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1 Introduction and goals

The research docurnented in this final report was carried out by the Institute for
Groundwater Studies for the Water Research Commission. It represents a four-
year project which was researched during the years 1991 - 1994,

The report consists of three sections, namely:

¢ The execntive summary.

¢ The manual, which describes the operation of the software.
¢ The tutorial, which contains worked examples.

Goals of this research were:

s The establishment of a link between the National Groundwater Data Rase,
HydroCom and - Arc/Info; the latter being the Geographic Information
System in use at the Department of Water Affairs and Forestry (DWA&F).

» The establishment of a front end processor to process geohydrological data
before it is displayed by means of the Arc/Info System.

e The establishment of user selectable functions which will enable the user
to select the type of gechydrological map required, for instance point
values, contours or solid shading could be represented.

s A generator to create finite element networks which can be used for
modelling groundwater flow in aquifers by interfacing data with the
National Groundwater Data Base.

2 Background information

The Institute for Groundwater Studies has been involved in data base
programming since 1983. Products that have been developed during this time
include the National Groundwater Data Base (NGDB) and HydroCom. These
products are currently used nationally in South Africa. Both systems contain
point information only. '

Geographic Information Systems have been used for data depiction and
interpretation by the Depariment of Water Affairs and Forestry since the late
eighties. The DWA&TF has standardised on the Arc/Info system.

2.1 The National Groundwater Data Base

The National Groundwater Data Base (NGDB) has been run from a mainframe
computer located in Pretoria since its inception in 1986. It only contains
groundwater information, the main components of which are illustrated in
Figure 1. Its purpose is the storage of all geohydrological data in South Africa.
Currently (1994), information on about 130 000 sites has been eniered into this
data base.
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Category

Detail

Basic Information

Surface Hydrology *

Stage height
Discharge/Stream flow

Meteorology*

Rainfall
Hurmidity

Pan evaporation
Air temperature
Solar radiation
Wind veiocity
Direction of wind

Hydrochemistry*

User definable variables and standards

Groundwater

Geology

Aquifer

Panetration rate
Hole construction
Hole diameter
Casing details
Piezometer installation
Fill material
Equipment
Discharge rate
Water level

Pumping test .
Borehole geophysics

Instrumentation

Additional Information

Site selection
Name of owner
Visils to sile
Other cases
Reierences
Comments

Usar Defined

Time User Defined

* Not present in the NGDB

Figure 1. Structures of HydraCom and the NGDB.
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2.3

2.4

HydroCom

HydroCom development began at the Institute for Groundwater Studies in
1986. It is a PC-based hydrological data base, which accepts the entry of data
as indicated in Figure 1. The groundwater module was structured along the
lines of the NGDB, with the result that most of the NGDB data can be
downloaded into HydroCom. HydroCom's purpose is to allow the PC-user to
store and process point information in an orderly way, while not connected to
the NGDB. Currently (1994), more than 100 HydroCom software packages are
in use in South Africa.

Arc/Info

Arc/Info is a commercial Geographic Information System that has been
developed in the United States of America. It is workstation- or PC-based. It is
predominantly used for map construction but can also be used to analyse
spatial data. For example, using the best option analysis facility conditions
may be superimposed on data sets so that areas that comply with the set
conditions may be selected.

NGDB + HydroC‘bm + Arc/Info = GGIS

In view of the existing facilities for the storage of point information (NGDB
and HydroCom}) and the availability of Arc/Info software, the next logical step
was to link the point information systems with Arc/Info. Two options to
achieve this, were possible. These were: the use of existing facilities within
Arc/Info to accommodate the point information as coverages; and the
development of specialised programs to process point information so that it
could be displayed using Arc/Info routines.

At the outset, it was clear that existing facilities within Arc/Info were not
sufficient to facilitate the specialised and sometimes complex data
manipulations that geohydrologists require. A combination of program
development and the use of existing Arc/Info routines was therefore the
obvious way to proceed. '

The product that was thus created, was named: “Geographic Groundwater
Interpretation System™ or GGIS for short.

Programme structure

GGIS currently rans only on a SUN workstation. It was hoped that during this
project, the PC-version of Arc/Info would be able to circumvent the 640 K
DOS limitation, but this has not transpired. For the time being therefore, PC-
users will not be able to run GGIS.

GGIS does not require a thorough knowledge of the NGDB, HydroCom,
Arc/Info or of SUN workstation usage. All programs within GGIS are menu-
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driven and linkage to the NGDB, HydroCom or Arc/Info is transparent to the
user. The manual and tutorial provide ample guidance to get even the
uninformed started.

All data processing is done through external programs, linked as object files to
Arc/Info. This holds the significant advantage that the routines should be
transferable to PC-computers without major revision of the software, when the
current DOS limitation is overcome.

4 Principles of processing and presentation of geohydrological
data

4.1 Introduction

Processing and presentation of geohydrological data through the use of GGIS
are simple matters. A menu system has been devised and by proceeding
logically through a number of steps, the user is able to plot and interpret data.
A schematic flow diagram of the necessary actions is presented in Figure 2,

GGIS-Logistics Torlabos tomyncn |
g .
| I Display Information Palnta on Grid or Existing GIS Mapa |
. J
-+ Set Crilerla for Data Evaluation | "Ik |
|
7 Y v
Graph Selecled Data st Moedalling
P”"’%"}g Test Analysis Box. and Whisker _ Group Data for Modelling
Um;im Polynomial Regreasion Genarate Finite Element Natwark
Theis Recovery Mode] Flow Model Paliution
Time series or
smn;:l'lfed Hydrochemical Plots watecnrulhemls, Contour
Dr-::an - : transmissivity Pollutian
[y
S : and storage
Buslneas Graphics
Lo
Bar
Pa
i
. .
[ Evaluate information _I
L
A [
<R l Sallsfied? |
Incomporate graphs and contours Into tha Geahydrolgical Map,
the latter having belng drawn using atandand Aref/info commands

Figure 2. Flow diagram for general GGIS actions.

institute for Groundwater Studias



4.2

4.2.1

Processing of this kind is unique to the field of geohydrology and was
therefore not available among the more general Arc/Info analysis tools.

Processing and display of data are inseparable and follow logically upon each
other. Processing of geohydrological data involves:

¢ Data collation.
» Data validation.
» Retrieval of data for processing and creation of displays.

Typical use of geohydrological displays within GGIS may include:

Identification of anomalies and outliers in data series.
Depiction of trends and patterns,

Comparison between several geohydrological data sets.
Interfacing geohydrological data with other data sets.
Conversion of point data into spatial information.
Enhancement of reports.

These are a few examples of the many possible techniques that can be used for
processing and display of geohydrological data. These techniques and others
are described by Lloyd and Heathcote (1985).

Massive data sets and complex display formats can presently be processed,
with relative ease, on software that has been developed for personnel and
workstation type cornputers.

Data types and presentation possibilities in GGIS

A meaningful discussion on the processing and display of geohydrological
variables necessitates certain data groupings, These groups have been selected
to represent various environments in which geohydrologists operate. Two main
groupings are identified in this document, namely: point data versus spatial
information.

Point data

Point data are generated at a geographic point. Examples of gechydrology
related point data types are:

» Geological data, such as borehole logs.

* Geohydrological data, such as depths of water imtersections and well
yields.

* Borehole construction data, such as casing, piezometer, development and

COsts.

Type of equipment such as pumping equipment and recorders.

Geophysical data, including surface and borehole measurements.

Hydranlic properties of the aquifer(s), such as transmissivity and storage.

Water abstraction and groundwater level records.
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4.2.2

4.2.3

4.2.4

e Hydrochemistry,
¢ Other information, such as topography and surface drainage.

Even though many of these variables have spatial connotations, they refer back
to the groundwater abstraction point and are, for that reason, grouped under
point data. Examples of variables in the above list with spatial connotations
are, for instance, the geological log, which has a vertical dimension and
surface geophysics, which has both horizontal and vertical dimensions.

Spatial information

The concept 'spatial information' emphasises two important differences when
compared with point data. The term 'spatial’ suggests that point data have been
processed or displayed in the geographic context, such as on a map. The term
‘information’ suggests that the point data have been processed to the extent that
individual variable values can no longer be recognised.

Presentation possibilities

Toois for the presentation of data and information have been grouped under
three main headings in this research. These are:

« Graphs,
» Statistics.
* Maps.

A significant overlap is possible between these categories. Examples are:
maps that contain graphs or statistical interpretations as insets and commonly
used displays, such as some specialised hydrochemical diagrams, which have a
statistical basis. Statistic data displays, as graphs, usually contain processed
information together with raw data.

As the discussion of the various displays proceeds, the categories of display
that will be supported in this document, will become clear.

Graphic processing and presentation of data

In order to present geohydrological point data as concisely as possible, certain
logical groupings are necessary. The following are suggested:

Group 1:  Depiction of borehole information.

Geological, geohydrological and construction data; progressive
borehole yield during drilling; packer testing resulis; borehole
geophysics.

Group 2: Depiction of hydraulic properties of the aquifer(s)
Hydraulic conductivity, transmissivity, storage and dispersion.
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Group 3: Depiction of time-dependent data
Groundwater abstraction, groundwater levels, water quality.

Group 4: Depiction of water chemistries as specialised hydrochemical
diagrams for detailed chemical interpretations.

Group 5: Depiction of most data in graphical form, such as bar, scatter and
line graphs.

Within these five groups, most point data that are generated during
geohydrological investigations, can be accommodated.

Layouts for graphs to depict variables within each of these groups may vary
from one presentation to the next. There are, however, three basic rles to be
considered when displaying geohydrological data, These are:

* The displays must be clear, concise and legibie.

¢ They should contain only relevant data.

e Displays should be provided with the necessary headings and labels to
ensure that they will be meaningful entities on their own.

Keeping these rules in mind, discussions of and recommendations for displays
that may be used by the geohydrologist, will now be presented.

4.2.4.1 Borehole information

Vast amounts of valuable data are generated during the drilling of a borehole.
Most of these data are of the ‘once off type, in contrast to measurements that
may be repeated, such as water levels or water chemistry. Essential 'once off
variables that should be recorded during drilling are:

Geology.

Depth of water intersections and yield.

Penetration rate during drilling.

Quality measurements of each water strike (electrical conductivity and pH
for instance). '

» Construction data (hole diameter, depth, casing properties).

Other data that may be recorded after the hole has been completed, are:

s Borehole gcophysics.
» Packer testing results.

The latter two variables are not strictly of the 'once off’ type, because they may
be measured repeatedly, if so desired.

Each of the above variables should be recorded individually for the sake of
establishing complete records. Interpretation of the many data sets is, however,
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very difficult and time-consuming. Ideally, all this information should be
summarised onto a single sheet of paper in a format that can easily be included
in a report. Because of the amount of information that is contained within such
a presentation, it would unnecessarily clutter a geohydrological map. It is
therefore suggested that this information should not form part of such a map.
HydroCom has the facilities to plot and print the above information.

The variable values within the individual data bases, e.g. geology, aquifer and
construction information may, however, be inspected while within GGIS and
can assist in the preparation of gechydrological maps.

4.2.4.2 Hydraulic properties of the aquifer

GGIS allows a twofold graphic presentation of hydraulic properties of an
aquifer. ' ’

Firstly, plots of drawdown versns time for the calculation of aguifer constants
may be constructed and embedded into geohydrological maps. Theis, Cooper-
Jacob, Hantush, Step and Theis Recovery methods are supported and these
techniques are well-documented in literature (for example Kruseman and De
Ridder, 1992).

Secondly, the spatial variation of aquifer constants, such as transmigsivity and
storage, may be grouped or contoured and the results superimposed onto
existing maps.

4.2.4.3 Time-dependent data

The geohydrologist measures a variety of time-dependent parameters, such as,
water levels, pumping rates, rainfall and water chemistry.

GGIS allows the plotting of al! time-dependent data and the superposition of
this information onto maps.

4.2.4.4 Specialised hydrochemical diagrams

Many special displays which meaningfully present hydrochemical data have
been devised through the years. Of these, four displays stand out in terms of
clarity and significance. They are the Piper (Piper, 1944), Durov (Durov,
1948), Expanded Durov (Lloyd, 1965) and SAR (Wilcox, 1955; Bower, Ogata
and Tucker, 1968) diagrams. All of these diagrams are so-called multivariate
displays, simultaneously taking up to eight variables intc consideration, often
projecting these variables to a single point on the diagrams.

Advantages of using these diagrams include:

¢ The plotting of numerons water analyses onto a single diagram.
» The classification of waters according to their chemical characteristics.

Institute for Groundwater Studies



¢ The identification of trends.

Similar evaluation of data may be performed by statistical methods such as
factor or principle component analysis. However, statistical evalnations of this
kind are usually complex and may only be understood by those familiar with
statistical terminology. Specialised chemical diagrams, as map insets, therefore
present the data to a wider readership which may be backed by statistical
evidence in reports, if necessary,

4.2.4.5 Other graphics

4.2.5

Various possibilities exist to depict water chemistries for individual water
samples. Presentations which have been used are the line (including
Schoeller), scatter, bar, vector, radial, star, pie and polygon (including Stiff)
diagrams (Lloyd and Heathcote, 1985) and Chernoff faces. In GGIS, only bar,
scatter and line graphs are supported. It is important to note that in most
specialised diagrams the units used are meq/l, thus reflecting the true reactive
ratios of the constituents. However, in the case of line, scatter and bar
diagrams, the units may also be in mg/l. Results of chemical analyses are
usually reported by laboratories as mg/l. This unit is often preferred by
planners and managers.

Business graphics such as line, scatter and bar plots are often used to depict
geohydrological data. These diagrams allow clear and concise presentations of
a variety of aspects. By changing the y-axis of the plot from a linear scale to a
logarithmic scale, the range of values that may be depicted becomes almost
unlimited.

Statistical processing and presentation of data
Only two statistical interpretations are allowed within GGIS. These are:

« Box and Whisker plots.
s Polynomial trends.

