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ABSTRACT

The development of an environmental database for use in the GIS is
essential to the environmental planning of catchment basins.

The GIS is essential to the development of various land-use scenarios
for the past, present and the future.

Research illustrated three major hydrological changes causing
ecological impacts, i.e. monthly flow rates, flood peaks and sediment
interception.
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INTRODUCTION

When this project was initiated 4 years ago it was originally envisaged that its
main aim would be the linking and integration of the iEM procedure with GIS
technology to determine management procedures that would deal with the
impact on the environment resulting from change in the catchment basin.

As primary focus we selected the Sabie River as a case study to implement
these procedures. At the time the Kruger Park Research Programme was in
its first phase of development. A whole range of individual research projects
were initiated and directed by specialists in their fields of expertise from all
over the country.

During the next 3 years these projects developed individually towards its own
goals and objectives. But at the same time the need was felt for a more
iaterai and integrated approach coordinating these research projects towards
a common goal.

To achieve this Prof. Charles Breen was appointed to conduct an overview of
all existing projects and programmes and to propose a second phase for the
Kruger Parks Rivers research programme. The first phase of this programme
was completed at the end of 1993. The resulting report proposed a revised
and refocused programme incorporating four main subprogrammes under a
common approach with similar philosophy and goals.

Prof. Wiilem van Riet was appointed to the Steering Committee and assisted
in the development of these proposals. As part of this Steering Committee he
became aware of the similarity in the approach of this research project and
that of the second phase of the Kruger Park Rivers research programme.
This study was therefore adjusted to function in accordance with the
guidelines proposed for the four main subprogrammes of the Kruger Park
Rivers research programme. These four subprogrammes are as follows:

Decision support system
The decision support system is the major component of this
project and deals with the integration of the iEM procedure of
the Department of Environment Affairs and the ROIP procedure
of the Department of Water Affairs and Forestry. As these two
procedures are the most widely accepted DSS in South Africa
today a new adapted IEM procedure for use in catchment
basins was developed by this research programme.



Information systems development and management
As one of the goals of the programme was the development and
integration of a GIS technology with the IEM procedure it was
obvious that the whole process of information management was
of crucial importance. !n this programme we combined the
question of information management and technology transfer
into one chapter for theoretical investigation. The development
of this component of this research project became one of the
major achievements attained during the past 4 years. Much
energy was spent on developing a GIS laboratory,
understanding GIS software and integrating this technology in
the development of an ecological database for use in the
decision support programme.

The achievements and growth in the GIS laboratory at the
Department of Landscape Architecture at the University of
Pretoria contributed greatly to the success of this project.

Research development and management
As research is basic to the success of the DSS this part of the
Kruger Park Rivers research programme is very important. We
did not conduct new research but we were fortunate to be able
to use the research produced by the other programmes as well
as catchment basin studies conducted by the Department of
Water Affairs and Forestry for the rivers of the Kruger National
Park.

It is important to view the results of this study in the light of the goals
and objectives set for the second phase of the Kruger Park Rivers
research programme. Many of the problems resulting from the
integration of a DSS with information management and technology
transfer were encountered during this study. Some of these were
handled with success and others can contribute to the success of the
Kruger Park programme in the future.
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CHAPTER 1 - DECISION SUPPORT SYSTEM

In order to manage for change it is important to understand and to
define overall goals and objectives for such management actions. To
obtain such direction we have looked at the management goals for
natural environment as described by the Natural Union for
Conservation of Nature. Conservation is defined as:

The management of human use of the biosphere so that it may
yield the greatest sustained benefit to present generations while
maintaining its potential to meet the needs and aspirations of
future generations.

From the above, three primary objectives have been derived.

• To maintain essential ecological processes and life support
systems.

• To preserve genetic diversity.

• To ensure the sustainable utilisation of species and
ecosystems.

Recent publication of the updated version of the Integrated
Environmental Management (IEM) procedure by the Department of
Environment Affairs and parallel development of the Relevant
Environmental Impact Prognosis {ROIP) as part of the IEM by the
Department of Water Affairs and Forestry necessitated the need for
the combination of these two approaches into one integrated
approach. Such integration is attempted in this report.

The study was completed using the IEM approach but with impact
evaluation in accordance with the ROIP and RIMP procedures.

For the purposes of completeness, the two procedures are
summarised as follows.
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The Integrated Environmental Management Procedure (IEM)

The IEM procedure was originally developed by the Council for
the Environment as a guideline to aid correct decision making
with regard to the effect of project proposals on the
environment. The procedure has been in use for a number of
years. Dr Richard Fuggle of the Environmental Evaluation Unit
at the University of Cape Town recently proposed a revised set
of guidelines for the Department of Environment Affairs.

The most important difference between the two versions is the
reduction of the original four stages to three. Stages one and
two were combined into a single stage termed Stage 1: Plan
and Assess Proposal. Stages 2 and 3 remained unchanged,
namely: Decision and Implementation respectively.

The suggested method of study following the IEM procedure is
as follows.

STAGE ONE: PLAN AND ASSESS PROPOSAL

Step One: Develop Proposal
The proposed Interbasin transfer scheme.

Step Two: Classification Of Proposal
1. Discussion of relevant activities
2. Discussion of relevant environments
3. Impact identification
4. Impact evaluation

Step Three: Initial Assessment

Initial assessment

STAGE TWO: DECISION

Step Four: Review

Step Five: Conditions Of Approval

Step Six: Record Of Decision

Step Seven: Appeal

12



• STAGE THREE: IMPLEMENTATION

Step Eight: Implementation

Step Nine: Monitoring

Step Ten: Auditing

The Relevant Environmental Impact Prognosis {ROIP) and
The Relevant Impact Mitigation Prognosis (RIMP)

The ROIP procedure was developed and is currently used by
the Subdirectorate Environmental Studies of the Department of
Water Affairs and Forestry. The procedure was developed in
conjunction with the IEM guidelines and can therefore be readily
integrated therewith. The ROIP consists of four steps, namely:

Step One: Introduction

Step Two: Locality

Step Three: Project Description

Step Four: Description And Evaluation Of
Environmental Impacts

It is clear from discussions with the Subdirectorate
Environmental Studies that the ROIP procedure is compatible
with the IEM procedure. It is suggested that the ROIP
procedure is a formalisation of the Step Two in the IEM
procedure: Classification, in as much as it formalises the
method of impact identification and evaluation.
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The main component in the ROiP evaluation procedure is a
series of tables in which each impact is formally identified and
evaluated according to the following four criteria:

SRCE: Source of Data

DCD: Data confidence degree

ISD: Impact severity degree

SCD: Severity confidence degree

The effect of mitigation on the impact assessment is dealt with
during the Relevant impact Mitigation Prognosis (RIMP)
procedure. This procedure, also developed by the Sub-
directorate Environmental Studies of the Department of Water
Affairs and Forestry, addresses the suitability and efficacy of the
mitigation measure and the severity of the impact after
mitigation.

During recent studies completed on the transfer of water to the
Mhlatuze River the consultants combined the ROIP and RIMP
procedure and introduced the following list of assessments.

SRCE: Number to identify the source of data from
the reference list

DCD: Data Confidence Degree, from 0 indicating
no data available or that conclusions may
be unreliable to 4 indicating sufficient data
adequately verified

ISD: Impact Severity Degree, from 0 indicating
negligible impact to 4 indicating highly
significant impact

SCD: Severity Confidence Degree, from 0 for no
confidence in the assessed severity (ISD) to
4 indicating full confidence.

MDC: Mitigation Data Confidence, from 0
indicating no confidence in the
appropriateness of mitigation to 4 indicating
full confidence that the mitigation measure
is the best available.
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MID: Mitigation Impact Degree after applying
mitigatory measures, from 0 indicating
negligible to 4 indicating highly significant
impact.

MCD: Mitigation Confidence Degree after
mitigation, from 0 for no confidence to 4
indicating full confidence in the assessed
severity of the impact after mitigation (MID).

These two procedures are combined into one adapted 1EM
procedure and is proposed and discussed in depth in the next
section.

PROPOSED ADAPTED IEM PROCEDURE

INTRODUCTION

The aim of this study is to relate the role of GIS (Geographic
information systems) to the management of water related systems
such as the planning of catchment basins. For this to be successful, a
GIS is related to the IEM (Integrated Environmental Management)
procedure and through the use of an ecological planning model (Van
Riet, 1987) and an hydrological model {Schulze, 1989a, 1989b), and
Pitman (1973) the environmental impact on daily flow rates and
proposed mitigation measures for the catchment basin of a possible
new dam, is determined.

