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Abstract

GREAT-ER (Geography-referenced Regional Exposure Assessment Tool for European
Rivers) is a model system for predicting chemical fate and exposure in surface waters. The
GREAT-ER approach combines a series of well studied models (for sewers, waste water
treatment plants and rivers) with spatial information managed by a GIS. A new version of
GREAT-ER (version 2) has been developed which has a number of improved features com-
pared to its predecessor. All components are now implemented as Free Software and make
use of Free Software where possible. This simplifies the distribution, use and extension of
the system and its components for scientific applications. In addition, two new platform-
independent user interfaces have been developed. The first is a simplified web-based inter-
face for easy access without installation and the second is a full-featured desktop version.
The model system has been redesigned to increase its flexibility for the modification and
extension of its component models. In addition, the file-based data storage system used
in version 1 has been replaced by a database management system with a flexible Appli-
cation Programming Interface (API). This makes it easier for users to share their results,
using a new repository (also with web-based and desktop versions) serving as a central
communication tool. The output from the new system has been successfully tested against
the field-validated models in GREAT-ER 1.0.
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1 Introduction

Environmental risk assessments for chemicals generally make comparisons be-
tween predicted environmental concentrations (PECs) and predicted no effect con-
centrations (PNECSs). Standard assessments are generally performed for “generic”
scenarios which quantify relative risk (e.g. European Commission, 2003). How-
ever, actual risk will vary temporally and spatially with factors such as river and
wastewater flow and loss processes during transport. Thus more realistic predic-
tions of exposure require more sophisticated models which account for these fac-
tors. “Down-the-drain” chemicals are those substances used as ingredients in do-
mestic consumer products (e.g. detergent ingredients, pharmaceuticals) which are
usually disposed of via wastewater systems after use. A crude PEC in sewage can
be calculated by dividing the per-capita mass of substance used by the domestic
per-capita water use. This can then be adjusted for any removal during transport
in the sewer network and in sewage treatment and for dilution in the receiving
water body to give PEC for surface water, immediately after mixing but before
any degradation has taken place. Further adjustments can be made by simulating
the processes operating in the stream channel. However, river basins are complex
systems with a wide variety of land use, population density and industrial activity
containing stream and river channels which vary greatly in terms of geometry, flow
rate and water quality. This complexity and variability can best be represented in
a Geographic Information System (GIS) and the spatially referenced data therein
used to predict spatially and temporally varying concentrations using simulation
models, describing transport and transformation processes (e.g. Koormann et al.,
1998; Shena, 2005).
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Fig. 1. Schematic view of a) GREAT-ER model chain and b) GREAT-ER model network
as combination of multiple model chains

The European project GREAT-ER (Geography-referenced Regional Exposure As-
sessment Tool for European Rivers, 1996 - 1999 (Feijtel et al., 1997; Schowanek
et al., 2001)) was launched as an international effort to develop and validate such
a model system: Models for the sewer, waste water treatment plant (WWTP) and
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river compartments (Boeije et al., 1997; Trapp and Matthies, 1998; Boeije, 1999)
were coupled into model chains (Figure 1 a). To consider spatial aspects like chan-
nel geometry or multiple discharges several local model chains were linked into a
model network (Figure 1 b). Temporal variability in state variables such as chem-
ical loads, river discharge and river velocity was accounted for by performing a
large number of steady-state deterministic model iterations using Monte-Carlo sim-
ulation (in which values of key variables are randomly selected from pre-defined
probability density functions). The statistics (e.g. the mean or a given percentile) of
the spatially-referenced PECs generated by the model for a particular river network
can be viewed as color coded maps using the GIS interface (Boeije et al., 2000).

As part of the GREAT-ER project monitoring studies were conducted in five catch-
ments in the UK and Italy and the results from these studies were used to vali-
date the PECs produced by the GREAT-ER model (Holt et al., 2000; Gandolfi et
al., 2000). The system has subsequently been applied to many other catchments
in Germany, Belgium, France and other European countries (Verdonck et al., 2000;
Schulze and Matthies, 2001; Wagner, 2001). These studies have consistently proven
the applicability of the GREAT-ER concept in the prediction of “down-the-drain”
chemical fate and exposure in aquatic systems.

