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EXECUTIVE SUMMARY

Background

The Department of Water Affairs and Forestry together with Umgeni Water has commissioned a pre-
feasibility study into posible water transfer schemes from the Mkomazi River to the Mgeni River
System.  The scheme would augement The Mgeni System, which is already close to its capacity. 

In order to undertake this study, the Department of Water Affairs and Forestry and Umgeni Water have
appointed Ninham Shand as their lead consultant.  Ninham Shand has subcontracted IWR
Environmental to undertake the Integrated Environmental Management (IEM) procedures and Instream
Flow Requirements (IFR) study and to manage the Estuary Flow Requirements (EFR) study.

This component of the study, which has as its objective the determination of the Instream Flow
Requirements (IFR) of the river, forms part of the specialist studies identified as part of the
Environmental Impact Assessment, which will be completed at the end of the study.

IFR, which is the flow regime required to maintain the essential ecological functioning of the river, can
be equated to the ecological (quantity) protection component of the Reserve of South Africa’s new
water law.

Methodology

Approximate 20 IFR studies have been undertaken in South Africa using the Building Block
Methodology (BBM),  since 1991.

In the methodology the following assumptions are made.
C The biota associated with a river can cope with those low-flow conditions that naturally occur

in it often, and may be reliant on higher-flow conditions that naturally occur in at it at certain
times.  This assumption reflects the thinking that the flows that are a normal characteristic of a
specific river, no matter how extreme, variable or unpredictable they may be, are ones to which
the riverine species characteristic of that river are adapted and on which they may be reliant.
On the other hand, flows that are not characteristic of that river will constitute an atypical
disturbance to the riverine ecosystem and could fundamentally change its character.

C Identification of what are felt to be the most important components of the natural flow regime
and their incorporation as part of the modified flow regime will facilitate maintenance of the
natural biota and natural functioning of the river

C Certain kinds of flow influence channel geomorphology more than others.  Identifications of
such flows and their incorporation into the modified flow regime will aid maintenance of the
natural channel structure and diversity of physical biotopes. (King & Louw)
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The flows incorporated into the modified flow regime will constitute the IFR for the river.  The IFR
describes, in space and time, the minimum amount of water that it is felt will facilitate maintenance of
the river at some pre-defined desired state.

The recommended flows are identified and their magnitudes, timing and duration decided upon in the
BBM specialist meeting.  Initially, thought is focussed on the characteristic features of the natural flow
regime of the river.  The most important of these are usually; degree of perenniality; magnitude of base
flows in the dry and wet season; magnitude, timing and duration of floods in the wet season; and small
pulses of higher flow, freshes, that occur in the drier months.  Attention is then given to which flow
features are considered most important for maintaining or achieving the desired state of the river, and
thus should not be eradicated during development of the river’s water resources.  The described parts
of each flow component are considered the building blocks which create the IFR, each being included
because it is understood to perform a required ecological or geomorphological function.  The first
building block, or low-flow component, defines the required perenniality or non-perenniality of the river,
as well as the timing of wet and dry seasons.  Subsequent building blocks add essential higher flows.

Desired Future State

The IFR for a river depends intimately on its Desired Future State (DFS).  The DFS can be the same
as its present state (ie, the river is in good condition, and must stay in good condition), or it can be
aspirational (ie, some improvement in the river’s condition is desired).  A river with a “high” DFS will
have a higher IFR than one which is, for instance, degraded or is not important, and for which no
impovement is required.

It is therefore imperative that the DFS for the river is realistic and correct, as the IFR will be set
according to the DFS.

 The steps undertaken for the Mkomazi study to determine the DFS  were the following:

C Determine the present ecological/environmental state.
A habitat integrity analysis was undertaken to determine the present state categories of the
river.  The results of this are illustrated in Fig 2.3.

C Determine the ecological/environmental importance of the river
Prof J O’Keeffe defined the ecological importance of a river as “a measure of the value of a
river for conservation, including natural, socio-economic and cultural aspects”.  Criteria for
evaluating natural aspects includes rarity, special features, resilience/fragility and the degree of
modification. The criteria considered were uniqueness, condition, biodiversity, human usage,
planning initiatives. The study resulted in attribute scores ranging from 3 to 4,5 on a scale of 6.
As all the criteria are ranked at 3 or better, it is apparent that the Mkomazi is a river of some
importance.

C Determine the DFS which would ensure a healthy ecosystem.
Due to the importance of the river, it was decided that the river should be treated as a
continuum, with one class allocated to the whole river.
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The Present State and Desired Future State are described in the following table.  Detailed motivations
are supplied in Chapter 2.

Present DFS
Component

Invertebrates B+ B+

Fish B+ B+

Vegetation C/D C

Geomorphology C C

Water Quality B/C B

Habitat:  Integrity : Instream B/C B/C

Habitat Integrity : Riparian C C

Social : Flow B B

Social : Quality B- B

Social : Riparian zone C/D C

Importance B/C B/C

Process followed during the specialist meeting

The approach during the specialist meeting (IFR workshop) was as follows:
C The highest low flow (base flow) month and lowest low flow month were selected as February

and September utilising the hydrological record to make this decision.  
C These months were used to set the low flows, and the range of  flows that occur during the year

was therefore fixed between the highest and lowest low flows.
C The low flow IFR for the rest of the months were extrapolated from the September and

February flows following the natural shape of the annual hydrograph.  This extrapolation was
undertaken by the hydrologists and checked by the ecologists.

C Each specialist provided motivations describing the physical characteristics (eg water level,
velocity, depth) and the reasons for requiring these flows.  Some of the disciplines provided
primary and some secondary motivations.  Primary motivations refer to motivations provided
by the disciplines that require a certain type of flow which is critical.  Secondary motivations
refer to motivations provided by disciplines that could maintain the component with less flows,
but for which higher flows to satisfy the other components requirements will not be harmful.

C After each flow is agreed on, the flows specified were checked for realism in non-drought
years. Normal or average hydrological years were utilised to provide this check.

C During the wet season high flow events were set and motivated. High flows refer to freshes,
small, medium and large floods.  A fresh refers to a small increase in base flow.  The high flows
are given in m3/s and the flow provided refers to an instantaneous peak. 
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As the hydrology was provided in mean daily averages, the peaks recommended were
converted to slightly lower flows to reflect the mean daily average.
* In all cases the duration of the floods were provided in days.
* The shape of the floods was based on the shape of the natural hydrograph.
* The peaks specified include the low (base) flows.
* When the total volume of each flood was calculated, it excluded the low flow volume,

which is already included in the total low flow volume.
C A hydrological check of each flood was repeated..

The same procedure was followed for drought years.

IFR results

The results of the 4 IFR sites (the points in the river for which the IFRs are determined) are summarised
as follows

IFR 1 IFR 2 IFR 3 IFR 4

X 106 m3 % OF
MAR

X 106

m3
% OF
MAR

X 106

m3
% OF
MAR

X 106

m3
% OF
MAR

MAINT LOW FLOWS
REFINEMENT (1998)

148.37 21.5 187.79 21 221.1
216.1

22
21.5

235.3
229

22.1
21.52

MAINT HIGH FLOWS
REFINEMENT (1998)

69.2 10 88.56 9.7 97.79
120.7

9.7
12.02

104.96
128

10
12

TOTAL
REFINEMENT (1998)

217.57 31.5 276.3
5

30.7 318.8
9
336.8

31.7
33.52

340.26
357

32.1
33.5

DROUGHT LOW
REFINEMENT (1998)

67.8 9.8 89.66 9.9 100.4
73.26

10
7.3

107
77.54

10.1
7.29

DROUGHT HIGH
REFINEMENT (1998)

14.13 2 16.12 1.8 13.75
31.11

1.4
3.1

17.83
32.99

1.7
3.1

TOTAL
REFINEMENT (1998)

81.93 11.8 105.7
8

11.7 114.2
104.3
7

11.4
10.4

124.83
110.53

11.9
10.39

Confidence in IFR results
The confidence in the IFR results was motivated by each specialist and the combined results indicated
that the confidence in the results was in the medium range .  It was noted in general that the most
important reason for low confidence experienced for this IFR study was the lack of low flows observed
during the study period.
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CHAPTER 1 : INTRODUCTION

The Department of Water Affairs and Forestry together with Umgeni Water has commissioned a pre-
feasibility study into possible water transfer schemes from the Mkomazi River to the Mgeni River
System.  The scheme would augement the Mgeni System, which is already close to its capacity. 

In order to undertake this study, the Department of Water Affairs and Forestry and Umgeni Water have
appointed Ninham Shand as their lead consultan.  Ninham Shand has subcontracted IWR
Environmental to undertake the Integrated Environmental Management (IEM) procedures and Instream
Flow Requirements (IFR) study and to manage the Estuary Flow Requirements (EFR) study.

1.1 INTEGRATED ENVIRONMENTAL MANAGEMENT (IEM)

As part of the Mkomazi Pre-Feasibility Study, an IEM process is being applied to determine the
acceptability of  the proposed development and to recommend preferred options.

IEM is a process that ensures that environmental considerations are efficiently and adequately taken
into account at all stages of the development process.  The aims of IEM are summarised as follows:
• Collect and synthesise relevant data
• Identify potential environmental impacts
• Minimise potential negative impacts
• Maximise potential positive impacts
• Liaise with all public groups
• Resolve conflict

This study which has as its objective the determination of the Instream Flow Requirements (IFR) of the
river, forms part of the specialist studies identified as part of the Environmental Impact Assessment
which will be completed at the end of the study.  The study adresses the three issues in bold type
above.

IFR which is the flow regime required to maintain the essential ecoogical functioning of the river, can
be equated to the ecological (quantity) protection component of the Reserve of South Africa’s new
water law.  This is described more fully in 1.3. following.  The terms “IFR” and “Reserve” are used
synanymously in the text.

In more detail, the IFR study answers the following:

• How much water is required for the Reserve for a specific management class or desired future
state?
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• Will the proposed development impact on this requirement?
• If so, can the impact be mitigated by allocating water to the Reserve and releasing it?
• If not, is the proposed development acceptable from all other environmental viewpoints?

Water Affairs applies IEM to the various engineering phases and the IFR study is also linked to these
phases.  The IFR actions required during the Pre-feasibility phase in which the Mkomazi study falls are:
C The identification of IFR sites.
C The base-line surveys required for the IFR specialist meeting (previously known as the IFR

workshop).
C An IFR workshop where the IFRs are determined.

The phases of the Mkomazi IEM study, with the concurrent IFR actions are illustrated in Fig 1.1.

Fig 1.1 Mkomazi IEM and IFR actions  (Note dates not applicable at present stage)
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1.2 INSTREAM FLOW REQUIREMENTS 

The demand for water from South Africa’s growing population is creating an ever-increasing pressure
on the country’s water resources, especially its rivers.  The urgent need to provide more water services
often conflicts with the desire to maintain or improve the ecological condition of the rivers.  To provide
guidance on the sustainable use of a river’s water-resources, the Building Block Methodology (BBM)
has been developed for assessing the instream flow requirement for any river. (King & Louw).
Development has been carried out jointly over the last five years by the Department of Water Affairs
and Forestry and river scientists, and the accent is on identifying a complex of different magnitude flows
for maintenance of entire river ecosystems.  The BBM caters for the almost universal reality in South
Africa of having rapidly to provide scientific guidance on such flows for a river in cases where biological
data and understanding of the functioning of the river are limited.  However, the methodology works
equally well in data-rich situations.

The BBM depends on available knowledge and expert opinion, gleaned from experienced river
scientists in a structured 4-day meeting.  Limited new data of a specific nature are gathered to facilitate
the process.  Relevant data on the river are prepared in a way that specialist workshop participants can
easily understand and quickly begin to use.  Scientists typically involved in the specialist meeting, all with
specific roles, are those with specialist knowledge of the river or similar rivers in terms of the fish,
aquatic invertebrates, riparian vegetation, river importance, habitat integrity, fluvial geomorphology,
local hydraulics, water chemistry and social dependence on the riverine ecosystem.  Hydrological and
hydraulic modellers provide data inputs and facilitate the workshop process by answering questions and
producing additional data as requested.  The specialist meeting output, reached by consensus, is a
quantitative description in space and time of a flow regime that should facilitate maintenance of the river
ecosystem in some predetermined desired future state.

1.3 THE RESERVE

The supreme law of the Republic is the Constitution of the Republic of South Africa (Act No. 108 of
1996).   This includes the Bill of Rights, which are all human-centred. The two rights most directly
relevant to water are: 
C Section 27: the right to sufficient food and water; and
C Section 24: the right to an environment not harmful to health and well being, and to have

the environment protected for future generations.

The White Paper on a National Water Policy for South Africa was approved by Cabinet in April 1997,
and incorporated the constitutional requirements described above, as “the Reserve”.

“The Reserve” has also been codified as a legal requirement within the National Water Bill, B34-98
as introduced in the National Assembly on 3 April 1998.  (It is anticipated that the Bill  will receive
Presidential assent during the second half of 1998).

The fundamental principles of the National Water Bill can be described as follows:
National Government, as Public Trustee of the nation’s water resources, is to ensure that water is
protected, used, developed, conserved, managed and controlled in a sustainable and equitable
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manner for the benefit of all persons.
C Equity of access: to water services; to the use of water; and to the benefits of water use.
C Sustainable use of water: through measures to protect water resources so as to ensure their

indefinite availability for human use.
C Optimal use of water: to foster wise and efficient use of water by, among other things,

conservation measures and an economic pricing system.

The basic premise is that sustainable use of water resources requires that they must be protected.

The priorities in the use of water are the following:
C The Reserve, i.e. basic human needs and ecosystem protection.  These are the only two rights

to water, and the Reserve may not be allocated to other users.
C International obligations
C All other uses require authorisations  
It is therefore necessary to quantify the Reserve before allocating water to other new users.  In some
areas it is possible that allocations of water to existing users may need to be adjusted to meet the
requirements of the Reserve.

Definition of the Reserve: 
[B34-98, Section1(xvii)]:
(xvii) “Reserve” means that quantity and quality of water required.
(a) to satisfy basic human needs for all people who are, or who may be, taking water from the

relevant water resource; and
(b) to protect aquatic ecosystems in order to secure ecologically sustainable development and use

of the relevant water resource.

Resource Protection
The intention of the new law is to protect all water resources which, from the definitions in Section 1,
include rivers, springs, natural channels, wetlands, lakes, dams, surface water, estuaries, aquifers or
other underground water and includes the bed and banks where relevant.  The aim is to protect all
components of the whole ecosystem, i.e. water, biota, riparian zones and sediments.

Chapter 3 of the National Water Bill - Protection of Water Resrouces - describes how resource
protection will be achieved by:
- the establishment of a system for classifying water resources (resource classification);
- the determination of:

* the class of significant water resources
* resource quality objective (water quantity, water quality, habitat and biotic integrity)
* the Reserve

Resource classification is required because human use causes damage to ecosystems.  However,
ecosystems are resilient and can tolerate use before they cease to function.  The issue is how much use
they can tolerate.  The class of a resource is an expression of the extent of use which should be
permitted, and the level of risk of damage or deterioration to which it should be exposed, to retain its
capacity for sustainable utilisation.  This is illustrated by the following:
High class _ low risk of damage _ low use
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Low class _ high risk of damage _ high use
The Reserve reflects the level of risk.

In summary the Reserve is about resource protection for sustainable use.  The Reserve is not about
conservation for conservation’s sake, nor does it mean that all resources must be pristine.

In the relatively brief history of the determination of the instream flow requirements of South African
rivers the most commonly used method has been the Building Block Methodology. To date the BBM
has been applied to more than 20 rivers countrywide, and it was the demonstrable fact that such a
scientifically-based methodology existed, and was being successfully used to make estimates of instream
flow requirements, that was a key factor in the inclusion, in the Water Law Principles, the National
Water Policy for South Africa, and the National Water Bill, of the requirement for a statutory allocation
of water to the resource itself so as to maintain ecological functioning.