The method of presentation will deviate from the normal in that the
presentation will follow a series of steps in a flow diagram illustrating
the IEM procedure. These steps will be based on the use of a GIS
system (ARC/INFO™) and the various procedures required during the
use of GIS in the planning of catchments. The procedure and the
effect of each procedure resulting from the use of attribute tables or
the various graphic information sets is illustrated on the computer
screen.

The total process is linked by a program calied ARCVIEW™ written for
the purpose of ease of use by other researchers or project managers
and can be run on both personal computer and workstation hardware.
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INTEGRATED ENVIRONMENTAL MANAGEMENT PROCEDURE

The integrated environmental management procedure as adapted for
use in this research project consists of the following broad groups of
actions.

Step One
Step Two

Step Three

Step Four

Step Five

Step Six

Problem Analysis

Development Proposal

Project Alternatives

Environmental Atlas

Proposal Classification

Recommendation

The following steps illustrate the actions associated with the various
steps in the proposed Integrated Environmental Management
procedure:

STEP ONE - PROBLEM ANALYSIS

We consider the question of understanding the need and
desirability of the proposed water related project of such
importance that the discussion and analysis of the problem is
taken out of the normal IEM procedure and discussed
separately.

The increase in population densities, changing forms of land-
use and the resulting growth in the demand for water will cause
an increase in demand placed on the water resources of
Southern Africa. These changes in land-use in catchment
basins create negative ecological impacts in the downstream
reaches of these rivers.

To counter the increased pressure on water resources, water
development projects are designed and constructed. These
development projects also result in environmental impacts in
downstream reaches.

The changing forms of land-use can however also affect the
success of water development projects proposed for these
catchments.
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The above is clearly illustrated by the conditions of the rivers of
the Kruger National Park (KNP) which have been dramatically
altered by large scale changes in land-use in the catchment
basins.

The problems normally associated with changes in catcmment
basins can result from the following.

Increasing population numbers and densities

Changes and intensification in land-use

Over utilization of water resources

Negative environmental impact in down stream reaches

STEP TWO - DEVELOP PROPOSAL

The most important elements in Step Two are as follows:

Establish administrative requirements

Notify interested and affected parties

Develop alternative solutions

These are important elements on which clarity must be reached
before the actual alternative solutions to the previously
determined problem can be developed.

The administrative requirements wouid cover both policy, legal
and administrative requirements necessary for implementing
any of the alternative proposals.

The importance of notifying interested and affected parties at
this stage is critical as this would introduce the involvement of
the public at an early stage. This public involvement will
continue through to the screening and scoping aspects of Step
5 termed the Proposal Classification as well as various aspects
of the formal review.
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The development of alternative solutions to the problem is
important as one of the most successful ways of dealing with
environmentai impacts is to look at a series of alternatives at the
start of project development and design. Alternative sites or
alignments are the most successful ways of reducing
environmental impact. It is only after this option has been
exhausted that mitigation measures should be called upon for
assistance.

STEP THREE - PROJECT ALTERNATIVES

The normal reaction from planners and engineers is to call for
and design water development structures. These structures
normally include the following:

Water utilisation structures
Dam wall
Transfer pumps and pipeline
Receiving weir
Irrigation canals

Management procedures
Flow regulation
Flood retention
Sediment interception

Development of potential dam sites on the Sabie River

A detailed study was conducted by Chunnett, Fourie and
Partners for the Department of Water Affairs and Forestry
in the "Sabie River Catcmment study of development
potential and management of the water resources:
Volume 9 Appendix 2" report.

The factors affecting dam site selection as well as other
considerations are discussed. It was from these findings
that three proposed dam sites were chosen for further
study through GIS.

The Injaka, Madras and Dingleydale dams were studied
in further detail and an ecological impact assessment
was carried out on each dam. The Injaka dam is
discussed in detail in the SML document {Project 2: GIS
and Hydrologic Modeling).
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The Madras and Dingleydale dams are discussed further
here. The broad description of dam sites is taken from
the Chunnett, Fourie reports and the ecological impact
assessment is done through GIS. Detailed construction
information can be obtained from the Sabie River Report
Volume 9.

The database should be consulted to see detailed
catchment descriptions e.g. mean annual runoff and
sediment yield figures have been calculated per
subcatchment and expressed in volumes and percentage
that each catchment produces.

Madras Dam

The Madras dam site is situated on the Sabie river
between Gazankulu and Kangwane about 10km
east of Hazyview. The total catchment area at the
dam site is about 1539km2.

The full supply level (FSL) of the largest dam
investigated was taken to be at reduced level (RL)
472,0m.a.s.l., which will result in a gross storage
capacity • of approximately 256mm3 or
approximately 57% of the MAR.

The design flood and probable maximum flood
(PMF) for a catchment area of 1 539km2 would be
7 400 m3/s.

The maximum expected reservoir volume losses
due to siitation would be 12,0mm3 and 18,6mm3

after 20 years and 50 years respectively if no new
dams are constructed upstream of the site, and
9,5mm3 and 17,0mm3 respectively if Injaka dam is
constructed.

A dam with a gross storage capacity of 256mm3

and a FSL at 472m.a.s.l. will inundate a total of
about 1 391 ha (taken at non-overspill crest level
(NOCL)), of which about 62ha consists of irrigated
orchards and 105ha consists of cultivated land. A
dam of this size will also inundate a portion of the
main road to Paul Kruger gate in the Kruger
National Park, a significant number of homesteads
in Gazankulu, a holiday resort on the Sabie river
as well as a few homesteads and a large number
of holiday erven in the RSA.
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Vaiue Impact

For this study the dam is divided into the
catchment area, dam area, and the lower basin,
(immediate catchment to the downstream reach of
the dam).

The database shows ecological, economic and
social impacts on each region. These values have
been determined previously for the broad
catchment area (Refer to Task 1, Task 4 and the
digital database).

The methods of value determination are also
discussed.

The impacts for each area can be viewed through
ARCVIEW™. (See PROJECTS.AV in digital
database).

Dingleydale Dam

The Dingleydale dam site is situated on the
Nwandlamuhari river in Lebowa about 7km east of
the Hazyview/Acornhoek road. The total
catchment area at the dam site is about 248km2.

The full supply level (FSL) of the largest dam
investigated was taken to be at reduced level (RL)
545,1 m.a.s.l., which will result in a gross storage
capacity of approximately 62,5mm3 or
approximately 118% of the MAR.

The design flood and probable maximum flood
(PMF) for a catchment area of 248km2 would be
2 400m3/s respectively.

The maximum expected reservoir volume losses
due to siltation would be 2,4mm3 and 3,7mm3 after
20 years and 50 years respectively if no new dams
are constructed upstream of the site.

A dam with a gross storage capacity of 62,5mm3

and a FSL at 545,1 m.a.s.l. wiil inundate a total of
875ha (taken at non-verspill crest level (NOCL)),
which presently consists of about 65ha of
cultivated lands and 190ha of irrigated orchards.
A dam at this site will also inundate some portions
of the existing secondary road network in Lebowa.
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Value Impact

For this study the dam is divided into the
catchment area, dam area, and the iower basin,
(immediate catchment to the downstream reach of
the dam).

The database shows ecological, economic and
social impacts on each region. These values have
been determined previously for the broad
catchment area (Refer to Task 1, Task 4 and the
digital database).

The methods of value determination are also
discussed.

The impacts for each area can be viewed through
ARCVIEW™.

Development of potential dam sites on the Letaba River

A detailed study was conducted by SRK and published
for the Water Research Commission in the "Letaba River
Basin Study of Development Potential Management of
the Water Resources: Annexure 18" report.

The factors affecting dam site selection as well as other
considerations are discussed. It was from the findings of
this report that two proposed dam sites were chosen for
further study through GIS.

The Crystalfontein and Ka-Muhlaba dams were studied in
further detail and an ecological impact assessment was
carried out on each dam. Broad information is available
on ail other potential dam sites. (See Appendix A and
detailed construction information can be obtained from
the SRK Letaba River report Annexure 18).
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Ka-Muhiaba Dam

Broad descriptions of the dam site are taken from
the SRK report, impacts are however calculated
through the GIS study. The database should be
consulted for detailed catchment descriptions.
Mean annual runoff and sediment yields have
been calculated to volumes and percentages for
each subcatchment.

The Ka-Muhlaba dam site is located on the
Letsitele River.

The catchment area is approximately 240 km2.
The Letsitele river rises in RSA then flows through
the Ritavi 2 district of Gazankulu.

