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Preface

This set of documents on Resource Directed Measures (RDM) for protection of water resources, issued in September 1999 in Version 1.0,  presents the procedures to be followed in undertaking preliminary determinations of the class, Reserve and resource quality objectives for water resources, as specified in sections 14 and 17 of the South African National Water Act (Act 36 of 1998).  

The development of procedures to determine RDM was initiated by the Department of Water Affairs and Forestry in July 1997.  Phase 3 of this project will end in March 2000.  Additional refinement and development of the procedures, and development of the full water resource classification system, will continue in Phase 4, until such time as the detailed procedures and full classification system are ready for publication in the Government Gazette.

It should be noted that until the final RDM procedures are published in the Gazette, and prescribed according to section 12 of the National Water Act, all determinations of RDM, whether at the rapid, the intermediate or the comprehensive level, will be considered to be preliminary determinations.

Version 1.0 of the RDM procedures is for internal use within the Department of Water Affairs and Forestry.  It is a set of working documents which will be updated on a regular basis.  This version retains editor’s comments in certain places in the text.

Version 1.1 is expected to be finalised and published in December 1999, and will be released for public comment and discussion.

All technical queries and comments related to Version 1.0 should be addressed to:

Dr H M MacKay

Department of Water Affairs and Forestry

Private Bag X313

Pretoria 0001

South Africa

Tel +27 12 336 8222

Fax+27 12 336 8678

email  deh@dwaf.pwv.gov.za
Acknowledgements

The following persons and organisations are thanked for their contributions to this project.

PROJECT TEAM

Project Manager:


Dr H M MacKay, Institute for Water Quality Studies, Department of Water Affairs and Forestry

Project Co-ordinator:

Mr D F Grobler, Institute for Water Quality Studies, Department of Water Affairs and Forestry

Project Administration:

Ms O Shapo, Institute for Water Quality Studies, Department of Water Affairs and Forestry

Ms C Nkwentsha, Institute for Water Quality Studies, Department of Water Affairs and Forestry

Sub-Project Team Leaders:

Dr J B Adams, University of Port Elizabeth

Dr A Bath, Ninham Shand

Mr T Duma, Institute for Water Quality Studies, Department of Water Affairs and Forestry

Mr A Duthie, Oryx Environmental

Ms S Fowkes, Metaplan

Ms T Greyling, Manyaka Greyling Meiring

Ms L Hill, Institute for Water Quality Studies, Department of Water Affairs and Forestry

Ms M D Louw, IWR Environmental

Mr J N Rossouw, Ninham Shand

Mr D J Roux, Environmentek, CSIR

Mr R Parsons, Parsons & Associates

Ms C Thirion, Institute for Water Quality Studies, Department of Water Affairs and Forestry

Ms B C Weston, Social and Ecological Services, Department of Water Affairs and Forestry

STEERING COMMITTEE

Dr H R van Vliet (Chair), Chief Director: Scientific Services, Department of Water Affairs and Forestry

Mr J van Rooyen, Department of Water Affairs and Forestry

Mr H Karodia, Department of Water Affairs and Forestry

Mr M Warren, Department of Water Affairs and Forestry

Mr P Viljoen, Department of Water Affairs and Forestry

Dr S Mitchell, Water Research Commission

Mr G Cowan, Department of Environment Affairs and Tourism

Mr W S Rowlston, Department of Water Affairs and Forestry

Mr P van Niekerk, Department of Water Affairs and Forestry

Mr E Braune, Department of Water Affairs and Forestry

Mr E Nel, Department of Water Affairs and Forestry

Mr G McConkey, Department of Water Affairs and Forestry

EDITING TEAM

Dr H M MacKay, Institute for Water Quality Studies, Department of Water Affairs and Forestry

Ms L Guest, Guest Environmental Management

Dr G Pegram, Pula Strategic Resource Management

Ms M de Lange, Socio Technical Interfacing

Editor’s note.  There are several people who should be personally acknowledged, since without their support and encouragement, this project would not have been possible:  Henk van Vliet, friend and guide; Alison Howman; Neels Kleynhans; Dirk Roux;  Roger Parsons; Delana Louw; Jay O’Keeffe; Carolyn Palmer; Kader Asmal; François Junod.

Abbreviations

BBM
Building Block Methodology

DEAT
Department of Environment Affairs and Tourism

DWAF
Department of Water Affairs and Forestry

NWA
National Water Act (Act 36 of 1998)

RDM
Resource Directed Measures

Table of Contents

1Section 1:
Introduction to the RDM Integrated Manual

1.1
What is in the Integrated Manual
1
1.2
How to use the RDM Integrated Manual
2
Section 2:
Resource Directed Measures in the Water Resource Protection Policy:  Summary of Policy
3
2.1
Towards A Classification System for Water Resources in South Africa
3
Section 3:
Development of RDM methodologies
12
3.1
The changing social, economic and global environment
12
3.2
Available tools and approaches
13
3.3
Phased implementation of policy and legislation
15
3.4
Designing preliminary RDM methodologies
18
Section 4:
Different levels of RDM determinations
20
4.1
Levels of RDM determination methodologies
20
Section 5:
The generic RDM methodology
21
5.1
What is in this section
21
5.2
The generic methodology for RDM determinations
23
5.3
Summary of RDM determination methodologies
40
Section 6:
Giving effect to RDM for a water resource
42
Section 7:
Administrative processes related to RDM determination
44
References

45


Figures

Figure 1:  Generic procedure for determination of Resource Directed Measures 

                  for aquatic ecosystems
22
Figure 2:  Relationships between resource management classes and resource quality objectives 

                  (van Vliet)
43


Tables

8Table 1:  A classification approach to balancing the requirements of protection and utilisation.

Table 2:  Water quality “fitness for use” classes currently used in South Africa.
10
Table 3:  Proposed framework for setting ecological resource quality objectives on the basis of a 

                classification system.
11
Table 4:  Levels of RDM procedures for various levels of RDM determinations
20
Table 5:  Master table of differences/similarities between RDM levels, broken down by steps
40


Appendices

Appendix IM1:  Selection level of RDM determination for water use licensing
IM1/2

Appendix IM2:  Study team composition for RDM determinations
IM2/2
Section 1: Introduction to the RDM Integrated Manual

1.1 What is in the Integrated Manual

1.1.1
General overview of contents




Purpose and use of the  Integrated Manual
Section 1 provides:

· an overview of the contents of the Integrated Manual;

· description of the purpose and target audience for the Integrated Manual, and

· guidance on how to use the Integrated Manual in conjunction with the various specialist documents.




History of RDM development
Although the project to develop and formalise methodologies for determination of Resource Directed Measures (RDM) for water resources was initiated by the Department in 1997, the methodologies themselves have been built on many years of research in the aquatic sciences, both in South Africa and internationally.   A brief history of the RDM development process to date, and the scientific basis for development, is given in Section 3.




Generic methodology for RDM determination
Section 5 contains the "roadmap" - a first introduction to the generic methodology for RDM determination.  The generic methodology and its relationship to water resource management is shown in Figure 1.  




Levels of RDM determination
Section 4 briefly describes each of the four levels of RDM methodologies:

· Desktop

· Rapid

· Intermediate, and

· Comprehensive.  

Rules for selection of the appropriate level of methodology in different water use licensing situations are provided.   The level of RDM determination required depends on the sensitivity of the water resource, the scale and degree of the impact of proposed water uses, and the urgency for a Reserve determination.




Implementing and achieving the RDM requirements
Section 6 contains a description of some of the actions which are needed after the RDM have been determined, in order to begin implementing a strategy that will ensure the Reserve, class and Resource Quality Objectives  (RQO) are achieved and maintained in the future.  This includes flow management plans, setting of appropriate source-directed controls,  and development of a catchment management strategy.




Administrative processes related to management of RDM studies
Section 7 

of this version 1.0 of the Integrated Manual contains information on some of the administrative processes which support RDM determination studies, including example work programmes and human resource budgets for intermediate RDM determinations.

A separate RDM Study Manager’s Manual is expected to be available with Version 1.1 of the RDM documentation.  The Study Manager’s Manual will  give detailed guidance for the initiation and management of RDM determination studies, including generic terms of reference for RDM studies.