1.4 OVERVIEW OF THE CATCHMENT

The Mkomazi catchment drains an area of 4387 km2 in KwaZulu-Natal. The Great Escarpment around
Sani Pass forms the headwaters of the Mkomazi, and it exits into the Indian Ocean at Umkomaas. The
upper catchment geology is relatively simple, with Karoo sequence Elliot and Clarens sandstone being
capped by the Drakensberg lavas. The upper-middle catchment is dominated by the Tarkastad
mudstones and Dolerite, while the Ecca and Beaufort Group dominate the middle catchment. The lower
middle and lower catchment display a complex geology. The catchment lithology here forms part of the
Natal structural and metamorphic province, consisting of granites and gneiss. The terrain is faulted, and
thus structural control of the  channel is considerable. Basement geology means that the upper
catchment has steep relief, while the middle and lower-middle catchment can be classified as undulating.
Steep relief in the lower catchment is a function of the underlying lithology. (Appendix, Chapter 4.1).

Rainfall distribution is reasonably consistent along the catchment, ranging from nearly 1300mm per
annum at the headwaters to 1000 mm p.a. in the middle and 900mm p.a. in the lower reaches of the
catchment. The lithology produces clay to clay loam soils, which are only moderately erodible.
According to WR90 (after Rooseboom), sediment yield from the catchment is around 155 t/km2/yr for
the upper, middle and lower-middle catchment. The lower catchment produces around 175-189
t/km2/yr. Catchment land use is mainly grazing and commercial forestry (wattle, pines and eucalyptus).
Under ‘natural conditions’, the upper catchment vegetation would be dominated by pure grassveld and
temperate and transitional forest and scrub, with false grassveld and coastal tropical forest dominating
the middle and lower catchment. Overgrazing and high population densities in the upper-middle and
lower parts of the catchment probably produce an increased sediment yield, while commercial forestry
plantations have a great capacity for increasing catchment sediment yield and reducing base flows.
(Appendix, Chapter 4.1)

1.5 AIM OF THIS REPORT

This report aims to summarise the actions leading to the IFR Specialist meeting and to document the
results generated at the specialist meeting.  Most of the information generated at the specialist meeting
is documented during the specialist meeting by each specialist for inclusion in the report.  The purpose
of this report is not to explain the conceptual basis of IFR, or the details of the BBM.  
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A starter document containing all the summaries of the specialist work undertaken for the IFR study
was provided prior to the IFR Specialist meeting.  These papers within the starter document will be
referred to and some main issues summarised in this report.  The starter document as provided to the
specialists prior to the Specialist meeting forms the Appendix to this document and, except for key
information, will not be repeated in this report.

_____________________________________________________________________________
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CHAPTER 2 : IFR METHODOLOGY

2.1 BBM

Approximately 20 IFR studies have been undertaken in South Africa using the BBM,  since 1991.

In the methodology the following assumptions are made.
C The biota associated with a river can cope with those low-flow conditions that naturally occur

in it often, and may be reliant on higher-flow conditions that naturally occur in at it at certain
times.  This assumption reflects the thinking that the flows that are a normal characteristic of a
specific river, no matter how extreme, variable or unpredictable they may be, are ones to which
the riverine species characteristic of that river are adapted and on which they may be reliant.
On the other hand, flows that are not characteristic of that river will constitute an atypical
disturbance to the riverine ecosystem and could fundamentally change its character.

C Identification of what are felt to be the most important components of the natural flow regime
and their incorporation as part of the modified flow regime will facilitate maintenance of the
natural biota and natural functioning of the river

C Certain kinds of flow influence channel geomorphology more than others.  Identifications of
such flows and their incorporation into the modified flow regime will aid maintenance of the
natural channel structure and diversity of physical biotopes. (King & Louw)

The flows incorporated into the modified flow regime will constitute the instream flow requirement (IFR)
for the river.  The IFR describes, in space and time, the minimum amount of water that it is felt will
facilitate maintenance of the river at some pre-defined desired state.

The recommended flows are identified and their magnitudes, timing and duration decided upon in the
BBM specialist meeting.  Initially, thought is focussed on the characteristic features of the natural flow
regime of the river.  The most important of these are usually; degree of perenniality; magnitude of base
flows in the dry and wet season; magnitude, timing and duration of floods in the wet season; and small
pulses of higher flow, or freshes, that occur in the drier months.  Attention is then given to which flow
features are considered most important for maintaining or achieving the desired state of the river, and
thus should not be eradicated during development of the river’s water resources.  The described parts
of each flow component are considered the building blocks which create the IFR, each being included
because it is understood to perform a required ecological or geomorphological function.  The first
building block, or low-flow component, defines the required perenniality or non-perenniality of the river,
as well as the timing of wet and dry seasons.  Subsequent building blocks add essential higher flows.

The IFR study is characterised by a series of actions which are interrelated.  These actions / sequence
of events are illustrated in Fig 2.1 & Fig 2.2.  The IFR specialist meeting forms an action within the IFR
study.
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I F R   S t a r t e r  D o c u m e n tI F R   S t a r t e r  D o c u m e n t

I F R  S p e c i a l i s t  M e e t i n gI F R  S p e c i a l i s t  M e e t i n g

1.  Site visit                2.  Final determination of DFS         3. Confidence in sites
4.  Selection of site for detail IFR           5.    Determine IFR       6.  Match to  other sites
7.  IFR modelling        8.  Confidence in results

Can the IFRs be supplied / the Reserve be met?

P O S T  S P E C I A L I S T  M E E T I N G  A C T I O N SP O S T  S P E C I A L I S T  M E E T I N G  A C T I O N S

P r e l i m i n a r y  D F S  a n d  i m p o r t a n c e  s t a t e sP r e l i m i n a r y  D F S  a n d  i m p o r t a n c e  s t a t e s P r e l i m i n a r y  p r e s e n t  s t a t eP r e l i m i n a r y  p r e s e n t  s t a t e S p e c i a l i s t  s t u d i e sS p e c i a l i s t  s t u d i e s V i d e o  s e l e c t i o n  o f  I F R  s i t e sV i d e o  s e l e c t i o n  o f  I F R  s i t e s

Hydrology

Calibration 4

Calibration 3

Calibration 2
Cross-sect ion survey

Hydraulics

Monitoring 4

Monitoring 3

Monitoring 2

Pho topo in t  mon i to r i ng Fluv ia l  geomorphology Ripar ian  vegeta t ion

One field survey

Fish Aquat i c  inver tebra tes S o c i a l

S e l e c t i o n  o f  I F R  s i t e s  ( G r o u n d t r u t h i n g )S e l e c t i o n  o f  I F R  s i t e s  ( G r o u n d t r u t h i n g )

I F R  P l a n n i n g  M e e t i n gI F R  P l a n n i n g  M e e t i n g

D e t e r m i n e  H a b i t a t  I n t e g r i t yD e t e r m i n e  H a b i t a t  I n t e g r i t y

I d e n t i f y  S t u d y  A r e aI d e n t i f y  S t u d y  A r e a

FIG 2.1 : SEQUENCE OF EVENTS PRIOR TO THE SPECIALIST MEETING 
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Feasibility Phase

Design

Construction

Operation

Scenarios that provide IFR Scenarios that do not provide IFR Dam design - impact on downstream river

Refine and adjust operation and IFRs

Monitor the operation

Initiate base line survey

Design and budget a monitoring programme

Yes

Alternative option investigation
Back to pre-feasibility phase

No

Decision to proceed with project

Decision to meet protection class

Consequences of all scenarios

No

Implications of meeting IFR

Yes

Can Reserve be met without conflict ?

FIG 2.2 :SEQUENCE OF EVENTS AFTER THE SPECIALIST MEETING
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2.2 DESIRED FUTURE STATE

The IFR for a river depends intimately on its Desired Future State (DFS).  The DFS can be the same
as its present state (ie, the river is in good condition, and must stay in good condition), or it can be
aspirational (ie, some improvement in the river’s condition is desired).  A river with a “high” DFS will
have a higher IFR than one which is, for instance, degraded or is not important, and for which no
impovement is required.

It is therefore imperative that the DFS for the river is realistic and correct, as the IFR will be set
according to the DFS.

Note on terminology : “Desired Future State” is no longer accepted terminology and has
changed to either “ protection class”, or  preferred, “ management class”.  Please note that
these three terms are used symonymously in the text.

2.2.1 Approach to determination of the DFS

During the Water Law Review process, documentation was prepared which suggested that a protection
system based on different classes should be established.  These protection classes relate to the
management objectives or goals for the river and to the DFS.  Different classes for each protection
class were described in a draft document based on the Habitat Integrity system (Kleynhans).  This
system was described in a draft document presented as part of the Water Law Review process.  In
short the process can be described as follows:

C A present state class must be allocated to the river reach for which a mangement class is
required.  The present state is described by allocating a class (see Table 2.1) to the river reach.
The present state is described in six classes with A being near pristine and F irreversibly
changed.  These classes are based on the Habitat Integrity classes (Kleynhans).

C The river importance (social, economic and ecological) is then established and considered when
determining the protection class. 

C After a process of consultation, a protection class is allocated to the river reach.  The
protection class is described in classes ranging from A (near pristine) to D (largely modified)
(see Table 2.2). Unlike the present state classes, the range of protection classes does not
extend to E and F.  Rivers which are currently in classes E and F are not considered to
represent sustainable systems, and must therefore be protected and managed for improvement.
A high protection class relates to a flow that will ensure a high degree of sustainability and a low
risk of ecosystem failure.  A low protection class will ensure marginal maintenance of
sustainability and a high risk of ecosystem failure.

The following quotations from the White Paper on a National Water Policy for South Africa illustrate
the principles of this process.  These concepts have been codified in provisions and requirements in the
National Water Bill.  

“A national resource protection classification system will be introduced.  Through a process of
consensus-seeking among water users and other stakeholders, the level of protection for a
resource will be decided by setting objectives for each aspect of the Reserve (water quality,
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quantity and assurance, habitat structure, and living organisms).  The objectives for each aspect
of the Reserve will show what degree of change or impact is considered acceptable, and unlikely
to damage a water resource beyond repair. 

Resources will be grouped into a number of protection classes, with each class representing a
certain level of protection.  Where a high level of protection is required, the objectives will be
strict, demanding a low risk of damage and the use of great caution.  In other cases, the need
for short to medium term use may be more pressing and the need for protection lower.  Some
resources may already need action to restore them to a healthy state, and, in future, no resources
should be allowed to become irreversibly degraded.”

TABLE 2. 1 : Present state classes based on ecosystem health / ecological integrity status

CLASS DESCRIPTION

A ! Unmodified, natural;
! The resource base reserve has not been decreased;
! The resource capability has not been exploited

B ! Largely natural with few modification;
! The resource base reserve has been decreased to a small extent;
! A small change in natural habitats and biota may have taken place but the ecosystem

functions are essentially unchanged.

C ! Moderately modified;
! The resource base reserve has been decreased to a moderate extent.
! A change of natural habitat and biota have occurred, but the basic ecosystem functions

are still predominantly unchanged.

D ! Largely modified;
! The resource base reserve has been decreased to a large extent.
! Large changes in natural habitat, biota and basic ecosystem functions have occurred.

E ! Seriously modified;
! The resource base reserve has been seriously decreased and regularly exceeds the

resource base;
! The loss of natural habitat, biota and basic ecosystem functions is extensive.

F ! Critically modified;
! The resource base reserve has been critically decreased and permanently exceeds the

resource base;
! Modifications have reached a critical level and the resource has been modified completely

with an almost total loss of natural habitat and biota.  In the worst instances the basic
ecosystem functions have been destroyed and the changes are irreversible.
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TABLE 2.2 : Desired future state classes based on ecosystem health / ecological integrity
status

CLASS DESCRIPTION

A ! Unmodified, natural - the natural abiotic template should not be modified;
! The characteristics of the resource should be completely determined by unmodified natural

disturbance regimes;
! There should be no human induced risks to the abiotic and biotic maintenance of the

resource.
! The supply capability of the resource will not be utilised.

B ! Largely natural with few modification - only a small risk of modifying the natural abiotic
template and exceeding the resource base should be allowed.

! Although the risk to the well-being and survival of especially intolerant biota (depending on
the nature of the disturbance) at a very limited number of localities may be slightly higher
than expected under natural conditions, the resilience and adaptability of biota must not be
compromised.

! The impact of acute disturbances must be totally mitigated by the presence of sufficient
refuge areas.

C ! Moderately modified - a moderate risk of modifying the abiotic template and exceeding the
resource base may be allowed.  Risks to the well-being and survival of intolerant biota
(depending on the nature of the disturbance) may generally be increased with some reduction
of resilience and adaptability at a small number of localities.  However, the impact of local and
acute disturbances must at least partly be mitigated by the presence of sufficient refuge areas.

D ! Largely modified - a large risk of modifying the abiotic template and exceeding the resource
base may be allowed.  Risks to the well-being and survival of intolerant biota (depending on
the nature of the disturbance) may be allowed to generally increase substantially with
resulting low abundances and frequency of occurrence, and a reduction of resilience and
adaptability at a large number of localities.  However, the associated increase in the
abundance of tolerant species must not be allowed to assume pest proportions.  The impact
of local and acute disturbances must at least to some extent be mitigated by the presence of
adequate refuge areas.;

2.2.3. Results of the Mkomazi DFS 

 The steps undertaken for the Mkomazi study to determine the DFS  were the following:

C Determine the present ecological/environmental state.
A habitat integrity analysis was undertaken to determine the present state categories of the
river.  The results of this are illustrated in Fig 2.3. During a site visit by the multi-disciplinary IFR
specialist team, a preliminary estimate of the present and DFS classes of the river were
obtained.

C Determine the ecological/environmental importance of the river
Prof J O’Keeffe defined the ecological importance of a river as “a measure of the value of a
river for conservation, including natural, socio-economic and cultural aspects”.  Criteria for
evaluating natural aspects includes rarity, special features, resilience/fragility and the degree of
modification.  The information on which the assessment was based was derived from:
* other investigations which are part of the same IFR study;
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* expert knowledge and interviews with specialists; and
* consideration of catchment-wide management initiatives.

The criteria considered were uniqueness, condition, biodiversity, human usage, planning
initiatives.  The detail is described in Appendix 1, the starter document.  The study resulted in
attribute scores ranging from 3 to 4,5.  As all the criteria are ranked at 3 or better, it is apparent
that the Mkomazi is a river of some importance.  (Alletson)

C Determine the DFS which would ensure a healthy ecosystem.
Due to the importance of the river, it was decided that the river should be treated as a
continuum, with one class allocated to the whole river.  It is acknowledged that the downstream
section of the river is degraded and has the potential to become more degraded.  However, the
conditions of the estuary is linked to the condition of this section of the river.  Relative ease of
access has resulted in increasing social use of the lower river reaches and a high importance
was attributed to it.  Accordingly, a lower protection class for this section could not be
contemplated.

Within the overall class for the river a present class and protection class were allocated to each
IFR (discipline) component, and a motivation for the protection class provided. Specific
objectives  when setting the IFRs to achieve the protection class were also provided.  These
are described in Table 2.3 following:



  
IWR Environmental IFR Methodology page 2.8

TABLE 2.3 :The DFS classes for the Mkomazi River

Present DFS
MOTIVATION OBJECTIVES

Component

Invertebrates B+ B+ High diversity with no domination.
Several undescribed species.
Several unstudied species which are abundant
& important.
Functional composition of invertebrates
provides a river water purification capacity
resilience due to diversity.