A first version of GREAT-ER (version 1.0) was implemented within the project.
This prototype version has several limitations: One of the disadvantages with the
GREAT-ER 1.0 software was that it was implemented using a proprietary GIS pack-
age (ESRI ArcView) to visualise spatially-referenced inputs and outputs. Although
GREAT-ER itself was distributed free of charge, users without existing access to
the GIS package were forced to incur a significant cost in order to use it. In addition,
a file-based data storage system was used which limited data security and confiden-
tiality. Furthermore, the model system was not particularly transparent which made
future enhancements (e.g. the addition of new models or compartments) difficult.

This paper describes a major re-design of the GREAT-ER software (GREAT-ER
2.0) which was developed in a modular fashion around a database management
system (storing spatially-referenced and substance-specific data). GREAT-ER 2.0
incorporates a detailed access concept, a scaled set of user interfaces with GIS
capabilities and a model server providing data operations via the interfaces. It also
contains a flexible tool for preparing and quality controlling the requisite input data.
It should be noted that no changes have been made to the model equations used by
GREAT-ER which are adequately described elsewhere (e.g. Boeije et al., 1997,
Trapp and Matthies, 1998; Boeije, 1999).



GREAT-ER version 2 Architecture
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Fig. 2. Software architecture of GREAT-ER 2
2 GREAT-ER version 2 Architecture

Figure 2 illustrates the architecture of the new GREAT-ER. The entire system is
founded on a database management system, the Application Programming Inter-
face (API) provides an additional abstraction layer. A specific administration tool
offers functionality to manage the relevant parts of the GREAT-ER database includ-
ing import / export of simulation data. An interface to the International Uniform
Chemical Information Database (IUCLID, Boos (2001)) provides an easy option
to upload substance specific data (such as physico-chemical properties and degra-
dation rate constants) into GREAT-ER from a central source. Two variants of a
repository (see 5.3) provide access to the parameters from a database view and the
management of related documents. The model server performs simulation runs is-
sued by the two user interfaces. All data exchange between model server and user
interfaces is handled via the database.

Two user interfaces have been implemented in GREAT-ER 2. A desktop interface
(GREAT-ER desktop) has been constructed based on a Free Software geographic
data viewer (Thuban!) which connects directly to database and model server. In
addition, a web browser-based user interface (GREAT-ER web) has been built and
is provided via a web server with an underlying application server (Zope 2) for
application and session management and a mapping server (UMN MapServer 3)
providing map rendering and navigation.

In comparison to the desktop version, GREAT-ER web offers simplified function-
ality but on the other hand does not require further software installation or licenses

! http://thuban.intevation.org
2 http://ww. zope. org
3 http://mapserver.gis.um. edu



on the user side. As commonly used in modern modeling systems (e.g. Halls, 2003;
Bellasio, 2005) GREAT-ER web serves as an entry point to the GREAT-ER con-
cepts and system.

GREAT-ER desktop offers the full functionality of the GREAT-ER system with
various analysis tools and import/export features. It can be used on a single com-
puter (local database and modeling system), but can also benefit from a network
with databases shared within work groups and available computing servers.

3 Database

3.1 API abstraction layer

The GREAT-ER API couples the different GREAT-ER user interfaces with the
database in which all data are stored. This middle-ware component consists of a
dynamic link library written in C/Embedded SQL offering all required database
operations in a standardized form. A wide set of functionality to read, create, ac-
tualize, delete and search data is implemented and encapsulates the internal com-
plexity of database operations. The API also restricts client application actions on
the database to a set of valid operations to increase data safety and realizes the user
privilege concept.

3.2 Privileges

GREAT-ER is designed as multi-user system. Users may work on a central system
with different data and decide which parts of the data share ”public” characteristics
and which are confidential or write protected. In this way use restrictions and data
ownership can be controlled.

Each GREAT-ER object (catchment, session, substance, environmental data, binary
object) is supplemented with the following information:

Identification of object owner

State of the data (meta information. e.g. valid/invalid)
Creation and last modification date

Privileges (all, group, owner).

This information serves as basis for the GREAT-ER authorization concept. For each
GREAT-ER object the creator automatically becomes the data owner and can select
between several privilege levels.



Users are split into three types:

(1) object owner
(2) members of the object owner’s user group
(3) all other users

The object owner can provide the object with view or write privileges for the three
user types owner, user group and all. Authorization groups and users instead can
only be defined by an administrator inside of the administration utility. This concept
allows flexible but also restricted management of GREAT-ER data for many users.

3.3 Flexible Parameter Data Structures

GREAT-ER 2 provides a completely new and flexible approach for the definition
of all kinds of model and system parameters . A parameter is usually described by
name, unit, warning and error range, type, comment and more (“data dictionary”).
The use of a “parameter tree” concept enhances this description by introducing
a hierarchy and sorting information on levels of blocks, groups and fields. It is
used to define, dynamically, parameter trees, which show e.g. substance parameters
logically grouped into biodegradation, partitioning, instream removal and others.