MAP over the catchment varies from over 1000
mm in the headwater area to about 800 mm at the
dam site.

The Symons Pan evaporation over the catchment
varies from under 1400 mm at the headwaters to
about 1450-rnm at the dam site.

The Mean Annual Runoff (MAR) is estimated to be
55 million m3.

The upper reaches of the catchment area have a
natural cover of North Eastern Mountain Sourveld
vegetation. Approximately 3800 ha of this portion
of the catchment have been afforested. Further
down the river, the natural vegetation type is
Lowveld Sour Bushveid. Some land along the
Letsitele river valley is under intensive dry land
arable farming. Other land is used for grazing and
about 1900 ha of land is under irrigation.

The estimated maximum average sediment yield
for the Letsitele catchment is 360 tons/km2/year.
Therefore, a total sediment load of 4 million tonnes
can be expected to be deposited in the dam,
assuming 100% trap efficiency, over a 45 year
projected economic life of the dam.
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The Mean Annual Runoff (MAR) of the catchment
varies according to the quantity and type of
development in the catchment in addition to the
catchment characteristics. For this investigation a
MAR of 46.0 * 106m3/a has been used.

Flood hydrology as determined by the SANCOLD
Flood Guidelines recommend the following
minimum values for design and safety evaluation
floods for a high dam with a high hazard rating:

Recommended Design Flood (RDF) = 200 yrs
Safety Evaluation Flood (SEF) = 1,7 x RMF

or 1.1 xPMF
Where:

RMF = Regional Maximum Flood
PMF = Probable Maximum Flood

Environmental impact assessment

For the assessment of environmental impacts on
each dam site, a separate dataset was developed.
This may be viewed through ARCVIEW™ by
selecting the PROJECT.AV file. The following is a
summary of what the database shows visually.

Inundation

This is the direct physical impact the dam will have
when most of the basin comprises grazing and dry
land cultivation. Two settlements, Petaneng and
Dan, located in the vicinity of the dam will also be
affected. In the vicinity of the right abutment,
approximately half of the village of Petaneng will
have to be relocated.

The viiiage of Dan is located upstream of the dam
site. The south-western end of the village located
on the left bank of the reservoir will be affected
and will require relocation.

In addition, the R36 from Tzaneen to Lydenburg
and the 11 kVa line between Dan and Leyenye will
have to be re-routed. (See Atlas database for
more information: ARC/VIEW)
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Value impact

(See database and views: ARCVIEW™)

For this study the dam is divided into the
catchment area, dam area, and the iower basin (or
immediate catchment to the downstream reach of
the dam).

The database shows the ecologic, economic and
the social impact on each region. These values
have been determined previously for the broad
catchment area (refer to main report and
database). The methods of value determination
are also discussed in the main report.

Because two dam sites are chosen in the same
catchment, it was found that the lower reaches of
the downstream area are common to both. This is
referred to by the Atlas database as "lower basin
2".

The impacts for each area can be viewed through
ARCVIEW™.

Crystalfontein Dam

(See database and views: ARCVIEW™)

Broad descriptions of the dam site are taken from
the SRK report, impacts are however calculated
through the GIS study.

The dam site is located on the Klein Letaba river.

The catchment area is approximately 1085 km2.
The Klein Letaba river rises in RSA then flows
through Venda and Gazankulu.

MAP over the catchment varies from over
1000 mm in the higher south western parts of the
catchment, about 500 mm in the west, up to
900 mm in the north and about 600 mm over the
eastern portion of the Klein Letaba catchment.
MAP at the dam site is about 700 mm.
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The Symons Pan evaporation over the catchment
varies from about 1500 mm in the west to
1600 mm at the dam site. The upper part of the
catchment is relatively undeveloped and the
natural vegetation cover is Mountain Sourveld and
Lowveld Sour Bushveid. Forestry has been
developed in the headwater area and covers
about 1100 ha. The lower part of the catchment
comprises mixed arable and grazing !and in the
vicinity of the river valley, surrounded by grazing
land further away from the river.

The estimated maximum average sediment yield
for the Klein Letaba catchment is
310 tons/km2/year {see Annexure 16) 15 million
tons can be expected to be deposited in the dam,
assuming 100% trap efficiency, over a 45 year
projected economic life of the dam. (See
database for more information).

The Mean Annual Runoff (MAR) of the catchment
varies according to the quantity and type of
development in the catchment in addition to the
catchment characteristics.

For this investigation a MAR of 44,0 x 106m3/a
has been used.

Flood hydrology as determined by the SANCOLD
Flood Guidelines recommend the following
minimum values for design and safety evaluation
floods for a high dam with a high hazard rating:

Recommended Design Flood (RDF) = 200 yrs
Safety Evaluation Flood (SEF) = 1,5 x RMF

oM.OxPMF
Where:

RMF = Regional Maximum Flood
PMF = Probable Maximum Flood

Current land use in the basin is approximately
75% grazing and 25% dry-land arable. Urban
development in the villages of Caledon and
Wagendrift will be affected for levels above RL520
and RL530 respectively.
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The new road being constructed from Middel
Letaba dam to Wagendrift village will be inundated
and require relocation. This also applies to the
southern most Cabora Bassa powerline.

Value impact

For this study the dam is divided into the
catchment area, dam area, and the lower basin (or
immediate catchment to the downstream reach of
the dam).

The database shows ecologic, economic and
social impacts on each region. These values have
been determined previously for the broad
catchment area (refer to main report and
database). The methods of value determination
are also discussed.

The impacts for each area can be viewed through
ARCVIEW™.

STEP FOUR - ENVIRONMENTAL ATLAS

Before one can understand environmental impacts it is
important to understand the nature of change in the
environment. The Kruger Park Rivers research programme has
indicated that changes to the natural environment is dependent
on an understanding of the dynamics of river systems and the
natural and social processes occuring in their catchments. The
major contributor to change in hydrologic systems results from
two major components.
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These are climatic change and changes in land-use activities.
These two forces affect on the one hand geomorphological
processes resulting from changes to flood peaks, daily f!ow
rates as well as sedimentation patterns, and on the other hand
these changes in turn affect the biological processes giving rise
to changes in life processes, changes in species dynamics and
changes in ecosystems processes.

Changes to the geomorphic processes in turn affect the natural
environment of the river reaches and in turn the habitat
opportunities for the species composition of river reaches.

This step covers the development of the information
management system and in this particular case it is a GIS
based environmental atlas.

There are two basic phases in the development and
implementation of the atlas. Phase one is the development of
the procedures for establishing the atlas and phase two is the
development of procedures for the implementation and
utilisation of the atlas.

An understanding of these procedures is a prerequisite to the
successful implementation of the concept since the
development procedure forms the basis of the utilisation
procedure.

ATLAS Approach

The terminology used is important and will lead to an
understanding of the procedural functioning of the atlas. Each
heading is related to a sequential step in a process used to
develop the atlas and then used in reverse order during
utilisation of the atlas.

The development of geographic information systems (GIS) has
made the establismment of a digital atlas possible, and a good
background understanding of GiS concepts wilt greatly enhance
understanding of the atlas concepts. The advantages of GIS
have led to the realisation that an atlas can be both functional
and practical. The use of GIS tools such as ARCV1EW™ forms
the basis to the approach foilowed in the development of the
atlas procedure.
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Atlas Type

The natural environment functions as an integrated whole with
the various components contributing to the development of
systems termed by ecologists as ecosystems. These systems
can function at various levels leading from macro continental
systems to micro systems such as small coastal dune systems.

To develop an understanding of these systems and how they
function, the systems are normally subdivided and classified
under separate headings. The sequence of these subdivisions
is important to an understanding of each category since
knowledge of each contributes to an understanding of the next
category.

The climatic component of the environment and the physical
component interact and combine with the biological component
to create a framework within which a variety of processes
operate at a variety of scales. To assist in understanding these
systems the atlas is segmented into the following types:

• Climatic (Air)
• Landscape(Land)
• Hydrological (Water)
• Biological (Life)
• Land use (Use)

These five headings are used to create a classification system
for the environmental data inherent to the establishment of the
atlas.

