activities witpredctable

future needs. Consequently, thatabase structure had to be both flexible and
adaptable if it were to provide a viable service in the future.

On the basis of these observations, technical key objectives were established for
the database as follows:

Data type

» The prototype dtabase would be comprised of data derived
from experiments on source term and dispersion (including
obstacles and complex terrain);

» If possible, the measurement data included in the database
should be in its original, congtieform andaccompanied by
descriptive supporting information;

* Provision should be made for appending processed or
summary versions of the data;

» All data formats should beateredfor, including numeric,
text, graphical (plots and pictures) and video.

Data manipulation

* Handling tools for dta viewing and selection must be
available within the database;

17



* Basic processing tools for simpleatd analysis (statistical
and meteorological) and plotting of thatd $iould also be
provided.

Database management/use

* The software platform must be able to handle la@askts
containing different data formats;

* The database package must be relatively stfaiglrd to
maintain with a software structure which can be readily
extended to cope with new data types and new data
manipulation requirements;

* The database must be accessible to users viaddis-
based PC systems in order to maximise its availability.

These technical objectives guided the development of the datdbadbe
remainder of the pregt. The manner in which they were achieved is described in
the following sub-sections.

5.2 THE FUNCTIONAL STRUCTURE OF CRAMD

The prototype of CRMD has been based on an @tj Oriented Database
Management System (OODBMS) that allows client/server baseugections with

a Windows-based applicatidnom PC workgtions which are annected to the
Internet. The system allows storing and maintaining of complex and partially
related data. The chosen developmentf@at was @& (Technology's @
database).

CRAMD’s functionality is based on two applications, namely Admin and Client,
which separate the functionality of the database into maintenance and use.

With Unix-Admin the administrator can:
» Maintain access control information;
» Maintain and access data;

» Extract datasets in ASCII format;

» Make queries;

18



» Have optional experiment-related information (e.g. notes and pictures).

With Unix-Client the user can:

» Access data;

» Extract datasets in ASCII format;

* Make queries;

» Browse optional experiment-related information (e.g. notes and pictures);
* Plot data.

The secondary client apgpdition is based on a set of WWW-pages with which the
user can browse and plot data. Both and off-line conections are available, the
connection interface being identical in both cases. On-limmection is serviced
by the WWW-server in direct contact with the database, whufétine
connection is effectedhtough an identical intete accessing datapplied on a
CD-ROM (Figure 1).

A database catalogueilwbe availablefor browsing by clients on stand-alone
workgations. This W enable basic queries to be made hoeiit a network
connection.

Responses to queries can be single values, time seasstical rgports, images

and complete datasets. Small datasets are transmoiitéde immedately to the

client but larger sets - over 200 Mb - can be stored on a CD-ROM and sent to the
client by post.

CRAMD also contains basictatistical analysis tools and graphical display
facilities (Figure 2).
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/—P WWW-interface

Internet connection

Access
Database methods
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Unix-Interface \‘
CD-ROM

Figure 1. Systems connections.
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i

=

Data MNoteshoard Help

l'_

Display Delete TS Ul Statisticst Statistics?

Figure 2. An example of the user interface of CRAMD.
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5.3 DESCRIPTION OF THE CLIENT SYSTEM

Unix-Client starts with a main window, which providascess to th&unctions of
the applicatn. Activation of a function opens a new window. The figure below
shows the window-structure of the application.

Main
Browse
experimental Help Notes Search Manipulate
programme
Browse
Browse Browse
. measured . .
Experiment timeseries
data

Figure 3. The window structure of the application Client.

The user can browse data freely. However, if they want to manipulate the data for
further analysis, they are required to copy tla¢adto their user space (in the
Figure 3 indicated as ‘Manipulate’-mdow). In the user sge, the user is
provided with manipulation and analysis methods. Th#stical analysis W be
further discussed in Chapter 5.4.

The search facility gives the user an alternative way to retriatee thstead of
browsing, they can indicate some features of the experiments that they are
interested in (e.g. year, type of device etc.).

