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EXECUTIVE SUMMARY

SIMCAT is a mathematical model which predicts the quality of river water throughout a
river catchment. The model can be used to help plan the measures needed to improve water
quality by modelling the behaviour of summary statistics of water quality such as the mean
and 95 percentile. The current versions of SIMCAT have no direct method of producing
graphical displays of the model simulation. The graphical display package for SIMCAT,
known as CATGRAPH, has been developed under the UNIX operating system using
X-windows/MOTEF packages. This provides a graphical environment with pull down menus
and resizeable windows. It has been designed to run on a Personal Computer with a Intel
30386 chip.

Two new graphical datafiles have been developed. These provide the link between SIMCAT
and CATGRAPH. The structure of these datafiles and the changes to the SIMCAT code to
produce them have been fully documented.

CATGRAPH can generate a longitudinal profile of water quality or the distributional plot of
water quality at a particular location. The various options and features within the package
have been described. These include the plotting of observed versus simulated distributions
and showing the confidence limits around percentile values.

This prototype version of CATGRAPH requires a number of improvements before it can be
fully released. Whether this work should be undertaken depends on the future development
of SIMCAT. However, CATGRAPH could be used for other water quality models such as
the Stochastic Estuary Model. Alternatively it could provide the design specification for a
similar package running under the DOS operating system using some newly available
software packages.

KEY WORDS

Model, river water quality, consents, statistical approach



1 INTRODUCTION
11 Background to project

This section provides a brief outline to the previous work undertaken at WRc on the
mathematical model SIMCAT. It describes SIMCAT and the developments that have been
undertaken in the past few years.

111 What is SIMCAT?

SIMCAT is a mathematical model which predicts the quality of river water throughout a
river catchment. SIMCAT is used to help plan the measures needed to improve water quality
by modelling the behaviour of summary statistics of water quality; such as the mean and
95 percentile. Hence, SIMCAT takes due account of the fact that quality standards must be
defined by summary statistics in order to allow a correct audit of performance. SIMCAT has
special features, like auto-calibration, which enable it to produce results quickly. SIMCAT
also controls the effect of the statistical uncertainties associated with water quality data in
decision making. SIMCAT has been developed over the last ten years by Dr AE Warn, now
of Anglian Region of the National Rivers Authority (NRA).

1.1.2 Previous work

During 1989/1990 WRc undertook a research project involving SIMCAT (Crockett and
Crabtree 1990). This work had three major components. These were:

 the production of a User Guide;
» the development of a user interface; and
» the enhancement of the original code

The User Guide was produced as a separate document (Crockett ex al 1990) in order to ease
the application of the revised version of SIMCAT.

The user interface improved the screen displays for SIMCAT. During the course of the
research project, a number of modifications were made to the original computer code. These
included removing a number of errors from the computer code and an improved method of
auto calibration.

1.1.3 Development of current project

A number of recommendations for further work were recommended at the end of this
previous work. One of these recommendations was the development of a post non-graphical
generation program. This project was undertaken in response to that requirement.



1.2 Project outline
A copy of the Project Investment Appraisal for this project is given in Appendix E.
1.2.1 Project objectives

The overall project objective was to provide an effective tool for calculating the action
needed to meet Water Quality Objectives in a river system. The specific project objective
was to test SIMCAT and to provide graphical output of results.

1.2.2 Project strategy

The methodology involved modifying SIMCAT to provide a number of output datafiles as
input for a graphics package. This graphics package was developed under the UNIX
operating system using the X-windows/MOTIF packages. The graphics package was given
the working name of CATGRAPH.

1.2.3 Project outputs

There are three main outputs from this research project. These are:

e the modified version of SIMCAT to produce the new graphical output datafiles;
» the graphics generation package CATGRAPH;

» the project report.

The source code for the modified version of SIMCAT and the graphics generation package
CATGRAPH have been made available to the NRA by WRc.

1.3 Structure of report

The project was divided into two main parts, the production of the graphical output datafiles
from SIMCAT and the development of the graphics programme CATGRAPH.

The structure of the graphical output datafiles is covered in Section 2. This also includes
details of the various changes to SIMCAT.

The development of CATGRAPH is covered in Section 3. This reviews the various options
in the package and gives examples of various outputs.

Section 4 provides recommendations for further work resulting from this project.



2. STRUCTURE OF GRAPHICAL DATAFILES
2.1 Why new datafiles?

The version of SIMCAT developed in the previous work and described in the User Guide
(Crockett et al 1990) produced two graphical data output files. These consisted of a series of
comma separated variables. One file contained the longitudinal data for the main river
section (i.e. beginning of the first headwater) while the remaining tributary information was
placed in the second datafile.

The structure of these two files was considered unsuitable as an interface between SIMCAT
and the graphics generation program CATGRAPH. The main reasons for this were:

o there were no data output on the distribution of flow and quality at any specified
location;

* it was difficult to use the data in the second graphical output file as it contained data from
a mixture of tributaries; and

» there was no flexibility built into the datafile structure (e.g. only mean and 95 percentile).

To overcome these problems and to provide defined datafile structures for CATGRAPH, it
was decided to develop two new output files for SIMCAT. These two output datafiles are
given the file name convention of filename.SLG and filename.SDG. The .SLG file contains
data required to plot the longitudinal profile plots. The .SDG files contain the data required
for the distributional plots at selected locations in the river system. The structure of each of
these files is detailed in Sections 2.2 and 2.3, respectively.

It is anticipated that this output structure could be produced by a variety of stochastic water
quality programs such as MONTEQUAL (estuary water quality model) and TOMCAT (an
alternative to SIMCAT). This will enable them to make use of the same graphics generation
package.

2.2 Longitudinal output datafile structure

The datafile has been split into two sections:
(@) the header; and
(b) the sequential data sections.

The header contains information required for the graph headers (e.g. title, date, etc.) The data
in this section is written to this file at the beginning of a SIMCAT model simulation. The
sequential data section contains the relevant data for each point in the river system. Data is
written to this section as the SIMCAT model progresses down the river system. Finally, the
names of the various reaches and headwaters referenced in the simulation are written. This



final section will only be produced if the simulation has been successful. An example of the
longitudinal (.SLG) datafile structure is shown in Appendix A.

2.2.1 Header section

An example of a header section and details are given in Table 2.1.

2.2.2 Sequential data section

As an example, a few lines of this section are given in Table 2.2. The basic structure is a line
of text giving information about the position, type and name of the river feature. Then lines
of data follow, one for each of the determinands simulated. The amount of information
contained in each of these lines relates to the number of percentile values. The example
given below is for four determinands and three percentiles (as indicated in the header section
example). Due to the size of the page not all the data section can be displayed. The program
should allow up to around 100 river feature data sections.

All the values are written using the FORTRAN format 1PE10.4 and are comma separated.
There will be a maximum of 12 data values. This is shown in Table 2.3.

Table 2.1 Example of the header section ofa graphical datafile

1 "SIMCAT v3.0 run mode 0

2 “Example datafile for use with SIMCAT user guide™
3 040490 1200 100 5 3 50 80 95

4 IL"FLOW (m3d)" ."FlowV'mYd"

5 2,"Chloride..." CrV'mg/T

6 3,"B.0.D...." BODV'mg/T

7 4,"Ammonia...." ;" Amm","mg/1"

8 5,"Diss.Oxygen"

Notes: Line 1 gives the name of the program used to produce the output datafile (maximum 30 characters)
Line 2  gives the title of the simulation run (maximum 70 characters)
Line 3  this contains 8 integer values which are:
- date as DDMMYY
- time HHMM (24 hour clock)
- number of shots in simulation run (maximum 1500)
- number of determinands (up to 10)
- number of percentile values (maximum 3)
- percentile 1
- percentile 2 (if required)
- percentile 3 (if required)
Line 4-7 these lines contain the data for the number of determinands given above:
- the determinand number
- the long determinand name (maximum 16 chars)
- the shortened determinand name (maximum 4 chars)
- the determinand units (maximum 10 chars)



Table 2.2 Example of the sequential data section from a .SLG datafile

1.1.10.0.0,/  "U/S Head of Upper Ouse
3.0230E-KX),0.0000E+00,0.0000E+00,0.0000E+00,6.1896 E+0Q0,...
5.0120E+01,4.7860E+01,5.2340E+01,6.5671E+02,1.1341E+02,...
6.0345E+00,5.5023E+00,7.0123E+00,8.7651E+00,1.2021E+01,...
5.0122E-01,4.0234E-01.6.2341E-01,5.101 IE-01,1.0011E+00,...
8.9732E+00,7.3456E-K)0,1.2034E-K)1,7.0767E+00,5.0127E+00,...
1.1.4.4.0,"U/S Pig Farm Gauging Station
3.1270E+00,0.0000E+00,0.0000E+00,0.0000E+00,6.2376E+00, . . .
5.0120E+01,4.7860E+01,5.2340E+01,6.5671E+02,1.1341E+02,...
6.0345E+00,5.5023E+00,7.0123E+00,8.7651E+01,1.2021E+01,...
5.0122E-01,4.0234E-01.6.2341E-01,5.1011E+00,1.0011E+0Q0,...
8.9732E+00,7.3456E+00,1.2034E+01,7.0767E+00,5.0127E+00,...