The most obvious advantage of this kind of parameter management is its potential
for extending the system. It is possible to add new parameters, or change existing
ones without having to change the underlying database architecture.

4 Mode System

GREAT-ER implements a model system consisting of four sub-models: emission,
sewer, WWTP and river. There are up to three complexity modes for each of
the sub-models. These range from the application of simple elimination rates de-
rived from field studies to process models based on laboratory and basic physico-
chemical data.

All of the sub-models are deterministic in principle. Using the Monte-Carlo method
on top of these models, GREAT-ER implements a stochastic approach and results
are returned as distributions of concentrations in each river stretch and for each
discharge site (Feijtel et al., 1997; Boeije et al., 1997). This approach is consistent
with the method of combining distributions advocated by Warn and Brew (1980)
and Warn (1982) and will result in superior estimations of the statistical moments
of river water concentrations compared with deterministic applications of the mass
balance equation. It is also implemented in operational water quality models like
SIMCAT, TOMCAT and RQP (SEPA, 2002).



In addition to performing simulations, the model system provides commands for
obtaining extra information about the underlying models:

e Required Parameters: List all parameters required by the model to assist the user
to identify the parameters to be filled in.

e Missing Parameters: List all parameters still missing for the model to assist the
user in filling in a complete parameter set.

e Stochastic Parameters: Those parameters which can be described by a probability
density function in the model. Based on the current settings the model derives the
list of parameters for which the scheduler has to generate a batch of Monte-Carlo
shots.

The architecture and concept of the new GREAT-ER 2 model system was designed
with three important requirements: high scalability, easy extensibility and quality.
The system can be used in a single user desktop environment as well as in server
environments for the GREAT-ER web version. An object-oriented approach allows
model developers to focus in the first instance on model components and requires
less effort for data input and output and internal control flow.

4.1 Scheduler / Worker Concept

To realize a scalable model system with options for distributed computing, a two-
component architecture was designed with a scheduler and a worker (Comer, 2001).
The scheduler controls the simulation runs, while the worker actually performs
each simulation. Each user interface, either GREAT-ER desktop or GREAT-ER
web (both clients in general) is connected to one scheduler, while a scheduler can
communicate with several workers. Clients do not communicate directly with a
worker.

The scheduler and the worker processes communicate via the network and may run
on separate machines.Workers may, of course, also run on the same system as the
scheduler. Which, in turn, could run on the same machine as the client.

The clients, i.e. the GREAT-ER application server and the GREAT-ER desktop user
interface, connect to the server to start and stop simulations, to query the current
status of a simulation or to retrieve information about the supported models. The
scheduler can manage multiple concurrent simulations for different users and from
different clients.

For any given simulation the scheduler generates a batch of Monte-Carlo shot pa-
rameter sets and distributes portions to available workers. If at all possible the
scheduler will only use workers that are not already working on a simulation. If
all workers are already working on a simulation the scheduler will reuse one of
the workers which then will have to work on two simulations at the same time.



The worker accomplishes this by calculating single complete Monte-Carlo shots
for each of the simulations it handles in turn.

GREAT-ER Il Model Suite Architecture Concepts
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Fig. 3. GREAT-ER 2 Model System Architecture Concepts

This concept allows various combinations ranging from local installation to dis-
tributed computing, to efficiently use available computing power:

a) Scheduler and one worker on one computer
This is the usual configuration for a single user desktop environment. When
running the GREAT-ER desktop version this combination is started automat-
ically on authentication. The model system can perform one simulation at a
time. (Figure 3 a)

b) Scheduler and several workers on one computer
The scheduler delegates complete simulation jobs to single workers, the model
system can perform as many simulations in parallel as there are workers run-
ning. This setup is used for GREAT-ER web. It is also usable for network
installations of GREAT-ER?2, if the clients are running on low performance
terminals, with the model system running on a computing server. (Figure 3 b)

¢) One scheduler and multiple workers on several computers
The scheduler splits one simulation job to different workers (running on dif-
ferent computers), the model system can perform at least as many simulations



in parallel as there are workers running on different computers. This instal-
lation can be used for highly frequented GREAT-ER web installations or for
computing “farms” when running high numbers of Monte-Carlo shots on large
catchments. (Figure 3 c)

4.2 Object-oriented Approach

The object-oriented approach (Meyer, 1988) of the GREAT-ER model system en-
capsulates most of the data input/output and administrative communication in a
base model class. Hence a new model has to implement only model-specific meth-
ods - at least the model equations - and inherits all other methods.

| River |—| River |—| River
River |—| River

River |—| River
River
| Emission |—| Sewer |—| WWTP

Fig. 4. GREAT-ER 2 directed graph

This object-oriented approach allows a generic function to build a directed graph
(Fig. 4) representing the river network and discharge path independent from de-
tailed model knowledge, so new models can be added easily by model developers
without detailed knowledge about the internal programming.