How to use the RDM Integrated Manual

1.2.2
Purpose of the Integrated Manual and relationship to other RDM manuals




Purpose of the RDM Integrated Manual
The Integrated Manual is intended to provide an overview to the procedures for determination of RDM for water resources.  The Integrated Manual indicates how the various component methodologies (rivers, estuaries, wetlands and groundwater) are used together with the rules for selection of the appropriate level of determination, in order to scope and carry out a RDM determination.






Target audience
The Integrated Manual is meant for a technical audience, primarily RDM study managers, water managers, Department line functions and water management institutions.  The Integrated Manual does not include information on specialist ecological procedures.  The specialist procedures are found in the relevant specialist manuals and appendices to those manuals.  Extensive use is made of cross-references to the specialist manuals.






Cross references to other RDM manuals
For ease of reference, and to ensure the specialist documents can stand alone if necessary, Section 5 of the RDM Integrated Manual (RDM roadmap) is repeated in each of the RDM specialist manuals (forming section A of groundwater, rivers, estuaries and wetlands).






Resource Directed Measures in the Water Resource Protection Policy:  Summary of Policy

This Section 2 of the Integrated Manual contains the text of a discussion paper which summarises the resource protection policy and sets out the principles for development of the water resource classification system.  The classification system will provide the framework and context for determination of RDM for water resources.

1.2 Towards A Classification System for Water Resources in South Africa

Author: H M MacKay

Institute for Water Quality Studies, Department of Water Affairs and Forestry

May 1998

Revised July 1999

2.1.1
Protection policy framework

Some, For All, Forever
The goal for water resource management and service provision in South Africa is captured in the succinct statement "Some, for all, forever". This provides the context and motivation for the protection of water resources:


Some

This indicates a recognition that water is a finite, though regenerating resource; that we must limit our demands on water resources; and that we must ensure careful and efficient utilisation of water resources.


For all

This indicates a fundamental commitment to equitable utilisation. It is accepted that water resources will be utilised, for domestic consumption, for industrial and agricultural development and production, and for recreation, in ways which will benefit all the people of South Africa. 


Forever

This acknowledges the commitment to sustainable management:  the willingness to balance the needs for long term access to the resource, against the needs for short term development and utilisation.  From this commitment comes the responsibility to protect the ability of water resources to sustain long term utilisation.  This requires protection of the structure, integrity and function of aquatic ecosystems.

If water, and the services provided by water resources, are to be available to people on an equitable basis in the long term (forever), then water resources require protection.  This policy is founded on, and guided by the Water Law Principles accepted by the South African Cabinet in November 1996.

Water as a Renewable Natural Resource
We have been used to thinking about water as a commodity, something which is contained in rivers, lakes and groundwater, stored in dams and reservoirs, transported in pipes and canals, and purchased for various uses and services, such as drinking water, irrigation or industrial processes.  We need to broaden our view, and see that in fact, the water itself is only one part of a large and complex ecosystem.  It is this larger ecosystem which provides us, not only with the water which we see as a commodity, but also with many other services and benefits.

Some of the services provided by water resources, which are encompassed in our definition of utilisation, are:

· water for drinking and basic human needs;

· water for economic development (for example industry, agriculture, power generation);

· transport and/or purification of some waste products;

· subsistence or commercial supplies of fish and plants;

· opportunities for recreation;

· maintenance of habitats for conservation of particular plants, animals, landscapes and environments, for conservation of biodiversity, and for utilisation such as ecotourism;

· retention and storage of water;

· transport of flood waters.

Almost all of the services provided by utilisation of water resources rely on natural hydrological, biological and ecological processes, and require at least some degree of maintenance of the natural structure and character of aquatic ecosystems.  As "renewable natural resources", water resources have a certain amount of resilience to the pressures and demands of utilisation.  This resilience allows water resources to be utilised on a continuous basis, as long as the demands are not too great.

If a water resource is over-utilised or allowed to degrade too far, (ie too much water is taken out, too much waste is put in, natural shape and structure are modified too greatly by erosion, sedimentation or habitat degradation), then the water ecosystem loses resilience and begins to break down.  The ecological integrity of the resource can be damaged: once this happens, the capability of the resource to meet people's demands for utilisation can be reduced, or possibly even lost altogether.  If the utilisation of water resources remains at a level within the limits which can protect ecological resilience, then that level of utilisation can be sustained indefinitely.

In many cases in South Africa, our water resources have already been modified by utilisation and development, and no longer remain in their natural ecological state.  A water resource does not have to be in a pristine or untouched state to have ecological integrity;  even modified aquatic ecosystems can have the resilience which makes them renewable resources, so long as we manage them in such a way that we either maintain or rehabilitate a certain level of ecological function and integrity.

A New Perspective on Water Resources
The fact that water is a renewable natural resource means that we need to change the way in which we perceive and value our water resources.  This new perspective has two major implications for water resource management.  First, we need to see a water resource not just as the commodity water, but as the whole ecosystem, of which water is one component.  The ecological integrity which gives a water resource its resilience is an essential component of the value of the resource.  This leads us to a new and broader definition of a water resource:



A water resource is an ecosystem which includes the physical or structural aquatic habitats (both instream and riparian), the water, the aquatic biota, and the physical, chemical and ecological processes which link habitats, water and biota.
Second, we need to recognise and respect the limits to the degree of utilisation which can be sustained by a water resource before resilience is lost.  Resilience in turn depends on maintaining a certain base level of ecological integrity and function.  This level, which we call the Resource Base, is critical to the capability of water resources to sustain utilisation, and must be protected.

In recognition of the importance of the Resource Base, the Water Law Principles identify a "Reserve", which will give effect to the policy for protection.  The Reserve is intended to protect the resilience of water resources, in order that basic human needs can be met (eg human health and safety and domestic water supply,) and ecological functions and processes can be sustained.

The Reserve is defined in terms of:

· the quality of water,

· the quantity and assurance of water,
which are needed to protect basic human needs, and the structure and function of ecosystems so as to secure ecologically sustainable development and utilisation.
From Water Quality to Resource Quality
In order to reflect a new and broader perspective on water resources, the term “water resource quality” is used, rather than simply “water quality.”  This is a reminder that all components of aquatic ecosystems - the water environment - must function properly if we are to reach the goal of “some for all, forever.”

2.1.2
Policy implementation

Finding the Balance

The responsibility for management of water resources includes a responsibility to protect the users of water resources, which in turn requires protection of water resources from over-utilisation or impacts which cause degradation.

Hence the concept of protection encompasses

· protection to ensure sufficient water quantity and water quality (especially in relation to human health), to meet basic human needs;

· protection of ecosystem structure and function, in order to ensure that utilisation of water resources can be sustained in the long term;

· meeting the water quality requirements of other water users (agriculture, industry, recreation) as far as possible, within the constraints of requirements for protection of basic human needs and protection of the resources.

Sustainable utilisation requires achievement of a balance between an acceptable level of long term protection of water resources and water users, and society's present requirements for economic growth and development.  The total prevention of pollution, while an ideal for which to strive in the long term, is not practical in the short to medium term, since neither the emission of waste to the water environment, nor the impacts of land uses on the water environment, can be prevented entirely.  However, they can and must be managed and regulated to achieve adequate long term protection of water resource quality.  This is the aim of the resource protection policy.

Implementation of the policy rests on the combined use of four types of regulatory activities:

· resource-directed measures, ie defining a desired level of protection for a water resource, and on that basis, setting clear numerical or descriptive goals for the resource quality of the resource (the Resource Quality Objectives);

· source-directed controls, ie controlling impacts on the water resource through the use of regulatory measures such as registration, permits, directives and prosecution, and economic incentives such as levies and fees, in order to ensure that the Resource Quality Objectives are met;

· managing demands on water resources in order to keep utilisation within the limits required for protection;

· monitoring the status of the country's water resources on a continual basis, in order to ensure that the Resource Quality Objectives are being met, and to enable us to modify programmes for resource management and impact control as and when necessary.

2.1.3
Resource directed measures: resource quality objectives

Resource Quality Objectives
The Resource Quality Objectives for a water resource are a numerical or descriptive statement of the conditions which should be met in the receiving water resource, in terms of resource quality, in order to ensure that the water resource is protected.

Because they are a statement of water resource quality, and not just water quality, the Objectives have four critical components, to cover each of the aspects of ecological integrity which are necessary for protection of the Resource Base:

· requirements for water quantity, stated as Instream Flow Requirements for a river reach or estuary, or water level requirements for standing water or groundwater.  These are determined according to current procedures for assessing Instream Flow Requirements (IFR);

· requirements for water quality, which are determined on the basis of current guidelines and procedures as set out in the South African Water Quality Guidelines;

· requirements for habitat integrity, which encompass the physical structure of instream and riparian habitats, as well as the vegetation aspects;

· objectives for biotic integrity, which reflect the health, community structure and distribution of aquatic biota.