It was felt that these two presentation techniques cater for the majority of
parameters that may have to be summarised on a map,

4,2.6 Spatial Information systems

4.2.6.1 Introduction

Geographic information systems (GIS), as used for water supply data, have
undergone significant development during the past five years (Fulton, 1992;
Haefner, 1992; Juracek, 1992). GIS, in its simplest form, constitutes two
essential components, namely a map drafting facility and a related data base.
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All elements, such as points, lines, arcs and text that are drafted, are recorded
as spatial entities within the data base.

All information in a GIS is structured according to certain definable
conditions. A basic requirement is usually that variables of the same type are
stored together, to allow ease of data retrieval. Each storage unit is usually
referred to as a coverage. Geohydrological data and information such as water
levels, positions of boreholes and distribution networks may therefore
constinte separate coverages as part of a GIS data base.

One of the main advantages of standardising on GIS is that gechydrological
information may be combined with other information sets. Typical information
sets that are useful to the geohydrologist are topography, scils, geology,
meteorology, wban development, waste disposal, mining and industrial
development. This information is generally available from institutions
involved in other geographic disciplines where GIS has been used for some
time, It therefore does not need to be entered by the geohydrologist,

The advantage of having complementary information sets available at the start
of a geohydrological investigation, is enormous. It allows, among other things,
the identification of target areas where geohydrological investigations would
be meaningful. The only constraints aze:

e The availability of information sets.
& The quality of the information.

4.2.6.2 Eniry of spatial information

Entry of information into GIS is complex and time-consuming, Point data may
be imported electronically from existing data bases, such as the NGDB and
HydroCom (even without the aid of GGIS). Existing maps, however, either
have to be digitised or scanned for entry into the GIS. Digitising involves the
physical tracing of all lines, points and text into GIS coverages. Electronic
scanning of existing maps may be much faster but provides a raster image
which may be used as a coverage in the GIS. Raster images are not true GIS
images and no intelligence can be attached to them. Raster images consist of
millions of dots, with each dot representing a single scanned pixel. Such
images occupy vast storage space on computer disks. In view of these
limitations, it is almost always necessary to convert raster images io vector
images.

Vector images may be obtained from raster images by activating suitable
computer software. This software is capable of recognising patterns and
converting them into lines, text, symbols and shadings. Vectorisation of raster
images is a major task due to the poor quality of raster image obtainable from
most printed maps. It may, for instance, take more than a month to vectorise a
single topographic map. Nevertheless, scanning and vectorising is the
preferred technique for capturing information into a GIS.
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Organisations in South Africa, such as the Department of Water Affairs and
Forestry and the Council for Geological Sciences are involved in capturing
geographical information as GIS coverages. Catalogues of the available
coverages may be cbtained from them.

4.2.6.3 Conversion of point data

The conversion of point geohydrological data into spatial information is the
next logical step in GIS application. This is most commonly achieved by
contouring point values, Examples of geohydrological variables that may be
contoured are transmissivities, storage coefficients, hydrochemical data and
water levels, '

GGIS provides a contouring package that is based on the work of Buys et al.
(1992). Other contouring packages may also be used. They are, however, not
linked to the menu system of GGIS.

A recent development in Arc/Info is the transformation of spatial information
into grid images. In these applications, the grid images should be coarse,
typically consisting only of a 40 x 30 matrix. The purpose of such
transformations is to convert spatial information into averaged grids,
whereafter averaged grids may again be analysed by using standard Arc/Info
tools. A typical application would be the transformation of water-level and
topographic information into two raster images of identical dimensions.
Thereafter, the interrelationship between these two variables may be studied.
Grid procedures are particularly useful for comparison of complex information
sets,

The combination of GIS technology with geohydrological tools such as
specialised interpretations and modelling, has been vunder development for a
number of years in other countries. Examples are the NWIS-II (USGS, 1991)
and REGIS (TNO, 1993) software. All three software packages (including
(GGIS) have the capability of converting point data to spatial data, integrating
data sets with GIS and executing flow and mass transport models from within
the GIS environment.

4.2.6.4 Geohydrological maps and the UNESCO legend

Geohydrological maps to depict groundwater related information have been
available for many years. Numerous examples of such maps are given in
publication by UNESCO (1983). Standardised geohydrological codes and
maps were suggested by UNESCO in 1963 and revised in 1983. The
publications relating to these suggestions were well-received and many maps
have been produced using the suggested legend or variations thereof.

The Geohydrological Map of England and Wales (1977) is one of the many
examples where the TUNESCO code has been used. Many other
geohydrological maps of Furope and other parts of the world have been
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published. The UNESCO code of 1983 lists numerous geohydrological maps
world-wide. The latest in this series is the Geohydrological Map of Lesotho
(Arduino et al., 1994).

From these examples, it is noticed that the tendency for geohydrological maps
is to have a large central base map showing the major geohydrological
variables. Surrounding this map are smaller map inserts showing other
variables of geohydrological interest. In the case of the Lesotho Map, for
instance, information on the following topics have been included:

* Geohydrological legend.

Summary of geohydrology for Lesotho in text format.

Climatic information, including rainfall time series, contours and wind
directions.

Base flow and run-off information.

‘Water quality information tabled and plotted onto Piper diagrams.
Geological and geohydrological cross-sections.

Groundwater contours and flow nets.

Tables showing individual and interesting characteristics that relate to the
geohydrology at specific localities on the map.

GGIS is ideally suited to construct the map insets, while the Arc/Info software
may be used for drafting the main map.

Standardisation of colours and codes are recommended bearing in mind the
great number of geohydrological maps that are being produced world-wide. It
is recommended that the UNESCO legends of 1963 and 1983 should be
followed as closely as possible.

The DWA&F in conjunction with the Water Research Commission is
currently investigating standard geohydrological legends for use in South
Africa. Once these become available, their nse on geohydrological maps is
recommended. South African geohydrological maps that have appeared during
1995 are the Pietersburg and Cape Town Sheets on a scale of 1:500 000 and
the Groundwater Resources of the Republic of South Africa (2 sheets) on a
scale of 1:2 500 000. It is the intention of the DWA&F to publish
geohydrological maps for the whole of the country, The use of the GGIS for

data evaluation during the compilation stages of these maps will significantly

assist in drawing meaningful conclusions.

Conclusions

In terms of hydrological data processing and presentation, the only limit is the
imagination of the individual who is analysing the data. In this document, an
attempt has been made to present those techniques that are available in GGIS.
Many other, more sophisticated, technigues are available - these may require
significant experience and computing power. When searching for a specific
processing and presentation technique, the following criteria should be
considered;
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The level of expertise of the individual,

The quality of the data.

The available computer power.

The level of expertise of the individuals to whom the information is to be
presented.

5 Conclusions

The success of this project may be evaluated in terms of the original goals and
the degree to which these have been achieved: -

Goal 1:  The establishment of a link between the National Groundwater Data
Base, HydroCom and Arc/Info; the latter being the Geographic
Information System in use at the Department of Water Affairs and
Forestry.

This link was established and the procedure is as follows:

s  Select and download NGDB data to HydroCom.

e« Edit data within HydroCom and ensure that it is of sufficient
quality to be processed within GGIS.

e Transfer this data to directories on the SUN workstation as
described in the manual and tutorial and process the data through
the GGIS menus,

e The result is a system that not only can accept and process data
from the NGDB, and also from other existing data bases through

HydroCom, as indicated below:
Hydrological
Dala Base
Waste
Manager
{In progress)

CCWR
Rainfall
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Goal 2: The establishment of a front end processor to process
geohydrological data before it is displayed by means of the Arc/Info
System.

This was accomplished and a large number of computing routines were
established as part of the GGIS system to process data on all levels,
such as graphs, statistics and modelling,

Goal 3:  The establishment of user selectable functions which will enable the
user to select the type of geohydrological map required, for instance
point values, contours or solid shading.

This was accomplished through the menu system within GGIS and the
user may process data, plot the information on maps or contour the
information. The resultant plots tnay be repositioned as inlays on a
main map. The geohydrological legend which is currently under
development, should be implemented by the DWA&F under Arc/Info,
thus making it available to GGIS.

Goal4:  The creation of a finite element network generator which can be
used for modelling groundwater flow in aquifers by interfacing data
with the National Groundwater Data Base,

The finite element generator has been created and is available within
GGIS. It provides input into either the flow or mass transport models.
These models have also been incorporated into the GGIS package and
can be run through the menu system within GGIS.

The overall conclusion is drawn that GGIS is unique, a valuable asset and that
it should serve South African gechydrologists well in the years to come. As in
the case of any computer software, adaptations will continuously be made to
ensure that GGIS meets the requirements of improved hardware, software and
that of the geohydrological community. Without these adaptations, the
software will soon become redundant.

Recommendations

The development of a software package, such as GGIS, should be followed by
continued enhancement of the software, as the need arises. Needs could be
process driven or hardware driven. In this respect, it is important to anticipate
and pro-actively provide for additional software development. Needs which
have already been identified and which should be addressed in the near future,
are the following:

e Training of individuals in the use of the GGIS software is essential and
should be an on-going process. Individuals interested in vsing this software
should contact the Director, Institute for Groundwater Studies, UOFS, P.O.
Box 339, Bloemfontein 9300 Tel 051 401 2394 Fax 051 447 3541.
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¢ Establishment of direct access of NGDB data from GGIS, without having
to transfer NGDB data through HydroCom to the GGIS environment will
greatly expedite processing of large data sets.

» Implementation of GGIS under NT-Windows is recommended. This will
allow PC-users to make use of GGIS.

7 - References

Arduino, G. Bono, P. and Del Sette, P. (1994). Geohydrological map of Lesotho,
1:300000. Department of Water Affairs, Maseru.

Bower, C.A,, Ogata, G. and Tucker, J.M. (1968)., Sodium hazard of waters as
influenced by leaching fraction and by precipitation or solution of calcium
carbonate. Soil Science, 106, 29 - 34.

Buys, I., Botha, L.F. and Messerschmidt, H.J. 1992, Triangular irregular meshes and
their application in the praphical representation of geohydrological data.
Report to the WRC, Pretoria, WRC Report Number 271/2/92, 76 p.

Durov, §.A. (1948). Natural waters. and graphic representation of their composition.
Dokl. Akad. Nauk SSSR §9, 87 - 90.

Fulton, J.L. (1992). Development of spatial data guidelines and standards: Spatial data
set documentation to support hydrological analysis in the U.S. Geological
Survey, Geographic Information Systems (GIS) and Mapping - Practices and
Standards, STP 1126, ASTM, Philadelphia, PA, 30 - 37.

Haefner, R.J. (1992). Use of a geographic information system to evaluate potential
sites for public-water-supply wells on Long Island, New York. Open-file
report 91-182, USGS, Denver, 37 p.

Juracek, K.E. (1992). Use of a geographic information system to assist with studies of
the availability and use of water in Kansas. Open-file report 92-142, USGS,
Denver, 14 p.

Kruseman, G.P. and De Ridder, N.A. (1992). Analysis and evaluation of pumping test
data (2nd Ed.). International Institute for Land Reclamation and Improvement,
Wageningen, 377 p.

Lloyd, J.W. and Heathcote, J.A. (1985). Natural inorganic hydrochemistry in relation
to groundwater, Claredon Press, Oxford, 1985, 296 p.

Piper, A. (1944). A graphic procedure in the geochemical interpretation of water
analysis. Transactions of the American Geophysical Union, 25, 914 - 923,

TNO Institute for Applied Geoscience (1993). REGIS - Regional Geohydrological
Information Systern. Information document, TNO, Delft, 19 p.

UNESCO (1963). International legend for geohydrological maps. Unesca, Paris,

institute for Groundwaler Studies

15



UNESCO (1983). International legend for geohydrological maps. Revised Edition,
Unesco, Paris.

United Kingdomn (1977). Geohydrological map of England and Wales, 1:625 000.
Institute of Geological Sciences, London.

United States Geological Survey (USGS) (1991). System requirements specification
for the U.8. Geological Survey's National Water Information System II. Open-
file report 91-525, USGS, Denver, 622 p. '

Wilcox, L.V. (1955). Classification and use of irrigation waters. U.S. Department of
Agriculture, Circular No. 969, 19 p.