Maintain diversity of annual flow regimes to ensure that no species dominate.
Scouring floods to reset system.
Maintain high diversity of hydropneustic species especially filter feeding caddis and
blackfly.
Predatory insects (eg Plecoptera) must be well represented.
Minimise changes to the natural thermal and sediment regimes.
Invert community different than eg Tugela system fairly unique and thus needs to be
maintained.

Fish B+ B+ To protect abundance and distribution of
Amphilius natalensis at the southern limit of its
natural distribution range.  
To avoid species loss in a system with low
natural species diversity.

Maintain pool habitats for large fish species, dense population.
Maintain natural fish migrations.
Facilitate breeding of riffle-dependent and gravel-dependent species (Amphilius and
Barbus natalensis) - i.e. maintain silt free cobble and gravel beds at breeding sites.
Maintain seasonal inundation of marginal vegetation as egg-laying sites (catfish)
Maintain backwater nursery areas for juvenile fish.
Retain seasonal variability of flow combination of floods and low flows.

Vegetation C/D C The combination of the phreatic and
hygrophilous vegetation and the grazing lawns
define the components of the riparian
vegetation.  The maintenance of these three
components ensure that the C status is
maintained and that degradation towards a D
does not happen.

Maintain hygrophilous vegetation especially  Arundinella + Persicaria
Maintain phreatic spp. Combretum erythrophyllum, Ficus sur + Schizigium cordatum
+ Eugenia and Maytenus on boulder beds
Scour out exotics with flood events especially Acacia delbata and Acacia mearnsii,
Cassia didymobotrya + Sesbania punicea
Maintain grazing lawns of Cynodon dactylon (through water levels and scouring)
Maintain Phragmites at reasonable population levels - do not have excessive choking
(flood events)

Geomorphology C C Present class: Hydrological regime natural
Increased sediment input from
catchment
Degraded riparian zone
decreased bank stability.

Protection class: Minimum potential to improve
catchment conditions, also
difficult to improve riparian
conditions

Maintain hydro-sedimentological dynamics : maintain medium sized floods, relatively
high frequency.
Minimise encroachment into channel of lateral bars etc, minimise development of mid-
channel bars.
Maintain present alluvial features using constructive flows
Maintain (or improve) riparian vegetation
Scoure algal silts
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Water Quality B/C B The upper section IFR 1 has Water Quality
Index (WQI) classes A to C over 23 months  (8 x
A, 11 x B, 4 x C).  The lower section IFR 4, has
WQI classes A to D over 25 months (3 x A, 12 x
B, 8 x C, 3 x D).  Weighting each with A=5, B=4,
C=3, D=2, E=1, IFR 1 = 4.2, just above B class,
IFR 4 = 3.6 midway between B-C classes.  The
objectives would be to at least maintain and
probably improve water quality, ie: IFR 1 to
move to class A most of the time, IFR 4 to move
to class B for most of the time. Future water
quality should be maintained below the 95th

percentile values for all determinands, and for
temperature between the 5th and 95th percentile
values for summer and winter.
The above WQI classes more or less equate to
the ecosystem health / integrity classes.

1.  To reduce turbidity and suspended solids, reduce soil erosion by:
a) preventing overgrazing,
b) preventing poor cropping practices,
c) controlling future land use activities.

2.  To reduce bacterial contamination:
a) keep cattle out of the rivers, provide off-stream watering,
b) control sanitation practices.
3.  Develop and implement a catchment management plan.
4.  Maintain moderate flows. High flows leads to high turbidity and high bacterial
counts,  while very low flows during droughts lead to stagnant, poor quality water due
to lack of dilution of natural pollution occurring.  Dilution through dam releases should
be beneficial

Habitat:  Integrity:
Instream

B/C B/C See Appendix E Reasoning part of Appendix E

Habitat Integrity :
Riparian

C C Reasoning part of Appendix E Reasoning part of Appendix E

Social : Flow B B The river is presently sustaining the social
demands on it and should be maintained.
.

To ensure that the flow of the river will continue to support the current patterns of 
utilisation

Social : Quality B- B To ensure that the quality of the water is good enough to support the fundamental
components of some aspects of utilisation

Social : Riparian
zone

C/D C To manage utilisation patterns in a negotiated manner that is as sustainable as
possible
(Note - management regime and integrated catchment management objectives
negotiated with stakeholders)

Importance B/C B/C Reasoning in Appendix F Keep the river in at least its present conditions because it has high importance scores.
Maintain present biodiversity.  Establish SASS or other scores and use these as
management objectives or performance criteria.
Encourage catchment wide planning.  Use side channel (tributaries) as means of
mitigating main channel impacts.
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FIG 2.3 : HABITAT INTEGRITY (PRESENT STATE) CLASSES FOR THE MKOMAZI RIVER
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CHAPTER 3 : IFR SITES

3.1 ZONATION

Four macro reaches have been identified for the Mkomazi below the upper dam site (Fig 3.1).  These
reaches were identified from an analysis of channel gradients taken from the 1:50 000 topographic
sheets.  Because of the complex nature of the local geology, plus rejuvenation due to tectonic uplift and
sea-level change, within each macro-reach there are a number of reaches which probably represent
distinct channel types separated by marked gradient changes.

Table 3.1 describes the main features of each macro-reach with observed and inferred channel
morphology.  Characteristic channel gradients are detailed for each reach, together with the number of
such reaches and their total length.  (See Fig 3.1 showing a long-profile with macro-reaches)

Fig 3.1 : Longitudinal Profile
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 Table 3.1 : Characteristics of macro-reaches

Macro
-reach

General characteristics gradient class F total
length
(km)

1 Elevation : 0-400m.
Confined to semi-confined valley,  hilly topography in intrusive granites with some sedimentaries in the
upper reaches; many small 1st and 2nd order tributaries. Valley bushveld dominating in valleys. Very high
rural population density. Cultivation on terraces and fans on valley footslopes. 
Anabranching channels common, sandy foothill zone with mixed alluvial-bedrock channel, pool-riffle
morphology, sand or gravel bars.  Local steepening to include pool rapid sections.

0.0019 - 0.0024
0.0028 - 0.0029
0.0032 - 0.0036
0.0041 - 0.0045
0.0053 - 0.0060

4
3
7
4
2

37.712
21.077
41.998
18.130
  7.068

2 Elevation : 400 - 820m
Confined to semi-confined valley, cultivation on valley floors in unconfined sections. Sedimentary rocks
(shales and mudstones) with extensive dolerite intrusions. Forested slopes (valley bushveld).  Commercial
farming.
Single channel with well-developed lateral bars, above 680m valley becomes steep-sided and gorge-like,
with an  anabranching channel within an alluvial bed. Rejuvenated foothills and rejuvenated cascade zones
with mixed pool-riffle or pool-rapid morphologies in lower gradient sections, bedrock or boulder/large
cobble-dominated channels in steeper sections, rapids, cascades and bedrock controlled pools common.

0.0035
0.0047
0.0057 - 0.0066
0.0077 - 0.0091
0.0111 - 0.0143
0.0216 - 0.1290

1
2
4
7
5
2

5.726
8.585
12.942
16.651
7.739
1.082

3 Elevation : 820-1020m
Confined to semi-confined valley within hilly topography, sedimentary rocks (shales and mudstones) with
dolerite intrusions. Moderate population density with extensive cultivation, especially within the Luhane
catchment.
Irregular channels with infrequent islands, cobble bed foothills zone with gravel/cobble bed river, pool-riffle
or pool-rapid morphology, locally bedrock-controlled.  Narrow flood plain of sand and/or gravel may be
present.

0.0035 - 0.0037
0.0045 - 0.0049
0.0053 - 0.0060

3
3
4

16.747
12.753
14.130

4 Confined valley in sedimentary rocks (sandstones) with dolerite intrusions.  Low  population density.
Cobble bed foothills to mountain stream zone, with cobble and boulder bed channel characterised by plain
beds, step pool morphology, rapids and pools.  Flood plain generally absent, but lateral depositional bench
features may occur.

0.0049
0.0072
0.0081 - 0.0090

1
1
3

4.108
2.769
6.979

F - frequency, number of reaches within this gradient class.
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3.2 IFR SITES

Refer to the detailed explanation of selecting sites in the Appendix (starter document).

3.2.1. Purpose of IFR Sites

In order to determine the IFRs of a river system, it is necessary to determine the flow requirements at
a number of points within the system.

More than one IFR site is usually selected within the system, for a number of reasons:
! Tributaries entering the system may introduce different channel, bank and/or habitat conditions

which may need to be considered separately.
! The DFS of particular reaches of the river may differ from the rest and may therefore require

specific IFR.
! A river system displays biological diversity along its length, and consequently, a single IFR point

is unlikely to adequately reflect this range of diversity.
! Various hydrological stage points are required within the system to cater for the inflows of

tributaries and losses down the length of the system.

A range of hydrological, hydraulic, geomorphological and ecological data is collected at each IFR site.
This information is then utilised during the IFR specialist meeting to determine the IFR for the system.

3.2.2 Selection of IFR Sites

The selection of IFR sites is guided by a number of considerations such as:
! The locality of gauging weirs with good quality hydrological data.
! The locality of the proposed developments.
! The locality and characteristics of tributaries.
! The habitat integrity/conservation status of the different river reaches.
! The reaches where social communities depend on a healthy river ecosystem.
! The suitability of the sites for follow-up monitoring.
! The habitat diversity for aquatic organisms, marginal and riparian vegetation.
! The suitability of the sites for accurate hydraulic modelling throughout the range of possible

flows, especially low flows.
! Accessibility of the sites.
! An area or site that could be critical for ecosystem functioning.  This is often a riffle which will

stop flowing during periods of low or no flow.  Unnatural cessation of flow constitutes a break
in the functioning of the river.  Those biota dependant on this habitat and/or on continuity of
flow will be adversely affected.  Pools are not considered as critical since they are still able to
function as an ecosystem, or at least maintain life, during periods of no flow.

! The locality of geomorphological reaches and representative reaches within the
geomorphological reaches.
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When selecting IFR sites, a decision-making process is followed which consists of the following steps:

C Selection of IFR study area;
C Selecting river stretches in which IFR sites should be situated (see fig 3.2):

* Impendle Dam site to the end of the first geomorphological macro-reach.
* From the above border to the end of the next geomorphological macro reach.
* From the above border to upstream of the estuary.  Due to the length of this stretch,

it was decided to select two equally spaced sites in it.
C Helicopter flight to select IFR sites;
C Use of the river video for the identification of possible IFR sites;
C Ground truthing - final selection of sites; and
C Placing of cross-sections.

FIG 3.2 : LOCALITY MAP
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3.2.3 IFR sites : Locality, Advantages and Disadvantages

IFR 1 : LUNDY'S HILL

Coordinates : S 29E 44,603 E 29E54,688
Locality : Situated about 1 km downstream of the Camden gauge, just downstream of the arch  gravel
road bridge next to the tar road bridge.

Components Advantages Disadvantages

General Accessible by any vehicle.
No flow measurements required in the
main stream as the gauge could be
utilised.
View for fixed photo-point monitoring
excellent.

A small stream comes in between the gauge and the site
which needs to be measured.

Invertebrates Some moveable stones in current in the
island, and also some vegetation.

Diversity of habitat fairly poor and dominated by fast
moving water and bedrock. Pools, proper stones out of
current, mud banks and softer submerged vegetation
(sedge bases only available) are not present.  (Pools on
the bedrock on the left bank, that are fed by seepage and
by flood waters, were not sampled as they appeared to be
independent of instream flows.  They would nevertheless
be altered during times of high flow.)

Fish Habitat diversity better on right bank
than on left.

Habitat diversity is less than at the site upstream of the
bridge.  Sampling will need to be spread out to
encompass best options.

Riparian
vegetation

Both banks have good vegetation
cover
LHB best with well defined riparian
zone and C. erythrophyllum in a flood
channel situation typical of vegetation
in that reach of the river.

RHB comprised of high mudstone banks, vegetation is
therefore not all riparian, some is dry terrestrial.
High flood and annual flood levels are difficult to
determine by vegetation characteristics due to
unexplained C. erythrophyllum distribution at a very
high level.
Grazing a serious problem.

Geomorphology Representation of macro-reach
satisfactory.
Well-defined bank morphology.
 Good range of instream morphological
assemblages .
Good hydraulic habitat diversity.
Pools allow assessment of aggradation
potential.

None

Hydraulics The location of upstream gauging weir
(1km) that will be used to accurately
measure discharge.

Small tributary entering the river between the site and
gauging weir.
Influence of bedrock likely to result in non-zero flow
depths at the cessation of flow, particularly at the
upstream (A) and downstream (C) cross-sections that run
through pools.
Non-horizontal flow levels within the middle cross-
section (B) positioned through a rapid.
Non-uniform flow conditions at the site.



  
IWR Environmental IFR sites page 3.6

IFR 2 : HELLA HELLA

Coordinates : S 29E55,260 E 30E 05,069
Locality :  Located approximately 1,5 km downstream of the Hella Hella bridge.

Components Advantages Disadvantages

General Site accessible with  high clearance
vehicle.
Clear view for fixed photo-point
monitoring.
Site representative of the undisturbed
gorge wilderness area.
Bridge near by for flow measurements
during high flows.

No gauge. Hand flow measurements (difficult during
medium flows due to the depth of the pool) are required.

Invertebrates The base of the riffle contains more,
but only a few, loose stones in current. 
Also the bar near the middle of the river
had more loose cobbles.  
Abundant reeds on the riparian zone,
well inundated.

Habitat diversity fairly poor.
Dominated by high velocities.
Very few moveable stones.

Fish Fairly good habitat diversity Narrowness of river bed makes it difficult to sample at
moderate and high flows.  Other nearby sites will need to
be sampled to supplement data.

Riparian
vegetation

S. guinieense individuals on LHB
which could be used for IFR
determination

Riparian zone depleted of vegetation.
Few remnant indicator species remaining which can be
used.
Mostly terrestrial and exotic species.
Access to RHB not possible at time of site visit.
RHB riparian zone poor.
Grazing a serious problem.

Geomorphology Well defined bank morphology.
Satisfactory range of instream
morphologies.
Satisfactory diversity of hydraulic
habitat.

Not representative of anabranching channel systems
which are very common within this macro-reach.
Channel steeper and narrower than average.

Hydraulics The location of a reasonable measuring
site upstream of section A.

Potential for non-horizontal water profiles at low flows at
the downstream cross-section (A), which runs through a
boulder rapid.
Difficulty of obtaining accurate measurements of stage
due to wave action along the banks at intermediate and
high flows.
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IFR 3 : ST JOSEPHINE'S BRIDGE

Coordinates : S 30E 00,492 E 30E 14,342
Locality : Approximately 500 m upstream of the bridge.

Components Advantages Disadvantages

General Site accessible with high clearance
vehicle.
Photo-point monitoring opportunities
good - clear view of the site both
upstream and downstream.

Disturbed site.
Need a boat to gauge during low flows.
Limited habitat variability

Invertebrates Riffle present Of all the sites, the most limited in habitat diversity,
basically a uniform riffle with a pool above.

Fish Site not seen.  Area has varied habitat
diversity.

Site not seen : Rocks where previously sampled were
slimy and slippery, making shocking difficult.

Riparian
vegetation

C. erythrophyllum individual on LHB
possibly could be used .
Ficus sur on RHB could possibly be
used.

Riparian zone depleted of vegetation.
Mostly exotic and terrestrial species present.
Access to RHB not possible during site visit.
Grazing a serious problem.

Geomorphology Reasonably representative of longer
reach.
Cross-section across riffle has clear
bank morphology on the RHB.
Upstream pool should allow
assessment of aggradation potential.

No obvious disadvantages

Hydraulics The location of a reasonable measuring
site in the pool upstream of the section

Potential for non-horizontal water profiles at low flows for
the cross-section  which runs through a boulder rapid.
Non-uniform flow conditions at the site.
Difficulty of obtaining accurate measurements of stage
due to wave action along the banks at intermediate and
high flows.
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IFR 4 : MFUME

Coordinates: S 30E07,575 E 30E40,122
Locality: Site situated about 10 km upstream of the Good Enough Weir.