Resource Quality Objectives for a water resource are set on the basis of acceptable risk: that is, the less risk we are prepared to accept of damaging the Resource Base and possibly losing the services provided by the water resource, the more stringent would be the objectives.  A higher risk to the Resource Base might be accepted, in return for greater short term utilisation, and then the Resource Quality Objectives would be set at less stringent levels.

The Scientific Basis for Objectives
Resource Quality Objectives are scientifically derived criteria, based on the best available scientific knowledge and understanding.  They represent our best assessment of the resource quality which is necessary to provide a desired level of protection to a water resource, with a particular degree of assurance or risk.  Resource Quality Objectives would be derived for individual water resources, such as river reaches, sub-catchments, estuaries, coastal marine waters, wetlands or groundwater resources, on the basis of formally accepted Department of Water Affairs and Forestry policy statements, methodologies or publications.

For aquatic ecosystems, objectives can be derived which are based on measurement and understanding of the behaviour of ecosystems in field and laboratory conditions, and especially understanding of their behaviour under stress, induced by changes in water quantity, water quality or habitat integrity.

For recognised water users, the primary focus of objectives would be on water quality aspects.  Objectives for water quality for recognised water users are based on scientific understanding of the direct physiological effects of changing water quality (such as effects on human health, or damage to a sensitive crop, or toxicity to livestock), or on assessment of economic impacts (such as the cost of increased water treatment, or the loss of productivity).

The Purpose and Application of Objectives
Once Resource Quality Objectives have been set for a resource, then those objectives would serve as a basis for water resource management.  Objectives have a number of purposes in the context of resource management:

· Objectives represent a definite goal for the desired protection level and resource quality status of a water resource, towards which management can be directed.  The goal might have to be approached in steps, as part of a long term programme, and then interim objectives can be used to define the steps and the time frame for achievement.

· Objectives provide a clearly understood line between which activities and impacts are acceptable and which are not acceptable.  This includes the impacts of point sources, non-point sources, incident sources, land use and development, and water abstraction;

· Objectives provide a quantifiable, verifiable baseline for measuring the success of resource management activities and for reviewing the effectiveness of source-directed control and regulatory activities;

· Objectives give a stable framework, which can be kept in place for an agreed time period, for both resource managers and the regulated community to undertake decision making and planning.

Setting Objectives on the Basis of Acceptable Risk
The need for caution, and the desire to prevent unintentional exceedance of the limits of sustainable utilisation, are recognised as cornerstones of the policy of protection.  The approach which has been adopted is that of setting limits on the basis of acceptable risk.  Hence the resource protection policy requires that quantifiable Resource Quality Objectives be set which reflect our understanding and acceptance of a particular level of risk of exceeding and possibly causing irreversible damage to a water resource.

The extent of the risk which we will accept is related to the value or importance which we place on a specific water resource.  Some resources will have a very high value to us, whether because of their ecological importance and value, or because of their sensitivity to certain forms of utilisation, or because of a need to maintain long term reliability of the services provided.  In such a case, we would set especially stringent Resource Quality Objectives, to minimise the risk of irreversible damage.

For other water resources, our short term needs for water or economic development might be so important or so urgent, that we would accept a greater risk of exceeding the "point of no return", and hence a greater risk of failure of the resource, in exchange for allowing more utilisation.  However, the particular level of risk should be accepted by all stakeholders, including impacters and water users, with a clear and common understanding of the possible long term consequences.

Adopting a risk-based approach provides a nationally consistent basis for deciding on the acceptability of impacts, while at the same time allowing natural site-specific differences to be taken into account. It is the concepts of levels of risk, and levels of protection, which are nationally applicable, rather than the numerical objectives themselves. In only a few cases (such as for persistent toxic substances) would it be practical to set numerical objectives which would be applicable to all water resources of a particular class wherever they were in the country.  A concentration which posed only a slight risk to a particular ecosystem in one geographical region may result in a much higher risk in another geographical region, depending on the resilience of the adapted ecosystem, the background quality of the water, and the natural flow regime.

Resource Quality Objectives and the Reserve
In the Water Law Principles, the Reserve is specifically identified as that water quantity and quality necessary to protect basic human needs, and aquatic ecosystems.  The Resource Quality Objectives for a water resource are a rigorous numeric or descriptive statement of the requirements of the Reserve for that particular water resource, in measurable, enforceable terms.

It is especially important to note that the Reserve is not just the minimum water quantity, water quality, habitat and biotic integrity required for protection.  For a water resource which is classified as being of high protection status, the Reserve would be set at a higher level, which would correspond to the idea of minimum risk and maximum caution.  For a water resource in a lower protection class, the Reserve would be set at a level which should still afford protection to the resource, but without the benefit of the buffer which caution provides.

Yet to assume that a "higher" Reserve necessarily means that only a greater quantity of water is allocated to protection of the resource is somewhat simplistic.  The assurance or reliability of water, especially under extreme climatic conditions, is just as critical an aspect of the Reserve as the quantity and quality.

2.1.4
Protection-based classification of water resources

Depending on the level of risk which is acceptable, Resource Quality Objectives could be set at any level on a continuum between no protection at all (certain damage) and maximum protection (no risk).  In practice, the decision on the level of protection which is desirable, the subsequent setting of objectives to reflect that decision, and the control and regulation of activities impacting on a water resource, can be streamlined and facilitated by the implementation of a protection-based classification system.

Under a national protection-based classification system, water resources can be grouped into classes representing different levels of protection.  The risk which can be accepted in each class is related to the level of protection required for that class. This provides a nationally consistent basis and context for deciding on an acceptable level of short term risk, against the requirements for long term protection of a water resource.  For water resources which are especially important, sensitive, or of high value, little or no risk would be acceptable, and they would be assigned a high protection class.  In other cases, the need for short to medium term utilisation of a water resource may be more pressing: the resource would still be protected, but would be assigned a class which reflected a higher risk.  In addition, certain activities or impacts would be regulated or controlled to a certain degree in each class.  Some impacts might be prohibited entirely in the highest protection class.  

A system comprising a few protection classes is recommended:  the highest class, requiring the greatest level of protection, and allowing no risk to the Resource Base, would include "special" water resources of very high value.  These might be special in terms of their conservation importance, or because they support very important and sensitive uses.  (In some countries, the term "heritage rivers" is used to denote the highest class.)  The lower classes would reflect slight risk, moderate risk or high risk of damage to the Resource Base, and the Resource Quality Objectives in each case would reflect the level of risk associated with the class.

Overall, the assignment of a specific class to a water resource gives a clear message to both users and impacters regarding the social, economic and ecological value of that water resource.  Classification represents a vision of how people feel their water resource should be managed, in terms of resource quality.

The Process of Classifying a Resource and Setting Objectives
Classification of a water resource, and the subsequent derivation and setting of objectives, should ideally be undertaken in a formal process of negotiation and consensus-seeking among all stakeholders.  Stakeholder groups which should be represented in this process include water user sectors, industrial sectors, agricultural sectors, public sectors, special interest groups, local and regional government, as well as other government departments responsible for resource development and for resource protection.

Through such a process, all stakeholders, including water users, impacters and the regulatory agency, can come to agreement on the level of protection which will be given to the resource, in full understanding of the implications for the degree of utilisation which can be sustained, and for the kinds of impacts which are acceptable.

Ideally, the process of classification and setting of objectives should be conducted within an integrated catchment management framework, and could be co-ordinated through the relevant catchment authority or management body.  The representation of local interests in this process is very important; however, since water is managed as a national resource, there should also be representation of regional and national interests, perhaps through the formal participation of regional and national government and regulatory agencies.

2.1.5
Practical examples of classification

The purpose of a classification system is to provide a set of nationally consistent rules to guide decision making about water resources - what we will allow to happen in our water resources, and what we will not.  A national classification system allows transparency, accountability and long term goal-setting to be incorporated into water resources management.  Water resources which need to be improved can be identified, and the necessary control measures can be implemented to meet the requirements associated with the assigned class.