Institute for Groundwater Studias

ie



THE USE OF GEOGRAPHIC INFORMATION
SYSTEMS AND OTHER COMPUTER AIDED
DRAFTING FACILITIES FOR THE PRODUCTION
OF GEOHYDROLOGICAL MAPS

Eelco Lukas, George Fourie and Frank Hodpson

Institute for Groundwater Studies
University of the Orange Free State
BLOEMFONTEIN

Report to the Water Research Commission

Annexure A
Reference Manual

WRC Report No. 377/1/95 March 1995
ISBN 1 86845 167 4



"GGIS Reference Mapual =~ Contents

Contents

1. INTRODUCTION 1
1.1 DESCRIPTION OF FROJECT GGIS........ 1
1.2 OUTLINE OF OPERATION OF GGIS ... eeeibiereiehrs eSS en bt a nEe e s seamenaasesntasate 1
1.2.1 DA PPOPAFALO s rsanissacsnsssrssscsersssrsstssasasrastvmsas sesas rasasnesssenssasorassesnsntossares !
1.2.2 Data analysis nieeis ettt res A
1.2.3 Additional operations Pt e easss st arsra et it e aa s 2
1.2.4 PrOGUCING OUIPHL. ..o eoomecmenecarenrvarntrnssnssasssonsassssssssososasensas sesamsressersssoss e sasassassstsssanssenssns 2
2. GETTING STARTED 3
2.1 THE GGIS DIRECTORY STRUCTURE........cccccoorsrmaessrmmtrrssmsrassrssssrsvasessssons 3
2.2 TRANSFERRING DATA TO THE SUN WORKSTATION . .3
2.3 STARTING GGIS ....oveeesrerinernisnmseresssosisrssenmssessassassemssssrs srasssssasssnssrass 4
2.4 THE GGIS MENUSTRUCTURE ....seeeuseseressvessaressssennrnens 5
2.5 BELECTING COMMANDS FROM THE MENU.....c.veveeansransasssrsrrsrorssenssonammssaramararassassanes 6
2.6 USING ADIALOG...cvvusvensmmesmsesssmsesssrsssnsrossnsns 6
2.6.1 CHOOSING OPITONS.c...enneeercerrecemerremrnreecncas cmiissaeaian g
2.8.2 Text entry flelts......ovimirmiiimcimeiniem s esmressansssessss 6
2.3 LISE BOXES .omteeemtecreeeem e scereacem e maamsoresan st sameact rensasas pe vaneas sodemas soesesas onert soarmsarasspesens samtasmn neameneanes 8
2.6.4 Command BUIIONS........cvosvsisemicisrsssssussssennsanennes . 8
2.7 THE ABOUT COMMAND....cosssiiessaseresssoretrerssesrasnssrsessasarssssosessoseassossanas
2.8 CLOSING GGIS ....ccoiriiisiiirssisinmssisenrassmesesssassrasessmsesesasssressssiasssssn st stsatsss somenssensenssensenssensasesensaonsane 8
3. PREPARING THE DATA 10
4. ANALYSING THE DATA 15
4.1 SELECTING POINTS FOR ANALYSIS 15
4.2 UsmNG SELECT SPECIAL . 16
4.3 UsmG LIST SELECTED y 19
BAIMAB...cocesere e e serees e e s ettt s e 22
4.4.1 Data evaluation - Point ifOrmation .......eeoermssrseossscscssarmrens 22
4.4.2 Contours - Regional information ......... " 28
4.5 GRAPHS...... vevrrrren e ses e asan s e rn e as parseaD 41
4.5.1 Time - Bar, Scatter, Line . 41
4.5.2 Chemistry - Piper, Durov, Expanded Durov, SA.R. 43
4.5.3 Aquifer - Theis, Cooper~-Jacob, Hantush, Step, RECOVEIY ... oo reacinerrrsrarerrenans 45
4.5.4 Statistics - Bax plot, Trend analysis, Data SPECifiC.....sencrnvsesrerssaorsasasasmsssnenssssmmssronss 47
5. ADDITIONAL OPERATIONS 52

institufe for Groundwater Studies i



GGIS Reference Menual  Coments

5.1 DRAW MENU o...ceueisisrnsssrsrsssssssssssssssisnsasssassssssnrmnsassrsasss 52
Fo LT PPOJEOHON. .o ivvrircerearesenssrssssssrsenssssmsessrsssssssssmssresssressasmessrne 32
3.1.2 New map extent . e ———— 32
5.1.3 New coverage - erreanrssrennasies 32
I 14 GlIvcrssaniiiirrsnsesssrnasseeanessesnesasaseios .. 33
3. 1. T Ling, BOX QRE CIPCIE .o .oreeeesevenrenrcccrisiscsirreissrsosirrsnsnsissssssssssasasassssstababe st st vevrsevessssstoses 57
o8 TEXE o ceisienrrerisssiresisssescssesssenestororessessaseassessasnessasesissssshsses st s r e e arraAreER b ne e s s s se s P TR ORs 59
oL T CIRAE ettt rti e seam s s s e bttt s s R aaaas samsa bk eAs P es s RO R AR YO A bR R R 59

5.2 MAPS MENU .....ocrvverirsrarirmstsisressssssnensons 61
3. 2.1 DISPIGY BIOP TUIMIE o ..ot crernticnmem e ceesecrss e s essaressresnsseesss ssavessassaseaesnssmersansasesians &
F.2.2 REGPOW BIAP.... vcosssisisrerississnsestnmmnsnasmassssissssostseressmssvensssastsresessss sessssamasssrsssaenasssssssstsesssssasns 6l
T 2.3 0P8R TIAP JHIB .covvrersirsinrirrssrnnsissiiniiesisissssmsoustsorsessssassestasssssrasssssvasssarssemtssamasentesssmsassasersanes 6l
S 2.4 ClOSE AP file.........co.nrirmrrieremrmtarenssrrsssssravstassessist avssesness seasaseasassessssntonrssorssssesnsrsesisratstssesas 61
F.2.5 MOPD HIES corsienevrverersremsestsisrsstsisssscismsssssssnsnnssssstsnsasmssntsinasstersaosessnsessossesmsssnssnstrasanenssssy 61
S.208 CHetF IAD. oottt scmsmb s camsamesamm e ea rarasssass s arsrasamamt et r s pomR SO R e RS Pas e PO T A ra RS 62
2T MAP IMDecrsirsirnaresisrsriercssirrecenissvessssssonns " 62
3.2.8 Edit map items....... e r L Lo AL LAY PSP RS NS 449 FE OB st 62

S.IINFO MENU......covisisirisisiinsiessmsmsossersssssacsessssssssssniotiossssssmssssssssovassase 63
3.3.1 Create INFO file, e reesanetriassrereranae s e meern s saeat sat . 63
5.3.2 Join INFO file Cmrboeeen bbb A bbb b e febabreer R et nratetrara e vabentss 64
3 3.3 DHOD INFO JUE o iirsvarsrsissisisinsisssssie st s srsssess sessensamssseenssesssmsssanttbrsthstmesheenssssensessensanss 64
5.3.4 Select With INF O ...cuu.coreerornreccrceraieccesiorsirecnsanrsenissssosarasssmasasssasssasssssesstesassssassssssessrensssons 65
3.3.5 Create Grid..... i 65
3.3.6 Display SPoi.....cnccvisisersinssmssissssnssssssss a5
5.3.7 Display 1ext ....vecrercviisironsosrisenes 67
3.3.8 Remove INFO file.... wrosvernnabrans 67

5.4 OPTIONS MENU RS e AR A R PR SASR AL AN 4o Hb et b e e et 67
3.4.1 File management........c....... 67
5.4.2 Change workspace.....us s e B8
3.4.3 Seleti MAIRBE COIGUE . ...t eoeace e scoansecsrasmsrs s s s snsscrsberassassserasasrasens 68
5.4.4 8ot Profection file....ieicniomiisiismsisimissisosissosasasissassssasatosasamsesasasesssnsanse 69

Institufe for Groundwaler Studies i



GGIS Reference Manual

List of Figures

FIGURE I,
FIGURE 2.
FIGQUEE 3,
FIGURE 4,
FIGURE 5.
FIGURE 6,
FIGURE 7.
FIGURE 8.
Fraure 9,
FiGURE 10,
FiGURE 11,
FiGURE 12,
FIGURE 13.

FIGURE 14, DIALOG - CREATE NETWORK.

FIGURE 15.
FiGure 16.
FiGURE 17.
FIGURE 18,
FIGURE 19.
FIGURE 20,
FIGURE 21,
FIGURE 22,
FIQURE 23.
FIGURE 24,
FIGURE 235,
FIGURE 26.
Fiaure 27.

THE GGIS DIRECTORY STRUCTURE,

" Contents

THE GGIS MEMNU SYSTEM.

A DIALOG BOX. ..coeererenn

DIALOG - DRAW COVERAGE.

.........

SAMPLE OF A COVERAGE DISPLAYED....

.........................

et

.......

DIALOG « SELECT SPECLAL, ...coveevseessminsrsrssssrassasess s sessnssesttermmsenss sosstsstsssssssmnemmnmsssss samsmasaes

.......

D1A10G - SHOW DATA.

P1ALOG - DATA EDIT. ..

............

DIALOG - TRICON CONTOURS. ...

.....

THE TRICON DIALOG.....oorecvevreennn

CONTOURS DISPLAYED,

...................

..........................................

DIALOG - MASS TRANSFORT, ............
DIALOG -ANALYSIS; TIME-DEPENDENT GRAPHS
D1ALOG = CHEMICAL ANALYSIS, ........oveareereessersssssssrrerarenssesessssses
D1ALOG - PUMPING TEST ANALYSIS, «.ovvveiieeereeccereccrnsreeens

1ALOG ~ BoX- AND WHISKER PLOT.

D141 0G ~ TREND ANALYSIS, ......c....

DIALOG - DATA STATISTICS. ......

..............

-------------

......

--------------------------------------------------------------

------------

DIALOG ~ DRAW NEW COVERAGE. .......

DiaLog - GrRID, ..........

------------------------

----------

DiALOG - DRAW LINE. .......

D1a1.0G - DRAW TEXT.

SPOTS DISPLAYED,

.......

List of Tables

TABLE 1: OPTIONS FOR SELECT.....
TABLE 2: QPTIONS FOR AND
TABLE 3; OPTIONS FOR DATA | EDIT DATA.
TABLE 4: OPTIONS FORMDDE. ......ccoceesmsnrensvonssessssnsans

......

institute for Groundwater Studies

------

......

I6
18
26
35

i



GGIS Reference Manual Introduction

1. Introduction

GGIS can be used to give 2 new dimension to HydroCom data. GGIS uses the
power of Are/Info and custom applications to produce a powerful and flexible
method of analysing and viewing HydroCom and other GIS data.

This report has been written in the format of a manual which describes the use
of the GGIS software. It assumes that the user is familiar with the Arc/Info
software package.

1.1 Description of project GGIS

This project consists of the creation of a link between HydroCom data and
Are/Info, the provision of tools to analyse and process that data and the
presentation of the results in combination with other GIS data in the form of a
geohydrological map.,

1.2 Outline of operation of GGIS

The following points are the essential steps in the production of the above-
mentioned geohydrological map: '

1.2.1 Data preparation

The HydroCom data to be used by GGIS may be entered by hand into the
appropriate HydroCom data files, or they may be downloaded from the
National Groundwater Data Base into HydroCom data files, As these data files
are DOS based and GGIS is UNIX based, the data must then be made available
to GGIS for further processing.

1.2.2 Data analysis

GGIS provides an extensive set of tools to analyse and process the HydroCom
data and presents the results in a graphical format for further interpretation or

Instilute for Groundwater Studies 1



" GGIS Reference Manual Introduction

presentation. These tools include plotting of data points, identification and
selection of certain points or groups of points based on user definable criteria,
interactive data editing facilities, hydrogeological and hydrochemical analysis of
borehole data, statistical analysis of data, modelling of HydroCom data and
processed GIS data and contouring of various sets of data and results.

1.2,3 Additional operations

Full access is provided to all built-in functions and commands of Arc/Info to
tacilitate the addition of GIS data to the HydroCom data in order io enhance
the display and/or processing of the HydroCom data. This includes, but is not
limited to, the addition of coverages obtained from other data sources and the
processing of these additional coverages in combination with the HydroCom
data to produce new views of the data,

1.2.4 Producing output
GGIS provides an easy-to-use option to produce output from Arc/Info, using

the built-in Arc/Info commands and functions. This can be used to simplify the
production of geohydrological maps.
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2. Getting started

This chapter describes how to start GGIS, the GGIS menu structure, haw to
select commands from the menu, how to define options on a dialog, how to
view the About dialog and how to close GGIS.

Also contained in this chapter are concepts that explain basic features of GGIS.

2.1 The GGIS directory structure

While HydroBase can only access one / (root)

subdirectory or HydroBase project at a —Project-1

time, GGIS can handle all subdirectories  hbase
simultaneously. Every prcjetft consisting fn atadir-1
of one or more HydroBase directory Datadir-2
star'ts wﬂ:b a project dl‘rectory. The {-D atadirem
project directory consists of all

coverages, grids, etc. There must be one —Coverage-A
directory with the name *_hbase”. The L Coverage-B
_hbase directory can be compared with 1T tm p

the _hbase directory on a PC which —P rlo ject-2

contains all data subdirectories. During
start up of GGIS, the program will look
for the _hbase directory. If not found, the
program will terminate,

Figure 1. The GGIS directory
structuyre.

2.2 Transferring data to the SUN Workstation

When starting a new project using GGIS, the first requirement is to create the
following directory structure on the SUN: a project directory, under the project
directory, a directory with the name “ hbase”, under the _hbase directory, at
least one data subdirectory must be created and as many data subdirectosies as
necessary may be created. The recommended procedure is to establish an
electronic link between the PC and the SUN; relevant files from the PC's
HBASE subdirectories are copied to the _hbase subdirectories of the SUN.
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Only files with the DBF and DBT extensions need to be copied. The normal
copy command may be used if the connection is via PC-NFS and access to the
mounted SUN disks is available; otherwise FTP must be used. Help from the
system administrator is recommended if uncertainty exists.

If transfer by electronic means is not possible, files can be transferred using a
floppy disk.

2.3 Starting GGIS

Before you start GGIS, ensure that the system complies with the requirements
as set out in Section 2.1,

To start GGIS:

1. On the Sun workstation, change directory to the workspace from where
the HydroCom data can be accessed.

2. Start Arc/Info and ArcPlot.
3. Start GGIS by entering the “&r ggis” command.

After you have started GGIS, you will see the GGIS window, which displays a
drawing area, a menu bar and a title bar, The title bar will contain information
about the data sets that are currently being accessed.

&= Note

Armrange the command window from which you started GGIS in such a way
that it is always visible. Impontant informstion is dispiayed in this window &3
well as prompts to which you must respond.

Institufe for Groundwater Studfes 4
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2.4 The GGIS menu structure

GGIS is largely menu driven, resulting in an easy-to-use and powerful program.
The following options may be found on the menu system of GGIS:

Coverage ... Available data ...
Projection .., Show available .., Trend analysis ...
New map extent | | Edit dala ... Create network ... Data snecific ...
New coverage ... Finite element ...
: Change time step ...

Line,Box,Circle... Convert to Grid ...
Text... e i

Chemical ... Mass transport ...
Clear.,, Pumping test ... Change time step ...

' | Time-dependent ... |
Display contours ...

Contour to Grid ...

Select Point Display map name | | Create INFO file ... System
Select Box Redraw map Join INFO file ... File management ...
Select Circle Drop INFO item ... Changse workspace ...
Select Polygon Open map file ... Select with INFO ...
Select All Close map file Select marker colour
Select Special ... |' | Map limits Create Grid ...

Clear map .., Set Projection File ...
List Selected ... Map info ... Display spot ...

Display text ...