Components Advantages Disadvantages

General Near a good gauging weir - no flow
measurements required.
Photo-point monitoring view good.
Access good for normal vehicle.

Area disturbed.
Sandy river bed which will have subsurface flows present
and for which it is difficult to determine habitat
requirements.

Invertebrates Good habitat, especially along the
edges, (backwaters etc).
Range of flow velocities.

Dominated bedrock and sand with few stones in current
anticipated (not sampled)

Fish Site not seen : Sandy habitat may
favour fresh water gobies but not a
large diversity of species.

Siltation probably results in limited habitat diversity.

Riparian
vegetation

Millettia grandis present on LHB,
could be used for bank recharge .

Riparian zone depleted of vegetation .
Access to RHB not possible during site visit.
Mainly exotic species present.
Grazing a serious problem.
Highly disturbed riparian zone.

Geomorphology Reasonable representation of lower
reaches of macro reach
Satisfactory definition of bank
morphology.

Dominance of bedrock in active channel banks may
hinder interpretations of water levels in terms of channel
forming discharges.

Hydraulics The location of a downstream gauging
weir (6km) that will be used to
accurately measure discharge.

Non-horizontal stages within the channel for the braided
site at low flows.
The potential for change in channel geometry given the
alluvial nature of the site.

3.3 EVALUATION OF IFR SITES

Four IFR sites were selected during the IFR process.  During the IFR specialist meeting, approximately
eight hours are required to set the maintenance and drought IFRs for each site.  Therefore, four sites
cannot be investigated in detail during the specialist meeting and the best two IFR sites are selected for
detailed IFR determination.  These recommendations are then hydrologically extrapolated to the other
two IFR sites and then checked by means of the suitability of the hydraulic parameters for the required
ecosystem functioning.

Each site is evaluated from the different specialist viewpoints and the sites that have the most potential
to result in high quality IFRs are specified.   The advantages and disadvantages of the sites for the
biological and biophyscial components reflects the evaluation of the confidence in IFR sites.
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Table 3.2 : Evaluation of IFR sites
NONE = 0 LOW = 1 LOW - MEDIUM = 2 MEDIUM =3  
MEDIUM - HIGH = 4 HIGH = 5 L = LOW FLOWS H = HIGH FLOWS
Hydraul = Hydraulics Hydrol = Hydrology Rip Veg = Riparian Vegetation Inverts = Invertebrates
Geom = Geomorphology L = low flows H = high flows

IFR
SITES

IFR COMPONENT

HYDRAUL HYDROL FISH RIP VEG GEOM AQUATIC
INVERTS

WATER
QUALITY

 PHOTO

1
L 2 4 4 3-4 - 3 3 4

H 4 3 3 2-3 3 4

2
L 1 4 4 3-4 - 4 3 3

H 5 3 4 3-4 3 4

3
L 1 4 3 1-2 - 2 3 2

H 5 3 3 2-3 3 4

4
L 2 4 5 2-3 - 5 3 4

H 5 3 4 3-4 3 4

Motivation for hydraulic evaluations: 
IFR 1 Low flows : Lowest flow observed was 5.8 m3/s therefore any flows lower than 5 m3/s  will have
low confidence.  Flow depths at cross-section 1A and 1C will not be zero at no flows.
IFR 2 Low flows : Same problem as the above - lowest observed flow 9,6 m3/s.  Flow depths at cross-
section 2A will not be zero at no flows

The sites selected for IFR determination during the IFR specialist meeting were Site 2 and 4.  The
specialist had the most confidence in these overall confidence in these sites. IFR 3 was definitely the
poorest overall, especially with regards to the hydraulics.

_____________________________________________________________________________
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CHAPTER 4 : DATA USED FOR IFR DETERMINATION

4.1 BIOPHYSICAL INFORMATION 

4.1.1 Fish (Coke, Appendix L)

The Mkomazi river supports a moderate diversity of fish species, with many of these being limited to
the lower reaches near the coast where the impact of a dam in the middle reaches would probably be
minimal.   Amphilius natalensis is the only riffle-dependent species present, but riffle habitats are likely
to remain available even if river flows become reduced.  The impact of a dam on the migrations of scaly,
sharptooth catfish and eels could be considerable and therefore the provision of a fishway, or at least
an eelway, is considered essential.  The release of summer spate flows from the dam would probably
stimulate successful breeding by the flood-dependent species. 

4.1.2 Aquatic invertebrates (de Moor, Appendix M)

The Mkomazi and Mkomazana show an exceptional diversity of aquatic insects dominated by
hydropneustic groups. Both rivers are swift flowing with mostly stony reaches and there are diverse
communities of filter feeding Hydropsychidae and Simuliidae as well as Elmidae and baetid mayflies.
This rich diversity of species with low numbers of individuals for each species indicates a healthy, rich
heterogeneous environment with a wide range of ecological conditions, which has also ensured that pest
species have not become abundant and problematic in the Mkomazi River. 

Comparing the species composition of the Mkomazi/Mokomazana Rivers with that of the Mooi River,
a tributary of the Tugela River, it is notable that the species of Hydropsychidae are very different with
only two of the twelve species from the Mkomazana and Mkomazi Rivers also being found in the Mooi
River. There are also more species of Leptoceridae in the Mkomazana and Mkomazi Rivers with
several species of  Oecetis ,  Triaenodes  and  Trichosetodes  which are absent from the Mooi River.
Simulium wellmani  and  S. letabum  are also absent from the Mooi River. 

A measure of the abundance and diversity of aquatic macroinvertebrates in a river provides information
on the status or "environmental health" of that system. Because different species of invertebrates have
varying aquatic life-cycle durations, the community structure of aquatic invertebrates can provide a time-
integrated measure of the prevailing conditions. The presence or absence and relative abundance of
macroinvertebrate species can be used to assess disturbance events which occurred prior to sampling.
Water chemical samples which give an instantaneous record of prevailing conditions do not provide such
information. Because of their small size and relatively sedentary nature aquatic macroinvertebrates are
vulnerable to ecological disturbances, unlike fish which can move away from unfavourable areas and
return again once this has passed. The macroinvertebrate species need time to recolonise sections of
river and various species do this at differential rates. For this reason certain species may be eliminated
from sections of river for a considerable time as a result of ecological disturbances. Species composition
of macroinvertebrate communities therefore also provide information as to how long ago a disturbance
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event occurred. In certain instances the form of the disturbance, i.e. specific kinds of chemical or organic
pollution or drastically altered flow regimes will also be reflected by a change in the natural
macroinvertebrate assemblage. 

Functionally, aquatic macroinvertebrates are important processors of organic matter. They serve a vital
function in purifying water and also provide a valuable food resource for larger animals within, and even
outside the river system. In order to continue functioning optimally, the component species in a river
system require regular inputs of nutrients, sediments and water flow. Specific river systems evolve
particular assemblages of species forming functional communities within reaches. These communities are
optimally adapted to the prevailing conditions such as substrate composition, water temperature,
sediment transport and nutrient flows. A reduction or increase in flow, sediment transport or nutrient
loads will lead to changes in community structures through loss of certain species and increases in others.

There are more than 40 undescribed species of aquatic insects in the middle reaches of the Mkomazi
River (Ephemeroptera 19 spp., Coleoptera 5 spp., Trichoptera 11 spp., Simuliidae 2 spp. and Tipulidae
3-4 spp.). These need further attention, firstly to be described, then to establish whether their distribution
is more widespread and finally to find out what ecological role they play in the middle reaches of the
river system. 

The dense crusted algal growth on stones from riffles in the Mkomazi River near Impendle indicate that
there is excessive nutrient enrichment in the river upstream of that site. The diversity and abundance of
filter feeding hydropsychid caddisflies and baetid mayflies and the presence of certain upper-reach,
running-water species found at lower altitudes characterised the Mkomazi River as a swift-flowing, cool,
well-oxygenated river system with a diverse fauna able to process and clean up the present enrichment
of the river. There are many macroinvertebrates that require a cool water regime for continued survival
and hence the thermal regime of the river should also be considered in the river management
programme. 

It should be noted that the Mkomazi River is one of the few remaining moderate to large rivers which
has not had dams built in its catchment. The almost complete lack of problem or pest species in this river
indicates that its natural flow regime is sufficiently abundant and varied in discharge to maintain a diverse
macroinvertebrate fauna not dominated by any pest or problem species for any great length of time.
Severe modification of this natural flow pattern can lead to an enhancement of conditions which favour
pest and problem species such as blackflies, mosquitoes and snail vectors of bilharzia. Reduced flow
conditions and the removal of scouring floods can also lead to reed encroachment, a condition notably
absent from the present river. 

Philosophy behind the biological requirements of IFRs (Invertebrates)

Biologically the River has a count of 400 species of invertebrates presently identified.  This is however
not an exhaustive list of what occurs.

Changes in flow regimes, substrate type and availability govern the absence, presence and abundance
of various species.  Removing a few species or decreasing their abundance to very low levels has a
range of influences on other species and it is difficult to predict which will become dominant save for a
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few obvious ones (Simulium spp., Chironomidae, a reduction in number of baetid mayflies, filter feeding
caddis species.

The philosophy behind maintaining a diversity of species is to ensure that the functional self-purifying role
of the river is kept at an optimum through maintaining the keystone species responsible for this, i.e.  filter
feeders, deposit feeders.  These animals all help remove organic matter from the water and purify it.
A diversity of species also helps contain any potential pest species.  If the number of species is reduced,
a few will attain numerical dominance and these could become problem or pest species requiring
management with huge cost implications.  Managing the flow of the river to maintain a large diversity of
species is therefore a very important management option.

4.1.3 Riparian vegetation (Kemper, Appendix J)

Along every water course a band of vegetation exists which has evolved to cope with hydromorphic
soils (periodically or continuously waterlogged). These species display an array of morphological,
anatomical and physiological adaptations which allow them to flourish in such anaerobic soils.

Riparian vegetation often forms a continuum in which floristic composition is influenced greatly by the
parochial effects of the river and to a lesser extent by the flanking vegetation types. In many instances
the upper reaches of rivers support specialist species but the lower reaches are dominated by ubiquitous
generalists.  This vegetation is important in a number of ways including bank stabilization and retention
of silts. Beyond the riparian vegetation exists the phreatic zone. Vegetation which occurs in the latter has
access to deep moisture from the river but avoids continually waterlogged soils. The phreatic zone
usually includes arborescent species.

The survey revealed that the Umkomazi is a highly modified river due to has levels of utilization. As a
consequence of this disturbance the river system has been heavily infested with alien species and the
diversity of the riparian vegetation has been drastically reduced.

The conservation status of most of the surveyed river sections is low. Species diversity within the
riparian vegetation is very low despite the change in altitude and flanking vegetation types. It is
postulated that all but the most resilient riparian species have been lost from most of the water course.

The boulder beds at Hella Hella contain two rare species, Maytenus bachmannii and Eugenia zeyheri,
formerly thought to be endemic to the Pondoland Sandstones. This is the first record of these species
out of the Pondoland sub-centre.

Tetradenia brevispica was collected at Lions Kloof in the vegetation flanking the river. This species
has not been previously recorded in KwaZulu-Natal.

4.1.4 Fluvial geomorphology (Rowntree, Appendix I)

See Chapter 1 (1.4 - Overview of the Catchment) and Chapter 3 (3.1 - Zonation)
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4.1.5 Social aspects (Huggins, Appendix O)

The methodology employed for the study incorporated
- a desktop analysis
- a review of available literature on social aspects of downstream impacts and water resource

usage; 
- the gathering of available data on the villages to be affected: identification through mapping;

obtaining population estimates through the 1996 census.

In the Mkomazi study respondents in the “tribal trust’ generally did not articulate strong feelings either
for or against the need for conservation.  For these people the ideal state of the river was one in which
water quality was maintained as “clean”.  People living in the lower reaches of the river particularly
articulated this.  It was stressed that the quality of the river in winter is usually very good.  People who
indicated that their primary water sources (boreholes, springs and smaller tributaries) sometimes dried
up in winter emphasised the importance of water quality in winter.  For people in this category the major
issue around the state of the river was therefore that it be kept clean and flowing in winter.  High summer
flows were generally regarded as a nuisance as the water was dangerous when flowing fast and generally
too dirty to be used as a potable source.

Respondents for whom recreational canoeing was important did however express strong preferences
for the river to be maintained in as pristine a condition as possible.  This was regarded as particularly
important as the Mkomazi was seen to be less disturbed than almost all other major rivers in KwaZulu-
Natal.

People use the run of river water for drinking and domestic cooking, livestock watering, irrigation,
building, washing, filling cattle dips, recreation, religious purposes, as an ingredient in medicines.  The
environment alongside the river was used for sand excavations for brick and block making, gathering
building material, medicinal plants, material for handicrafts.  Fishing tends to be of a recreational nature
and it did not appear as if fish formed an important part of people’s diets.

From a social perspective it appears that riverine environments commonly have both a utilitarian and a
recreational value.  For the canoeists the river was seen as a recreational resource of critical value.  The
point was repeatedly made that the river represents some of the last untamed “white water” in the
country and that it should remain so.

In general a system that would regulate the river was regarded, by most respondents from the ‘tribal
areas’, as a potentially positive initiative.  People said that the regulation of the river would be a positive
development if it:
- would prevent the situation whereby there was no water in the river reoccurring (or at least

make this a less frequent event) and
- would prevent potentially destructive floods and river flows that impeded access.

Most respondents agreed that all role-players needed to co-operate towards promoting a positive
interaction with the regional and local resource base.  The introduction of sound water management rules
and the establishment of appropriate local water bodies and/or committees to ensure the optimal and
sustainable use of available resources were emphasised in this regard.  Moreover, it was emphasised
that all stakeholders should have a direct say in decisions regarding the seasonal timing of floods or
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regulated flood releases, and should receive early warning with regard to surplus flows (uncontrolled
releases) and related matters.

4.2 OTHER

4.2.1 Hydraulics

River hydraulics forms an integral and essential component of the IFR assessment using the  BBM by
providing the means to convert hydrological data (discharge rates, frequency and timing of flows) into
local hydraulic conditions, including, for example, flow depth, flow velocity, surface width, cross-
sectional flow area and wetted perimeter.  These hydraulic determinants enable flows in the river to be
related to suitable habitat requirements for aquatic and riparian fauna and flora.  Hydraulic information
is site-specific, however, and is a function of the local channel geometry and geomorphology, bed and
water surface slopes, and flow resistance components (sedimentological and vegetational).

The hydraulics component of the study involved the collection, analysis and presentation of information
at the IFR specialist meeting on site-specific hydraulic relationships for cross-sections located at four
selected sites along the Mkomazi River downstream of the proposed Impendle dam.

4.2.2 Hydrology (Hughes, Appendix N)

The Mkomazi River catchment is located in the southern part of the KwaZulu-Natal province and the
river has its source in the southern Drakensberg.  The Mean Annual Precipitation (MAP) for the entire
catchment is 981 mm (WR90) and the Mean Annual Evaporation is 1252 mm.  However, the MAP
is higher in the upstream parts of the catchment (1000 - 1287) and correspondingly most of the runoff
is generated upstream.  The most downstream part of the catchment (approximately 33% of the total
area) contributes less then 14% of total MAR.

Two streamflow gauges with flow records dating from early 1960s exist in the catchment.  The first
(U1H005) commands the upstream part of the catchment (1744 km2), the second (U1H006) is close
to the estuary (4349 km2) and effectively records flow from the entire catchment.  These historical
records are stationary and are generally of reasonable quality with a few gaps due to missing data.  The
downstream gauge however has a low Discharge Table Limit (DTL) and therefore, unreliable high flow
measurements.