To add a new model for a compartment already considered by GREAT-ER (emis-
sion, sewer, WWTP, river) only a couple of methods have to be defined for a new
model derived from the base model class (Table 1).

5 User interfaces

Two user interfaces have been implemented in GREAT-ER 2: GREAT-ER desktop
and GREAT-ER web. Both interfaces provide access to the model input parameters
and the model results.

Quality assurance is guaranteed by a two-tier approach, which checks the plausi-
bility of input data at the data entry stage. The user is warned if an unusual value is
entered (although the value is accepted). An error is generated if an entered value
lies outside of its valid range. Ranges are stored in the data base parameter descrip-
tion and can be specified when a new parameter is defined. The entire function-



Table 1
Minimum set of elements to be implemented for a new model

Element Description

_requiredparaneters A list of parameters required by the model. The
parameters are identified simply by their name and

group.

setup() The setup method is used to initialize the segment
variables with the required parameters. The pa-
rameters are available from the model framework
and can simply be referenced by name and group.
No direct access to the database is needed.

comput e() The compute method implements the model equa-
tions which compute the segment results and the
mass flux into the next segment. All values are
available as set up.

ality is implemented in a new Python module: SciParam — Scientific Parameters
(Arendsen Hein, 2003).

5.1 Desktop

GREAT-ER desktop implements the full featured interface for the GREAT-ER model
system. The interface is based on the platform-independent GIS data viewer Thuban
(implemented in Python (van Rossum and Drake, 2003) and C (Kernighan and
Ritchie, 1988) using wxWindows/wxPython (Hammond and Robinson, 2000)).

The menu items are ordered according to the usual work flow of a simulation ses-
sion, similar to GREAT-ER 1.0:

e As a first step, substance has to be specified or loaded from the database.

e The selection of a catchment is the second step: For the purposes of a chemi-
cal exposure assessment, users will usually simulate a specific substance with
several catchments.

e In addition to the catchment specific and detailed data (e.g. a record for each
stretch in a catchment) general environmental data can be edited (default vaules
are available).

e To run a simulation the model chain has to be assembled. Usually the modelling
is an iterative process: Detailed models are used if the simple ones identify is-
sues.

e Finally the model results can be analyzed, mathematically as well as visually
(e.g. combining the results with data from monitoring)

Simulated concentrations (mean or a selected percentile) for each stretch are dis-
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Fig. 5. GREAT-ER desktop client showing a session on the Calder catchment, UK, with a
concentration profile for a selected section of the main channel inset.

played as a color coding of the river network or as a concentration profile for a
selected stream of the network (Figure 5).

The three menu items Map, Layer and Table provide access to the Thuban fea-
tures like map navigation, queries, table management including joins and export
for external analysis.

52 Web

The GREAT-ER web interface provides the simplest way of access to GREAT-ER.
Only a modern web browser is needed, no further installation or software licenses
are required by the user. The client allows new users to get familiar with GREAT-
ER concepts. The interface only offers the lowest (simplest) model mode and only
provides PEC calculations and concentration profiles as analysis features. A color
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coded representation of simulation results is provided (Figure 6), as well as con-
centration profiles downstream for a selected river stretch.

The interface is split into three frames, with a menu, the map view and a frame dis-
playing the various dialogs. The application server managing the dialogs and con-
current sessions is implemented based on the application framework Zope (Tegt-
meyer, 1999). The map display and navigation is provided by the UMN MapServer.
Both components are Free Software.
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Fig. 6. GREAT-ER web client showing an implementation for the Lambro catchment, Italy

5.3 Repository

The GREAT-ER Repository is a structured collection of substance data and related
documents. All this information can be stored and searched for within the database
sorted according to categories.

The definition of a substance structure is not fixed and the user has the possibility
to store data which are not required for the simulation but which may represent
relevant background information related to the GREAT-ER data (e.g. water quality
data, regulatory information, water classification). Different types of related items
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(e.g. pictures, analysis of other models, laboratory data, statistics) can be stored in
the document part of the GREAT-ER Repository.