Data Categories

Various categories of information are grouped within each of the
above atias types. These information types are basic to the
atlas concepts as they determine the type of data which will be
collected and entered into the GIS on which the atlas wil! be
based.
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The following data categories are involved:

Atlas type: Air
Temperature
Rainfall
Wind

Atlas type: Land
Geology
Topography
Soils

Atlas type: Water
Catchments
Rivers
Wetlands

Atlas type: Life
Vegetation
Wild life

Atlas type: Land use
Broad land use
Infrastructure

Category Attributes

Each of the data categories listed above has certain descriptive
characteristics or attributes. Geographic features are stored in
the computer as polygons (area features such as geology or
land use), lines (line features such as roads and rivers) or points
{point features such as wells and boreholes). The descriptive or
non-geographic data is stored in database files referred to as
attribute tables.

The geographic features and their attributes are combined or
merged through a GIS overlay procedure to create a landscape
facet database. The landscape facet database constitutes the
heart of the atlas, containing the necessary geographic and
non-geographic information required. Updating of this database
is a prerequisite to its successful implementation and will ensure
an ever increasing and improving information base.
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Attribute Values

The attributes represent characteristics of the environment and
as such represent values when examining environmental
information. The ecological value of a particular attribute might
be that it maintains the functioning of the ecosystem and as
such has ecological benefits. Social attribute values may include
aesthetic or cultural advantages of certain characteristics.
Economic attribute values may point to benefits related to
construction cost or the presence of raw materials. The
existence of infrastructure is an example of an attribute value
which has a bearing on the cost of development.

Attribute values considered for the atlas are listed below:

• Life-supporting processes
• Biological diversity
• Sustainable resources

Aesthetic features
• Cultural features
• Cost of construction
• Existing facilities

Attributes are evaluated through established database
procedures and the results are transferred to the GIS attribute
table. Re-evaluation becomes a relatively simple operation and
can be performed repeatedly during later stages when larger
volumes or higher quality information becomes available. In this
manner the value component of the atlas can be updated or
upgraded at various stages.

When the various values are grouped it becomes clear that in
the list above, the first three values are linked to ecological
values. The second two are social values. The last two are
economic values. The evaluation of these attributes results in
the grouping of values for the following classes.

• Ecological: Life-supporting, biological diversity and
sustainable resource values

• Economic: • Construction costs and existing facilities
values

• Social: Aesthetic and cultural feature values
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Land Use

The values of each of the attributes within each of the
landscape facets for each value class are now linked to each of
the atlas land use types. These values determine the
opportunities or constraints within each of the landscape facets
for the various land use types.

The following land use type opportunities or constraints are
used in the atlas:

• Conservation Ecological and social values

• Agriculture Economic values

• Development Economic values

Atlas Types

The results of developing opportunities and constraints for each
land use type are now presented for each for the atlas types
such as air, water, land, life and land use.

Atlas

The final linking of the various atlas classes constitute the final
atlas. The flow diagram illustrates the various steps discussed
above.

This flow diagram is essential to understanding the procedures
to be followed during phase two of the atlas, the implementation
phase. The final step in the development procedure would
become the first step in the implementation procedure when the
atlas is utilised. (See Figure 2, page 28)
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UTILISATION PROCEDURE

The development procedure allows for two completely different
methods of utilisation. Firstly, the atlas can be utilised as a
series of printed maps representing opportunities and
constraints of the various atlas land use types. Secondly, the
atlas can be utilised as a ful! GIS database accessed through
the use of GIS viewing tools such as ARCViEW™ through which
complex queries and analyses can be performed and the
impacts of different projects be determined. These two methods
are discussed below.

Step one: Opportunities and Constraints Maps

In this instance three separate map sets representing
conservation opportunities,, development constraints and
agricultural constraints respectively, can be made
available at any scale, according to requirements. In this
format the user would simply identify a parcel of land
affected by the project on a standard map and after
locating this parcel on the atlas map set, would identify
the number of opportunities or constraints for each of the
three main land-use types. This method is low key in
nature and does not require a computer platform or any
knowledge of GIS. It is envisaged that this method of
using the atlas could be popular, although the user will be
responsible for the cost of printing.

Step two: GIS Viewing method

The second method of using the atlas is more complex
but much more powerful and will allow the user access to
the GIS database through the use of GIS viewing
software such as ARCVIEW™. In this specific method
two approaches in the utilisation of the GIS database can
be followed.

The first approach will be that the user will extract
information pertaining to an identified land parcel in terms
of the three atlas land use types and their associated
opportunities-and constraints.
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Through this query procedure the user will be able to
extract:

• all the attributes of each of the data categories.

• the number of opportunities or constraints for each
atlas type and each of the three atlas land use
categories.

• a description of reasons for the allocation of
opportunities or constraints for each atlas type and
land use category.

In the second approach the user would identify certain
requirements in terms of the demand for conservation,
agriculture or development, or combinations of these land
use types. Through the use of GIS viewing software the
user could query the database requesting parcels of land
with high opportunities or low constraints for a specific
land use. The GIS viewing tool would then search the
database and highlight ail the parcels of land meeting the
required criteria, if any.

For example,, the user could query the system to identify
parcels of land with few development constraints as weli
as few conservation opportunities. This would yield land
with development potential and low environmental
impact, suitable for water resource development.

STEP FIVE - PROPOSAL CLASSIFICATION

This important step in the procedure determines which of the
three intensities of impact assessment should be conducted.
Three forms of assessment are suggested.

No assessment
This occurs where no formal assessment is
necessary as the project does not affect the list of
environmental characteristics or is classified under
the list of activities.

35



Initial assessment
This occurs where the project is listed under the
previously mentioned tables or whether
uncertainty with regard to the severity of impact
exists.

Impact assessment
This occurs rarely and will only be conducted if it is
certain that significant environmental impacts will
result from implementation of one of the proposed
alternatives. This would be common to water
resources development projects.

STEP SIX - IMPACT ASSESSMENT

It is during this step that the ROIP procedure is integrated into
the proposed IEM process. The following four series of
investigations are completed. These are:

Scoping
Scoping is undertaken to determine which issues
should be investigated during the impact
assessment. Scoping can be conducted by
reviewing previous studies to determine potential
and theoretical impacts.

It can also be undertaken by interaction with the
interested and affected parties to determine
whether any other issues need to be addressed.
Scoping forms an important part of the interaction
with the interested and affected parties and
contributes to acceptance of results by these
parties.
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The potential environmental impacts have been
determined in studies conducted for the
Department of Water Affairs and Forestry such as
the transfer scheme for the Mhiatuze river in Natal.

Direct on-site impacts
Basin inundation
Reduction of daily flow rates
Reduction of frequency and extent of
flood peaks
Reduction of sediment yield

Indirect downstream impacts
Changes to fluvial geomorphology
Changes in chemical properties
Changes in physical properties
Changes to biological components

Environmental Impacts
The ROIP procedure identifies the following
actions. Initially the source of data and the degree
of confidence is determined. Thereafter the
severity of the impact as we!l as the confidence in
this severity decision is determined. Thereafter
the mitigation measures as well as the confidence
in these measures are determined. The finaf step
in the ROIP procedure is to determine the severity
of the impact after mitigation. This evaluation is
forwarded to the project alternatives to be dealt
with during redesign or forwarded to the next step,
recommendations.
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STEP SEVEN - RECOMMENDATIONS

The proposal contains an additional step to the adapted IEM
procedure and suggest that recommendations resulting from the
impact assessment can be dealt with in a variety of formats.
These are so different in nature that a separate step is needed
to illustrate these measures. These can be dealt with under the
following headings.

The preferred alternative
The most obvious result leading from the impact
assessment is to select the alternative with the
least number of severe impacts.

Alignment alterations
If this is not possible due to loss in capacity of the
project then changes to alignments or positions
can be included in the planning exercise to reduce
the identified severe impacts.

Design alterations
The next suitable measure is to alter the design
specifications for the various components of the
project resulting in these severe impacts.

Mitigation measures
If none of the above are possible then we would
suggest that mitigation measures be applied
through management techniques. Correct
management techniques could go a long way to
reducing the severity of environmental impacts.

Any of the above recommendations could result in a
return to Step 3: Project Alternatives and a cyclic series
of actions will result until the final report is completed and
presented for the review phase.
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CHAPTER 2 - INFORMATION MANAGEMENT AND TECHNOLOGY
TRANSFER

INFORMATION MANAGEMENT AND TECHNOLOGY TRANSFER

INTRODUCTION AND BACKGROUND

The timeous and efficient execution of this project was largely due to the
application of available technology in an appropriate manner in order to arrive
at its conclusion. Advancement in information systems technology has gained
rapid momentum during the last 5 years, and in particular, advancements in
geographic information systems technology (GIS) were most notable.
Researchers have been presented with more information processing tools
than many can hope to utilise, and this situation is further complicated by the
diversity of hardware and software platforms for GIS, insufficient volumes of
digital data, duplication of effort in respect of data capture and processing,
problems with existing digital data such as scale, resolution and detail level,
copyright implications as well as a lack of general direction as to how
technology is to be harnessed for effective use. It would seem as if most have
been overwhelmed by technological progress and are uncertain as to
utilisation of this technology and its application to their own field of research
expertise without having to acquire vast amounts of computer expertise as
well.