The 1-day non-dimensional annual flow duration curves constructed for each gauge using the whole
record period clearly illustrate the similarities in hydrological regime of the two sites.  At the same time,
gauge U1H006 demonstrates a slight increase in low flows relative to U1H005 (flows exceeded more
than 90% of the time).  These differences are more pronounced during dry months of the year.  This
may be indication of a slightly more baseflow-driven flow regime in the most downstream reaches of
the Mkomazi River.  On the other hand, the “truncated” high flows at U1H006 may reduce the mean
daily flow estimated from observed records and consequently, “push up” the ordinates of the non-
dimensional flow duration curves (annual or monthly).
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4.2.3 Water Quality (Simpson, Appendix K)

The assessment of historical data and trends between 1976 and 1997 shows that:
C For both upper and lower catchment sample sites, the pH and nitrate values have risen slightly

but not to levels detrimental to either the environment or other users and with no indication of
pollution.

C Conductivity and TDS concentrations have not changed and are at acceptable levels.
C SRP concentrations are low and have remained low with no indication of pollution.

The assessment of current water quality and spatial trends at the IR sites shows that:
C Temperature increases down the catchment by between 2 and 5 degrees Celcius between sites

and has seasonal ranges for sites of between 12 and 15 degrees Celsius.
C E. Coli counts increase down the catchment being far higher at IFR 4 than at the upper sites,

approximately 350 compared to 150 cells/100ml for the medians.  Measured against WQI
classes, 40% of the results fall into class A water for IFR sites 1 to 3.  In terms of water quality
guidelines, IFR sites 1 to 3 would be suitable for full contact recreation for much of the time and
suitable for intermediate contact recreation up to the 90th percentile.  Bacterial contamination
is less in the upper catchment than for the Midmar catchment.

C The pH value data distribution is suitable for all users.
C Turbidity and suspended solids concentrations increase down the catchment with 50th

percentile values reflecting a class C to D water quality, satisfactory to poor.  Above the 60th
percentile, the poorest class, class E category prevails.  For aquatic life, the suspended solids
concentrations exceed the limit above the 80th percentile and for recreation above the 25th
percentile.  Compared to data for the Midmar catchment, turbidity and consequently erosion
is much higher.

C Conductivity increases down the catchment, but the levels are suitable for all users.
C Neither nitrate, ammonia, phosphorus or total organic carbon (TOC) concentrations show any

sign of significant pollution and from a nutrient aspect the quality may be classified oligotrophic
to mesotrophic.

____________________________________________________________________________
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CHAPTER 5 : IFR RESULTS FOR DETAIL SITES

The IFR sites selected for detailed IFR determination were IFR site 2 and 4.  These are the sites for
which detailed motivations for each recommended flow are supplied and which will be discussed in this
chapter.

Flows are provided for both maintenance flows (those flows that will maintain the system in the
management class agreed on during years other than drought years) and drought years (flows that will
only allow for survival of the most critical components of the ecosystem).  The same approach is utilised
for both maintenance and drought years, starting off with maintenance years.

The approach during this session followed the following steps:
C The highest low flow (note that this term is similar as base flows) month and lowest low flow

month were selected as February and September respectively utilising the hydrological record
to make this decision.  

C These months were used to set the low flows and the range of  flows that occur during the year
was therefore fixed between the highest and lowest low flows.

C The low flow IFR for the rest of the months are extrapolated from the September and February
flows following the natural shape of the annual hydrograph.  This extrapolation is undertaken by
the hydrologists and checked by the ecologists.

C Each specialist provided motivations describing how the required flows should look (eg water
level, velocity, depth) and the reasons for requiring these flows.  Some of the disciplines
provided primary and some secondary motivations.  Primary motivations refer to motivations
provided by the disciplines that require a certain type of flow which is critical.  Secondary
motivations refer to motivations provided by disciplines that could maintain the component with
less flows, but for which higher flows to satisfy the other components requirements will not be
harmful.

C After each flow is agreed on, the flows specified were checked for realism in non-drought
years. Normal or average hydrological years were utilised to provide this check.

C During the wet season high flow events were set and motivated for. High flows refer to freshes,
small, medium and large floods.  A fresh refers to a small increase in base flow.  The high flows
are given in m3/s and the flow provided refers to an instantaneous peak.  As the hydrology was
provided in mean daily averages, the peaks recommended were converted to slightly lower
flows to reflect the mean daily average.
* In all cases the duration of the floods were provided in days.
* The shape of the floods was based on the shape of the natural hydrograph.
* The peaks provided include the low (base) flows
* When the total volume of each flood was calculated, it excluded the low flow volume

which is already included in the total low flow volume
C A hydrological check of each flood was repeated..

The same procedure was followed for drought years.

 The results for the two sites for which detailed IFRs were set are as follows:
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5.1 IFR 2 : HELLA HELLA

The following abbreviations are used in the tables below :
Hyd = Hydraulic.     Pers observ = personal observation by the relevant specialist. Hydro = hydrological
Perim = perimeter 

5.1.1 : Maintenance flows
 
Maintenance Low flows September Flow : 2,3 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Fish (cross-section 2B):
30 - 50 cm deep water over 20 m
width of river, but only just
wetting the prominent cobble bed
near the right bank

Depth Creates minimum acceptable habitat for Amphilius, requiring 20-25
cm of water over cobbles.
Juvenile minnows and scaly will also find this water depth
acceptable.

Lower levels would seriously limit habitat for
Amphilius.

pers
observ, 
hydro data

Riparian vegetation:
0,6m at 2B gets water into the
roots of the Arundinella grass.

Depth It is believed that this will maintain these grass patches during the
winter months.

Will probably lead to a reduction in the patch site
or possibly a loss of grass patches of this kind. 
However, it may also lead to the relocation of
these patches within the macro channel floor.

Photos,
curves

SECONDARY MOTIVATOR

Aquatic invertebrates:
Riffle maintained with good
percentage (30%) of shallow water
(<5cm), a good wetted perimter
and velocity.

Wetted
perim

Shallow water refugia for invertebrates
good velocities to maintain filter feeding functions

n/a
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Maintenance Low flows February Flow : 10 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Fish (cross-section 2B):
Gives about 25 cm depth over
much of the cobble bar plus much
deeper, faster flowing water in
three channels.

Depth 25 cm deep water will satisfy the needs of fingerling fish, which will
also occupy the quieter edges of the deep channels.  Amphilius will
occupy water up to 0,5 m deep, including the deeper channels.  
Migrating adult fish will be able to utilise the deeper channels to
move between consecutive pools.

- pers observ

Riparian vegetation (2B):
Sufficient water depth to inundate
the basal areas of the reeds
(Arundinella & Phragmites)
without exacerbating
sedimentation.

Depth This is the period/growth period for Arundinella and it is essential
that adequate water is available to ensure optimum growth.
Levels are sufficient to encourage growth of Arundinella which
tends to occupy boulder beds (coarser sediments).

Lower levels of flow will increase sedimentation
and may lead to a shift in species dominance to
Cyperus marginatus, Mariscus congesta and
Phragmites australis.  Increases in these species
will tend to encroach on the channel margins
which may cause shifts in the habitat for other
species and choking of the river margins.
Would stunt the growth of Arundinella and
restrict its distribution.

Photos,
profiles,
pers
observ.

SECONDARY MOTIVATOR

Aquatic invertebrates (2B):
To maintain 30cm flow over
cobbles in riffle area in cobble
bank to wet additional perimeter.  

Water
velocity

To provide sufficient velocity of flow in riffle for filter-feeding
species to maintain populations.
To keep stones clean over cobble beds.

n/a pers observ
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Maintenance High flows (in instantaneous peaks) October Flow : 6 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Aquatic invertebrates:
Based on hydrology

- To flush water, move fine sediments, expand wetted area.  Stimulate
breeding in invertebrates.

- -

Fish : 
Significant (double ) increase over
base flows

- Increased flows needed to stimulate initial migration of fish away
from deeper pools and redistribution throughout the river system
prior to spawning.

Smaller “increased” flows may not cause fish to
begin migrating.

Literature
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Maintenance High flows November 2X Flow : 15 & 25 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Fish (25) :
Edge to edge flows

water
surface
level

Both freshes to be migration stimulators as well as early spawning
stimulators.

Will not provide water to the edges where
vegetation habitat and slower habitats are
available.

pers
observ,
photos, 
plus hydro
data

Riparian vegetation (25)
Sufficient flow to inundate but not
remove, germinating Persicaria sp.

Depth &
velocity

Early growth flush - also minor recruitment of grass and sedge
species.
Persicaria is one of the primary riparian fringe species.  This 
species has major recruitment from the seed produced in the 
previous autumn.  Heavy flows too early will result in flushing of
these seedlings but inadequate flows will result in desiccation of 
the young plants which will destabilise this element.

Lower will not irrigate the marginal fringe
sufficiently to ensure combined seedling
growth.

Photo’s,
survey,
profile, pers
observ

Geomorphology (25) :
Flows within active channel,
velocity range important

Velocity Flows with a range of velocities to provide additional transport of
sand and gravels in a loose bed in absence of shielding by coarser
material.
Adds variability to the system.

Lower flows will have insufficient velocity for
significant sediment transport.

Hydraulic
data,
theoretical
sediment
transport
equations.

Aquatic invertebrates : velocity Move sediment to maintain diversity - wet new areas and clean stones
of accumulated algal growth.
Floods in January, February and March are essential to maintain large-
river invertebrates species component.
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Maintenance High flows December  2X Flow : 20 & 50 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Riparian vegetation (50)
Reasonable flushing to the
Arundinella fringe.

velocity Growth period of marginal vegetation.
Mid-summer flush of Arundinella to remove some of the fine
sediments of the reeds in an attempt to maintain the present
community structure.  Accumulation of sediments will lead to a shift
towards Phragmites and Cyparaceae

Lower levels will not achieve a
marginal flushing or regeneration and
will lead to channel encroachment and
deposition.

Photos,
survey,
profile

Geomorphology (50) : Velocity Flows with a range of velocities to provide additional transport of
sand and gravels in a loose bed in absence of shielding by coarser
material.
Adds variability to the system.

SECONDARY MOTIVATOR

Riparian vegetation (20) velocity
and water
surface

Maintain marginal species and prevent shifts in community structure
to Phragmites and Cyprus/Mariscus dominance.  This will cause
increased stabilisation of the sand deposits on the river banks and
encroach into the main channels.
Germination of Persicara  is usually very early in spring so small flood
events should be later in the season than early November. 
 Persicara  is an important fringing species, usually associated with
areas sheltered below Arundinella.

Personal
observa/
profile/
survey

Aquatic invertebrates : Move fine and coarse sediment to maintain diversity.
Floods in January, February and March are essential to maintain large-
river invertebrates species component.
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Maintenance High flows January 2X Flow : 30 & 50 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Fish (50) :
Bankfull plus some inundation of
marginal vegetation and of
marginal cobble beds.

Depth &
water
level

Spawning stimulation for catfish (on vegetation) and scaly over
cobble beds.

Maximum inundation of marginal habitats is
required for best spawning results.

Pers observ

Geomorphology (30 & 50) : Flows with a range of velocities to provide additional transport of
sand and gravels in a loose bed in absence of shielding by coarser
material.
Adds variability to the system.

SECONDARY MOTIVATOR

Riparian vegetation (30 & 50) - Growth period of marginal vegetation.
Mid-summer flush of Arundinella to remove some of the fine
sediments of the reeds in an attempt to maintain the present
community structure.  Accumulation of sediments will lead to a
shift towards Phragmites and Cyparaceae.

- -

Aquatic invertebrates (50): velocity Move sediment to maintain diversity.
Floods in January, February and March are essential to maintain
large-river invertebrates species component.
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Maintenance High flows February 3X Flow : 20 & 60 & 350 or 500 (1:5)m3/s

Description of flow Hyd param Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Fish (60) :
Full coverage / inundation of 1st
terrace

Depth and
water level

Spawning stimulation, especially by catfish on flooded marginal
vegetation (large-leaved plants, rather than Cynodon grass).

Maximum marginal inundation needed
for maximum spawning.

-

Riparian (350) :
Inundates the first riparian terrace
which is covered by Cynodon
dactylon grass

inundation
level

This inundates this terrace and maintains a moisture regime
which discourages the germination and survival of black wattle
seedlings on this terrace - maintains Cynodon lawn for grazing.
Feeds water into the next riparian terrace and encourages
growth and recruitment in this area
Deposits sediments on terrace and prepares a nutrient medium
for growth of Cynodon.

Would not inundate the terrace and
would probably result in the terrace
being colonised by woody and exotic
species such as wattles.

Field observ &
photos.

Geomorphology (350) :
Inundation of grassed flood bench,
significant velocity in active
channel for sediment transport. 
Flows above 200 m3/s (just
overtopping banks) to be
maintained for approximately 1 day
to allow sufficient sediment
deposition.

area Flow related to a significant morphological features showing
evidence of frequent sand deposition.
Flows of this magnitude in terms of velocities and shear
stresses provide effective sediment transport in main channel
and depth sufficient to construct flood benches i.e. maintains
the linked channel-floodplain system.
One or two year frequency flood generally considered as the
most significant discharge for maintenance of active channel.
Velocities sufficient to transport medium cobble in absence of
shielding by larger material.

Lower floods will not give sufficient
inundation (depth and duration) of flood
bench to give effective sedimentation
(peak 350 m3/s is instantaneous)
NB : Flood bench height measured at
2,65m, not 2,2  as given on profile - this
is through an eroded section)

field surveys,
profile, theoretical
studies.

Riparian vegetation (500):
Water inundates lower terrace at
high velocity; inundates higher
terrace and deposits sediments

Depth, area Scours out lower terrace and removes exotic and other woody
plants on this terrace and maintains Cynodon lawns.  Deposits
sediments on higher terrace and recharges higher riparian zone.

Would probably lead to colonisation of
lower terrace by woody and exotic
species.  Lack of recharge of higher
terrace would probably result in
terrestialisation by acacias and other dry
species.

Field
observations,
photo’s

SECONDARY MOTIVATOR
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Geomorphology (60) :
Flows within active channel,
velocity range important

Velocity Flows with a range of velocities to provide additional transport
of sand and gravels in a loose bed in absence of shielding by
coarser material.
Adds variability to the system.

Lower flows will have insufficient
velocity for significant sediment
transport.

Hydraulic data,
theoretical
sediment
transport
equations

Aquatic invertebrates (20 & 60): Move sediment and stones to maintain diversity.
Floods in January, February and March are essential to
maintain large-river invertebrates species component.

n/a literature

Fish (350) :
Bank-full flow plus good coverage
of marginal vegetation & cobble
beds

Depth &
velocity

Spawning stimulation, chiefly by scaly on inundated gravel and
cobble beds

n/a (150 sufficient) personal
observation

Maintenance High flows March 2X Flow : 20 & 50 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Riparian vegetation (20 & 50) : Growth period of marginal vegetation.
Mid-summer flush of Arundinella to remove some of the fine
sediments of the reeds in an attempt to maintain the present
community structure.  Accumulation of sediments will lead to a
shift towards Phragmites and Cyparaceae

Late and summer fruit set of marginal sedge
communities and Persicaria requires lowered
water stresses to maintain recruitment levels.

see above

Geomorphology (50) : Flows with a range of velocities to provide additional transport of
sand and gravels in a loose bed in absence of shielding by coarser
material.
Adds variability to the system.

SECONDARY MOTIVATOR

Aquatic invertebrates (20 & 50): Move sediment to maintain diversity.
Floods in January, February and March are essential to maintain
large-river invertebrates species component

n/a literature
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5.1.2 IFR 2 : Drought flows

Drought Low flows September Flow : 1 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Fish :
0.15 - 0.4 m depth in 3 major
channels over cobble beds

Depth Minimal survival area / space remains for occupation by
Amphilius (riffle-dweller) amongst cobbles of riffle.  Since fish will
also be found at the foot of the riffle in the headwaters of the pool.