The repository interface (Figure 7) is designed using wxWindows and the GREAT-
ER API to access the database. The substance and document tabulator share the
same principle of usage: The upper part offers several fields to enter search criteria,
the middle part is designed to show the results of the search and the bottom part
integrates the repository functions to edit and view data.
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Fig. 7. GREAT-ER Repository

A web version for the Repository is also available with full functionality.

5.4 Administration

The administration interface provides access to the basic GREAT-ER elements for
the experienced user. The tool (Figure 8) allows the administrator to manage users,
session data, graphical binary objects, parameters and other GREAT-ER compo-
nents. Also included is the XML export and import functionality that allows easy
exchange of complete session and catchment data between different GREAT-ER
systems. This XML interface can serve as an exchange platform to other model
systems and databases.

To ensure the integrity of the system, access to the administrative functions is only
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Fig. 8. GREAT-ER Administration: Record-based access to the data, parameter tree

possible by login as a specified GREAT-ER administration user. Parts of the func-
tionality like changing the user password and the import/export function can also
be executed by login as a normal GREAT-ER user.

6 Comparison with GREAT-ER 1.0

For a comparison of the scientific output of GREAT-ER 2 with its predecessor
GREAT-ER 1.0 a series of model runs was performed based on the Aire-Calder
catchment. The Aire-Calder is a catchment in Yorkshire, United Kingdom. The
catchment drains a total area of 1940 km?, the digital river network consists of 3050
stretches. The model chain was setup with percentage removal for the sewer (mode
2), percentage removal for WWTP (mode 1) and combined first order elimination
for rivers (mode 1). Each model run was performed with 5000 Monte-Carlo shots.
The simulations were performed on a network of PCs with Intel Pentium 4, 2.2
GHz processors, running under Debian GNU/Linux 3.0.

6.1 Consistency of model results

GREAT-ER 2 re-implements all models contained in GREAT-ER 1.0, using iden-
tical concepts and equations. The implementation was quality controlled using the
model output produced by GREAT-ER 1.0 (which itself has been validated for a
number of catchments across Europe). The quality control exercise compared the
results from GREAT-ER 2 with available results from GREAT-ER 1.0.
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The criterion for a successful comparison between the two models in deterministic
mode (i.e. the model predictions were indistinguishable) was set at 1 - 10~8[mg/I].
The criterion was successfully achieved for all stretches, suggesting that GREAT-
ER 2 has been implemented successfully.
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Fig. 9. Comparison of concentrations of LAS generated by GREAT-ER 2 with those from
GREAT-ER 1.0 for each stretch in Monte-Carlo simulations for the Aire-Calder catchment.

The quality of the underlying pseudo-random number generators and the combina-
tion of probability density functions was tested by comparing GREAT-ER 2 Monte-
Carlo simulations with those from GREAT-ER 1. Figure 9 a) shows reach-specific
mean concentrations of the anionic surfactant linear alkylbenzene sulphonate (LAS)
generated by GREAT-ER 1.0 and GREAT-ER 2 for in Monte-Carlo simulations for
the Aire-Calder catchment. The 1:1 line indicates a perfect match between the two
models. The mean concentrations for each stretch generated by the two models
vary between 0.05% and 2.98% with an average of 1.51%. The analysis show sim-
ilar results for the comparison of 90 percentiles (Figure 9 b): For each stretch the
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concentrations calculated by the two models vary between 0.01 % and 3.6 % with
an average of 1.22 %. This deviation for mean values as well as for extreme values
was deemed to be acceptable.

6.2 Performance

The GREAT-ER 2 Model System was designed with two major over and above
those of the original GREAT-ER model: Flexibility/scalability and easy enhance-
ment. It was expected that the new object oriented and transparent approach would
result in a loss of performance compared with the optimised GREAT-ER 1.0. One
strategy to overcome the expected loss has been the distributed computing ap-
proach, a second approach has been the implementation of a schedule optimiza-
tion: While GREAT-ER 1.0 always simulates the entire river network, a worker of
GREAT-ER 2 (Opt, i.e. optimized) can limit its model run to the currently loaded
segments.