Notes: Line 1 - Feature data
Value 1 *the reach number (maximum 40)
Value 2 - the headwater number (maximum 30)
Value 3 - feature type number:
0 -downstream of discharge or end of reach;
1 - quality monitoring station;
2 - stream/tributary;
3 -sewage discharge;
4 -river flow gauge;
5 -industrial discharge;
6 - plotting point;
7 - flow abstraction;
8 - weir,
9 - flow regulation point;
10 - upstream boundary;
11 - bifurcation;
12 - intermittent discharge;
13 - diffuse pollution start (river type);
14 - diffuse pollution end (river type);
15 - diffuse pollution start (effluent type);
16 - diffuse pollution end (effluent type);
17 - distribution plotting point.
Value 4 - distance from headwater (km)
Value 5 - feature name (maximum 40 characters)

The last line of the data section should have a reach number of zero. If this is not the case, the simulation run
will have been ended in an uncontrolled fashion. If the reach number is zero, but the headwater number is not
zero, the feature name will contain an error statement indicating why the simulation run failed at that point If
the reach number and headwater number are both zero, it has been a completely successful run.

Lines 2-6

These contain the summary statistics for flow and the simulated quality determinands (1 line for each). The

structure of each data line is detailed below.



Notes for Table 2.2 (continued)

The first line of data is always flow. The determinand number given in the header section defines the order in
which the quality data appears (i.e. line number).

In the example above there are no associated error limits or target values for the various flow percentiles. This
is designated by a zero value for the upper and lower confidence limits and the target values. Where there is no
taiget value for a percentile, for a quality determinand, a zero value is given.

Table 2.3 Details of the layout of data in the sequential data section

Value Variable Notes
1 Percentile value 1 There is always at
2 Lower CL least one percentile
3 Upper CL
4 Target value -
5 Percentile value 2 If required:
6 Lower CL i.e. no. of percentile
7 Upper CL values >=2
8 Target value
9 Percentile value 3 If required:
10 Lower CL i.e. no. of percentile
11 Upper CL values = 3
12 Target value
Notes: CL - Confidence limit
2.2.3 End of run data

This is the last section of the sequential datafile. The names of reaches and the header have
been placed here because, for certain programs, such as TOMCAT, this information is not
known until the program has been completed. This section comes after the last line of the
data section and indicates the end of a simulation. Hence, this section will not be produced if
the simulation has not been successful. An example of the layout of the End of Run section
is given in Table 2.4.



Table 2.4 Example of an End of Data Section of a graphical datafile

1 5 3

2 "Upper Ouse

3 "River Avon "

4 "Middle Ouse

5 "Black Brook

6 "Lower Quse |

7 "Head of Upper Ouse !

8 "Head of River Avon "

9 "Head of Black Brook

10-=

Notes: The details of the structure of this data section are given below:
Line 1  Value 1is the number of reach names (maximum 40)

Value 2 is the number of headwater names (maximum 30)

Line 2-6 The reach names (maximum 20 characters)
Line 7-9 The headwater names (maximum 30 characters)
Line 10 Line of ===== to designate the end of the datafile.

2.3 Distributional output datafile structure

This datafile contains the distributional data for selected points in the catchment. The data
can come in a number of layouts depending on how many determinands are output and
whether or not there are comparison data. The information given for each location in the
longitudinal datafile (.SLG) is also reproduced for the relevant location in the datafile.

The distribution datafile is split into three sections:

» the header section;

» the data section;

* the end of data section.

The details of each of these sections are given below. An example of the distributional
(.SDG) datafile structure is shown in Appendix B.

2.3.1 Header section

The header section of the datafile is exactly the same as in the longitudinal datafile structure
detailed in Table 2.1.

2.3.2 Data section

An example of a portion of a data section is given in Table 2.5.



Table 2.5 Example of the initial portion of a .SDG datafile

1,1,10,0.0,"U/S Head of Upper Ouse
1,100,0

Notes: Line 1 The first line of the input datafile is the same as in the first line of feature data in the data
section of the .SLG file.
Line 2 The second line contains three comma separated integers:
value 1 -determinand number (note 1 = flow)
2 - number of simulated values (maximum 1500)
3 - number of observed values (maximum 750)
Line 3onwards...
The data for each determinand flow and/or quality are written out individually (in
sequence) from 1..NSHOTS (number of model shots) using the format 10(1PE10.4). The
values are comma separated. If comparison data has been produced this will follow
immediately after the simulated data, using the same format.
Line 2 is then repeated for each determinand simulated
When the number of simulated and observed values are set to zero, no data for that
determinand has been output.

2.3.3 End of data section

The data section will finish by the same method as detailed in the sequential datafile; i.e. an
end of simulation line of data. If the simulation has been successful, the end of simulation
data section is written to the output file.

2.4 Changes to SIMCAT

The SIMCAT code used as a basis for this project was that described in the SIMCAT User
Guide (Crockett et al 1990). In order to produce the graphical output files described in
Sections 2.2 and 2.3, it was necessary to modify this SIMCAT code and to write some new
FORTRAN subroutines. This section summarises these changes and the additions to the
SIMCAT code.

2.4.1 Modification to original code

The various modifications to the SIMCAT code are detailed in Appendix C. There were two
main reasons for these modifications. Firstly, the headwater information had to be
remembered by SIMCAT, in order to appear as output at the end of the graphic datafiles
(Section 2.2.3). It was, therefore, necessary to introduce a new common block array to make
this possible. The second source of changes was the need to remove the old graphical output
code and replace it with calls to the new graphical output subroutines.

2.4.2 New source code

In order to produce the new graphical output datafiles, it was necessary to write some new
FORTRAN source code. This new source code was placed within the file called
GRAHEAD.FOR. A full listing of this new source code is given in Appendix D.

10



The new source code consists of five subroutines. The names and functions of these
subroutines are given in Table 2.6.

Table 2.6 New SIMCAT subroutines

Name Function

GRAHEAD  Writes out header section to both graphical datafiles.

GRAEND Writes out the end of simulation section of both graphical datafiles.

GRADT1 Writes out the sequential data section for the longitudinal graphical datafile
SLG.

GRADT?2 Controls the output of the distributional data section for the .SDG graphical
datafile

DISOUT Subroutine called by GRADT?2 to write out the distributional data.

The header section for both graphical output files is generated at the beginning of a SIMCAT
simulation. The end section data are written to each datafile at the end of a successful
SIMCAT simulation.

GRADT1 writes out a line of data for each simulated quality determinand at each location
along a river system.

SUBROUTINE GRADT?2 controls the output of data to the distributional graphic datafile.
Distributional data are only output at locations where calibration data are available.
Commonly, this is at gauging stations and quality monitoring sites. Where the flow or
quality data sets have been automatically calibrated by SIMCAT the observed data
distribution is not written to the .SDG datafile.

2.5 Future improvements

In developing the structure of the graphical output datafiles care has been taken to ensure a
large amount of flexibility. The number of determinands can be increased easily, as can the
number of summary statistics (i.e. means, percentiles, etc.) It would, however, be beneficial
to build in the facility to store the observed values of summary statistics at various locations
where this information is known. This would require an adjustment to the structure of the
longitudinal graphic datafile .SLG.

The output of all simulated values of particular locations can lead to large datafiles if a large
number of shots has been used. A method of summarising the simulated distribution
accurately by using a smaller number of output values to summarise the distribution would
reduce the size of these datafiles.



3. DEVELOPMENT OF GRAPHICS DISPLAY PROGRAM -CATGRAPH

The graphical data package CATGRAPH has been developed as an independent program.
The graphics datafiles described in Section 2.2 and 2.3 provide the link with SIMCAT. This
section covers the background to the development, plus a description of the various options
within the package. A number of examples of its use is also given, as well as
recommendations for potential further developments.

3.1 Background

CATGRAPH has been written in the programming language "C" to run under the UNIX
operating system. The X-windows/MOTIF development packages have been used to provide
the screen handling capabilities.

The advantages of the UNIX operating system, compared to DOS are given in Table 3.1. At
the start of the project it was anticipated that the future development of SIMCAT might
enable a large shot version (more than 1000 shots) to be developed to hin under UNIX.
Initially the graphical datafiles will have to be transferred from SIMCAT, while running in a
DOS window under UNIX, to the UNIX environment required by CATGRAPH.

The minimum hardware requirements for CATGRAPH are given in Table 3.2. These can be
met by a wide range of personnel computers currently in the market place. In the future, this
version of CATGRAPH could be transferred to a UNIX workstation with only minor
modifications.

The software requirements for CATGRAPH are also given in Table 3.2.

Table 3.1 Advantages of UNIX operating system as compared to DOS

Allows much larger executable code sizes

Better memory management

Provides a consistent graphical user-interface

Enables use of multiple resizeable windows

Several applications can be run concurrently

DOS applications can be run concurrently within a UNIX window

SR WN R
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Table 3.2 Hardware and Software requirements of CATGRAPH

(a) Minimum Hardware Requirements

Intel 80386 processor

4 Mbytes of Random Access Memory
60 Mbytes Hard Disk (preferably 80)
- Mouse

(b) Software Requirements

- SCO Open Desktop/UNIX runtime operating system
- CATGRAPH
- New version of SIMCAT

3.2 CATGRAPH description

This section gives a brief description of the major features of CATGRAPH. In order to
reduce the possible confusion when a CATGRAPH option is in the text they have been put
in italics.