Habitat for Amphilius becomes too limited for
survival of adequate numbers of fish.

Pers
observ,
profile

SECONDARY MOTIVATOR

Aquatic invertebrates
Some flow maintained in channel.

flow The river is perennial and it is dominated by species dependant on
flowing water . (over 80% of species).
Some flow will be maintained for filter feeding species.  Minimal
areas of high velocity to maintain the diversity of species and also
keep the “large river” species present.

n/a survey
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Drought Low flows February  Flow : 5,5 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Riparian vegetation:
Flows of depth that should allow
marginal wetting of the
Arundinella root systems

Depth This is the primary growth period for Arundinella.  The plant
tussocks appear to be fairly static so lower flows are likely to
impact heavily on the presence of the species as a dominant in the
riparian vegetation.  These flows should also allow repositioning
of the receding species such as Persicaria.

Lower levels will lead to attrition of the
Arundinella / Phragmites / Persicaria
communities

survey /
profile /
pers
observ.

SECONDARY MOTIVATOR

Aquatic invertebrates wetted
perimeter

Some wetting of cobbles at site 2 B would ensure survival of
riverine invertebrates - therefore 75 cm depth required - would just
keep the community going.

n/a experience

Fish :
Provides 10 - 15 cm depth over
part of the cobble bar, deeper in
the 3 channels

Depth Creates reasonable survival habitat for Amphilius (riffle
dependant) as well as for minnow species such as Barbus
viviparus.

Survey
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Drought High flows November  Flow : 6 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Aquatic invertebrates wetted
perim,
velocity

Increase in velocity to provide cues and flush fine sediments. Some life cycles should be maintained, otherwise
diversity of species will be impacted on.

Experience

General : Maintain variability

Drought High flows December  Flow : 20 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Riparian vegetation :
Inundation of peripheral
Arundinalla community with very
marginal wetting of Cynodon
vegetation nd Persicaria
community should be flooded.

Depth Maintenance flooding of Arundinella and associated hygrophytic
species.  This is main growing season and during drought periods
basal flooding is still probably necessary to remove exotic weedy
species and fine sands from the tussocks.

Lower floods will not inundate the Arundinella
bases

Profile,
survey,
pers observ

SECONDARY MOTIVATOR

Fish :
Complete coverage of cobble bar,
but minimal flooding of marginal
vegetation

increase
flow over
base flow

Cue (delayed from October) for spawning migration.
Provides some additional cobble habitat for Amphilius
populations.

n/a pers obser

Aquatic invertebrates : Velocity More coarse sediments will be moved n/a Experience
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Drought High flows January  2X Flow : 12 & 12 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Aquatic invertebrates : - Maintain diversity of flows to move sediments and wet new 
areas.
Clean stones

- Experience

General : Maintain variability
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Drought High flows February 2X  Flow : 60 & 12 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Riparian vegetation (60) :
Flows which put water onto the
lower part of the Cynodon fringe
and the area in which the
Schizigium is located

Depth These flows will provide recharge to the rooting zone of the
Schizigium cordatum trees in the areas covered by Cynodon and the
areas just beyond them.
These are the few remaining individuals of Schizigium left in the
riparian zone, and since these are very sensitive to reductions in flow
particularly during drought periods, it is essential to ensure that these
are provided with their basic water requirements with this flood.

Would probably lead to the demise of the
few remaining Schizigium individuals.

Field
observation

Geomorphology (60):
Small flood within active channel,
well up but below active channel
banks

velocity
width

Velocity sufficient to move fine to medium gravels (up to 35 mm)
through both pools and rapid.  Sufficient bed load movement expected
for habitat maintenance (gravel beds).
THIS IS NOT MOTIVATED FOR AS A CHANNEL MAINTENANCE
FLOOD.

Reduced efficacy for sediment transport. Profile,
hydraulic
data,
theoretical
bedload
equations.

SECONDARY MOTIVATOR

Fish (60) :
Bankfull flow, plus fair inundation
of marginal vegetation, not
covering the 1st terrace

area Spawning stimulus for scaly & catfish on cobble beds and flooded
marginal habitat.

n/a pers obser

Aquatic invertebrates : Velocity Move more sediments and clean stones (60).
Maintain diversity (12).

n/a pers exper
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Drought High flows March  Flow : 12 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Aquatic invertebrates : - Maintain diversity of flows to move sediments and wet new 
areas.
Clean stones

- Experience

General : Maintain variability

Water quality :

Flows decided upon by the primary disciplines should be acceptable for water quality with the following provisos :
Drought flows should be greater than recorded flows (if possible) since water quality will be poor with stagnant pools and continued local use.  Flow should be sufficient
to maintain flushing.  A flow of 0.4 m3/s should be sufficient for flushing.  High flows can be lower than recommended as quality (specifically referring to turbidity)
deteriorates at high flow.

The objective is to maintain water quality at the present level and improve through management.  Targeted guidelines for critical water quality variables would be that,
for existing summer and winter data sets, the 95th percentile values for turbidity, E. Coli, nutrients (phosphorus and nitrate and ammonia) and TOC should not be
exceeded at any time.  For temperature, the ranges for summer and winter should stay within the 5th and 95th percentiles.  Benefits would be for local use (watering),
recreation and ecosystem health.  In terms of the Water Quality Index, this would be classes A to B in winter and B to C in summer.
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5.2 IFR 4 : MFUME

5.2.1 Maintenance flows
 
Maintenance Low flows September Flow :3,5 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Aquatic invertebrates:
To wet to base of island on right
hand side in order to wet bases of
reeds

water
level

Provide habitat for various species. Will no longer have marginal vegetation biotope. personal
observ,
photos, 
profile.

Maintenance Low flows February Flow : 12,5 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Riparian vegetation:
Adequate inundation of
Arundinella bases.  Basal wetting
of Persicaria.  No wetting of the
Cynodon River banks

water
level

To maintain adequate growth of Aurndinella.  To retain its
dominant position in the ecosystem,  Arundinella requires root
and rhizome flooding. 
These levels will also prevent pioneer aliens due to 
waterlogging of the soils.
Marginal populations of Persicaria will also be adequately irrigated
at these flow levels.

Lower levels will impair the growth of Arundinella
within the system and probably lead to alien
(wattle) invasion.

Survey,
photos,
profile.

Fish : Right bank channel is filled
20 - 25cm deep.

Depth Shelter for small weaker fish species is provided in right bank
channel.  Deeper channels provide adequate habitat for adult fish.

Lower water levels limit amount of shelter on right
bank - but would make central channel more
habitable by small fish (Good variety of habitat
and depths here makes actual minimum water level
less critical).

Survey,
pers
observ.

SECONDARY MOTIVATOR

Aquatic invertebrates:
  

Wet all the available aquatic biotopes.  To ensure sufficient flow
velocity to maintain the hydropneustic aquatic invertebrates.  
Need to maintain this base flow for a sufficiently long time to allow
breeding and development of pupae o  root stocks and marginal
vegetation.

n/a pers.
observ
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Maintenance High flows (in instantaneous peaks) October Flow : 10 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Aquatic invertebrates:
 Based on hydrology

- Increased velocity to move fine sediments and cues for
invertebrates.

- -

Fish : 
Significant (double)  increase over
base flows with increased velocity

Flow &
velocity

Migration cue at start of summer, to move fish from overwintering
sites to suitable spawning areas.

Lower flows would not constitute an adequate
change from baseflow values and would probably
not stimulate migration.

Personal
observation

Maintenance High flows November 2X Flow : 15 & 25 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Riparian vegetation (25)
Inundation of Arundinella, 
Persicaria sp .

Depth &
velocity

Persicaria seedlings recently germinated.  Flooding will sustain
growth.
Arundinella will be in early stages of growth.
Rhizome inundation will maintain growth at reasonable levels.

Lower levels will fail to reach the band of
germinating Persicaria seedlings.

Photos,
survey,
profile, pers
observ

Geomorphology (25) :
Flow depth ranges from near top
of mid-channel bars to top of
grassy shelf on right hand bank.

Depth In-channel sediment transport (sands up to medium gravels -
40mm) within a variable flow regime.  
Morphological indicators used as clues for frequent flood events.

Reduction in sediment transport capacity Profile
features,
theoretical
studies,
bed material
observ

SECONDARY MOTIVATOR

Aquatic invertebrates (15) : velocity Velocity to create new habitats and to move sediments and clean
stones of accumulated algal growths..

n/a -
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Maintenance High flows December  2X Flow : 60 & 28 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Fish (60)
Increased coverage of marginal
vegetation and cobble/gravel
beds, just covering cobble bars on
transect.

Increased
wetted
perimter

To permit access to gravel and cobble beds as well as broad
leaved marginal vegetation for spawning by scaly and catfish.
Floods will discourage establishment of carp in main river channel.

Decrease in habitat availability could impinge on
abundance and diversity of species occurring.

Pers observ

Geomorphology (60) : In-channel sediment transport (sands up to medium gravels -
40mm) within a variable flow regime.  
Morphological indicators used as clues for frequent flood events.

SECONDARY MOTIVATOR

Aquatic invertebrates (28) : Velocity to create new habitats, to clean stones and to move fine
and coarser sediments.

Maintenance High flows January 2X Flow : 75 & 28 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

November (28):
Flooding of the marginal
Persicaria, Arundinella and
Phragmites

water
level

Mid-summer high growth period for riparian vegetation.
Irrigation of the fringe vegetation to maintain reasonable levels 
of growth.

Lower levels will not reach the tussock bases and
so the growth and seedling recruitment will be
impacted.

Pers
observ,
study,
survey,
profile

Geomorphology (75) : See November

SECONDARY MOTIVATOR

Aquatic invertebrates (28 & 75): See December
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Maintenance High flows February 3X Flow : 20 & 60 & 400 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Riparian vegetation (400):
Get water onto the flood bench
colonised by Cynodon dactylon

Depth This will ensure adequate provision of water to wet and maintain
the Cynodon grass on this bench.
Will also ensure adequate deposition of sediments on the terrace
and assist with growth of Cynodon.
Will also discourage encroachment of the terrace by woody
species such as black wattle.

Encourage colonisation by exotic woody species
and restrict Cynodon growth on flood bench.

Field
observ

Geomorphology (400)
Lateral grassed bench on LHB
inundated

water
level

Channel forming discharge plus flood plain sedimentation.
Velocities high enough to transport sediment up to medium
cobble.

As flows drop below 400, less of flood bench is
inundated.  No inundation below 200.

Profile
features,
theoretical
studies,
pers observ
of ben and
bank
sediments.

SECONDARY MOTIVATOR

Aquatic invertebrates (20 & 60): Scour sediments, create new habitats. n/a literature

Fish (60 & 20) :
Nearly overtops right bank cobble
bar

Increased
wetted
perimeter

Spawning stimulus for scaly and catfish on newly inundated
marginal gravel and cobble beds, as well as marginal vegetation.
Smaller flood to provide diversity of flows which will shift smaller
fish species and also discourage carp from becoming established.

n/a personal
observation
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Maintenance High flows March 2X Flow : 28 & 90 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Riparian vegetation (90) :
Floods get into edges of flood
terrace and almost completely
inundate islands in channel.

Depth Floods introduce water into roots of fringe vegetation on edge of
flood terrace and recharge the base of the terrace.
Result in deposition of sediments on Cynodon islands and edge 
of flood terrace.
Ensures growth and expansion of fringe vegetation and
maintenance of vegetated islands:

Would probably lead to restriction of fringe
vegetation and destabilisation of islands in the
channel.

Photos &
field
observ.

Geomorphology (90) : In-channel sediment transport (sands up to medium gravels -
40mm) within a variable flow regime.  
Morphological indicators used as clues for frequent flood events.

SECONDARY MOTIVATOR

Aquatic invertebrates (28): Velocity to maintain diversity of new habitats.
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 5.2.2 Drought flows

Drought Low flows September Flow : 1,6 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Fish :
Very shallow inundation of 2nd
channel, adequate/dept in left
channel

Depth Minimal occupiable habitat remains in the left channel for fish
survival (second channel too shallow for occupation).

Fish habitat becomes dangerously limited. Pers
observation
, profile

Riparian vegetation :
Minimum level to reach the basal
roots of Arundinella.  

water
level

Most fringing vegetation will be highly stressed. 
Below this level there is a strong possibility that the Arundinella
community will be severely impacted.  Already at these lower
levels the receding component will have been virtually lost. 
Persicara  will persist in the seed bank.

Grass seed is notoriously short lived and if the
standing population of Arundinella is too stressed
the damage many cause irreversible shifts in the
population structure

survey,
profile, pers
observ

SECONDARY MOTIVATOR

Aquatic invertebrates - Left channel with deep water, middle channel with shallow water. 
Maintenance of flows and some habitats.

n/a survey,
profile, pers
observ.



  
IWR Environmental IFR results for detail sites page 5.23

Drought Low flows February  Flow : 6,5 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Aquatic invertebrates Allows wetting of the bank.
Inundates some vegetation giving refuge for invertebrates - also 2
channels of deeper water.
This allows retention of diversity of aquatic biotopes and hence
species diversity and functual components of the invertebrate
community.

SECONDARY MOTIVATOR

Riparian vegetation :
Water level reaches the rooting
base of the Arundinella islands

Depth Maintains the growth and persistence of the Arundinella grass
patches on islands within the macro-channel.

n/a Photos,
model and
calculations

Drought High flows November  Flow : 6 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Aquatic invertebrates wetted
perim,
velocity

Increase flow in November to stimulate movement and increased
activity.

Some life cycles should be maintained, otherwise
diversity of species will be impacted on.

Experience

General : Maintain variability
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Drought High flows December  Flow : 20 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Aquatic invertebrates : increase
flow over
base flow

To add variety to base flow and allow maintenance of 
diversity.

- -

Drought High flows January  2X Flow : 12 & 12 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Aquatic invertebrates : - Maintain diversity of flows to move sediments and wet new 
areas.
Clean stones

- Experience

General : Maintain variability
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Drought High flows February 2X  Flow : 75 & 12 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Riparian vegetation (75) :
Put water into edges of flood
terrace and inundate some islands

water
level

Recharges the flood terrace and deposits sediments on islands.
Ensures the survival of the fringe vegetation and vegetation
(Arundinella and Cynodon) on the islands:

Field
observ.,
photos

Geomorphology (75):
Overtops mid-channel bars, gets
into channel shelf on right bank

water
level,
velocity

General channel bed maintenance : mobilization of bed sediments
up to 20 mm (i.e. up to medium gravels), 
redistribution of tributary sediments

Reduced efficacy for sediment transport Profile,
hydraulic
data,
bedmaterial
observation,
theoretical
bedload
equations.

SECONDARY MOTIVATOR

Aquatic invertebrates : Velocity Scour sediments and reset system n/a pers exper

Drought High flows March  Flow : 12 m3/s

Description of flow Hyd
param

Motivation Why not lower Source : 

PRIMARY MOTIVATOR

Aquatic invertebrates : - Maintain diversity of flows to move sediments and wet new 
areas.
Clean stones.

- Experience

General : Maintain variability
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5.4 CONFIDENCE IN IFR RESULTS

Each specialist evaluated the confidence in the IFR results according to the table below.  The evaluation
column indicates an average and this information should therefore be used with care. Some of the components
used for the evaluation should be weighted, before an average can be used with confidence.

TABLE 5.5 : IFR RESULT CONFIDENCE TABLE

PURPOSE : TO ATTACH A CONFIDENCE VALUE TO THE RESULTS OF THE IFR SET BASED
ON THE DIFFERENT SPECIALIST VIEWPOINTS, I.E. CONFIDENCE THAT THE IFR SET WILL
ADEQUATELY KEEP THE RIVER AT THE DESIRED STATE.