Notes is a discussion forum for the ARRD users where they can read notes
made by other users and add their own comments.

Access througWWW is alsoprovided. This is considered as a secondary client
interface through which the users can browse data and plot it.
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5.4 DATA INSPECTION, EDITING AND STATISTICAL
FUNCTIONALITIES IN CRAMD

Preliminary analyses of the measuremeatadn CRAMD may be carried ouin

situ using the methods forath editing and statisticgirocessing which are
provided. Besides being ¢#chnical value to the client, such analyses can be of
practical value in greatly reducing the @mt of cita which has to be
downloaded.

Data inspections can be carried out in conjunction with the analyses, both to
investigate data quality and to establish what types of analyseppnepate.

Both tabular and graphical plotting methods are provided, dtter| utlising
GNUPLOT.

The data editing mabds may be sepated into two gups, @ta tagging and data
correction mdiods, respctively. The data tagging nietds comprise ingztion

and selectionprocedures which permit measurement values having specific
properties to be tmated and tagged. These include the tagging of maximum and
minimum values and tagging values which are outside user-ddimigsl Such
methods could be used, for example, tetedmine the extent to which
concentration measurements exceeded flantitgabmits, or to help identify
suspect or faulty concentration measurements such as those with negative values.
Data which has been identified as being suspect can then marked as invalid.

The data orrection melhods enable the values ofeseted measurement data to be
changed to a user-defined value. @otions may be made individually to single
data items or applied on aogp basis to thoseath items which have been marked
invalid. Thus, for example, negative concentration values which have been
marked invalid could all be reset to zercat® which have beeromected are
automatically marked with a 'new' tag in order to ¢atie that they have been
altered from their original values.

Statisticalprocessing methods are provided for calculating all commonly used,
basic descriptive statistics and statisticadrelation coefficients. These methods

are intended to be applied after data editing and are designed to automatically
ignore dta which has been tagged invalid. The descriptive statistics which can be
calculated include mean value, standard denatskewness and kurtosis. The
correlation stistics which can be calculated are the amt@tation coefficient

and the bivariatearrelation and linear regression coefficients, including standard
errors and t-values.

Finally, in order to faititate quantitative comparisons between model predictions
and measurement data, a number of basic statistical tests afiodmpeace
measures are provided. These include methods for calculating the average bias and
standard deviation, the mean bias and standard deviationati®rfial bias and
normalised mean square error, the average absolute gross error, the correlation
coefficient and the fraction within a factor of two. In each case, thbaauas

applied to a collection of model and measurement values paired onparé&m
and/or spatial basis.

22



5.5 METEOROLOGY IN CRAMD

Atmospheric processes affect both the emission characteristics and the dispersion
of hazardous gases and aerosols. For example, the emasisdepend not only

on the characteristics of thewsce but even on the ambient air conditions, and the
dispersion of pollutants is particularly sensitive to the atmospheric turbulence and
wind field.

The meteorological information required to assess the consequences of an
accidental release of pollutants in the atmosphere is not readily available. In
particular, measurements of the relevant turbulence gdeasnrequire research
grade instrumentation and are notrfpemed routinely. For this purpose, a
document is included in CRAMD [Melas and Ziomd®€94] which contains
standard methods for estimating some bagteorological paragters required in
accidental gas releas&®m measurements that are readily available, such as
mean wind and temperature profiles. Thet@orological variables included in the
report were selcted following the guidelines presented in Britter and McQuaid
[1988] with slight modiftations. More precisely, the parameters considered are:

» Aerodynamic roughness length;
» Atmospheric stability;

* Friction velocity;

¢ Mean wind profiles;

» Surface heat flux;

» Mixing depth.