A classification system need not be highly complex.  In some countries, the terms “drinkable”, “swimmable” and “fishable” are used to classify water resources:  the water quality requirements would be most stringent for the “drinkable” class, and focused on microbiological contaminants in water.  Immediately a class such as “drinkable”, “swimmable”  or “fishable” is assigned to a water resource, it is possible to set rules about what may be allowed to be discharged to the resource and what conditions must be maintained in the resource.

Table 1 shows an example of how classification of a water resource might be used to set water environment objectives which reflect an agreed balance between protection and utilisation. The new policy requires that the classification system should encompass resource quality, not just water quality, and so objectives for ecological aspects must be incorporated into classification, in the manner proposed in Table 1.  The characteristics of the ecological integrity protection classes A through D are described in Table 3, and resource quality objectives can be derived in order to protect and maintain those characteristics.  In a similar manner, the fitness for use classes shown in Table 2 can be used as a basis for deriving numerical objectives to maintain certain water quality characteristics.

The objectives for utilisation (water quantity, water quality and land use) would of necessity be set within the constraints of what would be suitable for the aquatic ecosystem:  for example, a largely unmodified river could be assigned a class B status, but natural background conditions may be such that the water in the river would not meet, say, Class I irrigation objectives due to naturally high TDS.  Nevertheless, the objectives for maintenance of ecological integrity at class B status would determine or constrain the activities which would be permitted and the human uses for which that river might be fit.

Table 1:  A classification approach to balancing the requirements of protection and utilisation.

Water resource
Ecosystem protection class
Desired status for domestic use
Desired status for agricultural (irrigation) use
Desired status for recreational use
Classification

River X, reach 1
A
Class I
Class II
full contact
AdIaIIrf

River X, reach 2
B
Class II
Class III
intermediate contact
BdIIaIIIrI

River X, reach 3
B
Class II
Class IV
intermediate contact
BdIIaIVrI

Thus River X, reach 2 would have a classification of BdIIaIIIri.   This means that

B:
the ecological integrity status of that reach would be maintained at class B (see Table 3)

dII:
the water quality would be fit for domestic use with conventional treatment (see Table 2);

aIII:
the water quality would be fit for irrigation of moderately tolerant crops, depending on site-specific soil conditions;

ri:
the water resource would be fit for intermediate contact recreation.

Once these characteristics, related to the desired status of a water resource, have been decided, then numerical and narrative water environment objectives can be set for the reach in question, for flow, water quality, habitat integrity and biotic integrity, such that the desired ecological and fitness-for-use status can be achieved and maintained.

2.1.6
Proposed classification system for water resources

The final, full classification system for water resources in South Africa will integrate the rules for ecosystem protection (4 classes A to D), the rules for protection of basic human needs (5 classes blue to purple, assuming basic treatment) and water users (recreation, agriculture, industry, bulk domestic supply).  Three management classes are proposed, as follows:

Class I:

Special Water Resources

· Retain natural or almost natural ecological characteristics (ecological class A)

· Safe for contact recreation and most water uses, including sensitive uses

· Can be used for basic human needs with minimum treatment

Class II:

General Water Resources

· Retain a high degree of ecological function and integrity (ecological class B to high C)

· Safe for some recreation and non-sensitive water uses

· Can be used for basic human needs with conventional treatment

Class III:
“Hard-working” Water Resources

· Retain at least some ecological function, but probably highly modified from natural (ecological class D)

· Safe for some non-contact recreation and some non-sensitive water uses

· May require advanced treatment to meet basic human needs requirements

Table 2:
Water quality “fitness for use” classes currently used in South Africa.

Water use
Categorisation
Description

Domestic
Class 0
Water of ideal quality, which has no health or aesthetic effects and which is suitable for lifetime use without negative effects.  No treatment necessary.


Class I
Water of good quality, suitable for lifetime use with few health effects.  Aesthetic effects may be apparent.  Home treatment will usually be sufficient.


Class II
Water which poses a definite risk of health effects, following long term or lifetime use.   However, following short-term or emergency use, health effects are uncommon and unusual.  Treatment will be required in order to render the water fit for continued use.


Class III
Water is unsuitable for use , especially by children and the elderly, as health effects are common.  Conventional or advanced treatment necessary

Recreation
Full contact
Water is suitable for recreation which involves full body immersion and the likelihood of ingestion of water.


Intermediate contact
Water is suitable for activities such as water-skiing, canoeing, sailing, and those which involve paddling and wading, with only occasional immersion.


Non-contact or aesthetic
Water unsuitable for direct contact, but meets criteria for scenic and aesthetic appreciation.

Irrigation
Class I
No yield reduction for even the most sensitive crops.

Safe for surface application or foliar wetting systems.

Leaching fraction ( 0.10

No impact on soils.


Class II
Yield of at least 95% for moderately sensitive crops.

Safe for surface application.

Leaching fraction ( 0.10

No impact on moderately sensitive soils.


Class III
Yield of at least 90% for moderately tolerant crops.

Safe for surface application.

Leaching fraction ( 0.15

Management practices required for sensitive soils.


Class IV
Yield of at least 80% for moderately tolerant crops.

No foliar wetting systems.

Leaching fraction ( 0.20

Intensive management practices required for sensitive soils – not economical.

Stock watering
Target guideline range
No adverse effects on stock


Outside target guideline range
Adverse effects, depending on the specific constituent, the type of livestock, previous adaptation.

Aquaculture
Target guideline range
No adverse effects on aquaculture species


Outside target guideline range
Adverse effects, depending on the specific constituent, the species, previous adaptation.

Table 3:  Proposed framework for setting ecological resource quality objectives on the basis of a classification system.

Class
Water quantity
Water quality
Instream habitat
Riparian habitat
Biota

A
Natural variability and disturbance regime: Allow negligible modification.
Negligible modification from natural.  Allow negligible risk to sensitive species.  Within Aquatic Ecosystems TWQR for all constituents.
Allow negligible modification from natural conditions.  Depends on the instream flow and quality objectives which are set.
Allow negligible modification from natural conditions. Control of land uses  in the riparian zone in order to ensure negligible modification (eg no disturbance of vegetation within set distance from banks)
Negligible modification from reference conditions should be observed (based on the use of a score or index such as SASS).

B
Set instream flow requirements to allow only slight risk to especially intolerant biota.
Use Aquatic Ecosystems TWQR and CEV to set objectives which allow only slight risk to intolerant biota.
Allow slight modification from natural conditions.  Depends on the instream flow and quality objectives which are set.
Allow slight modification from natural conditions.  
May be slightly modified from reference conditions.  Especially intolerant biota may be reduced in numbers or extent of distribution.

C
Set instream flow requirements to allow only moderate risk to intolerant biota.
Use Aquatic Ecosystems TWQR, CEV and AEV to set objectives which allow only moderate risk to intolerant biota.
Allow moderate modification from natural conditions.  Depends on the instream flow and quality objectives which are set.
Allow moderate modification from natural conditions.
May be moderately modified from reference conditions.  Especially intolerant biota may be absent from some locations.

D
Set instream flow requirements which may result in a high risk of loss of intolerant biota.
Use Aquatic Ecosystems TWQR, CEV and AEV to set objectives which may result in high risk to intolerant biota.
Allow a high degree of modification from natural conditions.  Depends on the instream flow and quality objectives which are set.
Allow a high degree of modification from natural conditions.
May be highly modified from reference conditions.  Intolerant biota unlikely to be present.

Section 2: Development of RDM methodologies

2.1 The changing social, economic and global environment




New water policy and legislation
The Water Law Principles of 1996 clearly set the direction for the future of water resources management.  The twin threads of sustainability and equity run through the Principles, the National Water Policy of 1997 and the National Water Act (Act 36 of 1998).  The key to balancing sustainability and equity lies in the provisions for the Reserve, and in our ability to quantify a Reserve, as well as to manage water uses so as to meet the Reserve.

The move to integrated management of water resources, on an ecosystem basis, requires the introduction of a new set of tools for resource management, tools that are flexible, protective and can take account of extreme differences within South Africa, both in socio-economic conditions, and in natural variability of aquatic ecosystems.






From resource development to resource management
The move to resource management has been a gradual one over the last ten years, driven by need, as South Africa approached the limits of new development of water resources and was forced to begin a shift to careful management of existing available resources.   To support this change, new tools and new ways of making decisions have been under development within the Department and within other agencies responsible for natural resource management.  