3.2.1 Program window

The Program window is displayed when the CATGRAPH program is executed. An example
of the Program window of CATGRAPH is given in Figure 3.1. There are six options on the
Program window menu bar, these are:

* Help
* Newfile
* Overlay
e Save
» Pscreen
» Exit

14



Figure 3.1 Example of a CATGRAPH program window

These options are selected by placing the mouse cursor over the option name and clicking
the mouse.

(@ Help

This option has not been fully implemented. On selecting this option a help window is
display in the middle of the screen. The text within this window is read from a datafile.
Currently, the text displayed is not relevant to this option.

(b) Newfile

This option is used to define the graphics datafile to be displayed by CATGRAPH. The
operation of this option is described in more detail in Section 3.2.2.

(c) Overlay

This option is designed to enable data from different datafiles to be plot against each
other. This option has not been implemented in this version of CATGRAPH.

15



(d) Save

The Save option allows a display window to be copied to a file. There are three options
Save, these are:

- save the current display window

- save all the display windows

- save a selected display window

However, this option has not been fully implemented in this version of CATGRAPH.
(e) Pscreen

The Pscreen option prints a copy of the current screen display to an output device.
Again, this option has not been fully implemented in this version of CATGRAPH.

(f) Exit

When this option is selected a confirmation window is displayed. The text requests the
user to confirm the Exit option. By clicking the mouse to move to the YES option, the
user will exit CATGRAPH. On selecting the NO option, the user is returned to the
program.

3.2.2 Selecting a Datafile

When the Newfile option is selected from the programme window menu bar, a file selection
window is generated on the terminal screen. An example of this file selection window is
given in Figure 3.2. The file selection window is divided into four portions, the file filter, the
datafile list, the file selection display and along the bottom the menu bar.

16
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Figure 3J, Example of the file selection window

The file filter box enables the user to define the directory of datafiles to be displayed. This is
done by entering the name of the directory in the File Filter box and clicking the Filter
option in the menu bar.

Once the directory has been selected, the datafile to be used can be selected from the
scrolling available file window. The file selected will determine the type of graph to be
displayed. For longitudinal displays a file with the file identifier .SLG should be selected.
For distributional displays a .SDG file should be selected. A file is identified by clicking the
mouse over its name. A double click will select and load the file. Alternatively, the datafile
can be selected by clicking the mouse on the OK option on the Menu bar.

The file selection window can be cleared using the Menu bar cancel option.

The final option on the menu bar is the Help option. As with the Display window help
option, the help window generated does not contain the help text in this version of
CATGRAPH.

17



3.23 Longitudinal display window

An example of how a Longitudinal Display window looks on the selection of a .SLG datafile
is shown in Figure 3.3. The Display window is divided into four areas, the title bar, the
option menu bar, the graph area and the selection display area.

Figure 33 Example of the Longitudinal Display Window

At the top of the display is the screen title bar. This contains the simulation title from the
SIMCAT input datafile. This is transferred to CATGRAPH via the Graphical datafile.

There are six options available in the menu bar, these are:
* main
* headwater

e determinand

e options
» features
e help

18



(@)

(b)

©)

(d)

Main

When the main option is selected a sub option window is shown containing four options.
These are new-display, display data, graph display and close. New-display will start the
drawing of a graph. However, an error message will be displayed if a headwater or a
determinand has not been selected. Display data generates a scrolling window
containing the data from the selected datafile for the headwater selected. Graph display
allows the user to zoom and scale the graph within the display window. The Graph
display options have not been fully implemented in this version of CATGRAPH. The
close option will clear the current display window.

Headwater

The headwater option enables the user to select the headwater from which the
longitudinal plot should begin. When the option is selected a headwater selection
window is generated. This displays a scrolling window containing a list of the
headwaters selected in the datafile. A headwater is identified by clicking the mouse over
the name of the required headwater. A double click over a headwater name will select it
and the headwater window will be cleared. Alternatively, the headwater is selected by
clicking the mouse over the OK option at the bottom of the window.

Determinand

The determinand options allows the user to select the determinand to be plotted. When
this option is selected a list of determinands available in the datafile is displayed in a
window. The determinand is selected by clicking the mouse over the determinand name.
The current selected determinand is identified by a square mark next to it. Only one
determinand can be selected at any one time.

Option

The selection of this option from the menu bar enables the user to adjust the nature of
the graph drawn. When this option is selected a sub-menu of four options; values,
targets, flowgraph and confidence limits is displayed. The values option enables the user
to select which percentile should be plotted. The name and type of percentiles available
depends on the data contained within the datafile. The target option is designed to
enable the user to define a standard quality to be displayed on the graph. This option has
not been fully implemented within this version of CATGRAPH. Theflow graph option
enables the user to generate a second line on the graph within a separate y axis on the
right hand side of the graph showing the longitudinal changes in flow. This feature is
useful when trying to make sense of a quality determinand plot. The confidence limit
option allows the confidence limits of a determined simulation to be displayed on the
graph.

19



(e) Features

This option has not been fully implemented within this version of CATGRAPH. If
developed, this option would enable the user to add names of features to the graph.

(f) Help
The Help window text has not been added to this version of CATGRAPH.

(g) Selection display area
The selection display area is below the graph drawing area of the display window. This
area shows the headwater, determinand, datafile name and percentile selected by the
user. If a headwater has not been selected this is indicated by the message <Not Yet

Selected> where the name of a headwater should be located.

3.2.4 Distribution display window

This option enables the user to display the simulated distribution of a determinand at selected
locations within the catchment. These locations depend upon the simulation mode of
SIMCAT and whether observed data are available or not.

An example of an empty distribution display window is shown in Figure 3.4. This is the
display generated when a .SDG datafile has been selected.

Figure 3.4 Example of the Distributional Display Window

20



The layout is very similar to that of the Longitudinal Display window described in
Section 3.2.3. There is a title bar, a menu bar, a graph area and a option selected display area.

At the top of the display is the screen title bar. This contains the simulation title from the
SIMCAT input datafile. This is transferred to CATGRAPH via the distribution graph
datafile (.SDG).

The menu bar has five options, these are:

@)

(b)

©)

(d)

Main

Determinand

Option

Location

Help

Main

On selecting this option a sub menu is generated with four options, new display, display

data, graph display and close. These are the same as the options in the longitudinal
display described in Section 3.2.3.

Display

The determinand option allows the user to select the determinand to be plotted. This
option is the same as with the longitudinal graph display (see Section 3.2.3).

Option

The option selection from the menu bar has three sub-options; linear, cumulative and
observed data. Only the last of these three options is implemented in this version of
CATGRAPH. The linear option will in future provide a choice between linear and
logged plots. The cumulative option will provide a choice between cumulative and
probability plots. Only linear/cumulative plots are produced in this version of
CATGRAPH. The observed data option enables the observed distribution to be plotted
against the simulated data. However, this option is not always available. If there are no
observed data to be plotted, this option will only be displayed in a faded text.

Location

The location option enables the user to select the location of the distributional plot.
When the option is selected a location selecdon window is generated. This displays a
scrolling window containing a list of the locations contained in the datafile. A location is
identified by clicking the mouse over the name of the required location. A double click
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over a location will select it and the location window will be cleared. Alternatively, the
location can be selected by clicking the mouse over the OK option at the bottom of the
window. If there are no data at a location, an error message will be displayed in the
graph area when the new display option is selected.

(e) Help
The help window text has not been added in this version of CATGRAPH.

(F) Selection display area

This area shows the location, determinand and the datafile selected by the user. If a
location has not been selected this is indicated by the message <Not Yet Selected>
where the name of a location should be located.

3.25 Multiple displays

CATGRAPH has the facility to have multiple displays on a screen. This is done by having
up to ten display windows overlaying each other. The actual number of overlaying displays
depends on the size of the graphical datafiles. An example of overlaying displays is shown in
Figure 3.5. The overlaying displays can be longitudinal or distributional.

Figure 3.5 Example of Multiple Display Windows
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A new display is generated by selecting the Newfile option from the program menu bar (see
Section 3.2.1). When a new datafile other than the current datafile is selected a new display
IS generated on top of the current display.

The user can move between displays by clicking the mouses on the required display. This
brings this selected display in front of the other displays. The individual displays are offset
slightly to enable a comer of each display to be visible at all times.

This multiple graph facility enables the user to move quickly between the results of various
SIMCAT simulations. This is particular useful when two alternative proposals or
"before-and-after" simulations are being compared and contrasted.

3.3 Examples of graphical displays

This section gives two examples of graphical displays to illustrate the output from
CATGRAPH. The SIMCAT datafile used to generate these graphs was the test catchment
used in the SIMCAT User Guide. One example of a longitudinal and distribution plot has
been given.