Unselect Point Edit map items ...
Unselect Box Remove INFO file ...
Unselect Circla
Unselect Polygon
Unselect All
Invert Selection
Selected colour

Figure 2. The GGIS menn system.
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2.5 Selecting commands from the menu

GGIS is controlled by selecting commands from the menu. Those options on
the menu bar which are followed by a '¥ symbol, have associated pulldown
menus, Commands on the pulldown menus, followed by an ellipsis (...}, will
activate 2 dialog, when selected. Commands on the pulldown menus, which
are not followed by an ellipsis, will execute the command when selected.

To choose a command from a pulldown menu:

1. Move the mouse pointer to an option on the menu bar and press the
YD Menu button. The menu remains open until you choose a command
or click outside the menu.

2. Point to a command and press the “B Meou button.

2.6 Using a dialog

When GGIS needs more information or has a message, a dialog opens. You
choose options in the dialog and enter values, and then choose the & button
(OK) to process your choices, Choose the B button (CANCEL) to return to
the program with no change. Some dialogs have a "® button (NEXT).
Choosing this button is the same as choosing the [ button and then selecting
the command on the menu following the command which opened the dialog.

2.6.1 Choosing options

Options in a dialog have square check boxes or option buttons. In a group of
options with square check boxes, you can select several options at the same
time. In a group of option buttons, you can select only one option at a time.

2.6.2 Text entry fields

Some dialogs have text entry fields in which information may be typed.
Hightighted text in a text entry field disappears when you begin to enter new
information. To edit the highlighted text, first move the text cursor to remove
the highlighting.
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Figure 3, A dialog box.
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2.6.3 List boxes

Some dialogs have a list box which contains file names, point numbers, etc.,
which may be selected. To select an item in a list box, point to the item and
press the Select button. If the list of items is longer than the available display
space, click on the scroll bar to the right of the list to bring additional items into
view for selection.

2.6.4 Command buttons

Command buttons are the final options you must choose from to complete the
dialog. These buttons are displayed at the bottom of the dialog and are
normally one or more of the following: E, [%] and ™, Other buttons may
also be found here. Choosing a command button closes the dialog and
processes your choices according to the function of the command button.

2.7 The About command

The About command is on the main menu. It displays a dialog with the GGIS
version number, version date and copyright information. The authors provide
technical support. Ifyou need help, please have your GGIS version number
and version date at hand when you call for technical support. This helps us
expedite your call.

2.8 Closing GGIS

Selecting the Quit command from the menu is the only safe way of closing
down GGIS. The closing down process involves, amongst others, the deletion
of temporary files. If GGIS is not closed down using the Quit command, these

temporary files may remain on disk, and in this way consume valuable disk
space.

instilite for Groundwater Studies 8
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= Note
If you have exifed GGIS by some other route than the Quit command, GGIS
will leave files in the tmp directory in your workspace. You are allowed fo
deleie all the files in this directory and remove the directory ifself. Before you
do, leave GGIS and make sure you are the only user of this workspace.

Institute for Groundwater Studies 9
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3. Preparing the data

GGIS makes use of HydroCom data in its native format - no conversion
process is necessary. If the data are to be accessed for the first time by GGIS,
it will automatically be prepared for use by GGIS. In the hbase directory, two
files, control dbf and control.ntx, will be created. These two files are the
controlling data base and index files; they contain all the information needed to
access point data and to link it to the other data bases in the data
subdirectories. Two coverages will be created; one with a grid large enough to
display all HydroBase data in'geographical co-ordinates and another for the
points contained in the controlling data base. This makes alf available
HydroCom data for the selected data base accessible for further processing by
GGIS. A directory named #mp will be created to store all temporary files.

The following procedure describes the minimum steps for drawing a coverage
Jrom BydroCom data:

1. Select the option Draw | Coverage from the menu. The dialog in
Figure 4 will appear.

2, Under Coverage, selecthb _grid.
3. Under Feature, select Arcs.
4, Select Set map extent.

5. Under Colox, select the desired colour for the grid (we suggest
white). You can select the colour in three different ways:
*  Using a predefined colour.
* Using the three sliders to “mix” a custom colour.
* Typing the CMY colour code.

6. Choose the E button.

The grid will be drawn on the screen in the selected colour.

Institute for Groundwater Studies 10
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To display the points available in the HydroCom data, do the following:
1. Under Coverage, select hb_point, |
2. Under Feature, select Points.
3. Deselect Set map extent.

4, Under Color, select the desired colour for the points (we suggest
yellow). ' :

5. Choose the E button.

The points representing all site id's will be drawn on the screen in the selected
colour. When this has been completed, choose the I button to close the
dialog,

By default, GGIS will always use a projection file with the name gg.prof to
select projection parameters, This file is located in the ggis directory and will
be copied to workspace, unless it exists when GGIS is started.

{(See also 5.1.1 Projection - p. 52.)

A sample of what the screen may look like with the points displayed is shown
in Figure 5.

Additional coverages, such as topographic information, boundaries, etc., from
other sources may be added to the display at this stage: Select the particular
coverage under Coverage, the required feature under Feature, the desired
colour under Color and choose the B button.

The Draw | Coverage dialog has a number of options with which you may set
various default values for Arc and with which you can display additional
information from the available coverage(s). The options are the buttons

Set Line Type, Set Point Type and Set Shade Type, which
execute standard Argc AML's, and the button DESCRTBE which executes the
Arc command of the same name,

The options Annotext, Circles and Polfgonshade under Feature,

will display these features for the selected coverage if they are in the selected
coverage.
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Figure 5. Sample of a coverage displayed.
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The option, Set map extent, will set the map extent to that of the selected
coverage. By default, it will be on if no extent has been set, otherwise it will be
off, by default. You may override the default setting, with the result as
expected. If you select the sub-option Manual, a dialog will appear
containing the co-ordinates X~min, X-max, Y-min and Y~max. You may
edit these values to those required to show the desired extent of the map.

The option, Keep previous point selection, wil display only those
points selected previously in the current Arc session, with any of the available
point selection methods, when the coverage is drawn again.
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4. Analysing the data

The HydroCom data may be analysed in a number of ways to provide you with
an answer to virtually any question that can be generated about the available
data, The questions are put to the GGIS system through dialogs and the
answers are presented in the form of a modified display of the original data.

4.1 Selecting points for analysis

Before you can analyse the data, you have to select one or more points on
which to operate. This selection can be done by various means; the most
powerful and flexible aptions being those under the Select option on the menu.
Other options may also be used to select points directly or indirectly as a result
of the action performed by the option, Other options which allow you to select
points are Data | Available data, Data | Show available and Data | Edit data.

Irfespectivc of the method by which a selection is made, the selected point(s)
will be displayed in a colour different from the unselected points.

- The options shown in Table 1, are available under the Select option on the
menu by which you may select points:
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Invert Selection

Analysing the daia

lndlcate the cenire and radius of a circular area within which
all potnts wﬂl be selected

Opens a d;atog listing all selected point frorn which the
selection can be chan ed ee U ing List Seleuted below)

Indicate two opposite cormers of a rectanguiar area within
which all points wilt be unselected

Draw polygon, within which all pomts wiil be unselected by
pressing the Select button and end drawing by pressing the
“‘B Menu button

All selected pomts become selected and vice versa.

Table 1: Options for select.

4.2 Using Select Special

The most powerfill and flexible way to select one or more points is to use the
option Select | Select Special from thie menu, Selecting this option presents
you with a dialog as shown in Figure 6.

Institute for Groundwater Studies
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The dialog displays the names of all the available HydroCom tables, the fields
of the currently selected table, various options that can be applied to create a
selection, as well as various command buttons to manage the selection process.

The following is an example of selecting one or more poinis:
1. Under THE. . ., select the appropriate option.

2. Under OF DATAFILE, select the HydroCom table on which the
selection must be based. After you have selected a name, the fields for
the selected table will be displayed under FOR FIELD,

3. Under FOR FIELD, select the field on which you want to apply the
option selected under THE. . .. If you have selected
No. of records under THE. . ., itis still necessary to select a field.

4. Under IS. .., select the operator which you want to apply to the

preceding selection and enter an appropriate value. Text or numbers
may be entered,

£ZF  Nofte

You must press Enter after typing the text or numbers, or else the value will
niot be accepled,

5. Under AND. . ., select the appropriate option according to the
following table.

i .z::l.:i..-::x:_.._-:—---—- B s mEQ i al = “&!
select points meeting the current specification from
those polnts already selected by a previous selection.
Points selected by a previous selection but which do not
meet the current selection specification, will be
unselected.

Table 2; Options for AND ...

6. Choose the E button.

instifute for Gmundwéter Studies 18



GGIS Reference Manual o o Analysing the data

The data will now be scanned for points meeting the specification and the
points found will be selected. After all valid points have been selected, the
dialog will remain on screen to enable you to define another selection.

You may save the current selection of points which will enable you to load the
selection again, if you want to operate on the same selection of points,

To save the current selection:
1. Choose the &= button.

2. You will be prompted for a file name. Enter the file name, without
extension, and press Enter.

3. Choose the I button to save the selection and close the dialog.

To reload a selection, later, when you want 1o operale on a previous selection
of points, do the following:

1. Choose the =] button,

2. You will be prompted for a file name. Enter the file name, without
extension, and press Enter.

3. Choose the I button to load the selection and close the dialog.

To close the Select | Select Special dialog, choose the B¢ button. The selected
points, if any, will remain selected until another operation deselects them.

4.3 Using List Selected

Once you have selected one or more points by any of the methods available for
selecting points, you may wish to review which points were selected and
optionally change the selection. The option Select | List Selected provides you
with a list of the HydroCom Site Id Numbers for ali selected points, from
which you may change the selection to include only those points you select
from the list presented. When you select the option Select | List Selected, a
dialog as in Figure 7 will appear.
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Under SITE IDs, a list of Site Id Numbers of the points selected by a
previous selection process will appear.

To change the selection:

1. Under SITE IDs, select one or more Site Id Numbers, As you select
a point, the Site Id Number is inserted into the Selected sites

text entry field, separated by a space from the previous Site Id Number,
You may also add other Site Id Numbers in the Selected sites

text entry field by typing them in from the keyboard.

2. When you have selected all the points you want to, choose the %]
button to process your choices and close the dialog.

3. To abandon your choices, choose the B button,

Irrespective of the method used, when you have selected one or more points,
you may analyse the data for the selected points in a number of ways. Ways of
analysing the data are presented in the next section.

institute for Groundwater Studies 20
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4.4 Maps

Maps form the basis of the HydroCom data display. Various options can be
applied to the available data which will affect the display.

4.4.1 Data evaluation - Point information

GGIS can provide detailed information regarding any point displayed on the
coverage. This information includes the Site Id Number of the selected point,
the names of all available HydroBase tables and the number of rows in each
table for the selected point.

To display this information, select the option Data | Available data from the
menu, The selected point will be displayed in a different colour and the dialog
will appear (see Figure 8B).

Choosing the 4 and P button will display the data for the previous and next
point respectively. The previous and next point are determined by the indexed
order in which the Site Id Number of the points appears in the HydroCom
Basic Information table. Choosing one of the =>> buttons will display all data
available of the selected type for the selected point as shown above.

Determining what data are available for the points, can be done easily with the

Data | Show available data option. When you select this option from the |
meny, the dialog shown in Figure 9 will appear.
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To determine which points have data of a specified type, do the following:
1. Under Item to check, select the data type.

2. Under Placing of symbol, select the position of the marker
relative to the position of the point.

3. Under Symbol color, select the colour for the marker.

3. Under Symbol size, select the marker size (we suggest Small, but
bigger markers may be used if the points are fewer and further apart).

4. Choose the M button.

The selected type of data will now be scanned for available data. For each
point for which there are data of the selecied type, a predefined marker will be
placed near the point in the selected position relative to the point, and the point
will become selected. The dialog will remain on screen to enable you to mark
points according to another condition. When you have completed all your
selections, choose the [X] button to close the dialog,.

GQGIS also provides you with a facility to edit the HydroCom data directly.

This epables you to make adjustments to the data where obvious problems are
identified by graphical or other analyses. To edit the data of the currently
selected point, select the option Data | Edit data from the menu, You will then
be presented with a list of all available data types from which you may select
one. The data of the selected type for the selected point will then be displayed
in a dialog similar to the one in Figure 10.

The example displays the selected data for the selected point in a dialog that
permits you to edit the data. The data may be edited by moving the insertion
point to the desired field and typing the new value(s). The buttons at the
bottom of the dialog control the movement through the data and have the
functions shown in Table 3:
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Table 3: Options for Data | Edit data,
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4.4.2 Contours - Regional information

GGIS provides facilities to generate and display contours for the following
parameters:

All numerical parameters from HydroBase, such as Water levels,
Hydrochemistry, Geology, Aquifer, Geophysics, Meteorology, etc.

Groundwater modelling.
Water pollution modelling,

The facilities to generate and display contours are available under the Contours

meny option.

‘When you select the option Contours | From HB data from the menu, you will
be presented with a dialog (see Figure 11).

To generate contours for any of the HydroBase numerical parameters:

1.

Under Data file, select the data file from which you want to
generate contours. The Parameter list will be updated to display all
numerical parameters available from the selected data file.

Under Parameter, select a parameter for which you want to generate
contours.

. Under Statistical operation, select the appropriate value or

calculated value,

Under Relate to, select an option to which you want to relate the
parameter for the statistical operation, e.g. to calculate the water level
above mean sea level, select the parameter water levels and the option
Elevation. The option Thickness can be used with lithology,
while the option Selected sites limits the calculations to points
selected previously by a point selection operation.

Under Constant expression, enter the name of a parameter and
a value to which it must be equal. This will limit the data processed for
the selected statistical operation to that which is valid according to the

~ expression.

Institute for Groundwaler Sfudies
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6. Under Date range, enter new values for Start date and/or End
date, if so desired and if the selected data parameter is a
time-dependent data type. This will limit the data processed for the
selected statistical operation to that which is within the date range.

7. Under Exclude values, enter new values for <= and /or >=, if so

desired. Results from the statistical operation which fall outside the
values specified, will be discarded.