The gradual introduction of some new tools in recent years was not driven entirely by existing legislation - rather their development was in response to a changing economic, social, institutional and environmental climate, which had its roots in changes in South Africa as well as global changes.  The Water Act of 1956 was no longer an adequate tool with which to face the future. In many respects, new water policy and legislation are a reflection of medium-term changes in our overall environment, and the need to adapt resource management to address these changes.



Available tools and approaches




An existing basis for development of tools for policy implementation
When the drafting of water legislation began in 1997, a selection of tools were already available which were in line with the new thinking arising from the Water Law Principles and the National Water Policy.  The tools had not, at that time, been specifically tailored to fit the legislation (since the legislation itself had yet to be developed in detail), but it was clear that existing scientific approaches and procedures had potential to serve as the foundation for a new suite of policy and regulatory tools for implementation of policy and legislation.






Instream Flow Requirements
In response to requirements for environmental impact assessment, and as a result of the Department's commitment to follow the Integrated Environmental Management procedure (DEAT, 1994) in planning and implementation of major water resources developments, a considerable amount of effort within the South African scientific community was focused on finding ways to assess the water requirements of aquatic ecosystems (Instream Flow Requirements).  This information was required at the planning stage of major developments such as dams and inter-basin transfers.

The accepted practice in 1997 for assessing Instream Flow Requirements (IFR) of aquatic ecosystems was the Building Block Methodology (BBM) (Tharme & King, 1998).  This methodology had been widely accepted by the scientific community, and applied in more than 20 planning studies on South African rivers.  As it stands at present, it relies on several field surveys by a multi-disciplinary group of scientists, including experts in hydrology, hydraulics, geomorphology, fish and invertebrate ecology.






Water quality guidelines for aquatic ecosystems
The publication of the South African Water Quality Guidelines for Aquatic Ecosystems (DWAF, 1997) provided a critical tool for establishing instream water quality objectives for protection of aquatic ecosystems.  The guidelines themselves are derived from the first clear policy statement regarding the need to protect aquatic ecosystems, in recognition of the role of the ecosystem as the base of the resource, rather than as a competing user for water.






Biomonitoring
Methodologies for assessing riverine habitat, both instream and riparian, had also been in development, and a procedure for habitat assessment was already in place by 1997 - the aerial habitat survey developed by Kleynhans (19XX).  The need for biological monitoring in order to assess the impacts of management decisions and actions over the long term had led to the development of several tools for measuring the condition of aquatic biota in response to various stressors: notably, these tools included the South African Scoring System (SASS) for measuring the composition and health of benthic invertebrate communities (Chutter, 19XX) and the Fish Integrity Index (FII: Kleynhans, 19XX).






The River Health Programme
The River Health Programme (RHP: formerly the National Aquatic Ecosystem Biomonitoring Programme) was established in 19XX (ref report).  An important aspect of the RHP is the development of biological monitoring and assessment tools.  By the time drafting of the water legislation began, the results of pilot testing and implementation of the RHP had generated (and continue to generate) valuable insights into the management of water resources on an ecosystem basis.  Being a national, multi-agency programme, the RHP also helped to establish a wide awareness and pool of expert capacity to implement new tools, both within the resource management agencies such as DWAF, DEAT and the provinces, and amongst the scientific community.






Human health requirements
Quantification of the basic human needs Reserve is perhaps a less technically complex business than quantification of the ecological Reserve, since it is essentially about one species: human beings.  

Many other countries and international organisations have already addressed the issue of how much water people needed for their basic drinking and sanitation needs, so experience in this regard was available.  What was still needed, however, was a procedure for working back from what was required at the tap, to what was required in the water resource which was the source of supply.  This required close linkage with the Water Services Act of 1997.   The Water Services Act, already in place when drafting of the National Water Act commenced, provided guidance on determination of basic human needs for water.

In addition, the South African Water Quality Guidelines for Domestic Use (DWAF, 1996) were available in their second edition, and a joint publication by DWAF, the Department of Health and the Water Research Commission, entitled "Quality of Domestic Water Supplies – Volume 1: Assessment Guide" was in preparation (DWAF, DOH & WRC, 19XX).  These gave the basis for setting the quality aspect of the basic human needs Reserve.



Phased implementation of policy and legislation

3.3.1
Three phases of implementation




The need for phased and progressive implementation
It was recognised that implementation of the new Water Act should be carried out in a "phased and progressive manner".  The new definition of water use required a much broader approach than in the past; the provisions for ecosystem protection required new skills and capacity, and the introduction of catchment management agencies required a new institutional structure.  

Three critical phases which will determine and guide the development of policy and regulatory tools are:

· the period leading up to "day 1", which requires only the most essential procedures to be in place on the day on which the Act comes into effect;

· the transitional phase, a three to five year period of transition from "day 1", during which special transitional tools and procedures might be required, in an environment which would allow pilot testing and refinement of tools, and development of the full suite of tools needed to implement the Act;

· full scale implementation in selected areas or catchments around the country, a phase covering the five to ten year time frame after the Act comes into effect.



3.3.2
Tools for the transitional period




Planning for a transitional period
The abolishment of the riparian principle, and the introduction of water use allocations instead, was expected to lead to an increase in the number of water use licences issued under the new Act, in comparison to the number issued under the 1956 Act.  

The principal method for determining instream flow requirements of aquatic ecosystems, the BBM, is a procedure which takes 8 - 12 months to complete with a reasonably high degree of confidence.   A large demand for Reserve determinations around the country in the transitional period would have swamped the available capacity and expertise, and caused significant delays in evaluation and issuing of water use licences, with a resulting negative effect on economic activity.  

Hence, as a transitional measure, there was a need to develop tools for determining the Reserve which could provide answers within a relatively short period, in order to meet initial demands, until such time as high-confidence Reserve determinations could be carried out.






Preliminary determinations of the class and Reserve
A transitional phase is allowed for in Chapter 3 of the National Water Act.  This means that until such time as the Minister prescribes by notice the full classification system and procedures for Reserve determination, a preliminary classification and Reserve determination may be carried out (NWA sections 14 and 17), and water use licences may be issued on that basis.  

The NWA also states that no water use licence may be issued without at least a preliminary determination of the Reserve having been undertaken.  Once the classification and Reserve determination procedures have been prescribed, that preliminary determination must be reviewed, after which the associated licences may also be reviewed.  

It must be noted that, until the classification and Reserve determination procedures have been prescribed in the Government Gazette, all RDM determinations (rapid, intermediate or comprehensive) are considered to be preliminary.  The only substantial difference between preliminary determinations under NWA sections 14 and 17, and determinations under NWA sections 13 and 16 is that preliminary determinations do not have to be published in the Government Gazette, and the rigorous consultation and comment procedures do not necessarily have to be applied in full.




Development of preliminary tools as a priority activity
Phases 1 and 2 of the RDM project (beginning in August 1997) focused almost entirely on development of tools for the preliminary determination of the ecological Reserve and preliminary ecological classification of water resources, since this was the most urgent short-term priority.

Later phases will see the development, testing and refinement of full-scale tools for classification of water resources, determination of the Reserve and determination of resource quality objectives.

   




Different levels of RDM determination
The full suite of RDM determination methods now comprises:

· procedures for desktop estimates of the class and Reserve (water quantity only);

· procedures for rapid determinations of the class and Reserve (water quantity and quality);

· procedures for intermediate determination of the class, Reserve and relevant resource quality objectives for habitat and biota;

· procedures for the comprehensive determination of the class, Reserve and resource quality objectives (including habitat, biota, water uses and land-based activities)

These various levels of tools are in different stages of development for rivers, groundwater, wetlands and estuaries. Generally, development is most advanced for rivers and groundwater.

The RDM project team developed the desktop estimation method specifically to serve the needs of the National Water Balance, a national-scale long-term water resource planning exercise presently being undertaken by DWAF.   Both the desktop and rapid methods are likely to have a relatively short lifespan, since as more intermediate and comprehensive Reserve determinations are carried out, the desktop and rapid determinations will be replaced by the higher-confidence determinations.



Designing preliminary RDM methodologies

3.4.1
Design specifications for preliminary RDM methodologies




Design specifications for RDM methodologies
When Phase 1 of the RDM project began, a number of tools were available, including the BBM, the South African Water Quality Guidelines for Aquatic Ecosystems, the habitat assessment procedure and biotic integrity indices.  However no single methodology for RDM determination had been formalised.  In order to meet the short term needs of implementation of the National Water Policy, it was necessary to develop transitional tools suitable for use in preliminary RDM determinations.  