3.3.1 Test catchment

A schematic map of the test catchment has been given in Figure 3.6. The river system is split
into six reaches and has two tributaries. The graphical output files generated by SIMCAT
under run option 0 are given in Appendices A and B.

ar+ < Qu

v Middle Ouse (3)

<River Avon (2)- y

eBlack Brook (ft)-

o %=

(6)
Lower Ouse Il
|
10km

scale

Figure 3.6 Schematic map of test catchment
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3.3.2 Example of a longitudinal display

An example longitudinal plot is given in Figure 3.7. This shows a plot of the simulated
dissolved oxygen (mg/1) along the River Ouse from its headwater to the defined end of the
catchment. The confidence limits around the simulated dissolved oxygen are also plotted.
The final feature of the graph is the flow plot which is given in the lower half of the plot.
The influence on the dissolved oxygen level by the discharge from Wellington Sewage
Treatment Works can be clearly seen.

Figure 3.7 Example of longitudinal display from the test catchment
3.3.3 Example of a distributional display

An example of the distributional display is given in Figure 3.8. This shows a plot of the
simulated and observed BOD distributions at the Wellington monitoring station. The fit in
this case is relatively close.
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Figure 3.8 Example of distributional display from the test catchment
3.4 Possible enhancements to CATGRAPH

This section outlines a number of enhancements which should be undertaken to improve the
functionability of CATGRAPH. These enhancements have been split into three pans,
relating to the display windows they will affect. The final section discusses the potential

future development of CATGRAPH.

34.1 Possible enhancements of the program window

(@ Help messages

None of the help messages have been added to the help windows available at various
points in the program. The text for these help windows should be included within the

program.
(b) Printer option

The current version of CATGRAPH does not have any printer drivers installed. This
makes getting prints of screen displays difficult. Screen displays have to be written to
file before they can be printed.
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(©)

Overlay option

It would be useful to be able to overlay the simulation results from two different design
options. The methodology and function of this option would have to be clarified further
before it could be incorporated within CATGRAPH.

3.4.2 Possible longitudinal display enhancements

(a)

(b)

(c)

(d)

(e)

Title bar

The current title bar only displays the SIMCAT datafile simulation title. Given that other
programs may wish to use CATGRAPH it would be useful to add a second title bar to
display the name of the water quality model used to generate the graphical data. This
information is included within the header section of the graphical datafiles.

Observed data plot

It would be useful to display the observed values for the plotted percentile at the
locations along a river. This facility is not available in the current version of
CATGRAPH. The development of this feature would require adjustments to the
longitudinal graphical datafile.

Zoom and scale

It is not possible to zoom into a particular portions of a longitudinal plot or to scale the
axes. Both these options would be useful in preparing graphical outputs.

Targets

This option would enable the user to define the quality objectives for the river reach.
This target value may vary with river reach. Consequently, a more detailed specification
is required before this feature could be incorporated into CATGRAPH.

Features

The facility to add feature names to the longitudinal display would improve its visual
effectiveness. The location of these names within the display requires further thought.

3.4.3 Possible Distributional display enhancements

(@)

Title bar

As with the longitudinal display the incorporation of a simulations title bar at the top of
the display would be a useful feature.
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(b) Cumulative/probability

The option to generate a probability plot rather than a cumulative probability would be a
useful feature particularly for comparing observed versus simulated values.

(c) Linear/logged data

This option may be useful when comparing observed and simulated distributions when
they are log-normal in nature.

34.4 Future development of CATGRAPH

The future development of CATGRAPH is linked closely with the proposed development of
SIMCAT. The current situation will require SIMCAT to be run in a DOS window under the
UNIX operating systems. The generated graphical output files will have to be transferred to
the UNIX environment to be utilised by CATGRAPH.

If a UNIX version of SIMCAT is developed then CATGRAPH should be further developed
to incorporate the enhancements outlined in Sections 3.4.1, 3.4.2 and 3.4.3. This would
enable the results of large simulations, in terms of catchment size and shot numbers, to be
plotted graphically with CATGRAPH.

If SIMCAT continues to be developed in DOS then a DOS equivalent of CATGRAPH needs
to be developed. This could be undertaken using the WINDOWS3 package. This package
was not available when this current project was initiated.

The final option for CATGRAPH is to develop it to meet the requirement of water quality
models which have a UNIX version but no graphical interface.
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4, CONCLUSIONS AND RECOMMENDATIONS
4.1 Conclusions

The project has produced an prototype version of a graphical package CATGRAPH. This
package runs under a UNIX operating system with pull down menus and a mouse driven
user interface. Two main graphical displays are available, a longitudinal river profile and a
distributional plot of simulated values of a designated location.

The graphical data is transferred from SIMCAT to the graphical package CATGRAPH via
two datafiles. The layout of these datafiles has been documented. The changes in the
SIMCAT source code to enable the generation of these datafiles have also been documented.
It is anticipated that a number of other water quality models will also be able to generate
these datafiles so that they can also make use of the graphical display packages of
CATGRAPH.

Not all the options in CATGRAPH have been implemented. The current, version does not
generate hard copy of graphs particularly easily. Other enhancements have also been
identified on Section 3.4. The work involved in implementing the majority of these features
and enhancements is relatively small.

The long term future of this package is linked with the proposed development of SIMCAT.
A new DOS version of the program has just been released which has up to 500 shots. If
SIMCAT continues to be developed for use under the DOS operating system, the use of
CATGRAPH by SIMCAT will be limited. However, if other water quality models (e.g.
MONTEQUAL - estuarine model) are developed under a UNIX operating environment
CATGRAPH may be used for the graphical display. Alternatively, a UNIX version of
SIMCAT may be developed.

Another spin-off of this project is the development of a design specification for the graphic
display. This could be used to produce a DOS equivalent to CATGRAPH.

4.2 Recommendations

As discussed in Section 3.4.4, the development of CATGRAPH is linked closely with the
proposed development of SIMCAT and similar water quality models. The recommendations
for future work relate closely to those developments. The various options are given below:

(@) SIMCAT continues to be developed under a DOS operating environment

The UNIX version of CATGRAPH is unlikely to be utilised. Therefore, it is suggested
that the design specification for CATGRAPH is used as a basis to develop a DOS
equivalent.
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(b)

(c)

UNIX version of SIMCAT is developed

The existing version of CATGRAPH should be enhanced to incorporate the outstanding
the features and options

UNIX versions of other similar water quality models are developed.

There is an NRA project to develop a stochastic water quality model for estuaries which
is equivalent to the river based SIMCAT. If the development of this model is under a
UNIX operating system, it is recommended that the existing version of CATGRAPH is
enhanced and adjusted to be utilised by this model.

At this stage it is not possible to indicate which option should be checked. This selection
depends on the requirements of the NRA and the proposed development of SIMCAT.

30



REFERENCES

CROCKETT C P and CRABTREE R W (1990). Model for Consent Conditions for
Continuous Discharges - Project Report. WRc, PRS 2511-M.

CROCKETT C P, CRABTREE R W and WARN A E (1990). SIMCAT User Guide, WRc,
PRS 2386-SW.

31



anniDfiHis
siiivxva (0isO ivNianjiONOi 3hx jo ai<wvvxa v xiasiaddv



[

4. », 1,

.9994C+00 .
.5251E+01 !
.D()2t«00

.0)011-02
.4575C+00 |,
4. 3, 0,

.1401C+00 .
.239)1+01 |
.=J41C+00
.45S7C+00
. =349C+00 .
4. 1. 0,

.0139C+01 .
.ft244Cc+01
.9413C+00 .
.4040C+00
.4754C +00
.10 1.

e.1*741 +01 .
ft . 3000C +01
4.1002C+00
3.0000t~01
7.4««5C +00

s, 1. «,
«.3974C+01
i .3000C+01
4.1002C +00
) .0000C-0lI
7.4495C+00

ft. 1, 1.
1.097»C+01
ft .00001*01
3.
1.

)
)
2
4
0

PR N©e
R
Pwwhs O

s a—

=

[} - ° Tk
P OO0 AN NNO

~

NN w AN
=
wwopn—\r\)[-‘wo:_@p-‘ Nwo s
.
oONnvOo hO-

R
NOMNO -

-

wbwwomo\lmwomww

9000C +00
00001-01
.=)Ul«00
5. 1, 0,
9. 2* 7ftC+01
4. aftsoCc +01
) . 79911 +00
t.(1541-02
i .*929C+00 ,
01‘: 0, 30,

"Upptr oo>#
*jiiv»r Avon
*Riddlo Oil)*

‘Black Brook

‘“Laewer Out* |
*I*id o( Upptt
“Hoad of liv™*i
*fl««d of Bloch

©oorhoO

0

0,‘U/s fcpp
00C+00.0.0
99C+01 ,4.4
37C+00.2.7
7CE-02 ,5.4
021+01,ft.=
0, «D/5 App
O0OE+00,0.0
72C+01.1.2
0«C+00,9.a
ftil1+00,7.4
7)E+00,4.0
0,* Cod of
00C+00,0 .0
541 +01 .ft.9
24C+00,ft.0
94E+00,3.3
«4E+00,5.2
0.'U/s