Researchers are further often subjected to the temptation of additional or
derived benefits offered through use of computerised information systems, to
the extent that it becomes easy to be deviated from original research or other
goals simply because technology offers solutions to problems which might not
have formed part of the original research proposal or which fall beyond the
scope of the researcher's field of expertise. A situation of information
management becoming the project goal in itself, or redirecting the entire
research project can thus arise, generally with adverse implications. It was of
utmost importance, therefore, to keep project goals and objectives clear and
in pace with technology. This project has indeed shown that appropriate
application of technology and its utilisation for other research is quite feasible.
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INFORMATION SYSTEM GOAL (AIM)

The singular goal of the information management system is to provide a
digital database on a suitable platform to enable efficient data capture,
storage, retrieval, processing, dissemination and analysis in order to meet
first of all the needs of researchers for this project in particular, and in the
second instance also meet the needs of others such as other research
projects, decision makers and interested or affected parties.

INFORMATION SYSTEM OBJECTIVES

The following objectives have been identified for execution of the project in
order to attain the project goal:

• System definition

• Determination of information system requirements for the project

• Investigation into available technology and expertise.

• Selection and acquisition of appropriate system.

• Database design and system implementation.

• Data acquisition, capture and conversion.

• Development of database and analysis.

• Evaluation of results and database refinement.

• Ongoing investigation into technology updates.

• Final decision support system, reporting and technology transfer.
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INFORMATION SYSTEM TASKS

System definition

A thorough investigation and definition of the proposed system (technology)
had to be undertaken before commencement of the project in order to assure
its eventual success and efficiency. This included all aspects of technology
which comprises the following components:

• Information system tools

These include all computer hardware such as central processing
units, screens, keyboards, storage devices and interfacing, and
peripheral equipment such as digitizers and plotters, as well as
computer software which comprises the entire range of required
software ranging from operating system software through
geographic and alphanumeric database software to specialised
application software.

• Information system management

This includes expertise and knowledge of skill as well as the
processes and procedures required to operate and manage the
system efficiently.

• Data and information

This is probably the most crucial component and constitutes the
real capital investment in the system. Establishment of an
appropriately structured and economicai database is without doubt
the most daunting task facing any project team since it is this
aspect of the system which has the greatest potential for causing
system inefficiency and/or failure.

• System support and training

This includes hardware and software support and training, as well
as subject matter expertise enhancement, which is a process that
continues throughout operation and utilisation of the system.
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Determination of information system requirements

Requirements in respect of the information system were initially grouped into
the following categories:

• Functionality.

The functionality of the system includes its ability to effect data
capture, storage, retrieval, manipulation and analysis, output and
reporting as well as the capability to integrate the human and
machine components i.e. computer hardware and software with
other system components including expertise, management and
system support in order to effect a successful and cost effective
system. The bottom line for requirements in respect of functionality
was that the system should conform to all defined criteria as per the
project goal, and deficiencies could be overcome without
unnecessary and costly effort. This project required fairly advanced
analytical capability of the system which narrowed the choice both
in terms of the human and machine components significantly, and
necessitated extensive investigation and evaluation.

Requirements in respect of functionality did not remain static during
the four years of project execution, but evolved through utilisation
of the system in accordance with other project components,
continually placing a greater burden on existing resources. This
was fortunately met with an unprecedented upsurge in
advancement in the field of geographic information systems
technology. Aspects that were lacking in regard to system capability
were addressed through in-house development of software,
expertise, techniques, processes and procedures. Special attention
was given throughout to the aspect of controlling system-generated
project requirements and their impact on the project.

• Affordability

The information management system had to be affordable in terms
of the total project budget, which included a fair proportion of funds
allocated to this aspect. Although the cost of technology has shown
a real trend downwards since commencement of the project,
geographic information systems technology was excessively
expensive in 1990 and is generally still considered to be an
expensive tool.

The system also had to affordable in terms of its other components
i.e. management, support and data.
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Cost efficiency

Cost efficiency of the information system is probably the most
difficult aspect to determine since it involves not only initial cost and
budget figures for system tools, personnel and management, but
also has to take into account productivity of the system as well as
derived or perceived benefit from its utilisation. Since the latter is
largely a matter of opinion, requirements in regard to cost
effectiveness were initially limited to aspects such as repeated
usage of information for multiple analyses, automating tedious or
repetitive tasks, increased speed of operation and rate of research
goal achievement, or better data management techniques.

Ease of operation (user friendliness)

Technology offered little in terms of easy, user-friendly GIS tools at
the time when the project commenced during 1990, and
requirements in this regard were proportionally scaled down and
positioned at the lower end of the list. Extensive usage and
utilisation of GIS technology was limited to a few researchers with
an inordinate amount of computer expertise, and this situation was
to continue until market pressures started to influence a trend
towards more generally accessible systems and a reduced
requirement for unnecessary complementary knowledge.

Investigation into available technology and selection of appropriate
system

Investigation into available technology had originally started prior to the
project proposal stage, as part of a wider system research exercise, and was
concluded wel! before commencement of the project in 1990. The
components of the system were investigated and selection made as follows.

• System tools {hardware and software)

The development of GIS was undergoing rapid advancement and a
variety of products became available at the time. The leading
products were mostly mainframe and mini-computer based and
were subsequently very costly. The choice of ARC/INFO™ GIS
software both on UNIX- and DOS platforms was largely influenced
by the fact that the hardware/software combination offered the best
solution to project demands and that major installations had already
been effected at organisations such as the Department of Water
Affairs and Forestry and Geological Survey. Although the total
hardware/software cost was higher than originally budgeted for
{approximately R200000), the selection of ARC/INFO™ was
deemed the appropriate platform, a choice that has subsequently
been proved correct.
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Management and support

Although appropriate GIS and related expertise was a scarce
commodity in 1990, the project was fortunate enough to attract
suitable expert knowledge and management skills. The project
team consisted of the following five members:

Project leader
System manager
Administrative assistant
GiS operators (2)

Completion of the initial database allowed for reduction of some of
the full-time project staff to part-time in order to balance the budget
to compensate for higher than anticipated expenditure on system
hardware and software. Hardware and software support and
training was effected both in-house and through maintenance
support contracts with vendors.

Database design and system implementation

The design of the geographic and alphanumeric database is based on and
implemented as an ARC/INFO™ integrated data model which comprises a
spatial database and relational database management system (RDBMS).
Design of the individual database elements was implemented with as high a
level of uniformity in order to effect the maximum degree of efficiency when
utilising the information for analysis.

Implementation of the system consisted of the total spectrum of system
components and elements such as hardware/software implementation,
appointment and training of personnel as well as implementation of project
objectives as system procedures and working protocols, initial system
implementation to the level of an operational information management system
took approximately 3 months, which can be considered as a relatively short
period of time.

Data acquisition, capture and conversion

Acquisition and capture of data was identified as the most critical project
requirement since virtually none of the total number of project activities could
proceed without the establismment of the information base. In view of the
initial unavailability of required data, the largest proportion thereof was
captured in-house. A policy of "insufficient data better than none" was
adopted in order to facilitate project momentum, and as the project
progressed and contact was established with other research organisations
and project leaders, exchange of data became possible.
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The greatest challenge in the field of data exchange was to overcome a
prevailing unwillingness among organisations and individuals to make their
digital data available to others, and contact had to be established along a
broad front to effect trust between negotiating parties and to change attitudes
from isolationism to co-operation and sharing of data. The variety of
implemented systems necessitated conversion of data to and from a variety
of required formats, and has contributed towards an extension of possibilities
for acquisition and updating databases.

Development of database and analysis

Establishment of sufficient volumes of data captured in the system enabled
development of a database structure. The final database is structured as
follows:

• Land database

The land database comprises the following data categories:
Geology
Land form
Landtypes and Soils
Sediment yields

• Water database

The water database comprises the following data categories:
Water courses (rivers)
Watersheds (catchment boundaries)

• Air database

The air database comprises the following data categories:
Rainfall
Temperature
Evapo-transpiration

• Land use database

The land use database comprises the following data categories:
Broad land use
Infrastructure such as existing towns, roads, railway lines, etc

• Life database

The life database comprises the following data categories:
Vegetation (land cover)
Wildlife
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All of the databases were processed and analysed through a variety of
geographic manipulation and analysis techniques such as geographic
merges, intersects and reselections to establish a land facet database which
forms the core of the information base on which the project depends.