At the outset, the design specifications for preliminary RDM methodologies were:

· that they be legally defensible, since they had to serve as a basis for issuing legally valid water use licences;

· that they be scientifically defensible, and based on sound ecological principles in line with the integrated ecosystem approach to water resource management;

· that they match administrative requirements, i.e. that the information be provided to the licensing agencies in a format which could be used as a basis for drawing up water use allocation plans and catchment management strategies, and for setting individual water use licence conditions;

· that they provide conservative estimates of the water quantity and quality required to meet the ecological Reserve, since it was intended to serve the transitional period and prevent irreversible degradation of water resources in that time, in line with the protection policy;

· that there be options for reasonably rapid determinations in order to meet projected demands for NWA implementation in the transitional period.  To this end, a time frame of approximately two months was considered reasonable for an intermediate determination, in comparison to the 8-12 month period required for a comprehensive Reserve determination.




Desired characteristics of RDM methodologies
Given the starting design specifications, the following characteristics of  preliminary RDM methodologies emerged in early discussions within the project team.

· The methodologies would be derived from available technologies and understanding in South Africa or for southern hemisphere ecosystems, since that would give some confidence in the scientific validity and acceptance, and also there was likely to be more specialist capacity available to implement procedures or approaches which were already in use.  Preferably these technologies should have been published in the scientific literature.

· The methodologies would utilise a holistic ecosystem endpoint, rather than a purely hydrological one or a purely chemical one.  The extent, availability and condition of instream and riparian habitat was identified as the endpoint for water quantity Reserve determinations, since the relationship between biota and changes in flow rate or flow volume is not yet sufficiently quantifiable with available tools.  For water quality Reserve determinations, the endpoint is the ecosystem "no observed effects level" (NOEL) as described in the SAWQG-AE (Roux et al, 1996 - SAJS paper).

· To balance confidence in the end determination with rapidity of application, but taking into account the present and probable future lack of specialist expertise within the Department, the methodologies would rely on expert judgement applied within a very structured and consistent process.  The process would be such that it could be initiated and administered by non-specialist staff of the Department, utilising expert input at given points.

· All assumptions made at any stage in development and application of the methodology should be verified by a group of specialists, and all assumptions should be fully documented and justified.

· Independent review would be integrated into the methodology, to ensure quality control and consistency in application as far as possible.

· The methodology should allow for ongoing refinement of procedures and tools, and for refinement in the determination to improve confidence should this be desired.  Higher confidence than that offered by the comprehensive Reserve methodology would be an optional extra if an accepted methodology was available which could provide this (e.g. the IFIM methodology – ref Tharme 19XX).

From this basis, the RDM team designed the seven-step generic RDM methodology, described in Section 5, within which all four RDM determination tools (desktop, rapid, intermediate and comprehensive) fit.






Applicability to rivers, groundwater, estuaries and wetlands
The generic methodology has been found to be applicable to all kinds of resources, be they rivers, groundwater bodies, estuaries, wetlands, lakes or floodplains.  However, the specialist procedures within each step may be different for different kinds of resource.

The methodology is designed to promote integrated water resource management, recognising the unity of the hydrological cycle.  Guidelines for integrating and matching RDM determinations for rivers, groundwater, estuaries and wetlands are given in Section 5.



Different levels of RDM determinations

2.2 Levels of RDM determination methodologies




Descriptions of different levels
Descriptions of the four levels of RDM determinations and the Flow Management Plan are shown in Table 4.1.






Rules for selection of appropriate level
The rules for selection of the appropriate level of RDM determination are summarized in Table 4.1, and provided in more detail Appendix IM1.






Table 4:  Levels of RDM procedures for various levels of RDM determinations

Level


Term
Characteristics
Use

1
Desktop estimate
Very low confidence, about 2 hours per water resource


For use in National Water Balance Model only

2
Rapid determination
Low confidence; desktop + quick field assessment of present status, takes about 2 days
Individual licensing for small impacts  in unstressed catchments of low importance & sensitivity; compulsory licensing “holding action”



3
Intermediate determination
Medium confidence, specialist field studies, takes about 2 months


Individual licensing in relatively unstressed catchments

4
Comprehensive determination
Relatively high confidence, extensive field data collection by specialists, takes  8-12 months
All compulsory licensing. In individual licensing, for large impacts in any catchment. Small or large impacts in very important and/or sensitive catchments.


Flow management plan


Acknowledges present operating constraints (mostly structural) on a river;   modified operating rules are drawn up between the management agency and RDM study team, which will result in a more environmentally friendly flow regime, as far as possible.
For use in highly regulated systems where present flow control structures do not have outlets from which releases can be made to provide for the water quantity component of the Reserve.

The generic RDM methodology

2.3 What is in this section

5.1.1
Road map of the RDM methodology




Descriptions of each step
This section contains an overview of the generic methodology for RDM determination.  Brief descriptions are given of each step in the generic methodology, with indications of 

· the purpose of each step;

· the differences in detail between rivers, estuaries, wetlands and groundwater, and

· the differences between the different levels of RDM determinations.






Cross references to specialist manuals
Where appropriate, cross references are given to the corresponding steps described in the various specialist manuals for rivers, wetlands, estuaries and groundwater.

This roadmap of the generic RDM methodology and the section on selection of the appropriate level of RDM determination are included in each of the specialist manuals, for ease of  reference and to ensure that the specialist manuals can stand alone to some extent.





Figure 1:  Generic procedure for determination of Resource Directed Measures for aquatic ecosystems

The generic methodology for RDM determinations

Step 1:  Initiate the RDM study




Identifying significant water resources
The NWA states that the Minister must determine RDM “for all or part of every significant water resource”.

The term “significant” when used in the context of section 13 of the NWA does not relate to the importance of one water resource in comparison to another.  All water resources should be protected, not just those considered to be “significant”.  The term “significant” relates rather to the geographic extent of the water resource for which a class, Reserve and RQOs must be determined.

Clearly it would not be reasonable or practical to determine RDM for water resources or parts of water resources which are very small, but neither would it be useful to determine a single Reserve for a whole primary or secondary catchment.  It is necessary to delineate water resources or parts of water resources in a way which is practical for water use planning, allocation and licensing purposes, but which also is at a scale which allows effective everyday management of the water resource itself.

Steps 2a and 2b of the generic RDM methodology describe in some detail the delineation of smaller resource units within a RDM study area.






Delineate geographical boundaries for the RDM study
If the RDM determination is initiated by the Department as part of compulsory licensing process, then the boundaries are delineated by the relevant water management agency.

If the RDM determination is triggered by the need to evaluate a single water use license application, then the study boundaries will depend on the scale and extent of impact of the proposed water use (see RDM selection rules in Appendix IM1).

Note that upstream-downstream dependencies may require that the study boundaries take account of additional water resources upstream or downstream of the study area.






Select appropriate level of RDM determination
Rules for selecting the appropriate level of RDM determination are summarized in Table 4, and provided in more detail in Appendix IM1.






Establish study team composition
The composition of the study team depends on the level of the RDM study which is required, and the types of water resources which are included within the study boundaries.

As an example, if the RDM are required for a river ecosystem, and there is strong hydraulic connectivity with groundwater (so that baseflow in the river is strongly dependent on groundwater contributions) then the team must at least include river and groundwater specialist input.  If an estuary is immediately downstream of the study boundaries, or if an estuary is strongly dependent on the flow from the river reach for which RDM are being determined, then the team must also include estuary specialist input.

The actual size of the study team will depend on the level of RDM determination which is required.  For a comprehensive determination, it may be necessary for each of the specialist sub-disciplines to be included (for example on the rivers 

specialist team each sub-discipline such as fish ecology, invertebrate ecology, geomorphology etc may need to be represented by a separate suitably qualified individual).  For rapid determinations, there may not be a need for separate representation of all the sub-disciplines.

Study team composition is dealt with in more detail in Appendix IM2, and detailed guidelines for study team appointments will be provided in the Study Manager’s Manual.






Step 2a:  Determine the ecoregional type of each resource unit




Ecologically homogeneous resource units
Ecoregions or geohydrological response units represent relatively homogenous units within a catchment, and each unit would belong to a specific "ecoregional type" or geohydrological response type.  

Knowing the ecoregional type of a resource allows us to make some predictions about what kind of ecosystem could be expected to occur in that unit under natural or unimpacted conditions.  That knowledge is then used in steps 3, 4, 5 and 6 to guide expert judgement regarding what the appropriate numerical water quantity and quality requirements might be for achieving different levels of protection of that particular water resource. 