Table 2 compares the average computing times for the two model systems, includ-
ing optimization and distributed computing.
Table 2

Performance Comparison of Distributed Computing, 5000 shots, Aire catchment, all tim-
ings are [m : s

Model System Single User  Two Server Three Server
GREAT-ER 1.0 8:50 - -
GREAT-ER 2 16:00 8:46 6:10
GREAT-ER 2 (Opt) 6:51 4:18 3:21

In a plain setting GREAT-ER 1.0 is clearly faster than GREAT-ER 2, but is outper-
formed by the optimised version. Distributed computing increases the performance
by a factor of 1.8 / 2.6 with two or three servers for GREAT-ER 2 and by a factor
of 1.6 / 2.1 for GREAT-ER Opt respectively.

7 Discussion

7.1 Calculation Consistency

Deterministic predictions and the predicted mean and 90th percentile river water
concentrations generated by GREAT-ER 2 compare favourably with those gener-
ated by GREAT-ER 1.0. This suggests that the model algorithms have been im-
plemented correctly in the new software. The small differences in the determin-
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istic results can be explained by the use of the different programming languages
(C versus Python) with their different representation of float values and internal
rounding operations. The comparison of stochastic results for both, GREAT-ER
1.0 and GREAT-ER 2 also shows good compliance, equality cannot be expected
for stochastic approaches.

7.2 Performance

The new software was shown to be less efficient, computationally than its pre-
decessor when used in its simplest single user mode. This is due to the fact that
GREAT-ER 1.0 has been optimized by making extensive use of multidimensional
arrays of values and accessing these with incremented pointers in C. This concept
made it very hard to extend the model or even maintain the source and track down
bugs, especially for modellers, who often are not computer scientists. GREAT-ER
2 replaces this concept with a slower but much more transparent Python dictionary
(associative array). However, with respect to Moore’s Law (Moore, 1965) the new
implementation is already significantly faster than the performance objectives of
the GREAT-ER 1.0 project.

The optimization step to limit model runs to currently loaded stretches on the other
hand increases the performance significantly — as long as relevant fractions of the
catchment can be considered as unloaded. This depends on the catchment structure
and also on the release scenarios. In a diffuse input scenario all stretches would
be loaded. The use of distributed computing to run GREAT-ER 2 also improved
performance. The nonlinear factors can be explained by the administrative overhead
needed for the process communication and the worker setup: Each worker has to
build the directed graph representing the river network in addition to performing
2500 (two workers) or 1667 (three workers) shots. The comparison of factors for
GREAT-ER 2 and GREAT-ER 2 Opt also illustrates the additional overhead for
determining the loaded stretches: This task must be performed by each worker in
the distributed computing setting and cannot be shared. Hence the performance
increase is slightly lower than for the default implementation. On the other hand
the small overhead results in a better overall performance.

7.3 Software Architecture and Concept

The designed software architecture and the conceptual decision to select develop-
ment tools under the criteria of platform independence have proven their success:
GREAT-ER 2.0 was developed and released as Free Software (under the GNU Gen-
eral Public License) with requirements for Microsoft® and an ORACLE® database.
However, as pointed out by the performance measurements above the system also
runs under GNU/Linux systems. The design and implementation of the database
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API (based on Embedded SQL) enabled a porting from Oracle to the Free Soft-
ware DBMS PostgreSQL. The latter development is still at an experimental stage
but is available from the GREAT-ER CVS repository*. The database porting as
well as other ongoing work by modellers to enhance GREAT-ER 2 with new mod-
els is not in the focus of this article. However, these examples illustrate that the new
design and concept of GREAT-ER 2 promote further scientific work and therewith
can be considered a success.

8 Conclusion

The GREAT-ER software simulates the fate of chemicals emitted to sewer systems
and surface waters. It has been validated in a number of catchments in several Eu-
ropean countries for a range of chemical types and has been used by industry and
environmental regulators within the context of the environmental risk assessment
of chemicals. This paper describes the development of a significant re-design of
the GREAT-ER software. The new system is shown to be compatible with its well-
validated predecessor in terms of simulated concentrations whilst offering signifi-
cant advantages in terms of system architecture.

9 Distribution Information

GREAT-ER 2 is released as Free Software under the GNU General Public Li-
cense. A CD with the desktop version of GREAT-ER 2 (requiring Microsoft®
Windows 98, NT, 2000 or XP, ORACLE® database Version 8.1.7) with the com-
plete functionality and all tools can be obtained via the GREAT-ER web site:
WWW. gr eat - er. org.

The GREAT-ER web version is available for public access at the same site. With-
out registration users have access to a limited number of catchments. Unregistered
users can run a simulation but they are not able to store their settings and results
permanently. Registered web uses have full access to all available catchments, they
can store their data.
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