8. Under Interval: Every, enter the desired contour interval,

9. Choose the ] butten to process the selections, after which the
TRICON dialog will be displayed (see Figure 12).
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To process the data extracted by the previous operation, the following steps
are required:

1. Select GIS Input. From the resulting dialog, select

Create TRICON files. This will convert the data exiracted by

the previous operation into TRICON format, TRICON is able to

generate two types of contours:

* TIN Contours - These contours are exactly as they are calculated.
No interpolation is done.

* GRID Contours - These contours are interpolated to a regularly
spaced grid.

4

2. SelectMesh construction. From the resulting dialog, select
Start mesh construction TRICON will create a {riangular
irregular network between the given set of scattered data points.

3. Select Contour computation. From the resulting diatog, select
Start contour computation. Contour lines will be computed
by means of a linear interpolation along the diagonals of the triangles in
the network. '

4. Select Plotting... From the resulting dialog, select GIS format
under Output. Then select Start plotting. This will producea

graphic representation of the iriangulation, the contour map and levels
of data points. Then select Qui t to close the dialog.

5. Select Quit to exit TRICON,

6. You will now be prompted for a file name for the coverage to be
generated. Enter the name, incliding a . con extension, press Enter
and select the I button. A message indicating the status of the
process will be displayed while the coverage is generated.

To display contours generated as described above, select the option

Contours | Display contours ... from the menu. You will then be presented
with the following dialog:
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To display the comtours generaied previously:

1.

Under Contour coverage, select the coverage for which you want
to display contours. The list of available Contour levels will be
updated to reflect the levels available in the coverage.

Under Levels to plot, enter the values for the levels you wish to
plot and separate them with a space, or select them from the list under
Contour levels. If yvou wish to plot all levels, which is the
default, leave this field blank.

Under Color, select the colour in which all selected ievels must be
plotted.

Selecting Display level text, will print the contour level values
on the map for each contour level plotted.

Selecting Clear previous contour, will remove the previous

contours before plotting the contours according to the current
specifications,

Choose the I button to display the contours.

. Choose the B button to close the dialog.

To generate a network for groundwater modelling, select the option
Contours | Create network from the menu. The create network dialog will
appear (see Figure 14).

To create a network:

1.

2.

Under Network f£ile, enter a name for the network file and press
Enter. Entering the name of an existing file, loads that network set-up,

Under Point properties, enter the values for the
Transmissivity, Storativity, Discharge, Initial
head and select whether it is a Constant head. These properties
will apply to all subsequent points to be added or changed.

. UnderMass transport concentrations, enter values for

Initial and Pumped water. These values will apply to all
subsequent points to be added or changed, as selected under Mode.
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4. Under By, select Point or Polygon. If you select Point, you will
be able to apply any option selected under Mode to any of the available
points, If you select Polygon, and you select the option Add under
Mode, you may add points to the network. In this case, enter values
for the fields Polygon nx and Polygon ny under By. A
rectangular grid of points of the dimension specified will be scanned and
all points falling within the specified polygon, will be added to the
network. You may also apply the options Change and Delete under
Mode to all points within the specified polygon.

The options Move and Show under Mode are not available when
Polygon is selected under By,

5. Under Mode, select the optmn accordmg to the fo]lovnng table;

add a node or nodes in a polygon to the network with
erties as defined

(T

Table 4: Options for Mode,

Whichever option you choose, if you are indicating By Polnt, you
will be prompted to indicate a point. The cursor in the map display will
change to a cross hair cursor, indicating that you are in point mode and
can indicate the node to which you want to apply the operation as
selected above. When you have finished, click the “8 Menu button to
terminate point mode.

You may then change any of the options and/or values in the dialog and
continue to Add, Change, Delete or Move nodes.

If you are indicating By Polygon, you will be prompted to indicate
the first and subsequent points of the polygon. To end the definition of
the polygon and close it, press the “§ Menu button.
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6. Under Change, select one or more properties which must be changed
with the next Change operation as described above..

7. When the network is set up to your specifications, choose Update
coverage to add the network point data to the coverage. Then select

the M button to close the dialog,

The network set-up information will now be processed.

When the Modelling dialog appears on the screen, do the following:

8. UnderModelling parameters, enter a value for Number of
timesteps, Initial timestep, and Step increment.

9. Choose the M button to close the dialog and do the modelling,

The input will now be processed after which a list of time steps will be
displayed. After selecting a time step, TRICON will be activated. Follow the
same procedure as described before to create the contours.

You will then be prompted for a file name for the coverage to be generated.
Enter the name, press Enter and select the % button. A message indicating
the status of the process will be displayed while the coverage is generated.

To display contours generated as described above, select the option Confours |
Display contours ... from the menu. Follow the same procedure as described
before to display the contours.

The result may then appear as in Figure 15,

To do water pollution modelling, you must have a network set-up for this
purpose. If'you have not yet set up a network, you must do so with the option
Contours | Create network ... and specify the Mass transport
concentrations. Select the option Confours | Mass transport ... from the

me.

You will then be presented with a dialog box (see Figure 16).
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To do the modelling:
1. ZEnter values for all parameters.
2. Select the M button to close the dialog,

The input will now be processed after which a list of time steps will be
displayed. After selecting a time step, TRICON will be activated. Follow the
same procedure as described before to create the contours,

You will then be prompted for a file name for the coverage to be generated.
Enter the name, press Enter and select the OK button. A message indicating
the status of the process will be displayed while the coverage is generated.

To display contours generated as described above, select the option Contours |

Display contours ... from the menu. Follow the same procedure as described
before to display the contours,
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4.5 Graphs

4.51 Time - Bar, Scafter, Line

Time-dependent plots permif visual presentation of all parameters measured
against time, and which have previously been entered into HydroCom.
Time-dependent plots may, for instance, be stage height recorded in streams,
meteorological parameters, hydrochemistry and discharge rate from boreholes,

Figure 17 is an example of a time-dependent graph of rainfall.

To produce this graph, or any of the other time-dependent graphs, select the
option Analysis | Time-dependent from the menu. The dialog shown in Figure
17 will appear on the screen.

To produce graphs, do the following:

1. Under DATAFILE, select the data file from which you want to
generate a graph. The field(s) containing data that may be used to
produce a graph will be listed under FIELD.

2. Under FIELD, select the field containing the data to graph.
3. Under Graph type, select the graph type you want.

4. Under Data type, select the type of data to be displayed in the
graph.

5. Under Graph color, select a colour for the graph frame and text.

6. Under Data color, select a colour in which the data must be
displayed.

7. Under Date range, enter new values for Start date andfor End
date, if so desired.

8. Choose the E button.
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You will be prompted to Define the box area in which the graph must be
displayed. The graph will then be displayed and will include the specified data
for the selected point, limited to the data available in the speciiied date range.

The dialog will remain on the screen to allow you to produce any additional
graphs. When you have finished, choose the B4 button to close the dialog.

4.5.2 Chemistry - Piper, Durov, Expanded Durov, S.A.R.

Four specialised hydrochemical plot facilities have been included; these allow
visual presentation of water chemistry and related data. The four diagrams
provided are Piper, Durov, Expanded Durov and Sodium Adsorption Ratio
diagrams,

The Piper, Durov and Expanded Durov diagrams are used to compare and
distingnish between waters of different chemistries, for the purpase of
classification and grouping, or to understand evolutionary processes which the
water has undergone. The Sodium Adsorption Ratio diagram is used to
classify water for irrigation use. Detailed explanation on the use and purpose
of these diagrams is available in literature. Figure 18 is an example of a Piper
diagram.

To produce this diagram or any of the other specialised hydrochemical
diagrams, select the option Analysis | Chemical from the menu. The dialog
shown in the lower right corner of the screen shown in Figure 18, will appear
on the screen.

To produce any of these diagrams, do the following:
1. Under Diagram, choose the button of the desired diagram.
2. hUnder Graph color, select a colour for the graph frame and text.
3. UnderData color, select a colour in which the data must be displayed.

4, Under Date range, enter new values for Start date andfor End
date, if so desired. '

5. Choose the E button.
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You will be prompted to Define the box area in which the diagram must
be displayed. The diagram will then be displayed and will include data of all the
selected points, limited to the data available in the specified date range.

The dialog will remain on screen to allow you to produce any additional
diagrams. When you have finished, choose the [%] button to close the dialog,

4.8.3 Aquifer - Theis, Cooper-Jacob, Hantush, Step, Recovery

Pumping test plots allow visual presentation of pumping test data and
calculation of hydraulic values. The analysis provided are Theis, Cooper-
Jacob, Theis recovery, Hantush and Step draw-down.

Pumping test analysis is a specialised task and evaluation by unskilled personnel
may lead to incorrect interpretation. It is assumed that those who use this
facility are familiar with the various options and constraints for the analysis of
pumping test results. Figure 19 is an example of a Theis analysis.

To produce this analysis or any of the other pumping test analyses, select the
option Analysis | Pumping test from the menu. The dialog shown in the lower
right corner of the screen above, will appear on the screen.

To produce any of these analyses, do the following:

1. Under Point, select the point for which you wish to do the analysis.

The available pumping tests for the selected point, if any, will then be
displayed under Pumping test.

2. Under Pumping test, select the pumping test you want to analyse.

3. Under Analysis, choose the bution of the desired analysis.

4. Under Graph color, select a colour for the graph frame and text.

5. Under Data color, select a colour in which the data must be displayed.

6. Choose the EI button.
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You will be prompted to Define the box area in which the analysis must
be displayed. The analysis will then be displayed and will only include data of
the selected point.

The dialog will remain on screen to allow you to produce any additional
diagrams. When you have finished, choose the EX] button to close the dialog.

4.5.4 Statistics - Box plot, Trend analysis, Data specific

The box plot represents five statistical parameters determined for & selected
data set. The parameters are‘minimum and maximum values, the standard
deviation and the mean.

‘When you select the option Statistics | Box plot from the menu, a dialog will
appear on the screen (see Figure 20).

To do the statistical operation and create the graph, do the jollowing:

1. UnderData file, select the HydroCom table from which the data
must be extracted. The table's fields will be listed under Parameter.

2. Under Parameter, select the field on which to do the statistical operation.

3. Under Sites, select a number of sites. As you select them from the
list, they will appear in the Site ids field.

4. Under Title 1 and Title 2, enter a title and subtitle for the graph.

5. Choose the Next batch button for as many times as you want to add
batches of data to the graph, each time selecting different sites for each
batch.

6. Choose the [ button. The statistical calculations will now be done,
You will be prompted in the command window to Define the box
area in which the graph must be displayed. After indicating the size and
position of the box on the screen, the graph will be displayed in that
area.
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When you select the option Statistics | Trend Analysis from the menu, the
dialog in Figure 21 will appear on the screen.

To do the Trend Analysis operation and create the graph, do the following:

1.

Under Data file, select the HydroCom table from which the data
must be extracted. The table's fields will be listed under Parameter.

. Under Parameter, select the field on which to do the trend aralysis.

. Under Polynomial degree, select the degree.

Select the graph, data and statistics colour for the graph.

. Under Graph Title, enter the tiile,

. Choose the E[ button. The statistical calculations will now be

performed. You will be prompied in the command window to Define
the box area in which the graph must be displayed. After indicating
the size and position of the box on the screen, the graph will be
displayed in that area.

When you select the option Statistics | Data specific from the menu, the dialog

in Figure 22 will appear on the screen. To do the Data specific Analysis
operation, do the following:

1.

2.

Select the HydroCom table from which the data must be extracted.

Choose the IZI button. The statistical calculations will be done.
Another dialog box will be displayed with the calculated properties.
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5. Additional operations

In addition to the features described previously, there are other features
available via the menu options of GGIS. The following is a description of all
these menu options available from the GGIS menu system.

5.1 Draw menu

5.1.1 Projection

Select this option to project your coverage according to your specifications.
The coverages created by GGIS will always be projected using the projection
file specified with Options | Set Projection File. The default is gg.proj.

(See also: 5.4.4 Set Projection file - p. 69.)

Select the coverage to be projected and the projection file to be used and press
the button,

5.1.2 New map extent

Select this option to change the current map extent to a new one. After
selecting the option, a prompt will appear in the command window to Define
the box. With the mouse, indicate the bottom-left caorner of the box and
then the upper-right corner, depicting the new map extent,

5.1.3 New coverage

If, at some stage during the processing of the data, you wish to create a new
coverage based on a section of the displayed data, you may do so by using this
option. The new coverage will consist of a point and a polygon defined by you
and will not contain data from other coverages. This option can be particularly
useful if you want to define an area based on processed data, which can later be
displayed as a shaded area describing the result of the previous data processed.

Institute for Groundwater Studies &2



GGIS Reference Manual Additional operations

Selecting the Draw | New coverage option from the menu presents you with
the dialog in Figure 23.

To define the new coverage:
1. Under Coverage name, enter the name of the new coverage.

2. Under Polygon ID, enter the ID of the polygon which will be used
to define the area of the new coverage, e.g. 1.

3. Choose the Add button, On the dialog, the prompt Indicate
centre of polygon will appear. After indicating the centre of the
polygon with the mouse, you will be prompted to Indicate point.
After indicating a point, the same prompt will appear, until you press
the “B Menu button, at which time the polygon will be closed.

You may choose the Add button again to define additional polygons to
be included in the new coverage. The value under Polygon ID will
be automatically incremented,

4. Choose the I button to create the new coverage.

The dialog will remain on screen to allow you to create additional coverages.
When you have finished, choose the %] button to close the dialog.
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§5.1.4 Grid

With GGIS you can not only use contours to display spatially distributed
values, but the Grid option can also be used to display areas of related values.
If you have created a grid or you received one from somebody else, you can
use GGIS to display it, using the Grid option. If you select this option, you are
presented with the dialog box shown in Figure 24.

After choosing the grid file you want to display, the following options must be
defined in the dialog.

The display may be chosen as the main view or in a separate window.

The maximum and minimum contour values must be chosen.

The contour interval must be selected; this will control the number of shaded
areas that will appear.