Ecoregional typing is also a way of transferring understanding from water resources for which a fair amount of data is available to those of the same ecoregional type for which little data may be available.




Factors determining ecoregional type
Ecoregional type is determined by 

· Major physiographic factors, such as altitude, latitude, aspect, slope, climate zone;

· Geological factors, which determine geochemical signature as well as aspects of geomorphology and habitat;

· Regional natural hydrological characteristics, such as annual precipitation, seasonality and variability of flow;

· Major natural vegetation types (such as bushveld, lowveld etc);

· Biotic factors, including the natural occurrence of certain kinds of organisms such as fish, invertebrates, plants and algae.

See specialist manuals, particularly River Appendix R1 for detail on the ecoregional typing system envisaged for South Africa.




Ecoregional mapping of South Africa
A project has been initiated by the Department (during 1999) to delineate and map ecoregions to level II for the whole of South Africa.  This will take some time to finalise, but will provide an invaluable and easily accessible source of information once complete.

In the interim, a procedure for ecoregional mapping is available (see Rivers Appendix R1), and can be used to map ecoregions to level II for a particular catchment as one of the first activities in a RDM study for that catchment.




Step 2b:  Delineate resource units within the study area




Breaking down the catchment into resource units
Steps 2a and 2b in the generic methodology (Figure 1) are closely linked.  If a Reserve determination is required, say, for a whole catchment, it is necessary to break down the whole catchment into water resource units which are each significantly different from the other to warrant their own specification of the Reserve, and to clearly delineate the geographic boundaries of each.   

The reason for this is because, for example, it would not be appropriate to set the same numerical Reserve for the headwaters of a river as for the lowland reaches: these sections of a river frequently have different natural flow patterns and chemical signatures, and require individual specifications of the Reserve appropriate for that reach.



Ecoregions
The breakdown of a catchment into water resource units for the purpose of determining the Reserve for rivers is done primarily on a biophysical basis, according to the occurrence of different ecological regions (eco-regions) within the catchment.  Since the endpoint of a Reserve determination is an ecological one, the idea is to break down the catchment into units which are relatively homogenous on an ecological basis, to ensure that the Reserve is set in appropriate terms.






Geohydrological response units
For groundwater, water resource units are initially defined on the basis of geohydrological response units.  The philosophy is the same as for rivers - to delineate, on a biophysical basis,  relatively homogenous units within a larger resource which might require their own specification of RDM.






Resource units related to land use and management needs
The breakdown into resource units via ecoregions and/or geohydrological response units could then be further resolved into smaller resource units which are suited to management requirements.  An example might be where markedly different land uses (such as agricultural and urban) occur along a reach of river which itself is all contained within one ecoregion.  Then a further breakdown of the ecoregion could be on the basis of the major land uses.






Delineation of resources in the Reserve determination notice
The Government Gazette notice of the Reserve determination for a particular resource would refer to a map with the relevant water resource unit boundaries marked, and may be supported by map references (for example "the reach of the Crocodile River from the point A,B on the farm <name> to the point X,Y  on the farm <name>").  If a notice was published containing the Reserve determination for an entire catchment, the notice would contain a list of delineated resource units within the catchment, together with the class,  Reserve and RQOs applicable to each resource unit. 






Step 2c:  Select survey sites within the study area




Site selection for specialist surveys
The selection of sites for specialist surveys is closely related to the various ecoregional types which may be represented in the study area, but also depends on other factors such as representivity, suitability for hydraulic calibration and accessibility.

The confidence in the determination of the Reserve, especially, is very much dependent on the selection of suitable study sites, and this step is one of the most  important in the whole RDM determination.






Site selection related to resource units
For water quantity and water quality Reserve determination, it may be adequate to select sites which cover more than one ecoregion.  For determination of resource quality objectives for habitat and biota, the RQOs may need to be determined separately for each ecoregion.






Step 3:  Determine the reference conditions for each resource unit




What are reference conditions ?
The determination of reference conditions is a very important aspect of the overall Reserve determination methodology. Reference conditions describe the natural unimpacted characteristics of a water resource.   Reference conditions quantitatively describe the ecoregional type, specific to a particular water resource.  

For example, if the ecoregional type of the resource indicated that a high-altitude, cold-water ecosystem could be expected to be present, then the reference conditions for water temperature and dissolved oxygen would specify, as quantitatively as possible, the expected diurnal, seasonal and inter-annual (if relevant) patterns.






Defining reference conditions for surface water ecosystems
For surface water ecosystems, reference conditions cover

· Water quantity - the amount, timing, pattern and levels of flow, including seasonal and inter-annual variability, flood and drought cycles;

· Water quality - the concentrations of key water quality constituents, including their seasonal and inter-annual variability, and going as far as diurnal patterns of variability for constituents such as temperature, dissolved oxygen and pH where relevant;

· the geomorphologic characteristics of instream and riparian habitat, as well as the vegetation aspects of habitat;

· the character, composition and distribution of aquatic biota.






Defining reference conditions for groundwater resources
For groundwater, reference conditions are assumed to include

· water level, and the seasonal and inter-annual variability of water level;

· water quality - the concentrations of key water quality constituents, including their seasonal and inter-annual variability;

· aquifer structure and composition

The procedure for derivation of reference conditions for groundwater resources requires additional work, and will be addressed in subsequent phases of research.






Natural unimpacted conditions - a stable baseline
The assessment of present status (step 4), the selection of the future management class (step 5) and the quantification of the Reserve (step 6) and resource quality objectives, are all carried out relative to the reference conditions for that resource.  The reference conditions thus represent a baseline which is relevant to a particular resource.  If the baseline is not stable, then the grounds on which management decisions are made will always be shifting.  This opens the door for de facto authorization of cumulative impacts in the water use licensing process, which is not consistent with the protection policy.  Hence the reference conditions are set on the basis of  natural unimpacted conditions, since that is the most stable baseline available.






Using expert judgement to determine reference conditions
It is frequently not possible to find an unimpacted site which can be surveyed, in order to accurately quantify reference conditions. Expert judgement, local knowledge, historical data and analysis of measured historical trends will often be necessary to build up a "picture" of  the probable reference conditions, within broad confidence limits.  This has been loosely referred to within the project team as “the art of forensic ecology”.

The procedure for derivation of reference conditions is dealt with in more detail in the specialist manuals for rivers, groundwater, estuaries and wetlands.



“Resetting” reference conditions
There may be situations where the water resource has been modified to such an extent, and in such a manner, that ecosystem structure, functions and processes have been irreversibly changed.   Usually this is the result of permanent man-made changes to the physical structure and morphology of the resource, although sometimes it can be as a result of a catastrophic natural “reset” such as a very large flood.  

The ecosystem can still be healthy and require protection in its present, highly modified state, although it may bear little resemblance to the ecosystem which was present under natural unimpacted conditions.   

A good example of this situation is the Blesbokspruit near Springs in Gauteng.  Around the turn of the century, this used to be a typical seasonal highveld stream, but with urban development in the catchment and increasing wastewater discharges, extensive wetlands have developed in the stream bed.  These wetlands  now provide a valuable habitat for water birds.  So much so, that the Blesbokspruit has been declared a Ramsar site.

If  there is no practical way of restoring  the original ecological characteristics of a particular water resource, then there may be justification for resetting the reference conditions to more accurately reflect the new ecological characteristics. 

Expert judgement is required in the determination of reference conditions and in the assessment of present status, in order to ascertain whether the resetting of reference conditions is indeed appropriate.






Step 4a:  Assess the present status of the resource units




Assessment of resource status and resource use
Having determined the reference conditions, which essentially are an indication of how the resource might have looked under unimpacted conditions, step 4  entails a full present status assessment of resource quality (water quantity, water quality, habitat and biota) in terms of the degree of modification from reference conditions, as well as an assessment of current and projected water uses, land uses and socio-economic conditions.






Ecological assessment categories
For ecological present status of rivers, wetlands and estuaries, there are 6 assessment categories, each representing a broad band of "degree of modification" from reference conditions.  The categories range from negligible modification, closely approximating natural conditions, to critical modification.  (The degree of modification from reference ecological conditions is assumed to be related to the risk of irreversible degradation of resource quality, as described in the Classification System document.)