As to the roughness length, the AD document includes empirical tables as
well as methods to estate this parameterom supporting measurements. The
methods are applicable under neutral conditions and require either profile
measurements of the mean wind speed or measurements of the standard deviation
of the wind speed. Atmospheric stability is traditionalgtetmined in terms of
stability classiftation schemes (PastiiGifford classes) and, for congieness,

the relevant table is included in the report. New dispersion modigs tonin-
Obukhov smilarity theory for the description of the saide layer while stality is
expressed in terms of Obukhov length. TheA®® document includes miebds

for the estimation of the gradient Richardson number and the Obukhov length
from profile measurements of the mean wind and the temperature. Monin-
Obukhov snilarity theory provides also the basis for the calculation of the friction
velocity and the surface heattl The same inputada are also requirefdr the
calculation of these parameters, namalgfile measurements of the mean wind
and the temperature at least at two levels. The calculation of the mean wind speed
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profile is also based on Monin-Obukhowmiarity theory during diabatic
conditions while logarithmic profiles are proposed for neutral conditions. Finally,
the mixing depths during unstable and stable conditions etermdined using
prognostic and diagnostic relations resfvely.

During the last decade or so, the number opfder sodars installed in industrial

and research establishments is increasing steadijyplBr sodar ata carprovide
valuable information in both environmental monitoring and risk assessment. For
this reason, Melas and Ziomas [1994] include a brief discussion on thetiwip
measurements performed by Doppler sodars. The performance of three-axis,
monogatic Doppler sodars is assessed and methods are presented éatimxtr
relevant information from measurements performed by Doppler sodars.

Finally, the CRAMD document on the basiet®orological paraaters includes a
brief presentation on aquisition arpgtocessing of data collected using sonic
anemometers.
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6 EXAMPLES OF THE USE OF CRAMD

This section gives twohert examples taken from the Unix-Client interé to the
database. In the first example, it is shown how to plot dadedier to get a quick
overview. Following this example, the use of statisticalhoes$ isillustrated with

a few pictures. Figure 4 shows the user-space of thelus®wn as ‘admin’, with
one analysable time series as a starting point to our examples.

Display  Defete T35 Ul Statistics?  Statistics? ESSLEES
Username Iﬁadmin
Password I
Results I
Max allowed results I{)
Max result size I{)
Variables I_]
Visited Time Series If‘“i—“ha—hgtll_
Last login Date |§26f04n 996

Figure 4. User-space of the Client application.

To plot a time series, the user simply selects the item ‘Plot time.séfresn the

‘TS Util.” menu (Figure 5). A list with the time series available for the analysis is
displayed. The time series is selected (Figure 6) anduhe d¢s displayed in a
separate window which is opened on top of the User-window (Figure 7).
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Display  Defete | TS5 U Stalisfics?  Slalistics?

Plot time series...

Set to vaiue...
W Reduce ft1..12]
Reduce fi...
Reduce .1}
Reduce valid fi1. &2}

Figure 5. Select: Plot time series.

Figure 6. Select one time series.
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Blosq

Display  Delefte 15 Ut  Stadistics? Statistics? MEEHNEET

IS [=] 3

Username
concentration CRAMD mi_uha_hgtll

25

Password

Results : : : : : : : :
20 ......... ......... ......... ......... ......... ......... ......... ......... .........

Max allowed |

Ehooo A Reacssse: . A nosanoe: A R P
hax result si. | | | ° | | ° |

Variables Wk ________ ......... _________ ......... o asanoas oo onasal e voanen e boonand
Visited Time :

Last login Da

0 1000 2000 3000 4000 5000 BOOO 7000 8000 3000
time in geconds

Figure 7. The time series curve.

All statistical analysis tools behaviengarly. The actions needed atliustrated in
the following series of pictures.