NONE = 0 LOW = 1 LOW - MEDIUM = 2 MEDIUM =3  
MEDIUM - HIGH = 4 HIGH = 5 L = LOW FLOWS H = HIGH FLOWS

NOTE : 
C Confidence are only attached to low or high flows where motivations are supplied.  If, for example motivations were

not supplied for low flows, no motivation for confidence for low flows is supplied.
C Motivation for evaluations are supplied whenever necessary, specifically for low flows.
C Hydrology : This evaluation is based on the hydrologists expert judgement on whether, based on the hydrology of the

system, the answers are realistic

IFR
SITES

IFR COMPONENT
EVAL

HYDROL FISH RIP VEG GEOMORPH AQUATIC
INVERTS

WATER
QUALITY

1
L 4 3 2-3 - 3 3 3.1

H 3-4 3 3-4 4 3 5 3.7

2
L 4 4 2-3 - 3 2 3.1

H 3-4 3 4 4 3-4 4 3.7

3
L 4 4 1 - 3-4 3 3.1

H 3-4 3 2 3-4 3-4 5 3.2

4
L 4 3-4 1 - 1-2 3 2.6

H 3-4 3 2 3 3-4 5 3.3
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It was noted in general that the most important reason for low confidence experienced for this IFR study
was the lack of low flows observed during the study period.  In the more detail the following statements
were made :

5.4.1 Geomorphology : confidence levels in IFRs (Rowntree)

C Confidence levels moderate-high for 1 year flood flows at 1 - 3 because cross-profile included
clear morphological features.  Sections across pools generally far more useful than rapids.

C Confidence level at 4 moderate for 1 year flood because strong bed rock influence makes
interpretation more difficult.

C Confidence level for active channel sediment processes moderate due to lack of detailed surveys
of river bed - no low flow site visits.

C Some morphological features difficult to interpret because of lack of access to opposite bank -
high flows experienced during site visits.

Recommendations : 
C Geomorphologist must liaise with surveyors and hydraulician so as to choose optimum transects

for geomorphology and to interpret transects.
C One site visit must be made at low flow conditions to enable access to both river banks and to

river bed.

5.4.2 Riparian vegetation : confidence levels in IFRs (Edwards & Kemper)

C Site 4 : Flood indicators on the profile, which were used on the sites above to devise flood
recommendations, did not make sense at this site and led to low confidence

C Initial depths specified implied exceptionally large floods which were not supported by the
hydrology.  The floods were therefore reduced to be in line with the hydrology.

C Low confidence in the regularity and magnitude of floods needed to inundate the flanking
vegetation (Cynodon dactylon).Flooding and sedimentation of this bench appears to be
maintaining the dominance of indigenous grasses through inhibiting the growth of exotic seedlings
eg, wattles, cassias, lantana. This is particularly important because of their impact on grazing of
domestic animals in the area.

C No photographic record of low flow regimes and consequently the basal vegetation depths in the
river are unknown.  Extrapolation of reed bed (Arudinella) depths are critical since these appear
to be structurally important components of the riparian fringe.  The importance of maintaining
marginal fringing vegetation in reasonable shape impacts on bank erosion, insect communities, fish
communities.

C Site 3 : Extrapolated from 4 and consequently the same low confidence applies.



  
IWR Environmental IFR results for detail sites page 5.31

5.4.3 Water quality : confidence levels in IFRs (Simpson)

All data has only been collected since 1996, so the analysis is based on two years of data.  Earlier data
(DWAF collection since 1976) did not include critical variables from the river health and local use point
of view and therefore cannot be used.  Since 1996 and 1997 were ‘wet years” with above average
runoff, there is greater confidence in high flow than low flow data.  The confidence rating for high flow
is given as 5 and for low flow as 3.  Data needs to be collected in a drought year.  The confidence for
IFR 2 is downgraded as there is no sampling site nearby and results had to be calculated.

5.4.4 Aquatic invertebrates : confidence levels in IFRs

C IFR 2 is a contained channel and so the estimates may not cater for the broader range of
biotopes at other sites eg. Above Lundy’s Hill.

C IFR 2 produced a lower diversity of species (68 taxa) than any other site surveyed (>100 taxa)-
probably due to reduced biotope diversity.  Therefore estimation based on these results may not
cater for other sites.

C IFR 4 : The sites surveyed for invertebrates were at and below Goodenough weir, which is a very
different type of site to IFR 4.  Extrapolation to IFR 4 is therefore not wholly valid.  

C There was a poor knowledge of the substrate types at IFR 4 which reduced the confidence
especially at low flow conditions as there was no idea of potential biotopes.

______________________________________________________________________________
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CHAPTER 6 : IFR MODELLING AND FINAL IFR RESULTS

The IFR model represents an attempt to generate a representative time series of daily flow ecological
requirements that are expected to result from the implementation of the output from an IFR workshop.
The actual daily requirements are expected to be made up of a combination of low flow releases with
flood event releases superimposed upon them.  In keeping with the philosophy of the BBM
methodology and the definition of when maintenance and drought flows should occur, the model uses
climatic cues to determine the actual daily flow rates.  The design flow rates are those which are defined
through the workshop process.  These are expected to vary from somewhat above the design
maintenance low flows down to the drought requirements.  In the case of the high flow requirements,
the maintenance events represent the largest values and the climatic cues should determine when lower
values are appropriate.  The IFR model is fully described in a paper by Hughes, O’Keeffe, Smakhtin
and King in Water SA, 23(1), 21-30.

The climatic cues within the model are derived by examining the daily flows within a ‘Reference Flow’
time series.  This may be an observed record at an adjacent gauging station, or a simulated time series
(by any appropriate model) of flows at the IFR site or elsewhere.  The main consideration in the
selection of an appropriate reference flow time series is that the patterns of flow are representative of
the patterns of flow that would have occurred at the IFR site under natural (or other suitable
development state that is considered acceptable to the workshop participants) conditions.  The model
derives the climatic cues in terms of low flow and high flow status values.  These are expressed in terms
of percentage points of the calender month 1-day flow duration curves for the reference flow site.
Duration curve percentage points are used  to allow better comparison across different catchments and
are less affected by non-linear scaling effects than if flows were to be used directly.  The low flow status
value is a smoothed representation of the recent (past 30 days) baseflow conditions that have occurred
at the reference flow site.  The flood status value is a representation of the size of a flood that is about
(within the next 10 days) to occur.

To be able to make use of the climatic cues (low flow and flood status values), a set of low flow and
flood ‘operating rules’ are defined by the workshop participants.  These represent threshold values
which are compared, in the model,  with the daily values of the climatic cues to determine the actual
flow rate required on a specific day.  For example, while the low flow status is above the relevant
operating rule threshold a flow above the maintenance  requirement would be simulated.  As the low
flow status decreases and drops to a level between the maintenance and drought rules, so the required
flow decreases to below the maintenance design low flow toward the drought design low flow.  A
similar approach is used to control the flood or high flow requirements.

The operating rules are calibrated (progressively modified) until an acceptable pattern of time series of
modified flows are achieved which satisfies the IFR workshop participants perceptions of the effects
of their decision making process on the river.  The types of thing that they should be looking for is how
frequently the modified flows drop below the design maintenance flows, how frequently and for what
duration are the flows close to, or at the design drought levels, etc.  A statistical summary program is
also provided that calculates (for each calendar month) the percentage of time that the modified flow
regime is at, or above, maintenance, between maintenance and drought or at drought levels.  These are
effectively the recommended assurance levels of the different flows.
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Once the model is satisfactorily calibrated, monthly summary data of total release volumes can be
generated for the complete time series. These monthly time series data can then be further analysed to
determine more detailed assurance values for the full range of flows that form part of the recommended
modified flow regime.  The time series or assurance levels can then be used in a conventional water
resource assessment and reservoir yield  model to determine if the planned impoundment can satisfy
the expected abstraction demands as well as the IFR release requirement.  The IWR at Rhodes
University have also combined an existing daily reservoir simulation model with the IFR model to allow
the same type of assessments to be made.  In this model additional sets of operating rules have been
established so that the abstractions are determined by reservoir storage levels and the IFR releases
affected by rules based on the cumulative supply deficit as well as the climatic cues.  This model is still
in the development stage but is currently being applied, tested and evaluated.

Recent considerations and experience of the use of the models within IFR workshops suggest that it
will be important in future to give more thought to what the ‘maintenance’ flows should be representing
in terms of assurance levels.  The models have conventionally been applied at the end of the workshop
and it has been noted that the various specialists often have different perceptions of how frequently the
maintenance flows should be occurring.  It is suggested that this issue be clarified at the beginning of the
workshop and that an approximate idea of what assurance level (or frequency of occurrence) the
maintenance flows are to be designed for be agreed upon before setting the actual flow rates.  The IFR
model can be useful in this respect as it will allow the participants to develop a background impression
of the natural variability of the flow regime and apply their specialist ecological knowledge in a better
context.

Final IFR results at IFR 2 after the application of the IFR 2 model:

H:\HYMAS\PROJECT\FLH\MKOMASI\IFR1.FLH : New .FLH file selected
Monthly summary for Release Low Flow starting 01/08/1960
Time weighted totals

SA Year   Jan        Feb        Mar         Apr         May     Jun         Jul         Aug       Sep        Oct       Nov         Dec         Total
------------------------------------------------------------------------------------------------------------------------------
01 1960      -9.0     -9.0       -9.0         -9.0        -9.0       -9.0       -9.0        3187.59  4781.69  6609.22  9149.60  19268.7  42996.82
01 1961   20881.7  18159.1  21547.1  15531.3  11743.4  8089.37  6665.57  5710.01  4608.23  6372.00  7408.43  19268.7  145985.0
01 1962   20881.7  19422.4  21547.1  13901.5  10976.1  8089.37  6665.57  5710.01  4789.52  6609.22  10467.5  19268.7  148328.9
01 1963   20881.7  19422.4  21547.1  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  10541.4  19268.7  150799.9
01 1964   20881.7  20116.4  20619.8  15301.0  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  10541.4  19268.7  150336.4
01 1965   20881.7  19422.4  18059.0  10257.3  10052.8  7291.83  6665.57  5710.01  4789.52  6609.22  10541.4  18072.5  138353.6
01 1966   14583.8  19422.4  17847.2  8106.03  8763.45  7399.54  5599.85  4658.89  4647.62  5854.44  10532.0  19268.7  126684.1
01 1967   20881.7  19422.4  21547.1  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  5701.80  10101.5  19011.9  149195.8
01 1968   20881.7  19623.1  21402.9  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  5467.40  7693.13  19268.7  146866.2
01 1969   14443.3  10258.5  19507.9  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  10541.4  19268.7  133158.4
01 1970   20795.9  19422.2  19839.6  8822.06  7486.30  4734.86  5180.08  4121.51  4650.74  6609.22  10541.4  18941.1  131145.2
01 1971   19028.0  19422.4  21109.5  15237.6  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  10541.4  19268.7  148215.0
01 1972   20881.7  20116.4  21547.1  15531.3  11743.4  8089.37  6665.57  5710.01  4789.13  6489.31  10272.6  18580.2  150416.3
01 1973   14148.8  17013.3  21547.1  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  10541.4  19268.7  141657.9
01 1974   20881.7  19422.4  21547.1  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  10069.0  19268.7  150327.5
01 1975   20434.8  19422.4  21547.1  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  10541.4  19268.7  150353.0
01 1976   20881.7  20116.4  21547.1  15531.3  11743.4  7870.08  3878.95  2959.20  2508.04  6606.78  10541.4  14674.7  138859.3
01 1977   15217.1  19305.9  21547.1  15531.3  11743.4  8089.37  6665.57  5710.01  4756.04  6579.53  10541.4  18877.2  144564.2
01 1978   20830.8  19422.4  21547.1  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  10541.4  19268.7  150749.0
01 1979   20881.7  19422.4  21542.7  13442.0  11738.8  8089.37  6665.57  5710.01  4789.52  6609.22  9000.44  18699.9  146591.9
01 1980   18247.9  20116.4  21436.4  15491.4  7177.97  6171.48  5526.73  4765.93  3954.09  6609.22  9704.23  18709.8  137911.8
01 1981   18539.3  19137.1  21547.1  14059.2  11365.7  7907.09  6239.98  5088.54  4785.41  6609.22  9195.76  18907.0  143381.7
01 1982   17539.2  12564.9  16726.2  15531.3  11641.8  7612.53  6337.03  4849.97  4047.76  4491.79  9193.80  8961.82  119498.3
01 1983   8202.98  11053.9  11837.0  8552.28  5428.36  3905.28  3754.07  3064.34  1991.63  3952.62  10541.4  19268.7  91552.78
01 1984   20881.7  19820.1  20779.2  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  9956.70  13874.8  144451.1
01 1985   13086.7  19422.4  21547.1  14274.0  9580.21  6744.39  5931.63  4339.64  2659.85  4086.12  10263.7  19268.7  131204.6
01 1986   20881.7  19422.4  21221.5  15401.6  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  10541.4  19268.7  150344.6
01 1987   20881.7  18075.8  19866.1  15531.3  10988.9  7472.29  6611.90  5708.89  4789.52  6609.22  10541.4  19268.7  146345.9
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01 1988   20881.7  20116.4  21547.1  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  9831.94  19138.4  150654.1
01 1989   20881.7  19422.4  21547.1  15531.3  11743.4  8089.37  6665.57  5710.01  4554.55  4366.75  9578.98  19268.7  147360.0
01 1990   20688.6  19165.0  20976.0  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6196.01  10316.7  16081.6  145953.4
01 1991   19883.9  19422.4  21547.1  15531.3  11743.4  8089.37  6665.57  5658.63  4144.77  6260.68  10541.4  19268.7  148757.5
01 1992   20881.7  16512.1  19844.5  8364.04  5136.48  3960.43  3810.23  2964.30  1984.60  2931.55  4041.00  6342.78  96773.89
01 1993   8004.96  11478.8  17119.4  15017.0  9838.06  4183.25  3940.17  3001.29  1984.60  4947.06  10541.4  19268.7  109324.9
01 1994   20881.7  19422.4  21547.1  15456.1  11416.0  6739.35  6382.93  5704.54  4598.79  5130.90  9264.65  7022.67  133567.4
01 1995   13813.4  19094.0  19639.4  15531.3  11743.4 8089.37   644.33  5369.32  3538.87  3931.28  8850.71  19245.6  135491.1
01 1996   20881.7  20116.4  21547.1  15531.3  11743.4  8089.37 6665.57   710.01  4789.52   6609.22  10541.4  19268.7  151493.9
01 1997   20881.7  19422.4  21547.1    -9.00    -9.00      -9.00      -9.00      -9.00    -9.00      -9.00        -9.00      -9.00     -9.00