The highest and lowest colours are chosen and GGIS creates a colour ramp
between those colours based on the number of intervals it calculates.

The grid area is drawn, showing areas of related values by colour coding.
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5.1.5 Line, Box and Circle

You may draw additional lines, boxes and/or circles on the display in the

selected colour of the selected type by selecting this option from the menu.
The dialog in Figure 25 will be presented.

To draw one or more lines, boxes and/or circles:
1. Under Draw, select the object you want to draw.

2. Under Line type, select the line type for the new object from the
list, then choose the Set Line Type button,

3. Under Line color, select the colour for the new object.

4. Choose the M button to start drawing the object. When drawing lines,
press the “B Menu button to terminate line drawing,

The dialog will remain on screen to allow you to draw additional objects.
When you have finished, choose the B¢l button to close the dialog.
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Figure 25, Dialog - Draw line.
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5.1.6 Text

Text in the specified colour and size may be added to the display by selecting

this option. When you select this option, you will be presented with the dialog
in Figure 26,

To add text to the display:

1,

2.

Under Text to insert, enter the text you want to add.

Under Placing of text, select the alignment of the text with
respect to the point to be indicated.

. Under Font type, select the font for the text.

Under Text color, select the colour for the text.

Under Text size, select the size for the text.

Choose the ] button to place the text. In the command window, you
will be prompted to Enter point, at which stage you must indicate
the point where the text must be placed.

The dialog will remain on screen to allow you to add additional text. When
you have finished, choose the IX] button to close the diatog.

5.1.7 Clear

If, at some stage, you wish to clear the display, select this option. You will be
asked for confirmation before the display is cleared.
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5.2 Maps menu

The options on this menu provide an interface to the map facilities of Arcina
convenient and easy-to-use selection of commands,

5.2.1 Display map name

This option will display the name of the active map file, if one has been opened.

5.2.2 Redraw map

Select this option to redraw all entities in a map file.

5.2.3 Open map file

This option is the first to select when you want to create a map file of
subsequent work in the Arc session. When you select this option, you will be
prompted for a name for the map file. After entering the name, choose the OK
button o close the dialog. All drawing actions will from then on be saved in
this file.

5.2.4 Close map file

Select this option when you want to stop capturing drawing actions to the map
file.

5.2.5 Map limits

By default, all drawing actions will be captured to the map file. To limit this to
only a certain section of the display, select this option from the menu. The
prompt Define the box will appear in the command window, after which
you can use the mouse to indicate the new area for the map limits.
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5.2.6 Clear map

Select this option to clear the current active map file of all drawing entities.
You will be asked for confirmation before this action is performed.

5.2.7 Map info

Select this option to see a scrollable list of all entities currently in the map file.
Choose the QUIT button fo close the list.

£.2.8 Edit map items

The drawing entities in the map file may be moved, resized and deleted, which
provides you with a convenient method for arranging the drawing. When you
select this option, a dialog with buttons for Move, Resize and Delete appears.

To move a drawing entity:

1.

Choose the Move button. The prompt 1=Select, 2=Next,
3=Who, 4=Bbort, 5=Box, 9=Quit will appear in the command
window.

Select an entity with the mouse. The entity will then be redrawn and
the prompt 1=Select, 2=Next, 3=Who, 4=Abort,
5=Box, 9=Quit will again appear in the command window.

Enter 9, to quit the selection. The prompts Enter the position

. Lo move fromand Enter point will appearin the command

window.

Indicate a point with the mouse. The prompts 1=show box. Use
any other key to mark the positionand Enter
point will appear in the command window.

Indicate the new position of the point and press the B Menu buiton on
the mouse. The selected entity will then be moved to the new position.

Institute for Groundwater Studies
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To delete a drawing emtity:

1. Choose the Delete bufton. The prompt 1=Select, 2=Next,
3=Who, 4=Abort, 5=Box, 9=Quit will appear in the command
window,

2. Select an entity with the mouse. The entity will be redrawn and the
prompt 1=Select, 2=Next, 3=Who, 4=RAbort, 5=Box,
9=Quit will again appear in the command window.

3. Enter 9, to quit the selection. The selected entity will be deleted.
To resize a drawing entity: -

1. Choose the Resize button. The prompt 1=Select, 2=Next,
3=Who, 4=Abort, 5=Box, 9=Quit will appear in the command
window.

2. Select an entity with the mouse. The entity will be redrawn and the
prompt 1=Select, 2=Next, 3=Who, 4=RAbort, 5=Box,
9=Quit will again appear in the command window.

3. Enter 9, to quit the selection. The prompt Define the box will
appear in the command window, after which you can use the mouse to
indicate the new size and position of the selected entity. The selected
entity will then be deleted and redrawn in the new position in the
indicated size.

After you have completed all editing, select the DONE button to close the
dialog.

5.3 INFO menu

In cases where you want to insert symbols with different sizes depending on the
value of 2 certain item, it is easier to do such a operation using an INFO file.

5.3.1 Create INFO file

An INFO file, containing any numerical parameter stored in HydroBase, must
be created before the INFO operations can be nun.
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Firstly, the data file and the parameter(s) to be associated with the INFO file
must be selected from HydroBase. The selected data in HydroBase can be
evaluated using INFO’s elementary statistics or data manipulation capabilities.
The results of such evaluations are written into the INFO file, For example, the
first (oldest) or last (youngest) measurements in a range can be identified, as
could the maximum and minimum values, the average or the sum of the range.
INFO can also be used to select points so that these could be highlighted in a
display.

The selected data are transferred to an INFO data base, and must be identified
by a header. For this reason, GGIS will require that a prefix be defined; for
example, WL for water levels or EC for electrical conductivity. GGIS will
automatically assign header I{ames, to fields that are created by INFO, based on
the prefix. For example, if you selected WL as & prefix for your data, and used
INFO to calculate the minimum, maximum and mean, header names for the
results fields written in the INFO file will automatically be called: WE_min,
WL_max and WL_mean,

The Relate to option gives you control over how GGIS calculates the values.
Relate to Elevation will give you values where the values measured are
deducted from the borehole elevation. Relate 1o Thickness will give you values
where values: Depth_to_top and Depth_to_bottom are taken into
consideration.

You may also specify a date range or a value range to filter out unwanted or
incorrect values.

5.3.2 Join INFO file

After you have created the INFO file, the file must be “joined” to give GGIS
access to the file. To do this: Select this option, select the INFO file you have
just created and press the M button.

5.3.3 _Drop INFO file

When you have finished using the previously created join, you may remove the
item using the Drop INFQ item option. This option automatically removes the
last join. If there was no last join, it will ask you what item to drop. Dropping
items keep your INFO file(s) small and fast.
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5.3.4 Select with INFO

We have seen that points could be selected directly from the HydroBase data
using Select as described in Chapter 4. An alternative method makes use of
INFOQ files. Choose INFQ | Select with INFO... from the memu, a dialog will
appear on your screen which differs from the Select | Select special dialog, in
that the two list boxes, data file and field are replaced by a single list box
displaying INFO fields. (See: 4.2 Using Select Special p. 16.)

5.3.5 Create Grid

A grid may be used to quickly display spatial variables over an area. GGIS
creates a grid from values stored in an INFO file.

Select the item and field to be displayed and supply a grid name. While
creating the grid, the program will ask you for a cell size (square cell), whether
the entire coverage should be converted and how missing values should be
determined.

After the grid has been created, you can display it using: Draw | Grid,

(See: 5.1.4 Grid p.55.)

5.3.8 Display spot

it may be useful in a presentation to display spots with the marker-size scaled
according to the value of the point. This can be achieved using
INFQ | display spot option.

Select the INFO file and the field for which the marker is to be displayed.
Select a colour for the marker and the desired shape, for example, a circle or
square. Set the marker size for the minimum and maximum values in the data
set. GGIS scales the marker sizes for all values in between the minimum and
maximum. Finally, press the M button to complete the operation (see Figure
27).
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5.3.7 Display text

This option controls the position, angle and attributes of text that is associated
with a selected point.

Select the Point Attribute file (PAT) and the required field. Options appear
which allow you to define where the text should be placed relative to the point,

the angle of the text string, as well as text attributes such as, font, colour and
size.

Press the ¥ button to commence plotting.

5.3.8 Remove INFO file

After you have finished all the manipulations on a data set, it is advisable to
* delete the INFO file. This is because the INFO file is not updated when

HydroBase data are changed, thus correlation between the INFO file and your
points in the hb_point coverage cannot be guaranteed.

5.4 Options menu

The options on this menu provide access to additional facilities to enable you to
manage the GGIS work session more easily.

5.4.1 File management

This option provides you with a function to delete unwanted files of various

types. When you select this option, a dialog will appear, allowing you to delete
files.

To delete ane or more files:
1. Under File type, select the type of file you want to list.

2. From the list of files, select the file you want to delete. Its name will
appear under File name,

3. Choose the Delete button. The file will be deleted.
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4, ‘When you have finished deleting files, choose the M button to close
the dialog. '

5.4.2 Change workspace

You may change the workspace at any stage during your GGIS session, while
still retaining the current display. To do so, select this option from the menu,
A dialog will appear, stating the name of the current workspace and prompting
you for the name of the new workspace. After entering the pame of the new
workspace, choose the M button.

GGIS will access the new workspace and check that the HydroBase data are in
the correct format, That data and any other Arc data in the workspace will
become available to you.

5.4.3 Select marker colour

Markers are used to show the position of the boreholes in the HydroBase data.
The colour in which the markers appear for both selected and normal markers
can be set with this option. 'When you select this option, a dialog will appear,
allowing you to change the colour.

To change the colour of the markers:

1. Under Predefined, select the colour you want, or under Custom,

use the sliders to adjust the values for Cyan, Magenta and Yellow or
enter the values for C, M and ¥, or under Color, enter the colour
values in the format

CMY <Cyan _Value> <Magenta Value> <Yellow_Value>.

2. Choose the button APPLY (Normal markers) to set the colour
for normal markers to the colour specified or choose the button
APPLY (Selected markers) to set the colour for selected
markers to the colour specified.

3. Choose the M button to close the dialog.
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5.4.4 Set Projection file

Although GGIS by default uses geographic projection information stored in the
file gg.proj, any other geographic projections can be used.

To use a custom projection, you make your own projection file as explained in
the Arc/Info mannal. This file must be copied to your current workspace.
Select Options | Set Projection File and select the required projection file.
Once a new projection file has been chosen, the projection information

contained in it becomes the default projection for all map drawing, until another
projection file is selected.

Institute for Groundwater Studies



THE USE OF GEOGRAPHIC INFORMATION
SYSTEMS AND OTHER COMPUTER AIDED
DRAFTING FACILITIES FOR THE PRODUCTION
OF GEOHYDROLOGICAL MAPS

Eelco Lukas, George Fourie and Frank Hodgson

Institute for Groundwater Studies
University of the Orange Free State
BLOEMFONTEIN

Report to the Water Research Commission

Annexure B
Tutorial

WRC Report No. 377/1/95 March 1995
ISBN 1 86845 167 4



Contents

INTRODUCTION. 1
GETTING STARTED........... ereresemseeSssasafeeresEEasRIseIYSOeEetaearAbEarteatbteesahse SRRy s e et et aALe AR R eSS Aee e e ernen e itn 2

StArtING GGIS.o.c.neemecrisssisrsieessisseseorisiaessamien s ssnsnens w2

LOGAING tHE AOIG ..cvvvirivrreenreeerecasaninneessmarscsrerrovesssessssssirsasarsssesssarssss srassesseeseasassasens 2
LESSON 1: GENERATING A RAINFALL GRAPH 5
FINDING THE DATA ..o cevaseemenmneas o 5
CHECKING THE DATA . . " breseresnnersasrans B
CREATING THE GRAPH.......erverarsersrssssssasssermmssssasssrssnnnns .10
LESSON 2: GENERATING A PIPER DIAGRAM 13
FINDING THE DATA.«.cccvnerseeemenermenmsesass evrerrh s b Abr RS SARSEP et bsAr R e umbrasr R n et e eesees benn areas trevreernens 13
CHECKING THE DATA .oivvvsirrcssnsrssssssssisssssnsssormaoressrsss tessseasas . 15
CREATING THE OGRAPH rererrasasantarertsnrns 15
LESSON 3: GENERATING A THEIS-RECOVERY GRAPH 18
PINDING THE DAT A vevvvvieeevnssrerssserassassnsmssrsmssrrns ssssass evhratenreesctsasissaversevenhasLanasesnrs . 18
EDITING THE DAT A vvreeiriorereaecsersbrsresessessbrestsssmsssessrtosssstbsss isss sensesmesmsensesssresstsrtessessnemses 19
CREATING THE GRAPH ..cccccorssetirsessssssesrarsmsrarsssssasssanarssasssnss sassatsassestssenssssesrs iarasansss sessresstasnnssses soncorts 20
LESSON 4: GENERATING A BOX PLOT 24
FRNDRNG THE DATA. 24
CREATING THE GRAPH 26
LESSON §: GENERATING CONTOURS FROM HYDROCOM DATA 28
SELECTING THE DATA. reers 2B
GENERATING THE CONTOURS ...ccvressssrimsrressssssass ansressnssesssasansssss bisnsosrssees sssmanrsas srassnessssasanssasns e 29
DISPLAYRNG THE RESULTS 33

LESSON 6: GENERATING CONTOURS FROM AQUIFER MODELLING.......cccunremnsssssssnas 37