Evaluation of results and database refinement

Evaluation of the database and analysis have been identified as continuous
processes that would be executed over the total project duration. Data sets
which were established during the initial stages of the project were almost
without exception subject to corrections and updating, and these were carried
out as new or updated information surfaced or quality control procedures
revealed problems or errors. Database refinement in terms of scale of
capture was also applied in certain instances as better information became
available.

Ongoing investigation into technology updates

Investigation into technological progress and advancement is another project
task which was identified as a high priority continuous process of this project.
All aspects of the information management system but specifically hardware,
software and techniques were continuously reviewed and updated. Rapid
changes to hardware and software platforms were experienced during the
course of the project duration, none of which were budgeted for in the original
project proposal. This project was able, however, to benefit from the
infrastructure already established at the data processing facility in that
technology updates funded through other projects were implemented without
any cost implication to this project. This has illustrated the importance of a
sufficient project base for any research institution in order to be able to
distribute cost and benefit of technological progress to projects in a balanced
manner.

Several updates of hardware and software as well as additional equipment
and other application software were acquired or developed during project
execution. This includes a broad spectrum of GIS, CAD and engineering
application software, the latest technology mini- and micro computer
equipment and peripheral equipment such as colour output devices.

46



Final decision support system, reporting and technology transfer

The project decision support system is embodied in the combination of an
80486 type micro computer platform with user-friendly GIS data viewing and
querying software (ARCV1EW™ Release 1.0 from ESRI, California, USA) and
the land facet database, together with appropriate data view files and
abbreviated project report documentation. This decision support system
constitutes the combination of information and expertise, and is probably the
first in this field to be provided as project end product.

The decision support system can be transferred in various combinations of its
components or in its entirety as an integrated project end product. It is
envisaged that the most practical and economical method of transfer of
technology from this project to other researchers or potential users is to
provide a digital copy of the land facet database and view files together with
the abbreviated project report. This includes a detailed database description
as well as instructions for installation of the database and utilisation
procedures. Users will have to provide their own hardware and software
base, and in this manner the other components of technology in this instance
i.e. information, expertise, processes and procedures can be transferred
successfully.

CHAPTER 3 - ENVIRONMENTAL RESEARCH

Environmental research forms an integral part of the whole programme as it
is in this area of research that the data is gathered and captured. The
information management and decision support model is dependent on this
information. As the Kruger Park Rivers research programme has already
been in operation for a number of years most of the research has already
been conducted or is in the process of being completed. In the case of our
research programme we have not conducted any new research but depend
on existing programmes.

The important point with research however is the fact that research is not
developed in isolation but is dependent upon the goals and objectives stated
in the decision support system model.
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Other roadi
DryLand+

Other rsadi
Dryland,

Secondary rd.
Dryland.
Mutt
Building

Cahara Balsa
l l m .

Kousci
DrylJryJ.



POTENTIAL DAHSIIES

SITE

HO

CLIO

KL11

KH2

KLI3

KL14

a is

KL1A

SLI7

ma

SHE NAME

Hldd.lpL.tl

Cryscal-
(onttln

Hi-Mabldi

Kanupuva

Basani

Tthivhulana

Ki-Havalanl

Husukhomu

Khakhtla

5I1E

RA1E

9

20

17

K

4

4

3

2

1

RIVER

Tihltituke

Klein
Lttaba

Klctn

Litab*

Klein
Lttiba

Irlb. Klein
letaba

Hjnm.1

Chanbana

MSO.T-S

LONG

LAT

JO 22'

23 13'

30 24"

23 It'

30 29'

23 15'

30 33'

23 IB'

30 31'

23 19'

3D 19'

23 12'

30 U '

23 It'

30 4o'

23 13'

30 50'

23 SB'

CATCHH

AREA

(km2)

105

10SS

29(0

3115

45

160

240

55

430

SEGIOIt

fLOQO

Cm3/j)

1350

4U0

6B70

900

U50

2000

990

HEAD

AHIIUAl

RUNOFF

(Hm3)

3

U

sa

1

2.5

3.5

1

5.5

CAP/

HAR

CX)

300

230

170

160

300

400

100

300

300

VOLUHE

STORAGE

VOLUHE

EHBAHKH
FILL

29

142

BO

BO

K

b

S

5

19

GEOLOGY

FORMA! 1011 /

COMPLEX

Goudplaots
Gneiss

VSJ

Schlel

Zfl/Ibu

Goudplaots
Gnelsi /
Dardcrllertop

23
Goudplaacs
Gneiss

Ciyani group

2yB

Glyonl Group

Z9
Coudplonis
Gne i ss

Zg/lyo
Caudploncs
Gneiss/
Glynnl group

Zya

Gly^nl group

PREDOHIHME
UEA1HEAIMG
HECHAHI5H

Chemical /

Hcchanlcat

Checilca! /
Hechanlcal

Chemtcil /
Hechanlcal

ChctnlcnS /
Hechonicul

Hcchanlcul

Chemical/
Hcchonical

Chemical/
Hcclionicol

Cheinlcol/
Hcchonicnl

Chrmlcnl/

Mechanical

POIEIItlAL
IOJUDAI inn

PROOLEHS

VirlnbU depth
Collapsable soil
Deep Altuvlun

Variable depth
Collapsable soil
Deep Alluvium

VtrlabU depth
Collapsable soil
Deep Alluvlun

Variable depth
Collapsable sail
Deep Al luvlun

Perircibll 1 cy

Schlstbands

flow along regio

structure

Schist lonci
Pern««bil 1 ty
Variable a^pih

Variable depth

Ptrnwabll 1 ty

Vorlable depth
Sell 1st tones
Permetbll [ty
SIIp planes

Schist iones

Permeability

Variable depth

POTEPJllAL
COItSl RUCTION

HATEflAL
PBOBLEHS

Inpervious

Hack

Inpervloui

Sock

Inpcrvlouj

Rock

Saod

5tial low soil

Shallow saiI

Impervious

shallow soil

shaltou soil

Shallow soil

IKfRA-

STRUCIURE

WEAR

ROAD

(km)

1

1

2

2

1

1

2

5

2

NEAR
POWE
(km)

6

5

7

7

2

3

a

6

6

L1HITATI0US TO SITE

1HPACT
OH EHVI
ROHHEHT

Lou

LOM

Lou

Low

illgll

High

Lou to
Medium

High

Hedlun

to High

DISRUPTION Of
FLOV TO

DOUNSTREAH
USERS

Hone

D ore)tic
Irrigation •

Dcxnesci c

Irrigation

OonieiMc
1rrlgacion

Hone

DOTCJIIC

Ocmcillc

OotKitU

Doncstlc

IHUHOATIOH OF

SERVICES AHO

PROPERTY

Oryland.

Cihori Baiti
lint.

Dryland.

Sccondiry rd.

Drylind.
Oihtr roads
Major canal

Dryland.
Secondary rd.
Major canal
Mice

Other roadi

Dryland.

None

Hotisei

Secondary raid

Hone

Dryland

Acctn road

Secondary road

Settletwnt



POTENTIAL OAHSIIES

SITE

MO

a i 9

a 20

a 21

KL22

KL23

MIDI

HID;

H103

HI 04

SHE HAKE

Ka-Hspayenl

Ka-Hkomo

Vuheh l l

Kocene

Hacetse

Bronkhan1*
fontcIn

Grootrlvler

Rotterdam

Amsterdam

SHE
RATE

7

B

13

17

15

0

1

7

10

RIVER

KUIn
Utaba

Klein
tetnbn

KUIn
Lctab*

KUIn
Lelabs

KUIn
letiba

Hlddel
Lcloba

JCocdDes

Koedoes

Hliukodulil

10HG

l A f

30 49'

23 2 1 '

30 50'

23 2o'

30 53'

23 25'

31 0 V

23 29'

31 07'

23 34'

30 0 5 '

23 3 1 '

10 11'

23 32'

30 16'

23 27'

30 IB '

23 24 >

CAICIIH
AREA

[fcm2)

3595

3710

3770

4850

5350

375

320

710

740

REGIOJI

HAX

fLOOO

(«3/s)

7360

7490

7530

7700

0070

24 90

2300

3300

3450

HEAII
ANNUAL
RUHOFF

(Min3)