001+00.0.0
04C+01 ,4.9
471*00,3 .1
44C-01.3.7
741+01,5.)
0,'U/s

00t+00,0.0
94K +01 ,*.9
471+00, ft. 1
441-01 .3.7
741 +01 ,ft. 3
0,'0/S Tob
00B+00,0.0
321+01,4 .t
44E+00,4.9
H1-02,1.2
2ftE+00,4.7
0,* End of
00E+00,0.0
44E+01.4.3
441 +00,4.7

021-02,1.4
21E+00,4.7
0,a End of
*
*
*
*
Out™*
Avon
Brook

ford STW

oc +00 .0 0000C
7E+01 .0 000OE
7E+00 , 0 OOOOE
7E-02 .0 0OOOOE
*1+00 .0 oooo0C
ford STM
OE+00 .0 .0000E
4E +01 . o «O000E
2E+00 .0 .0000C
3E +00 0000E
41 +00 0000cC
=ich
OE +00 ,
3C+01 ,
2E +00

,0.
.0.
0000E
0000C
000O0E
5E +00 0000E
7E+00 . 0.0000C
111 Hon 1torln
OC+00 .0 . 0O000E
4E+01 .0 . O00OE
7C+00' g «0000C
4C-01.0 .0000E
(1+40.0.0000C
ill rio« Gaug
oc+oo0 .0, 0000C
4K+01 /0.o0000C
71+00.0.0000E
4C- 01, 0 e0000C
6E +00 ., 0 e0000C
y Nonltoiing
OE+00 .0 .0000E
mE+01, 0.0000C
4E+00 .0 . 0000E
4E-01,0.0000C
=E+00 .0.0000C
«iCh
OE+00 . 0.
4E+01 . 0.
ftC+00 ,0 .
5E-02 .0 .0000C
4E+00 .0 .000OCE
faulttlon

0.
0.
0.

0.

ooooc
oooocC
oooocC

00 4 1000E-01
00 4 7aioc+oi
00 4 20jac+oo0
00 1 3045C-01

00 7.023 7E+00,

00 2 2940C+00
00 a 4004E+01
00 1 ft709c+01
00,1 .3370E+01
00 3 3402C+00

00 3 242ac+00
00 7 2034C+01
00 e« 27S3E+00
00 7 ft09ftC+00
oo t 4219c+00
Stition

00 1 1000E+01
00 4 4B46C+01
00 9 1S24E +00
00 7 2394C-01
00 1 4m4 aE+00
ng Station

00 1 1000E+01
00 4 4a44C+01
00 9 1ft24E +00
00 7 2J94cC-01
00 3 4441E+00
totioo

00 1 3347C+01
00 4 0694C+01
00, a 2974C+00
00 3 1IftBE-01
00 3 1ft14E +00
to, 1 3440C+0lI
00, 5 ~aa 3e+oi
00 7 910SE+00
00 2 2292C-01
00 3 29o0ae+oo0

NopvpRro

P AAWO

oM ONO

*

O00OE+00 0.
aoi9c+oi 1.

.3232C+00 a

54S9E-02 2

.014 ftC+00 1.

.0000E+00 ,0

1044E +01 2
a3758+00 2
«57aE+00 2
20aaE-03 ,5
O00O0E+00 0
3224C+01 1
2211C+00 1
2572C+00 1
2204C+00 -
]
OO0O0O0OE+00 0

.0S811C+01 1

0339C+00 1
9401C-01 1
OOOOE+00 4
n
oooot+o0 ¢
0513C+01 1
0J39E +00 1
940SE-01 1
0000C+00 4
0000C+00 O
aa97c+oi 1
3allE+00 1
2754C-01 4
0000C+00 ft.
| |
0000C+00, 0
a291Cc+01 1
0a97E+00 1
4174E-01 3
ooooe+00 4

O000OE+00 O
1424C+02 2
4090E+00 =
1909E-01 3.
0 4ft1C+01,0

0000E+00 O.
0229C+02 2
441 aE+01 «
144 1C+01 3.
4441C+00 ,0
0000C+00 O
S491C+02 2
3994E+01 a
1759C+01 3
14a4C+00 O

0000C+00 O
4345C+02 O
4970C+01 O
1413C+00 O
5949C+00 O

0000E+00 o
434ftC+02 O
4970E+01 O
1413C+00 O
ft949C+00 O

0000C+00 O
ft34ftC+02 O
3719C+01 O
7549E-01 O
9145C+00 O

0000C+00 O
4914C+02 O
3144C+01 O
3544C-01 O
0693E+00 O

0000C+00
ft000C+02
0000C+00
0000C+00
0000C+00

oooac+oo
5000C+02
0000C+00
0000C+00
0000C+00

0000C+00
5000C+02
0000C+00
0000C+00
a000c+00

0000C+00
0000C+00
0000C+00
0000C+00
0000C+00

00001400
0000C+00
0000C+00
0000C+00
0000C+00

0000C+00
0000E+00
OOO0O0OE+00
0000C+00
OO0O00OE+00

a000c+00
0000C+00
0000C+00
0000C+00
OO0O0O0E+00



Ly oeloy 0
00y C40010
w oooceoln2
z000c4004 |
I 0000:-0 &
| Ammmogg*ﬁ
¥ 3
05005400 0
2 céo
261 40040
foe O )X
2 10400
3y I 0% L
s01Cce0040
b eet0 440
I 063 cé0 | «

o

M=

M

fto 9 9 ftc«

-
™o o w9

;}V

QP =<0 = 9O * > O O Mo o 9
* =% yw = ft ft Yowwm

vwitn o

FMQt*‘O B SalRaliVas

*oftfto ft ww
-

itii ftAM_ niiiinm
-
o
o

-- A A

V O*0 0o«
*o o
LS
- = AW O >
SA

e fiftwe~ o
=t ft w>a-

m A m ft =
¥ O 9+ e Se0 e Seoeofte
ﬂoo
m 1T
«

=«

ft 9 = ft#o
oo0oo0oO o=-9
O R~ M it

w  ft T

» wo» »

wnh 9 0 =90
wm 9 > e
™~ o

* O =

o

«

g w9 9O ysm >
nNnm “OpP-

ox
O =1
» %

>

ft =t~

WBPMB* 08 L4 ez
Mo

»

o)
«
g

o W*MO

A
9
O

qFlﬁ) .
+ <
0000
O OwO
«©wO

d
»
0
m

=0
&40

of 12208000 0

noo¥ o olMto .00
v0 0000¥400 0 0000E+00yH fgggt.gm.g
' ﬁmtt sofwo 9999m¥99tt.¢m9t@.9 )
M YOEe0010 0000EOON m b ﬁ.gmfm
(uE adﬁ 0440 00005003 WmttLg .
ws ttttﬁ.gg.g 00008400d #EY0 . »00WT
0 cE00 3V
£ 0 ggggtogm.g 0000E400 ¢ ghEr001 0
g tﬁut.g 1010000=x00) wmn.Q o
1} WoE¥04005 010000 4004 0 m.gm.
W ggmu olWo 0000He00yY EgEHEON,
) ¥ mﬂm* .ggwg 000084001 & o EEEsoOMWE
v FEEf 00 s¥
) mggmt.g .0 ggggﬂ.gg.t«ttrttxom.m
P QM ool y010000EC00) VOO ,EeoNy
'hozE Mﬁ.g;*g 0000% 400y mgtogw«
v PYE0E+0040 ggggﬁ.ggtm SoWEEs00 )8
A.mm gtoggbg 0000k 400y ¥ =WEEE 40040
00 .w 00¥E00 Ol0glog o¥1¥fo00
0 0000EAND 0 0000EL00 0000E+00N0
«m *ttmﬁogﬁ 0% 0000000 mg €.05)
EooWE+00) 0 noooEenoyE ¥ s00ps
) gQQMt 0 10 0000Eb00 h EEEE.00)
< 1 EEEE400)0 0c00Ee00n OEWE.00y0
orgvoy >ok¥oo oo #ar 0q obwWEioo
0 000b¥s00, 0 0000E+00y ggggtogg«w
vE YEEQEG0 0 0000E.001E HOOEEOEW
ﬂ,ggggﬁogg.g«ggggmxgg g = Mﬁ¥99«¢
<s¥ %oo ¥ 0 0 000OE.004h gd ¥ 00g |
¢ 1ig€Ed. 00 or 0000¥.00y FE-EHe00( 0
of 0osan
10 00008200 o 0000¥e00y b ﬂfggt+9§
( « EREREON) o 9999t¥99.w VEz . 0f y
£11£004040050 0000£.00 § Sekeeé0n &
E EOEEE O §OF0000£-00 ¢ E0LE400 &
L ooki£e0040 000000 & 020 400 O
oft¥1e Soecttehi
0 0000Ex0050 0000£400 & =t30&£.08 0
L0 £03E40 ,0 0000£400 & wwV«n*gh &
& m E£x0040 0000£x00 & &kgoet+0o i
0104S.& Ohs0 0000£x00 0 0 0 £-oh F