The following four steps show how to calatd and save standard deviation on a
time series. First, the user selects a statisticahadefrom one of the menus
‘Statistics1’ or ‘Statistics2’ (Figur®). Secondly, a list is displayed showing the
time series available for analysis (Figure 9). The time seriesestedl and the
result of the statistical analysis is shown in a separatéowi (Figure 10). A name

is suggested for the result based on the name of the time series used in calculation
together with the name of the statistical analysis. The name is shown in the field
‘Name’ and the standard deviation of the time series is displayed in the field
‘Value’. The user can now either save the result, or discard it. In the example
shown, the result is saved. Finally, the result saved is shown in the User-window
under the title ‘Variables’ and having the suggested name ‘mi_uha_hgt11:Stdev’
(Figure 11).
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Disptay  Delete TS Ui | Siatistics?  Stalistics?

| Mean between limits
Ko Adear of max and min
BN Running means
Biock means
e St Dev.
v Skewness
ol Kurtosis

Aurtocarrelation

l Max of period

= Min of period
Maxims and minims
Correlation Coeff.
I’ Regression Coeff.
Regression Const.
Sitd. error a
Sid. ervor b
tvalue for a
tvalue for b
Corr. sum of prod.
Corr. sum of sqgr.
Corr. sum of sqr. attrib. fo regr.
Corr. sum of sgr. of dev. abouit regr.
f value of variance
Mean sqr. of dev. aftrib. {o regr.
Mean sqr. of dev. about regr.

Figure 8. Select: Statistical analysis.

Figure 9. Select one time series.
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Figure 10. The result window.

Display  Delete 15 UL Sialistics? Sialistics?

Figure 11. Final situation.
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7/ FUTURE OPERATIONAL DEVELOPMENT
AND APPLICATION OF THE CRAMD
DATABASE

The main objective in developing tipgototype @tabase CRMD would be to
produce a self-financing commercial version for aggtlon to the following areas
of consequence/risk analysis:

» The quality assurance of methods and models used in consequence assessment;

* The evaluation of the accuracy of practical consequence
assessments of indivi-dual sites.

This will initially involve pactical testing of therototype by different kinds of

users (e.g. research scientists, modellers, industrial safety people, authorities and
educational institutions) who are doing model validation or experimewotil and

who are using and applying the existing experimental and model prediction
information. The existing software and operational cdigab would then be
amended in accordance with the findings of these tests to produce a commercially
viable version of CRAMD.

The collection and inclusion of additional experimental datacamce term and
dispersion into the database would continue in parallel with practical testing and
operational development. In this respect, the database would also serve as an
archiving facility. The range of appétion of the database could also be quite
easily extended to include longer range dispersion, fire and explosion experiments,
and data from real accident events.

figure 12shows the future development needs of the prototype database CRAMD.
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DATABASE Prototype MEG

project CRAMD
SOFTWARE & DATABASES METHODS & MODELS
User Analysis
(requirements for Collection of new data
software)
Additional functional The user requirements

specifications & analysis
mulimedia (data and models and

their presentation)

System development ) )
Testing the system with

specific user group

Validation of the new -
CRAMD Resul_ts. _ o
1. Guidelines for model validation
2. Guidelines for planning and carrying out experimental work
3. Guidelines for industry and authorities

Commercialisation

of the CRAMD . L
Dissemination and

exploitation through
WWw

Data and guidelines
Product CRAMD for model validation and
carrying out
experiments

Figure 12. Future considerations of the prototype database CRAMD.
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The benefits for different interest groups would be as follows:

Industrial justification

Industry needs more reliable methods and models which have been
validated against experimental data.

In addition, experimentalada needs to bgroven to be useful - this
can only be done by formal quality assurance and validation. There
are currently no existing guidelines for Qualtdgsurance (QA) in

this domain.

The provision of a historicatabase of past experimental and actual
data will considerably improve future modelling and experiments.

Data will be available in a more usable, easier to access form.

Technical justification

More reliable estimates of hazard zones are obtained - based on
more comprehensive and authenticated data.

The general public, environmental pressure groups and the
authorities Wl all benefit. In particular, they will be able to place
more reliance on the modelling results and haweatgr onfidence

in the industrial ality to predict and preverdccidents as well as on
the authorities ality to manage and control incidents given an
emergency has occurred.

Economic justification

The progct builds on the results of other CH@ded progcts - this
ensures economy of time, effort and budget. Conversely, the results
of this progct will benefit projects inprogress or planned for other
areas in the EC work programme.