Monthly summary for Release Flood starting 01/08/1960

01 1960    -9.0        -9.0       -9.0       -9.0        -9.0       -9.0      -9.0          0.00        0.00        0.00         2971.14    10024.8   12995.96
01 1961      0.00    45480.9  3415.15  0.00        0.00        0.00        0.00         0.00        0.00        0.00     3151.87    9287.80  61335.78
01 1962   7216.12  45480.9  5242.55  0.00        0.00        0.00        0.00         0.00        0.00        0.00     3370.18     6728.81 68038.64
01 1963   7216.12       0.00  5909.76  0.00        0.00        0.00        0.00         0.00        0.00        357.69  3545.85     10024.8 27054.26
01 1964   7216.12       0.00  5058.18  0.00        0.00        0.00        0.00         0.00        0.00        357.69  3545.85     7490.14 23668.00
01 1965   6936.94  45480.9       0.00  0.00        0.00        0.00        0.00         0.00        0.00        353.32  3545.85          0.00 56317.08
01 1966   7216.12  45480.9       0.00  0.00        0.00        0.00        0.00         0.00        0.00        0.00      3545.85    7142.05  63385.00
01 1967   5489.22  45480.9  5909.76  0.00        0.00        0.00        0.00         0.00        0.00        313.14   3584.99    10024.8  70802.90
01 1968   6529.06  16654.3  4576.98  0.00        0.00        0.00        0.00         0.00        0.00         37.71    301.74      9522.73  37622.61
01 1969      0.00     16755.1  5646.04 0.00        0.00        0.00        0.00         0.00        0.00        328.46   0.00          10024.8  32754.45
01 1970   7216.12  40710.1  1952.27  0.00        0.00        0.00        0.00         0.00        0.00        357.69   3545.85      8589.88 62372.00
01 1971   3864.14  39284.7  2327.60  2327.60   0.00        0.00        0.00         0.00        0.00        357.69   3545.85     10024.8  61732.51
01 1972   7216.12  42641.1  5909.76  0.00        0.00        0.00        0.00         0.00        0.00        0.00       2608.25          0.00 58375.27
01 1973    617.05  40810.6   5447.33  0.00        0.00        0.00        0.00         0.00        0.00        357.69   3545.85     10024.8  60803.44
01 1974   6981.12  45480.9  5909.76  0.00        0.00        0.00        0.00         0.00        0.00        0.00       3252.02     9456.08 71079.95
01 1975   7216.12  45480.9  5264.77  0.00        0.00        0.00        0.00         0.00        0.00        38.35     3852.71     10024.8  71877.75
01 1976   7216.12  45480.9  5909.76  0.00        0.00        0.00        0.00         0.00        0.00        357.69   3545.85    7877.29   70387.69
01 1977   4215.02  39098.7  5909.76  0.00        0.00        0.00        0.00         0.00        0.00        0.00       0.00         4630.69   53854.23
01 1978   11246.8  42563.9  5510.13  0.00        0.00        0.00        0.00         0.00        0.00        357.69   3545.85    10024.8   73249.30
01 1979   5093.36  25645.7  5909.76  0.00        0.00        0.00        0.00         0.00        0.00        0.00       3431.22     0.00       40080.12
01 1980   7216.12  42618.5  5340.50  0.00        0.00        0.00        0.00         0.00        0.00        0.00       0.00          10024.8   65199.98
01 1981   2626.81  45480.9  5296.07  0.00        0.00        0.00        0.00         0.00        0.00        0.00       3117.13     8641.24  65162.23
01 1982   3376.52  13915.7  4119.05  0.00        0.00        0.00        0.00         0.00        0.00        39.74     317.95       1204.51  22973.49
01 1983   2716.85       0.00  2778.83  0.00        0.00        0.00        0.00         0.00        0.00        325.82   3545.85     10024.8  19392.19
01 1984   7216.12  29545.6  5529.11  0.00        0.00        0.00        0.00         0.00        0.00        357.69   0.00           0.00      42648.60
01 1985   7216.12  45480.9  4168.01  0.00        0.00        0.00        0.00         0.00        0.00        317.95   3400.73     10024.8  70608.61
01 1986   6358.31  38968.8  5909.76  0.00        0.00        0.00        0.00         0.00        0.00        338.48   3545.85     10024.8  65146.06
01 1987   6600.81       0.00  4773.47  0.00        0.00        0.00        0.00         0.00        0.00        357.69   3545.85     10024.8   25302.65
01 1988   5044.36  40014.7  5909.76  0.00        0.00        0.00        0.00         0.00        0.00        0.00       1772.92     11797.7  64539.52
01 1989   7216.12  45480.9  4360.80  0.00        0.00        0.00        0.00         0.00        0.00        0.00       3545.85     10024.8  70628.56
01 1990   6075.97  33126.1  5909.76  0.00        0.00        0.00        0.00         0.00        0.00        36.92     295.39       10024.8  55469.01
01 1991   7216.12  45480.9  3823.85  0.00        0.00        0.00        0.00         0.00        0.00        357.69   3545.85    9860.99   70285.48
01 1992   6898.97  30060.5  3331.21  0.00        0.00        0.00        0.00         0.00        0.00        0.00       0.00           0.00      40290.76
01 1993   1644.81  29263.4  1186.78  0.00        0.00        0.00        0.00         0.00        0.00        357.69   3545.85    8740.97   44739.59
01 1994   7216.12  45480.9  4850.96  0.00        0.00        0.00        0.00         0.00        0.00        159.22   159.22      4377.14   62243.65
01 1995   7216.12  24513.6  5909.76  0.00        0.00        0.00        0.00         0.00        0.00         0.00      3545.85    10024.8   51210.24
01 1996   5605.42  45480.9  5909.76  0.00        0.00        0.00        0.00         0.00        0.00         0.00      3545.85    10024.8   70566.82
01 1997   7216.12  29154.5  5909.76  -9.00       -9.00      -9.00      -9.00       -9.00        -9.00         -9.00    -9.00         -9.00         -9.00

Monthly summary for Total Release starting 01/08/1960

01 1960      -9.0     -9.0          -9.0        -9.0       -9.0        -9.0        -9.0     3187.59  4781.69  6609.22  12120.7  29293.5  55992.79
01 1961   20881.7  63640.1  24962.2  15531.3  11743.4  8089.37  6665.57  5710.01  4608.23  6372.00  10560.3  28556.5  207320.9
01 1962   28097.8  64903.4  26789.6  13901.5  10976.1  8089.37  6665.57  5710.01  4789.52  6609.22  13837.7  25997.5  216367.5
01 1963   28097.8  19422.4  27456.8  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6966.92  14087.3  29293.5  177854.2
01 1964   28097.8  20116.4  25678.0  15301.0  11743.4  8089.37  6665.57  5710.01  4789.52  6966.92  14087.3  26758.8  174004.4
01 1965   27818.6  64903.4  18059.0  10257.3  10052.8  7291.83  6665.57  5710.01  4789.52  6962.54  14087.3  18072.5  194670.7
01 1966   21800.0  64903.4  17847.2  8106.03  8763.45  7399.54  5599.85  4658.89  4647.62  5854.44  14077.8  26410.7  190069.1
01 1967   26370.9  64903.4  27456.8  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6014.95  13686.5  29036.7  219998.7
01 1968   27410.7  36277.5  25979.9  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  5505.11  7994.87  28791.4  184488.8
01 1969   14443.3  27013.6  25154.0  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6937.69  10541.4  29293.5  165912.8
01 1970   28012.0  60132.4  21791.9  8822.06  7486.30  4734.86  5180.08  4121.51  4650.74  6966.92  14087.3  27531.0  193517.2
01 1971   22892.1  58707.2  23437.1  17565.2  11743.4  8089.37  6665.57  5710.01  4789.52  6966.92  14087.3  29293.5  209947.5
01 1972   28097.8  62757.6  27456.8  15531.3  11743.4  8089.37  6665.57  5710.01  4789.13  6489.31  12880.8  18580.2  208791.7
01 1973   14765.8  57824.0  26994.4  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6966.92  14087.3  29293.5  202461.4
01 1974   27862.8  64903.4  27456.8  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  13321.1  28724.7  221407.5
01 1975   27650.9  64903.4  26811.8  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6647.58  14394.2  29293.5  222230.7
01 1976   28097.8  65597.4  27456.8  15531.3  11743.4  7870.08  3878.95  2959.20  2508.04  6964.47  14087.3  22552.0  209247.0
01 1977   19432.2  58404.6  27456.8  15531.3  11743.4  8089.37  6665.57  5710.01  4756.04  6579.53  10541.4  23507.9  198418.5
01 1978   32077.7  61986.4  27057.2  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6966.92  14087.3  29293.5  223998.4
01 1979   25975.0  45068.2  27452.5  13442.0  11738.8  8089.37  6665.57  5710.01  4789.52  6609.22  12431.6  18699.9  186672.0
01 1980   25464.0  62735.0  26776.9  15491.4  7177.97  6171.48  5526.73  4765.93  3954.09  6609.22  9704.23  28734.6  203111.8
01 1981   21166.1  64618.1  26843.1  14059.2  11365.7  7907.09  6239.98  5088.54  4785.41  6609.22  12312.8  27548.3  208543.9
01 1982   20915.7  26480.6  20845.3  15531.3  11641.8  7612.53  6337.03  4849.97  4047.76  4531.53  9511.75  10166.3  142471.7
01 1983   10919.8  11053.9  14615.9  8552.28  5428.36  3905.28  3754.07  3064.34  1991.63  4278.44  14087.3  29293.5  110944.9
01 1984   28097.8  49365.8  26308.4  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6966.92  9956.70  13874.8  187099.7
01 1985   20302.8  64903.4  25715.1  14274.0  9580.21  6744.39  5931.63  4339.64  2659.85  4404.07  13664.4  29293.5  201813.3
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01 1986   27240.0  58391.3  27131.2  15401.6  11743.4  8089.37  6665.57  5710.01  4789.52  6947.70  14087.3  29293.5  215490.7
01 1987   27482.5  18075.8  24639.5  15531.3  10988.9  7472.29  6611.90  5708.89  4789.52  6966.92  14087.3  29293.5  171648.6
01 1988   25926.0  60131.2  27456.8  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  11604.8  30936.1  215193.7
01 1989   28097.8  64903.4  25907.9  15531.3  11743.4  8089.37  6665.57  5710.01  4554.55  4366.75  13124.8  29293.5  217988.5
01 1990   26764.6  52291.1  26885.8  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6232.93  10612.1  26106.4  201422.4
01 1991   27100.1  64903.4  25370.9  15531.3  11743.4  8089.37  6665.57  5658.63  4144.77  6618.37  14087.3  29129.7  219043.0
01 1992   27780.6  46572.7  23175.7  8364.04  5136.48  3960.43  3810.23  2964.30  1984.60  2931.55  4041.00  6342.78  137064.6
01 1993   9649.77  40742.3  18306.1  15017.0  9838.06  4183.25  3940.17  3001.29  1984.60  5304.76  14087.3  28009.6  154064.5
01 1994   28097.8  64903.4  26398.0  15456.1  11416.0  6739.35  6382.93  5704.54  4598.79  5290.13  9423.88  11399.8  195811.0
01 1995   21029.6  43607.6  25549.1  15531.3  11743.4  8089.37  6644.33  5369.32  3538.87  3931.28  12396.5  29270.4  186701.4
01 1996   26487.1  65597.4  27456.8  15531.3  11743.4  8089.37  6665.57  5710.01  4789.52  6609.22  14087.3  29293.5  222060.8
01 1997   28097.8  48577.0  27456.8    -9.00    -9.00    -9.00    -9.00    -9.00    -9.00    -9.00    -9.00    -9.00     -9.00
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CHAPTER 7 : CAPPING FLOWS

Definition:
Elevated base flows which, if exceeded for extended periods, would have undesirable effects on the
communities and/or ecological processes in a river.

Examples:
The issue of capping flows generally arises where there is a requirement for large constant flows to be
released for downstream users, resulting in unnaturally high and constant base-flows in parts of a river.
A typical example occurs in the middle reaches of the Great Fish River, where water is fed from the
Orange River, via the Grassridge Dam, mainly to provide for downstream irrigation. As a result, base
flows in these reaches are generally maintained at between 3 and 8 cumecs, where in winter under
natural conditions, the flow would have ceased or been reduced to a trickle for several months. Major
consequences of these constant elevated flows have been a reduction in hydraulic habitat diversity
through time, or a maintenance of one set of hydraulic conditions. In the Fish River (as in parts of the
Vaal and Orange), these conditions happen to favour one particular species of blackfly (Simulium
chutteri), females of which are blood feeders. Because of the predominance of favourable habitat, huge
swarms of the blackfly emerge from the river in spring, and cause major damage and disturbance to
livestock. Such pest-swarms were not experienced prior to the transfer of water from the Orange River
in the mid-1970's.

The aim of setting capping flows: 
To maintain as much of the natural diversity of flows (and therefore habitats) in a river as possible;  to
prevent the dominance of any one type of high flow; and to prevent reversal of seasonal flows (eg winter
flows higher than summer flows in summer rainfall areas).

Guidelines for setting capping flows: 
(The following guidelines were developed at the Maguga IFR Worksession on the Komati river)

1. No constant increase in winter base flows
2. Constant winter baseflows should not exceed summer baseflows
3. Maintain as much of natural flow variability as possible
And for hydro-power releases:
4. No frequent flow rate changes (at daily/weekly scales)
5. Changes in release rates should be gradual.

Quantifying Capping Flows:
It is extremely difficult to set precise limits for capping flows, because it is probably the relative seasonal
changes in flow, and the maintenance of variability that is more important than actual discharge levels.
For example, to set winter capping flows at 3 cumecs might be interpreted as allowing for constant flows
of 2.9 cumecs through winter. It might also be interpreted as an embargo on any flows exceeding 3
cumecs. Neither of these interpretations would be correct.

The capping flows that are set should  therefore be interpreted in the spirit of the above guidelines. In
these terms a winter capping flow of 3 cumecs means that winter flows should fluctuate between the
recommended IFR maintenance baseflow and 3 cumecs, but should be allowed to exceed this range
in the event of unseasonal rainfall events, and to fall to the IFR drought recommendations during very
dry years
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The following rules for operating between the two dam sites were specified:

C No constant increase in winter base flows.

C No frequent flow rate changes at daily / weekly scales.

C Winter base flows not to exceed summer base flows.

C Maintain as much as possible of natural variability.

C Slow rates of change.

It became apparent that the river reach between the Smithfield and Impendle dams could be managed
in such a way to avoid the above issues.

_____________________________________________________________________________
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CHAPTER 8 : FURTHER WORK

Further work was specified during the specialist meeting which specifically relates to short-term practical
work that could be undertaken to raise the confidence in the IFRs.  The following aspects which require
further work were specified:
C Low flow hydraulic measurements required to calibrate the hydraulic stage discharge curve.

This is specifically relevant for IFR sites 2 and 4 which were used for the detailed IFR.
C Low flow photos - associated with the above.
C Confirm distribution of depth of hygrophilous community.
C Determine whether flooding or grazing are effecting the terraces.
C Low flow surveys of geomorphology / invertebrate habitats.
C Fish survey at IFR 4
C Impacts of natural barriers on fish migration (for future recommendations and motivations for

fish ladders).
C Check riparian vegetation flood indicators at IFR site 4.
C Aquatic invertebrate surveys at IFR 4
C Geomorphology : natural and present sediment regimes need to be investigated as well as the

effects of dams (long term study)

Continued monitoring of water quality should be undertaken, especially to determine the effects of low
flows.  This should be part of a continued monitoring programme.

The issue of catchment management was repeatedly raised as the flow regime alone will not be effective
in maintaining the protection class without some aspects of catchment management in place.  Umgeni
Water made the following statement during the specialist meeting:

‘It is quite apparent that catchment planning and management is an important issue.  Therefore a
message must be taken forward to DWAF and Umgeni Water that such action is necessary.  The
appropriate place for this recommendation to originate is the Environmental Task Group.  That group
should pick up on existing initiatives and find means to continue them.  The Umkomaas Trust is not really
effective at the present due to the lack of time (money) of the parties involved.  It is thus suggested that
DWAF is tasked to find the means of moving this forward.  This should be an integral part of the
environmental / social component of the whole project.’

Other aspects that were raised were the following:
C Project Planning (Mr Geringer) will provide Ms Louw with a list of all the implications of

releasing and operating IFRs with specific reference to operational and design problems.  The
possible consequences will also be listed.  These lists will be provided in a matrix format to the
specialists to obtain from them which of the scenarios have serious implications to the
environment.

C The various specialists that should be involved in studies identified in this chapter must provide
a budget to IWR Environmental which will compile a proposal to forward to Ninham Shand
(Mr Peter Blersch).

______________________________________________________________________________
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