& eXeEet 0010, 00008400

4 e bodoii b,
0 000QEX00I0 00000500
0t 00SENOLi 0 O000EH 0O
E OE00E=000 0000£x00
g 0<ots01x0 0000&%00
£10002c400)10 0000=400
¢ le 0117,

e¢ 1003b00x 1 o0g

g ek oeeoky 0 0000£t00

m P002£500¢ 0 00002500
0%

Loe 0x10 0000g400

S 00
¥
¥

Eocl O 030&E Ocoos
) ggogﬁ.gw.g 0000E=00
e+ koooexod 10 0000&100

2%00£+0010 0000Ex00
. I _E O 10O 0000E:00
.0 203£400) 0 00002400

0%s & O 005 N0ok:0 £0

0 0000E/001 0 0000E>00
s 340C40 1O 0000£200
8 000EA001 0 0000400

T« 0210 0000.400
% tEceooro onood oo

. OEOE¢00 0

L ghesokeo
0 *ﬁwmﬁ.om 3
g geeke o

§ §67rEa0l 7
S £0EEE400 O

o Sekeeeoh
I 3ee00
‘ wmgﬁﬁ o 7
v 3 OCE400 0
L 0000&70%) 0
i e: tes0 3
¢ okooetoo &
3t gr0 &
o3 £200
o) l¢=00

b toooedos o
£ 1o Aeeon A

1 008 $0Q.t
! rAof |
% vn.gg \

(]
a00keas: ® adodtiod o
oMiiEsoE  WWoW¥Ee0p o
okd wio | © dd od o
mtht 0 ¥ :EE¥E400 O
0000E400 0 0000E.00 O
dedddioly QMMWt.gm«w
oo Wc,o00 € & .ﬂ¥99 s
ohfihcmo Wt € ® E=pf
W€ ¥ 0« $E¥E.00 O
0000E400420 0POOE
003g808:0 280a8;08 ¢
*MMtog4* gw‘ sol =
JoWEdeoE  =>EEe0N
gwggt.gg € oYod¥r00 O
€.00 0 €,
mm%&t.wm« wmwmt.mm w
g1 188000 ¥o €e0f o
Lz¥fdtony “Foh®ioo o
9@90togo € , €400 O
mmggtxgw 0 mggmt¥9m )
o # { &sokEn
M EEeo8 | Wio Heoh
zebEe00 | kWokEi00 o
gmggtogg € 3 PEe00 0
0 to t¥
2Dokea,” 8 308008 o
P030&x0 g £40 10
ehtee gﬁ** i 2E400910
0000£400 & £3 1£20010
000QE=00 O 0000E
I IR e
mnrwn.go Jkokeeok )3
tesedohy k ﬁmgﬂn.ggtn
0900&400 0 &k02£»00,0

£00 1 E40ESO 0000E$00L0
4 zoeeo ¢ g 2e002,E
03<os%00 L00I00OL,S
g008E-01  .00000400) =
0000E400 0 L0£E 000 |

o

Lesoedoksd m oeeeok, &
£3 3¢ 00§k B Log of,
do<coern = g¥hees00
0900&+0& 0 300f £x00, 0
00000 0 0000=00) 0
1240 231 32 oerok,0
LE £¢0 w of ze00)0
J edorg g490 .0
Oy OE400 t 00:=0C OecO
0000E»00 0 0000E400N O
Skov 0 ,: , & 0%,0
3 400 | 303 ¢400,0
14 edo LyI o0 .0
ob 000 0 400, 0

0000E 00
0000E00
0000 =00
00008400
0000E00

2000840
3000®e0
999ﬂ¥99
000E+00
0000€400

00008 400
20008 0s
00008400
2000¥ 400
00008400

0000E+E 0
0000E 400
0000400
0000&x00
0000400

0000400
00008500
0000E400
0000, 00
0000E 400

0000¥,00
0000800
0000£ 400
0000£ 400
0000&k 00

0000E 40
3000&40
0000L 400
00000
00000400

wﬁQOﬁog
000040
0000 ex00
0000£x00

00002000

tooge+ol

0000E»00
2000£500
0000£400

0000 ex00
0000E=0D
0000EX00
0000E> 00
0000EXDD

0000Ex00
000@=t 00
0000c400
0000 00
0000k 00



APPENDIX B - EXAMPLE OF THE DISTRIBUTIONAL (.SDG) DATAFILE
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APPENDIX C - CHANGES TO SIMCAT CODE

The changes to the FORTRAN code of SIMCAT undertaken to generate
the new graphical output files were discussed 1In Section 2.4. This
appendix lists the changes to the existing code. The changes in
code are listed below within section relating to the various source
code files which make up SIMCAT. The new FORTRAN code 1is contained
within a new souce code file GRAHEAD which is listed in appendix D.

C.1 Changes to ATTACH.FOR

The changes in this subroutine were to rename the two graphical
data file output channels. The additional code is shown below.

cpg- -.change name of graphical data files
OPEN(UNIT=20, FILE=F1(1:FlLen)//"_.SLG",
-I0STAT=1WRC ,STATUS= F“UNKNOWN")

OPEN(UNIT=21/ FILE=F1(1:FlLen)//"_.SDG",
-10OSTAT=1IWRC ,STATUS= F“UNKNOWN" )

C.2 Changes to COM.FOR
The changes in COM.FOR as shown below. A new data structure had to
be globally defined. This stored the names of the various
headwaters and the associated headwater information

character*40 chw
Cpg- - - -headwater data

common/hdwn/1hwb(kr) ,ihw,nhw,chw(nr)

cpg-.-ithwb - backup headwater number

cpg--1thw - current headwater number
cpg-.-nhw - total number ofg headwaters
cpg..chw - headwater names

cpg-.-define headwater name

C.3 Changes to CONTROL.FOR

The changes in CONTROL.FOR relate to replacing the old graphic
output statments with calls to new subroutines which controlled the
output of the new graphic output data files. This occurred at
various points through this subroutine as indicated by the
different portion seperated by dotted lines

)
Cpg-.-.-write out end of simulation event data

call gradtl(20,4,0.0,0,juw
call gradt2(21,4,0.0,0,ju)

o1



call graend (20)
call graend (21)

i)
cpg---Remove old graph output
c
c DO 5211 J=1,NDET
C IF(QTYPE(J) .EQ.4)GOTO 5211
C CALL CPERX@,CL(,J ,CL(2,d) ,CL(3,d ,CLA,ID)
c 5211 CONTINUE
C IF (NOPROF (IREACH) .EQ. )WRITE (21, 6993 ,ERR=99996)JTJU) ,DIS,
c .FLOW (O ,FLOW (@) , (C(J,1) ,CL(1,d) ,CL(2,9) ,C@,d .CLB,ID,
C .CLi. s+, ,J=1,NDET),UNAME(JU) ,RNAME (IREACH)
C IF (NOPROF (IREACH) .EQ. O)WRITE (20 ,6993,ERR=99996)JT(JU) ,DIS,
C FLOW (O ,FLOW(® ,(C@,D ,CL(,d ,CL(2,I) ,C,3) ,CLG,DY ,
c .CL®@,J) ,J=1,NDET) ,UNAME(JU) ,RNAME (IREACH)
C 6993 FORMAT(14," *,27(1PE10.4,%,%)," "U/S *,A40,A16,"« ")
cpg---Insert new graph output
call gradtl (20,1,adist(ireach) +dist@u),jt@u) ,ju)
call gradt2 (21,1,adist(ireach) +dist(u),jtgu) ,juw
i)
Cpg-...store headwater number

6944

2099

cpg- -

OO0OO0O0

5214

ihwb(istor)=1hw

DO 6944 1S=1,NS
FD (ISTOR, 1S)=FMS(1S)

DO 6944 J=1,NDET
QD(ISTOR,J,1S)=CMS(J,IS)

Store quality statistics for graph plotting...

DIS=RLENGTH(IREACH)+ADIST(IREACH)
CALL STATC

-Remove old graphical output

DO 5214 J=1,NDET

IF(QTYPE(J) .EQ.4)GOTO 5214

CALL CPERX(J,CL(1,J) ,CL(,d) ,CL (3,J) ,CL(4,J))

CONTINUE

IF (NOPROF(IREACH) .EQ. I)WRITE (21, 5995, ERR=99996) DIS, FLOW() ,

_FLOW() ,(C@, 1D ,CL(1,)) ,CLE@,I) .C@J, 3),CL(3,J) ,CL(4,I) ,I=1,NDET) ,

OO0

&RNAME (IREACH)
IF (NOPROF (IREACH) .EQ. O)WRITE (20 ,5995, ERR=99996) DI S ,FLOW( 1) ,

<FLOW (2), (C(J,1) ,CL(1, ) ,CL@,)) ,C (@, 3).CL 3,)) .CL®4, ) ,J=1,NDET) ,

C

&RNAME (IREACH)
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c 5995 FORMAT(" 0O ",27(1PE10.4,",")," ' END of
Reach® ,32X,A16, "«"

cpg---Insert new graphical output

call gradtl (20,3,dis,0,ju)
call gradt2 (21,3,dis,0,ju)

iv)
Ccpg-..get primary headwater out of store

thw=i1hwb(istor2)

C.4 Changes to FEATURE.FOR
i) changes to SUBROUTINE BOUND

At a channel boundary (ie confluence) it is necessary to store the
headwater name.

Cpg- - .update headwater number and name
nhw=nhw+1
1hw=nhw
chw(nhw)=uname (ku)

i1) changes to SUBROUTINE BIFURC

This ensures that the distance from the headwater for both
bifurcated channels is correct.