CREATING TEE NETWORK 37
GENERATING THE CONTOURS 40
DISPLAYING THE RESULTS v 41

Institute for Groundwater Studies

——



List of Figures

FIGURE 1. A DISPLAYED COVERAGE. 1icirisieseioererenrsiesminatssetensesessasarersens senserersesssosonsasssvassssassansonssosaossns 3
FIGURE 2. THE LIST SELECTED DIALOG BOX. ,...... W7
FIGURE 3. SUMMARY OF AVAILABLE DATA, w...ccovrvcrmrsncrnrasssrassessscostossressanstrassssenssssastonssenmmsonsasassmons o
FiGURE 4, SAMPLE OF A TIME-DEPENDENT GRAPH. 11ccveuereemiecesareesessessonttassransontrosassssessmserasrassosesseresssts i2
Ficure 5. THE SELECT SPECIAL DIALQG BOX. et reerteasanen e rbrerentas .14
FIGURE 6. THE CHEMICAL ANALYSIS DIALOG BOX. c.vveeeeesssssierrannssnres 16
FIGURE 7. THE DATA-EDIT DIALOG 21
FIGURE 8. THE PUMPING TEST DIALDG BOX. c.veeuvreeensnstontrrrsvorsrarassssorsssrmsnsenstoresesssesntses 22
FIGURE 9. THE BOX PLOT DIALOG BOX, 23
FIGURE 10. SAMPLE OF A BOX= AND WHISKER PLOT.......cccorereresssasrsrsrsssrsosssesrarsssessisssrsronsarssssssossassisasere 27
FIGURE 11. CREATE CONTOURS WITH HYDROBASE DATA. ...... 30
FIGURE 12, TRICON DIALOG, 1.eceressemcrseserstssesrrssinreemssasbsseesasssssbsrerassmssersmararsessasessattbtns bessesansanrese 32
FIGURE 13, DISPLAY CONTOURS DEALOG. ...evvemrerere 34
FIGURE 14. SAMPLE OF CONTOURS, 36
FIGURE 15. THE CREATE NETWORK DIALOG. ......cevtietmmarasssstssisermmenssnssinsesemsanstsssbirrssensarans sesss 38
FIGURE 16. CONTOURS DISPLAYED. 1icvceveeestisivrmirnssstssssssrinsens sesst shornas sttt shssbarssinnesse sabbsbt bnbetsstastssss sasuns 42

Institute for Groundwater Studies



Introduction

This tutorial will give you a hands-on introduction to the main features of
GGIS. The tutorial contains the following lessons:

+ Lesson 1: Generating a rainfall graph. You will use the Data | Show
available option to find the data for the graph, visually check the data
with the Data | Available option and then create the graph using the
Analysis | Time-dependent option,

¢ Lesson 2: Generating-a Piper diagram. You will use the powerful
Select | Select special option to find the data, view the data, possibly
edit it using Data | Available and then create the graph using the
Analysis | Chemical option.

+ Lesson 3: Generating a Theis-recovery graph. You will find the data
for the analysis using the Select Special feature of GGIS, check the data
on-screen, edit it to correct an error made during data entry, complete
the analysis using the corrected data and display the graph on screen.

¢+ Lesson 4: Generating a box plot. You will use Select Special to find
the data for the analysis and generate the graph on the screen from the
selected data.

4 Lesson 5: Generating contours from HydroCom data, You will find the
data for the contours using Select Special, generate the contours from
the selected data and display the contours on the screen together with
the grid and site id points.

¢+ Lesson 6: Generating contours from aquifer maodelling, You will create
the network, simulate water-level responses and display the contours on
the screen.

If you don't want to go through the entire tutorial from beginning to end, you
can start the beginning of any lesson, provided that you have started GGIS and
loaded the data, as described below. Each lesson is divided into sections;
beginning with an overview of concepts, terms and procedures related to the
lesson, followed by a practice session with step-by-step instructions for
accomplishing the task. By working through the practice sessions, you will
familiarize yourself with the features of GGIS, enabling you to produce the
same results from your own data,
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Getting started

‘The procedure described here should be followed each time you want to work
with the GGIS system. From the command tool window, enter

cd /ggis/demo to loginto the directory which holds the data that will be
used for this tutorial.

Starting GGIS

Start Arc by entering arc at the prompt, and then start ArcPlot at the Arc
prompt by entering ap. To, start GGIS, enter the command

&r /ggis/ggis at the ArcPlot prompt. This will activate the ArcPlot
window and the GGIS menu will appear. Arrange the windows to resemble the
layout shown in Figure 1.

The last few lines of the command tool window from which GGIS was started,
should be visible, as important messages appear there. This is also the place
where you would enter any commands or responses to prompts when required
by the system.

Loading the data

As a minimum requirement, the coverages named hb_grid and hb_point
should be loaded. To accomplish this, select the option Draw | Coverage from
the menu.

To display the grid which represents the area of the data used for this tutorial,
do the following:

1. Under Coverage, select hb_grid.

2, Under Feature, select Arcs.

3. Select Set map extent.

4. Under Color, select the colour for the grid (we suggest white).

Chouose the E button.

b
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The grid will be drawn on the screen in the selected colour.

To display the points available in the HydroCom data, do the following:

1.

2.

3.

Under Coverage, select hb_point.
Under Feature, select Points,
Ensure that Set map extent is not selected.

Under Color, select the desired colour for the points (we suggest
green,

Choose the E button.

The points representing all site id's will be drawn on the screen in the selected

colour,

Any additional data may be drawn on the screen in a similar way, keeping in
mind that the map extent should not be reset. When this has been completed,
choose the ] button to close the dialog. The system is now ready to be used
for the lessons which follow.
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Lesson 1: Generating a rainfall graph

In this lesson, you will produce a graph of the rainfall measured at a certain site
by doing the following:
4 Find the data for the graph using features of GGIS

4+ Check the data on-screen to determine whether it is what you want to.
use for the graph

4 Create the graph using the selected data and display it on the screen

IZ>  Note

You must follow the instructions at the beginning of this tutorial under the
Getting started section before starting with this lesson.

Finding the data

Taking into account the vast quantities of data that can be available to you, it is
important that the correct data for your specific purpose can be located
quickly, efficiently and easily. GGIS has various ways of helping you to
accomplish this objective.

The method you will use to find the data for this graph can be found under the
option Data | Show available on the menu. This method scans the data for
points which have data of the required type. A marker is placed next to all
points displayed on the screen which have data of the required type. The
points are also selected, making them available for further processing.

To determine which points have rainfall data, do the following:
1. Under Item to check, select Rainfall,

2. Under Flacing of symbol, select the position of the marker
relative to the position of the point.
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3. Under Symbol color, select the colour in which you want the
marker to be displayed.

4. Under Symbol size, select the marker size (we suggest Medium,
but bigger markers may be used if there are only a few widely spaced
points),

5. Choose the ] button, The rainfall data will now be scanned for
available data. For each point for which there is rainfall data, a
predefined marker will be placed near the point in the selected position
relative to the point, and the point will become selected.

6. Choose the [X] button to close the dialog.

A message in the command window will indicate how many sites were found
that do have rainfall data. Since you require only one for the purpose of this
lesson, you must select the one to use. For this, select the option Select | List
selected from the menu (see Figure 2).

To select the site to be used jor this lesson, do the following:

1. Under SITE IDs, select 3319CB00200. The site id will appear in
the field Selected sites.

2. Choose the I button. Al the previously selected sites will be
deselected except this one site, which will remain selected.
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Checking the data

Now that you have found data that can possibly be used for the graph, it is time
to review the data values. To accomplish this, you will use the method found
under the option Data | Available data on the menu. This method displays a
list of data types which could be available, as well as the number of records of
each data type available for the selected point. You may view any of the
available data types pertaining to the selected point. You could equally do this
for any other point.

To display this information, select the option Data | Available data from the
menu, The summary of available data will be displayed for the first selected
point. Opposite Rainfall, choose the =>> button. This will display the dataina
new window, which will appear as shown in Figure 3.
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Figure 3. Summary of available data.
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To see what rainfall data are available for the selected point, do the
Jollowing:

1. Select the CONTINUE option at the bottom of the window. The data
will start to scroll, showing the new data. To stop the scrolling, select
the PAUSE option.

2. Choose the Quit button to close the data window.
3. Choose the E bution to close the Data: Available data

dialog.

Creating the graph

Rainfall data are classified by GGIS as "time-dependent”, because they are
usually measured against time, and will consequently be displayed in a time-
dependent graph, as found under the option Analysis | Time-dependent on the
menu.

&=  Note

Any other lime-dependent data, such as Water levels, Discharge rales,
Evaporation, etc., can be displayed in this type of graph.

To create the rairﬁ'aﬂ graph, do the following:
1. Select the option Analysis | Time-dependent from the menn.

2. Under DATAFILE, select Rainfall. The field(s) containing data
that may be used to produce a graph will be listed under FIELD.

3. Under FIELD, select the field Reading.

4. Under Graph type, select the option Bar.

5. Under Data type, select optionAs is.

6. Under Graph color, select a colour for the graph ffame and text.

7. Under Data color, select a colour for the data.

Institute for Groundwater Studies



8. Under Date range, enter the value 19810101 for Start date
and 19911231 forEnd date.

9. Choose the M button. You will be prompted in the command window
toDefine the box area in which the graph must be displayed.
After indicating the size and position of the box on the screen, the
graph will be displayed in that area,

10. Choose the 18 button to close the dialog.

See Figure 4 for a sample of a time-dependent graph,

&> Note

For more information on tapics cavered in this lessen, see the folfowing
sections in the GGIS Reference Manual:

¢  4.1.2 Using List selected

¢ 4.2.1 Maps | Dafa evaluation - Point information

¢ 4.3.1 Graphs | Time - Bar, Scatfer, Line

Institute for Groundwater Studies
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Lesson 2: Generating a Piper diagram

In this lesson, you will create a Piper diagram using groundwater chemical
analysis results from a certain site, by doing the following:
¢ Find the data for the diagram using the Select Special feature of GGIS

¢ Check the data on-screen, and possibly edit it, to determine whether it
is suitable for the diagram '

¢ Create the diagram using the selected data and display it on the screen

25 Note

You must follow the instructions at the beginning of this tutorial under the
Getting started section before starfing with this lesson.

Finding the data

GGIS has a number of options with which you can select the data you want to
use, of which Select | Select Special is the most powerful. This is the method
you will use to find the data you need for this diagram.

This method scans the data at the field level, evatuating the data values
according to your specifications. This is done to determine whether a point
should be selected or not. You have further control over the selection by
limiting the selection process to points previously selected, adding newly
selected points to an existing selection, or deselecting any selected points
before starting the new selection process.

When you select the Select | Select special option from the menu, the dialog
shown in Figure 5 will appear on the screen.
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To determine which point to use for the diagram, do the following:

1.

2.

Under THE. . ., select No. of records.

Under OF DATAFILE, select HydroChemistry. The fields for the
HydraChemistry table will be displayed under FOR FIELD.

. Under FOR FIELD, select any field following the nambered fields in

the list, e.g. Aluminium.

Under IS.. ., select the greater-than operator (>) and enter the value
10. You must press Enter after typing the numbers, or else the value
will not be accepted. °

Under AND. . ., select Reset: selection.

Choose the IMJ button. The data will now be scanned and alt points
having more than 10 records of hydrochemistry data will be selected.

Choose the B¢ button to close the dialog.

Checking the data

The selected data can be viewed to determine its suitability for the analysis. To
view the selected data, select the option Data | Available data from the menu,
From the resulting dialog, choose the =>> button opposite HydroChemistry.
You can scroll through the data as described in the previous lesson. When you
have finished viewing the data, choose the Quit button to close the data
window and then choose the [l button to close the Data: Available dialog.

Creating the graph

The Piper diagram is used to compare and distinguish between waters of
different chemistries, for the purpose of understanding the evolutionary
processes which the water has undergone. This is done for all samples in the
specified date range for all the selected points (see Figure 6).
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To create the Piper diagram for the selected data, select the option
Analysis | Chemical from the menu: The dialog shown in Figure 6 will appear
on the screen,

To create the Piper diagram, do the following:

1. Under Diagram, select Piper.

2. Under Graph color, select a colour for the graph frame and text.

3. Usder Data color, select a colour in which the data must be displayed.

4, Under Date range, enter the value 19890601 for Start date
and 19900630 forEnd date.

5. Choose the I button. You will then be prompted in the command
window to Define the box area in which the diagram must be
displayed. After indicating the size and position of the box on the
screen, the diagram will be displayed in that area,

6. Choose the IX] button to close the dialo g

& Note
For more infonmation on topics covered in this fesson, see the following
sections in the GGIS Referenca Manual:
¢ 4.1.1 Using Select Special
¢ 4.3.2 Graphs | Piper, Durov, Expanded Durov, S.AR,
Institute for Groundwater Studies
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Lesson 3: Generating a Theis-
recovery graph
In this lesson, you will analyse water-level recovery data from a certain site
using the Theis-recovery method:

¢ Find the data for the analysis using the Select Special feature of GGIS

+ Check the data on-screen and edit it to correct an error made during

data entry
¢ Perform the analysis using the corrected data and display the graph on
the screen
/=" Note

You must follow the instructions at the beginning of this tutorial under the
Getting started section before starting with ihis fesson.

Finding the data

Data for a pumping test are [ocated in three separate tables, namely Pumping
tests, Water levels and Discharge rates. The controlling data for any specific
test are located in Pumping tests. To find the data, select the option

Select | Select special from the mem,

To determine which point to use for the diagram, do the following:
1. Under THE...,select No. of records.

2. Under OF DATAFILE, select Pumping tests. The felds for the
Pumping tests table will be displayed under FOR FIELD.

3. Under FOR FIELD, select any field in the list.

4. Under IS. .., select the greater-than operator (>) and enter the value
1. You must press Enter after typing the numbers, or else the value
will not be accepted.

institute for Groundwater Studies 18



5. Under AND. .., select Reset selection.

6. Choose the button. The data will be scanned and all points having
more than one record of pumping test data will be selected,

To further limit the selection to poinis which have recovery type pumping
tests, do the following:

7. Under THE. . ., select Value.

8. Under OF DATAFILE, select Pumping tests. The fcids for the
Pumping tests table will be displayed under FOR FIELD.

9. Under FOR FIELD, select Method tested.

10, Under IS. . ., select the equals operator (==) and enter the value R.

You must press Enter after typing the text, or else the value will not be
accepted.

11. Under AND. . ., select Is already selected

12. Choose the Bl button. The data of the selected points will be scanned

and all points having an attribute R in the “Method tested” field will be
selected; all the other selected points will be deselected.