69.5

70

70

70

no

a

6

12

13

CAP/
HAD

(X)

140

75

HO

125

125

300

300

30D

300

VOLUME
SI ORACE

VOLUME
EHDANKH

FILL

3

U

31

60

129

a

n

u

26

GEOLOGr

rORKMlON /
COMPLEX

zy°
Giyani group

Z9
Goudplouis
Cntis5

It
GoudpUats
Gneiss

is
Coudplnnts
tneiss

Goudplnals
Gneiss

GOLKlplnnl!
Gneiss

Coudpln^ts
Gneiss

is
Goudplaai s
Gneiss

la
GaudplnotS
Gneiss

PRE0QH1IIA1E
WEATHER DID
HECKAM15H

Cl icmicol /
Hcchanical

Chemical/
Hcchonlcnl

Hoctionlcot

Hcdlianicnl

Hcclmnlcnl

Chcmi ca l /
Hcchnnient

tieclionl tol

Chernicul/
Hcchanicai

Chcnii C D I /

PO1EHUAL
fOJPIOAlnlrl
PRQ0UMS

Sclii'it tanES
Permeabllily
Variable depth

Diabase rifles
Variable depth

Diabase dykes
Shear loncs
Variable depth

Diabuse dykes
Shear (ones
VaridUle depili

Diabase dykes
Variable depth

Variable depth
Mou Along
reglonnt
itruciure

Variable dcplli
Flow along
regional
structure

Variable depth
flou along
regional
s tructure

Variable deptlt

regional
structure

P0IE1IIIAL
COJIS1RUCII0II

HftlERAL
PKODLEHS

Slial lDu s o i l

Impervious
rack
Sha l lou s a i l

Impervious
rack
Shol lou s o i l

Impervlous
rock
Sha l l DM s o i l

Impervious
rock
ShalLaw s a i l

Suet
Sand

R o d

Rock

Rack

1JITRA-
S1SUCTURE

HEAR
ROAD

(km)

3

3

I

1

1

1

2

2.

1

HEAR

POUE

(km)

15

17

25

30

30

i

15

11

11

U M I U I l O l t S 10 SITE

IHPACI

OH EHV1

SOHHEWI

Low l a

Hedlun

Lou

Law to

Hedlum

Law

High

M1 gli

High

Low

low

DISRUPIIOI I OF

fLCW TO

0DUHS1REAH

USERS

Oonest Ic

Dnneit I t

Dorncitlc

KMP

CHP

I r r igat ion

Irr igat ion

Domestic

Domestic

1rr1 go tIon

IHUMOAliOH o;
SERVICES ADO
PRop£»ir

I r r lg t t lon

Dryland
Settlement!
Acceti roaii]
Secondary raid

Dryland
Acceti road

Dryland

Huts

Accel] roads

CHP
Hull

Acceu road
Mil In rood
Pulldlngi
Irrigation

Irrigation
Vineyards
Other rood

Secondary road
Dryland

Dryland



POIEHTUL DAHSI1ES

SHE
NO

HI05

GUI

GR2

CD]

cm

GR5

cn&

GR7

GRfl

51 IE NAME

Konlngskroon

Grey H l i l

Goed-
vertrouwtn

Ihtbeno

Rondefonuln

Phoenix

Crcnihock

Vtrgelegen

SHE
RAIE

7

5

5

5

5

2

2

0

• 6

RIVER

Hlcfctel
Letaba

ttrocvn

Drocder-
itraom

flrocder-
itroan

Helpnelmr

Itelprwtoar

Hclpmekair

Irlb. of
Politil

Croat
Letubi

LONG

LAI

30 111'

S3 22'

29 57 '

23 50'

29 57 '

23 S I '

2V 57 '

23 54'

19 59 '

23 52 '

29 59 '

2J 5 3 '

29 59 '

23 54'

30 0 5 '

23 44 '

30 04"

23 52 '

CAFCIIH
AREA

Ck»2)

735

25

40

70

10

12

19

10

320

REGION
HAX

rtooo

(m3/D

3'.30

AOD

050

1110

440

too

400

(40

2300

MEAH
AIIHUAL
RUfiorr

10

12

15

23

3

3.5

5.5

3

00

CAP/

HAR

(X)
300

300

300

300

300

300

200

300

125

V0LUJ1E
SIORAGE

VOLUME
EHdAJIllH

f l t L

25

30

49

47

25

ia

25

9

so

QEOLOGIT

FDAMAIIOII /

ID
CoudpL••ts
Gneiss

lQ
Gaudplont s
Gneiss

Comfplnnls
Cnclss

la
Goudplnnls
Gneiss

Zg/Vta
GoudpL no Is
Gneiss/
Granite

Zg/VlD
GOLfdpi IlQtS
Gneiss/
Granite

Vlg
Cronlle

Vlp/Vt
Granite

V l 9

Crcnlte

I'REDOHIHAIE
UEAIHERIIIG
MECIWHISH

Cli cm 1 c o l /
Hcchantcil

Chcmlco 1

Clicrelqnl

Cheinicol

Chemical

Chemical

Chcmlcal

Chemical

Cheinicol

POUII IUL
f0UH0A[[Dli
PRODLEHS

Varloble depth
Flou along
regional
structure

Diabase dykes
Deep t varlnblc
Collapsible soi l
flow / / reg stru

Diabase dylccs
Deep 1 varlnblc
Collapsible soi l
flow / / reg airu

Deep L varloble
Collapsible sai l
Corcstoncs
Dlabuse dykes

Peep 1 variable
Collapsible sol 1
Carcstones
Diabase dykes

Diabase dykes
Deep t varlnblc
Collapsiblc so i l
Flow / / reg s t ru

Peep col lapsible
soi ls
Flou along rcglo
structures

Deep coltapj tble
sai ls
Dlabaic dyi.es

Deep cul lapslblc
s a i l s . Diabase' d
Flou / / 1 mnccn
I IncninenE

rolEIMUl
COIISTRUCt 10U

HAIERAL
TflODLEMS

Hock

Rock
Snnd

Rack
Sard

Rock
Sand

Sond

Snnd

Sand

Sand

Snlxl

INTJtA-
SIRUC1URE

llfAS
ROAD
(km)

2

1

1

1

1

1

1

1

J

HEAR
PQUE
(km)

9

19

17

14

12

9

a

15

12

U H I U T I O H 5 10 SHE

IHPAC!
Oil EIIVI
ROJIHEHI

III oil

High

High

High

High

High

High

Hlgii

High

DISRUI'l ION OF
FLDU 1Q

DOUHSIREAM
USERS

Domestic
I r r i g a t i o n

domestic
Irrigation

Dcneit Ic
Irrigation

Domestic
Irr lgi t lon

Ooniect Ic
Irrigation

Domestic
Irrigation

Oomeittc
Irrigation

IrrlgatIon
DementIc

Irrigation

1HUHDATI0H OF
SERVICES AND
PROPER IT

Dry I arid

Farm iceen
foreit
Buildings

firm acceil
foreit
Oryland

Secondary road
Foreit
Dryland
Buildings

Form tcceu
foreit
Drylind
leitphone Lines

Access ri>ad
Forest
Sulldlngt
Telephone Lines

Acceti road
Farm houie
Pleasure resort
Foreit

foreit
Acceii road
Irrigation

Secondiry roid
Orchards forest
Canal
Other road



POTENTIAL OAHSI1ES

S H E
MO

GR9

GRID

can

CR12

CH13

en 14

cms

CRI7

SHE HAKE

Compiles
Glen

Dterpnrt A

De«rpark B

Hutnltwa

Li HDIti

Delhi

Ja>)

Li p* r l i i A

Li farina B

SITE
RATE

A

0

3

0

7

11

K

a

7

RtVER

Selokuc

Hwsncdil

Kusncdii

Hwantdd

Huonctttl

Groat
Letabn

Croat
Lettbo

Leruittou

Leruntloa

LOHG

IAT

30 1 1 '

23 4 4 '

30 17 '

23 4 3 '

30 20'

23 43 •

30 2 4 '

23 4 5 '

30 2B '

23 4 4 '

30 2 5 '

23 5 0 '

30 3 2 '

23 4 4 '

30 3 3 '

23 4 1 '

30 3 5 '

23 4 1 '

CA1C1IH
AREA

(km2)

35

50

130

220

360

1400

19BO

175

105

REGION

FIOGO

tm3/s)

Q00

950

1500

1920

2440

<6u0

S53O

1720

1770

KEAM
AIIIIUAL
DUHQFr

[Hm3)

B

4

9

10

12

210

22S

2

2

CAP/
HAfi

(X)

300

300

300

300

30O

50

25

500

500

VOLUME
SI ORAGE

VOIUHC
EttDMIfH

f l L L

10

U

14

9

17

la

90

26

in

GEOLOGT

fORHATIOII /
CDHPLCX

VI g
Granite

Vlg
Grimi tc

Vlg
Granite

vlg/Zo
Grnnlte/
GatxJpl am s
Gneiss

Jo
Gaudplnais
Gneiss

flrn

CaiipLcA

2g
Goudplnnts
Gneiss

Zg/Zyo
Goudplaals
Gneiss/
Giyani Croup

Zg
Gaudplan Is
Gneiss

PREOOHIDAIE
UEAlMERIKG
HECIIAIIISH

Cticmicol

Chemical/
Hechonlcol

Chemical/
ticclinilic.il

Hcehanicnt

Hcchnnico!