Cpg- -..correct distance of reach from headwater

adist(ireach)=adist(i)+rlength(i)

iii) changes to SUBROUTINE PLOT
A call to SUBROUTINE PLOT is used to generate graphical output

information at many points within SIMCAT. The code was adjusted to
call the new graphical output subroutines.

SUBROUTINE PLOT

$ INCLUDE:-*"COM.FOR™
cpg DIMENSION CL(4,MP)
$ INCLUDE: "ERROR.FOR™
CALL STATF
C Distance for plotting profiles...
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CALL STATC
cpg---Remove old graphics output.

DO 1 J=1,NDET

IF(QTYPE(J).EQ.4)GOTO 1

CALL CPERX (@,CL(1,J) ,CL(2.J) ,CL(3,J) .CL(4,J))
1 CONTINUE

F (NOPROF(IREACH) .EQ.1)WRITE (21, 2, ERR=99996) DIS, FLOW(L) ,FLOW(2) ,
&(Cc(J,1) ,CL(1,J) .CLE.I) .CA, 3) .CL@B,J).CL®&,I) ,I=1,NDET) ,
&UNAME (KFEAT) ,RNAME (JREACH (KFEAT) )

F (NOPROF (IREACH) .EQ. O)WRITE (20, 2 ,ERR—99996) DIS, FLOW (1) ,FLOW(2) ,
&(C@J, 1 ,CL@,J),CL(2, ) ,C(,3) ,CL(3,I) ,CL(4,I) ,I=1,NDET) ,
&UNAME (KFEAT) ,RNAME (JREACH (KFEAT) )

2 FORMAT( 0 ",27(1PE10.4,", "), " "D/S ",A40,A16,™ ")

OO00=000=00000

Cpg-.--new graphical data file

call gradtl (20,2,dis,0,kfeat)
call gradt2 (21,2,dis,0,kfeat)

RETURN
END

C.5 Changes to MAIN

i) changes to SUBROUTINE MAIN

This addition ensured the date and time were written to the header
section of the two graphical output files

cpg--. write header section to graphical data files
itl=1day*10000+imon*100+1yr
1t2=1hr*100+imin
call grahead(20,i1tl,it2,title)
call grahead(2l,itl,it2,title)

ii) changes to SUBROUTINE WriteH

This ensured that ICAL was not written to the graphical output
Tiles

cpg WRITE( 20,6692 ,ERR=99896) ICAL
Cpg WRITE( 21,6692 ,ERR=99 896) ICAL

C.6 Changes to TRANS.FOR

SUBROUTINE NPLOT 1is used in SIMCAT to output data at a interpolated
location in the river system. The update ensured that only the
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longitudinal datafile was updated at this location.

SUBROUTINE NPLOT(DISX)

$ INCLUDE:"COM _FOR™

cpg DIMENSION CL (4,MP)
INCLUDE:"ERROR.FOR™
CALL STATF

g Distance for plotting profiles...
CALL STATC

cpg-.-remove old graphical file

DO 1 J=1,NDET

IF(QTYPE@) -EQ.4)GOTO 1

CALL CPERX(J,CL(1,J).CL(2,3).CL(3,3).CL(4,J))
1 CONTINUE

F(NOPROF(IREACH) .EQ.1)WRITE(21,2,ERR=99996)DISX,FLOW(1),FLOW(2) ,
&(c(J,1D ,CL(1,d) ,CcL(2,I) ,C(@J,3) ,CL(3,J) ,.CL(4,J) ,J=1,NDET) ,
&UNAME (KFEAT) ,RNAME (JREACH (KFEAT))

F (NOPROF (IREACH) .EQ. O)WRITE (20, 2 ,ERR=99996) DISX, FLOW (1) ,FLOW (2) ,
&(C(J3,1) ,CL(1, J) ,CL(2,d) ,C(@,3) ,CL(3,d) ,CL(4,J) ,J=1,NDET) ,
&UNAME (KFEAT) ,RNAME (JREACH(KFEAT))

2 FORMAT( O ",27(1PE10.4,",")," " D/S ",A40,A16," ")

OO00=000=00000

cpg-..new graphical data file
call gradtl (20,2,disx,0,kfeat)

RETURN
END
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APPENDIX D - NEW GRAPHICAL CODE - GRAHEAD.FOR

The function of the various subroutines in GRAHEAD have been summarised
in section 2.4. The full listing of this new FORTRANcode is given below

CPC

CPC Write out header section for graphical display program data fTile
CPC

CPC

SUBROUTINE GRAHEAD (ICHL,IT1f1T2,TITLE)
CHARACTER*70 TITLE
$ INCLUDE: "COM.FOR™
cpg...-if ical=l set np=0

NPP=1
DO 10 J=1,NP
IF(QTYPE(J) .NE.4) NPP=NPP+1
10 CONTINUE

WRITE(CICHL,999) ICAL

WRITE(CICHL,998) TITLE

WRITE(CICHL,997) I1T1,1T2,NS,NPP,2,50,95
WRITE(CICHL,995) 1,FUNIT

IF (NPP.GT.1) THEN
DO 20 1=1,NP
IF(QTYPE(I1) .NE_.4) WRITE(ICHL,996)1+1,DNAME(I),DNACI),UNITS(I)
20 CONTINUE
END IF

RETURN
999 FORMAT(" "","SIMCAT v2.0 Run Mode =,11,7"")

998 FORMAT (IX, "= ,A70,"" ")
997 FORMAT(2X,16,2(2X, 14),4(2X,12))

996 FORMAT(2X,1 2 , All,"™M,* ,AMd ,A4 )
995 FORMAT(2X, 12, *,"Flow.._.... LY, ""Flow™,"tTL,A4 )
END
cPCH———riieiiiiiiiiiiiiiiii i i i i i i i o—————————— -
CPC

CPC Write out end data section for graphical display program data fTile
che
CPC—— e o -
SUBROUTINE GRAEND (ICHL)
CHARACTER CHH*40
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$ INCLUDE:"COM_.FOR™
CPC. .= Write out number of reach names and headwaters
WRITE(ICHL,999) NREACH ,NHW
CPC... Write out reach names
DO 20 1=1,NREACH
WRITE(ICHL,998) RNAME(I)
20 CONTINUE

CPC... Write out headwater names

DO 30 1=1,NHW

CHH=CHW(I)
WRITE(ICHL,997) CHH(1:30)
30 CONTINUE
CPC. .. Write out end of file indicator
WRITE(CICHL,996)
RETURN
999 FORMAT (2(2X,12) )
998 FORMAT(IX, ",A16,""")
997 FORMAT (I X, ,A30,
996 FORMAT (IX, 87 (*=*) )
END

SUBROUTINE GRADT1 (ICHL,ITYP,DDX,IFTN,JU)

Write out data section for graphical display program data fTile

ICHL - Channel number
DDX - Distance from headwater
ITYP - Location type O - normal 2 - downstream
1 - upstream 3 - end of reach
4 - end of simulation
IFTN - Feature type number
Ju - Feature simulation number
$ INCLUDE:"COM_.FOR™"

CHARACTER*40 CNAME,CN1
DIMENSION CL (4)

CPC...End of simulation output

IF (ITYP.EQ.4) THEN
CNAME=" End of Simulation
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WRITE({CHL,999) 0,0,I1FTN,DDX ,CNAME
RETURN
END IF

CPC..adjust name of site as required

CN1=UNAME (JU)
IF(ITYP.EQ.O) THEN
CNAME=CN1
ELSE IF(ITYP.EQ.1) THEN
CNAME="U/S "//CN1(1:36)
ELSE IF (ITYP.EQ.2) THEN
CNAME="D/S ://CN1(1:36)
ELSE IF (ITYP.EQ.3) THEN
CNAME=" End of Reach
END IF
CPC...write out location data

WRITE(CHL,999) IREACH,IHW,IFTN,DDX,CNAME

CPC...write out flow details

WRITE(CICHL,998) FLOW(I) ,0.0,0.0,0.0,FLOW(®) ,0.0,0.0,0.0
CPC...write out quality data

DO 10 J=1 ,NDET
IF(QTYPE(J).NE.4) THEN
TAR1=0.0
TAR2=0.0
IRQ=1FRQS @U)

IF(IRQ.GT.0) THEN
IF(RQS(IRQ,J).GT.0.0) THEN
IF(MORQ.EQ.0) THEN
TAR2=RQS(1RQ,J)
ELSE IF (MORQ.EQ.1) THEN
TAR1=RQS(1RQ,J)
END IF
END IF
END IF

CALL CPERX (@ ,CL(1),CL(2),CL(3),CL(4))
WRITE (ICHL, 998) C(@J, 1) ,CL() ,CL(® ,TAR1#C(J,3) ,CL(3) ,

+ CL (4),TAR2
END IF
10 CONTINUE
RETURN
999 FORMAT(IX,3(12 - -, ,F7.2,7,M",A40, ")
998 FORMAT(IX,7(1PE10.4,","),1PE10.4)
END
O Cm m m m
CPC
SUBROUTINE GRADT2 (ICHL, ITYP,DDX, IFTN,JU)
CPC