13. Choose the I button to close the dialog.

Editing the data

During data entry, an error was made which you will correct. The data will be
edited with the Data | Edit data option of GGIS. The method found under this
option displays a list of data types which could be available for the selected
point, from which you select one. You may view and edit each value in the
selected data type field.

To edit the data, select the option Data | Edit data from the memu. A list of
data types will be displayed.

Institute for Groundwater Studies
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To view and edit the data for the selected point, do the following:

1. Under DBF-£file, select Water levels (see Figure 7).

2.

Choose the ] button. The pata: Edit window will appear,
showing the first record for the selected point (see Figure 7).

Creating the graph

Pumping test graphs are visual presentations of pumping test data and
calculations of hydraulic values. These analyses are specialised and it is
therefore assumed that you are familiar with the various options and constraints
used in the analysis of pumping test results,

Apart from the above, GGIS requires little input to produce a graph of a
pumping test analysis. To do the analysis and create the graph, select the
option Analysis | Pump test from the menu (see Figure 8).

To do the recovery analysis and create the graph, do the following:

1.

Under Point, select 3319DC00210. The pumping tests available for
this point will be listed under Pumping test.

Under Pumping test, select 19850212 0900 (R}.

. Under Analysis, select Recovery.

Under Graph color, select a colour for the graph frame and text.

Under Data coloxr, select a colour in which the data must be
displayed.

Choose the M button. In the command window, you will be asked the
question Is the aquifer confined? (y/n). PressN, then
Enter. You will then be prompted in the command window to Define
the box area in which the graph must be displayed. After indicating
the size and position of the box on the screen, the graph will be
displayed in that area.

Choose the B button to close the dialog,

Institute for Groundwater Studies 20
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IF" Note
For moare Information on lopics covered in this lasson, see the following
sections in the GGIS Reference Manual:
¢ 4.1.1 Using Select Special
¢ 4.2.7 Maps | Dafa evaluation - Point information
¢ 4.3.3 Graphs | Aguifer - Theis, Cooper-facob, Hantush, Siep, Recovery
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Lesson 4: Generating a box plot

In this lesson, you will generate a box plot of water-level data from a selection
of boreholes by doing the following:

¢ Find the data for the analysis using the Select Special feature of GGIS

4 Generate the graph on the screen from the selected data

= Note
You rnust foliow the instructions at the beginning of this futorial under the
Getling started secfion before starting with this lesson,
Finding the data

To find the water-level data that will be used for this lesson, select the option
Select | Select special from the menu.

To determine which points 1o use for the graph, do the following:

1.

2.

Under THE. . ., select No. of records.

Under OF DATAFILE, select Water levels. The fields for the
water-levels table will be displayed under FOR FIELD.

Under FOR FIELD, select the field Water level measured.

Under IS. . ., select the greater-than operator (>) and enter the value
10. You must press Enter after typing the numbers, or else the value
will not be accepted.

. Under AND. , ., select Reset selection.

Choose the [/ button. The data will be scanned and all points having
more than 10 records of water-level data will be selected.

Choose the & button to close the dialog
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Creating the graph

The box plot is a representation of a number of statistical operations done on
the selected data sets, which are minimum and maximum values of the data set,
mean value and the fourth-spread,

To do the statistical operation and create the graph, do the foliowing
(see Figure 9):

1.

NS s W

Qo

Under Data file, select Water levels. The water-level fields
will now be listed under Parameter.

Under Parameter, select Water level measured.

Under Sites, select the first three sites. Asyou select them from the
list, they will appear in the Site ids field.

Under Title 1 and Title 2, enter atitle and subtitle for the graph.

Choose the Next batch button.
SBelect all text in the Site ids field and delete it.

Under Sites, select three more sites. As you select them from the
list, they will appear in the Site ids field.

Repeat steps 5, 6 and 7 once more.
Choose the M button. The statistical calculations will be performed.
You will be prompied in the command window te Define the box

area in which the graph must be displayed. After indicating the size and
position of the box on the screen, the graph will be displayed.

The diagram could appear on the screen as shown in Figure 10.

Note _

For more information on fopics covered in this lessan, see the following
sections in the GGIS Reference Manual:

¢ 4.1.1 Using Select Special

¢ 4.3.3 Graphs | Statistics - Box plof, Trend analysis, Dafa specific

Institute for Groundwaler Studies
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Lesson 5: Generating contours from

HydroCom data

In this lesson, you will use HydroBase data to generate contours of the
borehole elevations by doing the following:

L 4

L 4

Find the data for the contours using the Select Special feature of GGIS
Generate the contours from the selected data

Display the confours on the screen together with the grid and site id
poinis

Note
You must folfow the instructions at the beginning of this tuforial under the
Getting started section before starting with this lesson,

Selecting the data

Contours can be generated from any numerical data in HydroBase, providing
you with a powerful tool for analysis and presentation. For this tutorial, you
will not lock at specific data values, but you will determine which points to
include in the contour map.

As some of the data do not have complete enough records for contour
generation, you need to select valid points. To achieve this, select the option
Select | Select special from the menu.

To determine which points will be included, do the following;

1.

2

Under THE. . ., select Value.

Under OF DATAFILE, select Basic Information. The fields
for the Basic Information table will be displayed under FOR FIELD.

Under FOR FIELD, select the field Ground elevation in the list.

institute for Groundwalter Studies 28



4, Under IS.. ., select the greater-than-or-equal-to operator (>=) and
enter the value 150, You must press Enter after typing the numbers,
or else the value will not be accepted.

5. Under AND. , ., select Reset selection.

6. Choose the I button. The data will now be scanned and all points
having a ground elevation greater than 150 will be selected.

To further limit the selection to points with valid ground elevations, do the
Jollowing:

7. Under IS. .., select'the less-than-or-equal-to operator (<=) and enter
the value 750. You must press Enter after typing the numbers, or else
the value will not be accepted.

8, Under AND...,select Is already selected.

9. Choose the [ button. The data of the selected points will now be

scanned and all points having a value less than 750 for the Ground
Elevation field will be selected, and ali other selected points will be
deselected.

10. Choose the B button to close the dialog.

The selected points to be contoured will be highlighted.

Generating the contours

Generating contours involves two steps, namely assembling the data needed for
the contour generation and generating the contours. During the assembly of
the data, a number of statistical and other calculations can be performed on the
selected data. 'When the data have been selected and before the contours are
calculated, a number of parameters that will affect the contour calculations and
results, may be changed, '

For this lesson, the topography will be the subject of the contour calculations.

To assemble the data, select the option Contours | From HB data from the
menu (see dialog in Figure 11).
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To assemble and prepare the data for the contours, do the following:

1.

U Tl

~

Under Data file, select Basic Informatiorn. The fields for
the Basic Information table will be displayed under FOR FIELD.

Under FOR FIELD, select the ficld Ground elevation in the list.
Under Statistical operation, select First.

Under Relate to, do not select anything.

Under Constant expression, do not enter anything,

Under Date range, leave the default dates of 19000101 and
19991231

Under Exclude values, enter 150 for <=, and enter 750 for >=,

Under Interval, enter 25,

Choose the I¥J button. The ground elevations of all points in the

specified range will now be extracted and prepared for further
processing by TRICON, the contour generator.

TRICON will be activated automaﬁcally and will appear on screen as follows:

To generate the coniours from the selected data, do the following:

1.

5.

Choose the GI S_Input button. From the resulting dialog, choose the
Create TRICON files button. When this process has been
completed, the dialog will be closed.

Choose the Mesh_Construction buiton. From the resulting
dialog, choose the Start mesh construction button, When
this process has been completed, the dialog will be closed.

. Choose the Contour_Computation button. From the resulting

dialog, choose the Start contour computationbutton. When
this process has been completed, the dialog will be closed.

Choose the Plotting. .. button. From the resulting dialog, choose
GIS format under Qutput, and then clioose Start -plotting‘
When this process has been completed, choose the Quit button to
close the dialog.

Choose the Quit button to close the TRICON dialog.

{See Figure 12.)
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You will be prompted to enter a contour coverage name. Enter the name
topo.con and press Enter. Then select the I button to start the contour
generation process. A message will be displayed, indicating that GGIS is busy
importing the TRICON data.

Displaying the results

In order to display the contours you have created, you need to select the
coverage'in which the contours were stored, in this case topo.con, and then
select the contours you wish to display. For contrast, you may select an
individual contour or groups of contours to display in different colours.. Text

may also be added to the display to indicate the level (value) of the contour
lines.

Select the option Contours | Display contours from the menu and a dialog will
appear on the screen (see Figure 13),
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To display the contours generated previously, do the following:

1.

Under Contour coverages, select the topo.con coverage. The
available contour levels will be displayed under Contour levels.

Under Contour levels, do not select any levels. This will have
the effect that all levels will be displayed.

. Under Color, select Magenta. This is the colour in which all the

contours will be displayed.

Do not select Display level text orClear previous
contour.

Choose the [ button to display the contours. The dialog will remain
on screen for further selection after the contours have been displayed.

To display the hundreds levels in a different colour, do the following:

6.

9.

Under Contour levels, select all the hundreds levels, e.g. 200,
300, 400, etc. The values of the selected levels will appear under
Levels to plot. Youmay, of course, also enter these values from
the keyboard under Levels to plot.

. Under Color, select Yellow. This is the colour in which all the

selected contours will be displayed.

Select Display level text,butnotClear previous
contour.

Choose the B button to display the selected contours.

10. When that has been completed, choose the B button to close the

dialog.

The display could then appear as in Figure 14.

Note

For more information on topics covered in this lesson, see the following
sectons in the GGJS Reference Manual:

¢ 4.1.1 Using Seiect Special

¢ 4.2.2 Maps| Confours - Regional information
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Lesson 6: Generating contours from
aquifer modelling

In this lesson, you will set up a network for groundwater modelling and
generate contours of the results by doing the following:

¢ Set up the network for modelling

¢ Generate the contours from the resulting data

¢ Display the contours on the screen together with the grid and site id
points as well as the network nodes

= Note

You must foflow the instructions at the baginning of this fuforial under the
Getting started section before stariing with this fesson.

Creating the network

GGIS provides you with a flexible and powerfil method for setting up a
network to your exact specifications. You may use point mode and/or polygon
mode to specify the nodes and their hydraulic variables. After you have set up
the network, GGIS will do the modelling with values you supply for the time
Step parameters.

Select the option Contours | Create network from the menu. The dialog shown
in Figure 15 will appear on the screen,
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To set up and create the network, do the following:
1. Under Network file, enter the name tutorial and press Enter.

2 Under Point properties, enter the value 200 for
Transmissivity, 0.001 for Storativity, 0 for
Discharge, O for Initial head and select NO for Constant
head.

3. UnderMass transport concentrations, enter O for
Initial and O for Pumped water.

4. Under By, select Polygon, and enter 20 for both polygon nx and
polygon ny. Thisis the maximum number of nodes for the polygon.

5. Under Mode, select Bdd. In the dialog, you will be prompted to
Indicate first point. Indicate the bottom-ieft corner of the
grid as the first point. You will then be prompted to Indicate
next point (MENU to clese). Moving the cursor clockwise,
draw the left, top and right sides of a rectangle which encloses alt
points. After indicating the endpoint of the right side, press the
B Menu button to close the rectangle.

6. Under Point properties, enter 2000 for Discharge.

7. Under By, select Point.

8. Under Mode, select Add. In the dialog, you will be prompied to
Indicate point. Indicate 2 point in the upper-left quadrant of the

area and another in the bottom-right quadrant, then press the B Menu
button.

9. Under Point properties, enter 1000 for Discharge.

10. Under Mode, select Add. In the dialog, you will be prompted to
Indicate point. Indicate a point in the upper-right quadrant of
the area and another in the bottom-left quadrant, then press the
v Menu button.

11. Choose the Update coverage button to add the nodes to the
network coverage.
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12. Choose the ™ button to save the network set-up and close the dialog.
When the Modeiling dialog appears on the screen, do the following:

13. Under Modelling parameters, enter 10 for Number of
time steps,lfor Initial time step and 1.2 forStep
increment.

14. Choose the B button to close the dialog and complete the modelling.

Generating the contours

After the modelling has been completed, a list of time steps will be displayed.
Select the last one in the list. This data set will be passed to TRICON to be
used for the calculation of the comiours,

To generate the contours with TRICON, do the following:

1. Choose the GIS_Input button. On the resulting dialog, set the
Interval distance to 0.1, then choose the Create TRICON
files button. When this process has been completed, the dialog will
be closed.

2. Choose theMesh Construction button. From the resulting
dialog, choose the Start mesh construction button. When
this process has been completed, the dialog will be closed.

3. Choose the Contour_Computation button. From the resulting
dialog, choose the Start contour computation button, When
this process has been completed, the dialog will be closed.

4. Choose the Plotting. .. button. From the resulting dialog, choose
GIS format under Qutput, and then choose Start plotting.
When this process has been completed, choose the Qui t bution to
close the dialog.

5. Choose the Quit button to close the TRICON dialog.

You will be prompted to enter a contour coverage name. Enter
modelling.con and press Enter. Then select the I button to start the
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contour generation process. A message will be displayed, mdlcahng that GGIS
is busy importing the TRICON data.

Displaying the results

To display the contours, select the option Confours | Display contours from
the menu.

To display the contours generated previously, do the folivwing:

1. Under Contour coverages, selectthemodelling.con

coverage. The available contour levels will be displayed under
Contour levels.

2. Under Contour levels, do net select any levels. This will have
the effect that all levels will be displayed.

3. Under Color, select Cyan. This is the colour in which all the
contours will be displayed.

4, Donotselect Display level textorClear previous
contour,

5. Choose the 4| button to display the contours. The dialog will remain
on screen for further selection after the contours have been displayed.

6. Choose the B button to close the dialog,

The display could then appear as in Figure 16.

£ Nofte
For more information on lopics covered in this lesson, see the following
section In the GGIS Reference Manual:
¢ 4.22 Maps | Confours - Regional information
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