Clictnlcnl/
Heclianlcal

Hcchonlcnl

Hcchnnical

Mcchnni cal

rolENMiU
fOUIIDAIIOII
PRQDLEHS

Deep collnpslblc
so i l s , Dlnbasi; d
Flow / / Izanccn
1 Incan.cnt

Deep collnpslblc
s o i l :
flaw along rcgia
structures

Hodcrotcly deep
col 1aps Lblc i a i I
CDrestones
Diabnr*c II^VCK

VarUble depth
Diabase d(•>.(.•;

Variable depth
Diabase dykes

Moderately deep
Deep al luvlun
Flou along rcgla
structures

A11 uv 1 un
OlabAsc dykes
Variable depth

Schist iones
SI Ip planes
DUbase dykes
Pcrmcnbl1 I ty

Diabase dykes
Variable depth

POIEHTISL
COItSWCI 1011

HA1ERAL
PRODLEHS

Sand

5.1 nd

Rock

Rack

Rock

Bock.

linpervlous
Rack
Shallow s a l )

Inpcrvlous
Bock
Shallow s a i l

lapervious
Rock
Shal1OJ s o i l

IIIFRA-
SIRUC1URE

HEAR
ROAD
(km)

1

1

1

1

1

1

I

1

1

KEAR
POUE
(km)

4

10

11

10

3

2

4

7

5

U H I T M I O I I S 10 SITE

IHPACI
OH EllVI
ROIInlKT

II1 nil

High

High

Lou

Medium

Medium

Hediun

LDW

Lax

DISRUPTION OF
fLCW TO

DCWHSTREAH
USERS

Domestic
I r r i g a t i o n

I r r i g a t i o n

t r r i g a t I o n

Hone

I r r i g a t i o n

Domestic
I r r i g a t i o n

I r r i g a t i o n

I r r lgac lan

I r r i g a t i o n

1NUHDAIIOH OF
SERVICES AHO
PROPERIT

foreit
Access road

Orchards
Access road
Dryland
BuiIdings

Orchards
Sulldlngi
Dryland

Village
Dryland

Secondary road
Orchard
Farm house
Dryland

Power line
Road - all type
Irrigation
BuiIdlngi

Irrigation
Orchards
Secondary roads
Buildings

Koujei
OryUnd

toad
Dryland



P0IEM1IAL OAHS1TES

SHE
NO

CRIB

GK19

GR2O

GR21

CR22

CR23

GR24

C«2S

GR26

S I T E Hf.Hl

HOMB

ConstantU A

Const ant is 8

Kins Hcrensky

Grooifomeln

Vygeboom

Honduene

tromrlvler-
lonteln

Stcrklontc In,

SUE
RA1E

0

7

7

0

•2

5

14

4

7

RIVER

Hcrckomo

HerekDOK

Groat
Let aba

Hasliuel

Lcnyenyc

Rcshcwclc

Groot
Lctobn

H o l o t o t s i

Holotocsi

LOMG

LAT

30 34 '

23 37 '

30 3B'

23 3fl'

30 40'

23 39'

30 42'

23 4 1 '

30 40 '

23 44'

30 43'

23 44'

30 52 '

23 4 1 '

30 24'

23 32 '

30 2fl'

23 2fl'

CATCIIh
AREA

Um2]

160

22S

2530

20

50

30

3000

!40

33S

REGIOM
HAX

ROOD

(oJ/sl

1650

If 50

£200

AID

910

no

6000

mo

2310

HEAil
ANNUAL
RUIIOFF

(Hm3)

2

J

226

.2

.5

.3

222

6

J

CAP/
MR

(X)

SOD

300

50

500

20O

30O

25

]0O

30D

VOLUHE
SIOHACE

VDIUHE
EMHAIIKH

FILL

20

14

1

0

14

5

I

0

(•a

10

2)

CEOLOCT

roim/moij /
COHPLU

Zg/Be
tlDudpln.nl 5
Gncl5S/E i t find
Cronile

Zg/Iya
GoudplnDls
Gneiss/
Clyoni Group

Z9
Goixlpl oiil.i
Gneiss

Zg/dl
Goudpl.l.lts
Gnclss/Qliick
Hi l ls &rYn

ig/di
Gaixipl tint S
Cncl55/Dl.n:l.
Hi l ls clriL'

Ja '
GOLKJJII n^t5

Gnc i 55

Zg
Caudp\nal s
Gneiss

ig/Vlg
GOLJLipl fipT t %

Gneiss/
Croni I I -

Gaudpln^t s
Gnc i S5

NIEOOKIIIAtE
UEAlllEHIKC
HEC1IAHI5H

Hccli.iiucol

Hcclionicol

Mechanical

Hcchonlcal

Hcclinnicol

Hcchnnical

Hcclinnlcal

Chcmi ci\ I
rtcnli.Kii c.i L

Hcchnni cal

I'OILlll |AL
fDUHDA1lOK
PROOLEHS

Olnbnsc l i /kc i
Varioblc ilirptli

Schist lone 51ip
ploncs, Oinbiisc
dykes, Pcnncnhil
Sheer tones

Alluvlun
DUbnjc riytc-.
Variable dcptli

Olubir c dykee

Qisbasc dykL'S

Diabase dykes

M l u v u n i
Diabase dykes
Variable dcplli
Flou / / rcg s i ru

Vnrlnblc tlcplh
Al 1 uvl tin
1 innccn \ incnuiL-n

Variable depth
Alluviun
1 tonccn 1 [ne.ninen

I'OHIIIIAL
C0IIS1 RUCtl Oil

H/lIERAL
PR0DLEH5

Upervious
Roci.
Shnllow soil

impcrvlEos
Rack
Shallou soil

lnTpcrvlous
Rock
SI IQUOH call

Upcrvlous
Sond
Slmllow sai l

fnpcrvlous
Sond
Shnltau soi l

Iffpcrvious
Sond
SJtal lau sal 1

Inpcfvlous
Rock
Shallow soil

Hock
Upervious
SnrvJ

Rock
Uipcrv lays
Sim I loti sol 1

IIJfRA-
SIRUC1URE

HEAR

ROAD

ami

1

1

I

1

1

5

I

1

1

ICAH
POUE
(km)

2

4

2

9

17

6

2

2

2

L I H I U I I C . ' I ! IQ SITE

1HPAC1
ON £NVI
R01IHEKI

LOW

Hedlun

High

High

Lou

Lou

Hedlun

DISRUPIIOH Of
FLCW 10

DCWHS1REAH
U5EHS

Domes I Ic

I r r i g a t i o n

I r r i g a t i o n

Hone

Hone

Hone

I r r igat ion

Oomcit Ic

DodKSt Ic

1KUHDAIIDH OF
SERVICES AM)
PROPER IT

Oryland

Secondary road
Oryland

Air mrtp
Drchardj, I r r l g
Buildings
Secondary roidi

Mature rcierve
Orchard
Other roads

Secondary road
farm house
Accesi road

None

Bulldlngi
madi
Orclinrdi
I r r iga t ion

Drylard

Dryland
Settlement



SHE
NO

CS27

GR2B8

GR29

GR3O

G«l

GR32

CR12A

CR33

CR34

S H E HAHE

EUndllontcIn
A

Elindifonttln
e

HuUle

Fid*

IC»-Keyl

it-Mushytnl

Htkuba'•
Location

H Biul* Ranch

Nyaboti)

SITE
RATE

e

7

13

3

7

°

10

I

12

RIVER

Hnua

Holototil

HolDtDtll

Molototll

Holototil

HolototsI

HolinuuU

MbhiwuU

Groat
Letibn

LOJIG

LAI

30 29 '
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