CPC Write out data section for graphical display program data fTile
CPC
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CPC

CPC ICHL - Channel number

CPC DDX - Distance from headwater

CPC ITYP - Location type O - normal 2 - downstream

CPC 1 - upstream 3 - end of reach

CPC 4 - end of simulation
CPC IFTN - Feature type number

CPC Ju - Feature simulation number

CPC

cCPC-—————————
$ INCLUDE:"COM_.FOR™

CHARACTER* 40 CNAME,CN1
DIMENSION OBS(MS),SIM(MS)

CPC...End of simulation output

IF (ITYP.EQ.4) THEN
CNAME=" End of Simulation
WRITE(ICHL,999) O0#0, 1FTN,DDX, CNAME
RETURN

END IF

CPC. .Check 1if data to be outputted (ie is there any calibration data
CPC..sets or target values at this feature

IF=1ABS@FCALJU))
10=1ABS(@QCAL@U))
IRQ=1FRQS(JU)

IF(ATYP.EQ.3) RETURN
IFCIF.NE.O.OR.IQ.NE.O.OR. IRQ.GT.0) GOTO 5
RETURN

5 CONTINUE
CPC..adjust name of site as required

CN1=UNAME(JU)
IFCITYP.EQ.OQ) THEN
CNAME=CN1
ELSE IF(ITYP.EQ.I1) THEN
CNAME="U/S "//CN1(1:36)
ELSE IF (ITYP.EQ.2) THEN
CNAME="D/S +//CN1(1:36)
ELSE IF (ITYP.EQ.3) THEN
CNAME: ¢+ End of Reach
END IF
CPC...write out location data

WRITE(CICHL,999) IREACH,IHW,IFTN,DDX, CNAME

CPC... find what observed data 1is to be outputed (ie if flow or
CPC. . .quality has been calibrated do not output observed values)

1FOUT=I
1QOUT=1
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IF(ICAL.GT.0) IFOUT=0
IF(ICAL.GT.2) 1Q0OUT=0

CPC...collate flow data

CPC..

10

CPC..

CPC..

20

CPC..

CPC

CPC

NOBS=0
NS IM=NS
IF(IF.EQ.0.AND.IRQ.EQ.0) NSIM=0
IF(ICAL.EQ.1) NSIM=0
IF(NSIM.GT.0) THEN

-backup current flow iIn river

DO 10 1S=1,NSIM
SIM(1S)=FMS(IS)
0BS(1S)=0.0

CONTINUE

.generate observed data if required

IF(IF.GT.0.AND.F(IF,1) .GE.0.0.AND. IFOUT.EQ.1) THEN
NOBS=NSIM
FMM=F(IF, 1)
FPP=F(IF,2)
CALL GENERF

-.place observed data in array and return simulated river flows

DO 20 1S=1,NSIM
OBS(1S)=FMS(1S)
IF(OBS(1S).LT.1.0E-8) OBS(1S)=1.0E-8
FMS(1S)=SIM(I1S)

CONTINUE

.recalculate flow summary statistics
CALL STATF

END IF
END IF

-..output flow data
CALL DISOUT(CHL,I,SIM,NSIM,0BS,NOBS)
...collate quality data

NSIM=NS
IF(1Q.EQ.0.AND.IRQ.EQ.0) NSIM=0
IF(ICAL.EQ.3) NSIM=0

DO 50 JDET=1,NDET
NOBS=0
IF(QTYPE(JDET) .NE.4) THEN
IF(NSIM.GT.0) THEN

CPC...backup current river quality

DO 30 1S=1,NSIM
SIM(1S)=CMS(JIDET,IS)
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30

CPC..

CPC..

40

CPC..

CPC..

OBS(1S)=0<0
CONTINUE

.1 observed data to be calculated

IF(1Q.GT. 0. AND.QMAT(1Q, JDET, 1) .GE.0.0.
AND .1QOUT.EQ.1) THEN
NOBS=NSIM
CALL CPERQ (JDET,DCM,DCS,DCP)
JP=JDET
CALL GENERQ

.place generated observed data in array and return simulated

DO 40 1S=1,NSIM
OBS (1S)=CMS(JDET,IS)
IF(OBS(IS) .LT.QBASE(JP)) OBS(1S)=QBASE(P)
CMS (@DET,IS) =SIM (IS)

CONTINUE

.regenerate simulated summary statistics

CALL STATC
END IF

.output data

END IF

CALL DISOUT (ICHL, JDET+1,SIM,NSIM,0BS,NOBS)
END 1IF
CONTINUE

RETURN
FORMAT(IX,3(12,", ") ,F7 -2, *,"",Ad0, " ")
END

SUBROUTINE DISOUT (ICHL,NNN,SIM,NSIM,OBS,NOBS)

CPC..

Write out data section fTor graphical display program data fTile

(distributional data)

ICHL - Channel number

NNN - Determinand number

SIM - Simulated data

NSIM - Number of simulated data values
OBS - Observed data

NOBS - Number of observed data values

INCLUDE: "COM_.FOR™
DIMENSION OBS(MS),SIM(MS), IVAL(MS)

WRITE(ICHL,999) NNN,NSIM,NOBS

.Rank and output simulated data
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IF(NSIM_GT.0) THEN
C CALL RANK2 (SIM,1VAL,NSIM)
DO 10 1=1,NSIM,10
WRITE(ICHL,998) (SIM(K),K=1,1+9)
10 CONTINUE
END IF
CPC...Rank and output observed data ((Ff any)

IF(NOBS.GT.0) THEN
C CALL RANK2(OBS, IVAL,NOBS)
DO 20 1=1,NOBS,10
WRITE(ICHL,998) (OBS(K),K=1,1+9)
20 CONT INUE
END IF

RETURN
999 FORMAT(1X,12,2(",",14))

998 FORMAT(1X,9(1PE10. 4 , *) ,1PE10.3)
END
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APPENDIX E -PROJECT INVESTMENT APPRAISAL

R and D Commission A

Topic A12
Project title
Project number
Classification

Project Leader

Research Contractor

Contract signatory
Project Manager

Contract Details

Start date
End date

Type

Objectives

Overall Project Objectives

To provide tools for calculating the action needed to meet Water Quality Objectives

for rivers

Specific Objectives

- Water quality

Mathematical modelling
Development of SIMCAT

- Al24
Applied research with strategic and specific

aims

Tony Warn

Assistant Chief Scientist (Planning)

NRA Anglian Region
Kingfisher House
Goldhay Way

Orton Goldhay
Peterborough PE2 OZR
Tel: 0733 371811

Fax: 0733 231840

- WRc pic

Henley Road

Medmenham

PO Box 16

Marlow

Buckinghamshire SL7 2HD
Tel: 0491 571531

Fax: 0491 579094

Dr Keith Whitelaw

Dr Keith Whitelaw

01 May 1990

30 March 1990
STA (specialist organisation)

To test SIMCAT and make it easier to use. To provide graphics.
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Background

Two prime duties of the NRA are:

- to achieve Water Quality Objectives; and
- to determine consents for discharges
Our planning objectives include:

- a national strategy for the maintenance and improvement of water quality, based on
regional plans;

- to establish and implement a common policy of consent determination

The achievement of these obligations depends on our ability to quantify the effects of
sources of pollution. Then, to ensure proper action is taken, we must be able to make
a case which will stand up to scrutiny. Models help by speeding up the testing of
options and by increasing confidence in the decisions which are recommended.

Context

The construction of efficient models for rivers is attractive because the finished
products can be applied cheaply and directly to nearly all rivers.

The research will also be applicable to other models, including those for estuaries.
Strategy

The work will be done by an external Contractor supervised by the Project Leader
and monitored by the Modelling Group. The project relies heavily on
Dr Bob Crabtree and Dr Paul Crockett who are particularly knowledgeable about

river catchment modelling and our requirements in this field.

Method

SIMCAT produces a number of datafiles as output for a graphics package. A graphics
package will be developed using the UNIX/X-windows/MOTIF system.

Targets and timescales

Work item Date completed (Month)
Demonstrate basic functionality August 1990 5
Agree remaining details August 1990 5
Main elements of system complete December 1990 9
User testing February 1990 n
Software finished March 1990 12
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10.

11.

12.

13.

Outputs

Progress Report August 1990
Progress Report December 1990

Final Report and User Manual March 1991 (50 copies)
Computer Code March 1991

Costs (£)

NRA
Others
Item External Internal (shared)

Staff 25 500
Travel and Subsistence 1500
Capital Items -
Consumables 3000
Final Report :
Other costs (specify)

Total 30 000

R and D Budget provision

Budget 1990/1991 1991/1992

NRA 30 000
Others :

Benefits

Quick and authoritative decisions on the measures needed to meet Water Quality
Objectives. Improved consistency within the NRA. Reduced numbers of disputes with
dischargers. Cost effective decisions on improvements to discharges.

Assumptions and Risks

There are no major uncertainties in the work programme or the cost. Success depends
strongly on the skills of the Contractor.

Overall Appraisal

A project which will facilitate directly the main duty of the NRA. There is a strong
probability of success. The payback will be improved efficiency of decision-taking,
better decisions with less hassle from dischargers.
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