Increased data accuracy andpmved models W lead to ketter
planning and implementation of emergemegcedures together with
the more efficient and effective use of the emergency services.

There will be cost benefits tedustry diectly by inprovements in
QA and indirectlyfrom the improvements in SHE (Safety, Health
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and Environment) planning and management, and in choosing new
locations for, re-locating or expanding process plants.

Contribution to Community Policies

This progct is aimed at iproving the allity of industry and the
authorities to prevent and control chemieatidents. It is directly
applicable to the aims of the community for the increasetkgtion

of the environment. As the reconstruction of the Eastern Europe is
accelerating, it is iportant that new sites be located in a way that
minimises the adverse effts of thendustrialactivities. Thisproject
provides quality assurance to the consequence assessments which
are done during the feasity studies of new plants and when
planning communal land use.
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8 CONCLUSIONS

In developing the prototypeathbase CRMD, this project has demonstrated that,
within the subject area of large accidental releases ofd@za naterials, model
validation needs involving comparison against experimenéah ccould, and
should, be served by a single database.

The specific benefits to be gained are:

» Avoiding wasteful duplication of feort and resources amongst model
developers and users who currently are required to assemble their own personal
(and often limited) databases;

* Improving the efficiency and efttiveness of model developers and users by
providing and maintaining aatihbase which is completeyp-to-chte and
equipped with suitable functions for data presentation and analysis;

* Providing a permanent aratcessible archiving fdity for measurement data
from EC funded (and other) experiments thereby ensuring that saeh d
which is usually very expensive to obtain, is fully used and not discarded when
its immediate applications have been completed;

* Providing an edeational tool bothfor teaching and handm-practical work
for students in data analysis, model testing and experiment design.

Such benefits would have positive implicatidios many progcts on modéng
and experimentation which are to bedertaken in corection with EC research
on industrial safety. In particular, the 8RID database coulgrovide a suitable
foundation for the high priority MEG work on the implerteion of model
evaluation protocol standards.

The prototype version of GRMD contains éta on surce term and dispersion
experiments. However, the database structure may be readily extended to cope
with new dataformats and moding applications. It isproposed that this be
utilised to extend its appftions to include experimental data on fire and
explosions.

The use, collection and archiving of experimental data could kproved
considerably by establishing formal quality assurance guidelines for the planning
and documentation of experiments and experimental results. The data structures
adopted for CRMD could provide a basis for the docuntation elements of

such guidelines.
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VTT TIETOPALVELU
JULKAISUJEN TOIMITUS

The objective of theroject was to design and construct a database of experimental data for
model validation and development applications. The experimental data were to mover s
term and dispersion behaviour over flat and complex terrain and were to éetedfiiom

CEC funded research projects and other suitable sources of experimental data.

The work described in this report was sponsored by the CEC EDVMENT programme
(contract no. EV5V-CT92-0075).

The main results of the project are:

» A prototype édtabase containing specially chosen data handlingaeessing facilities for
model validation and development applications has been constructed. The database has
been named CRAMD - Chemical Risk Assessment Modelling Database;

» The number of datasets which could beonmporated into the database wdmited by
project resurce constraints. Representative examples containing differerfodates and
experimental measurement techniques were therefaretedlinorder to demonsate the
data handling and processing capabilities of the CRAMD prototype;

» Key design requirements were that the databbeeld be readilyaccessible and easily
extended to cope with new ddtamats and moding applications. These were achieved
by basing CRAMD on an obgt oriented software pfarm with useraccess via the
Windows-based World Wide Web (WWW) internet connection;

« Difficulties were experienced with data collection which exemplify the rieed central
EC archiving facility in this wrk area. Examples were found aftd being discarded, lost
or poorly documented. There was also a poor response to formal requests to &tapfdy d
the database. It is suggested that future @B@ing for experimental and model validation
investigations should be conditional on all measurement results which are used or acquired
during the work be returned to the CEC in a fully documented, computer readable format
for archiving. Clearly, CRAMD could provide a suitable receptacle for such data.
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