Presently, the 6 ecological present status categories for rivers and wetlands are identified simply as categories A through F, and are described in more detail in the specialist manuals.  

The full present status assessment is likely to match the full management classification system, in that it will address 

· ecological status of the resource, 

· status of the resource for basic human needs and 

· status of the resource for water users.

Tools for addressing basic human needs and water uses already exist, in the form of the South African Water Quality Guidelines (DWAF, 1996) and the Domestic Water Quality Assessment Guide (DWAF, DOH & WRC, 1998).






Purpose of the present status assessment
The present status assessment is required for two purposes:

· firstly to assess the degree of modification, (and hence the current degree of risk of irreversible damage), and if possible to identify whether resource quality is stable within a particular assessment category, or whether the resource is currently degrading due to past or present impacts;

· secondly to identify what may be achievable in terms of the future management class, in order to rule out unrealistic options when setting the management class in step 5.  Sometimes structural modifications to the resource (such as dams or urban development), or short-term needs for economic development may be such that a higher class than the present one can not be practically achieved in the short to medium term.



Step 4b:  Assess the importance and sensitivity of the resource units




Ecological importance and sensitivity
Ecological importance of a river is an expression of its importance to the maintenance of ecological diversity and functioning on local and wider spatial scales.  Ecological sensitivity (or fragility) refers to the system’s ability to tolerate disturbance and its capacity to recover from disturbance once it has occurred (resilience).

In determination of RDM, the following ecological aspects are considered as the basis for the estimation of ecological importance and sensitivity:

· The presence of rare and endangered species, unique species (i.e. endemic or isolated populations) and communities, intolerant species and species diversity

· Habitat diversity, including specific habitat types such as reaches with a high diversity of habitat types, i.e. pools, riffles, runs, rapids, waterfalls, riparian forests, etc. 

· The importance of the particular resource unit (e.g. river or reach of river) in providing connectivity between different sections of the whole water resource, i.e. whether it provides a migration route or corridor for species.

· The presence of conservation areas or relatively natural areas along the river section

· The sensitivity (or fragility) of the system and its resilience (i.e. the ability to recover following disturbance) of the system to environmental changes is also considered. Consideration of both the biotic and abiotic components is included here.

Procedures for rating ecological importance and sensitivity are given in detail in each specialist manual.






Social importance
Aspects to be included in the assessment of economic and socio/cultural importance are:

· the extent to which people are dependent on the natural ecological functions of the water resource for water for basic human needs (sole source of supply), 

· dependence on the natural ecological functions of water resource for subsistence agriculture or aquaculture;

· use of the water resource for recreation; 

· the historical and archaeological value of the water resource;

· its importance in rituals and rites of passage; 

· sacred or special places in the river (e.g. where spirits live); 

· the use of riparian plants (for building or traditional medicine), and 

· the intrinsic and aesthetic value of the water resource for those who live in the catchment, or who visit it.

Social importance can be assessed within a similar framework as that for ecological importance, but in a much more qualitative manner.  The methodology  is described in Rivers Appendix R8.  Although some element of subjectivity is inevitable in value assessments such as these, the results are intended to be as objective a reflection of relative importance as possible. They are not intended to be subject to complex statistical analysis, nor to measure social values with precision, but to capture a general feeling of the importance of different aspects of a river.






Economic importance
Water resources are usually important from an economic point of view.  The economic value of a water resource is traditionally assessed in terms of the amount of water which can be abstracted for offstream use.  Typical indicators include the number and value of jobs generated by the use of the water, or the amount of revenue generated.

Water resources also provide other services which are often not included in economic valuation, and in particular this applies to the services and benefits provided by aquatic ecosystems.  These can include, amongst others:

· transport and/or purification of biodegradable wastes;

· recreation and aesthetic opportunities;

· food production;

· flood attenuation and regulation;

· water-based transport.

While the development of tools for quantitative valuation of ecosystem services and benefits is still in an early stage, it is necessary that all the potential economic values of a water resource at least be identified when assessing economic importance.

Additional detail on possible methodologies for assessing economic importance can be found in Rivers Appendix R9.






Why we need to know about importance and sensitivity
The importance and sensitivity of a water resource is used to guide or influence the decision on the level of protection required, which in turn determines the management class which should be assigned. 

Importance of a water resource, in ecological, social or economic terms, acts as a modifying or motivating determinant in the selection of the management class.  For example, if the present status of a water resource is very degraded but the importance and sensitivity are high, then  a higher management class than the present status should be set as a management goal which will lead to improvement in resource quality.






Step 5:  Set the management class for each resource unit




Setting a management goal
Step 5 entails the selection of an appropriate management class as the target for long term protection and management of the resource unit.  This could be the same as the present status category, or it could be set higher if improvement of resource quality is required. 






Testing the implications of selecting a particular management class
Each management class has associated with it rules concerning the derivation of numerical objectives for the Reserve and resource quality, and the source directed controls which may be applicable within the catchment of that resource.  Hence the implications of selecting a particular management class can be established and various scenarios tested before the final class is set.  

It is likely that there will be some iteration around selection of a possible management class and the evaluation of the implications for the Reserve and for source control measures, until a management class is selected which represents the optimal balance between protection and utilization. 






Classification rules for ecosystems, basic human needs and water users
The water resource classification system, when fully developed, will have three aspects:  it will set out clear rules for 

· protection of basic human needs, according to the five water quality classes for basic human needs set out in the Assessment Guide (DWAF, DOH & WRC, 1998);

· protection of aquatic ecosystems, according to the four ecological management classes, and 

· water user requirements, according to the water quality ranges given in the South African Water Quality Guidelines (DWAF, 1996).

When the full classification system is implemented, then the classification step in the Reserve determination process will require integration of the requirements of basic human needs, ecosystems and water users.

The quantitative statement of the ecological Reserve depends on the rules associated with the ecological management classes. This is described in Step 6 of the generic RDM procedure, and in detail in the various specialist RDM manuals.






Acceptable ecosystem management classes
Of the 6 ecological status categories A to F, the first four (A through D) are matched to the ecological management classes in the water resource classification system.

Only classes A to D are acceptable ecological management classes.  Assessment categories E and F are not acceptable as future ecological management classes, since they represent degrees of modification which have already resulted in or carry an unacceptably high risk of irreversible degradation of resource quality, a condition which does not allow sustainable utilization of a water resource.






Criteria for selecting a future management class
Criteria for selecting a class for a water resource include:

· the sensitivity of the resource to impacts of water use (whether due to ecological sensitivity, or the sensitivity of downstream water users);

· the importance of the resource,  in ecological, social/cultural or economic terms;

· what can be achieved towards improvement of resource quality, given that some prior impacts or modifications may not be practically reversible due to technical, social or economic constraints.






A consultative process for classifying a resource
For intermediate and comprehensive RDM determinations, the actual process of assigning a management class to a specific water resource will be a consultative one, aimed at involving relevant stakeholders in deciding on the level of protection that is acceptable for the resource.  

This consultative process must address long term protection requirements as well as accounting for economic and social issues, in reaching a balance between protection for long term sustainability on one hand, and short to medium term development needs on the other.  The role of DWAF as public trustee and custodian of water resources, both for this generation and for future generations, is an important factor in this process.

Guidelines for consultation in the process of classifying water resources are provided in the Classification System document.




Different levels of decision-making process
Comprehensive RDM determinations are designed to be carried out in a multi-stakeholder context, ensuring broad participation in the decision an which class should be set for the resource.  However, the desktop, rapid and intermediate methods do not allow sufficient time for extensive consultation and intensive participation.

The following rules for selection of the management class apply, and are described in more detail in the Classification System manual.

· Setting of the ecological management class in desktop estimates:

The management class is directly translated from the ecological importance and sensitivity rating.  The management class reflects the philosophy that important and sensitive resources should be assigned a correspondingly high level of protection ,and in the absence of detailed site surveys, a highly precautionary approach is taken.

· Setting of the ecological management class in rapid determinations:

The management class is translated directly from the ecological importance and sensitivity rating, but moderated by a shortened intermediate habitat integrity assessment (not the complete intermediate present status assessment).  If the resource is presently degraded but there is potential for improvement, the selected management class remains equivalent to that indicated by the ecological importance and sensitivity rating.  If the resource is presently degraded due to permanent structural modifications, the selected management class is adjusted to a class achievable within these constraints.

· Setting of the ecological management class in intermediate determinations:

The so-called “default rule” applies, where after an intermediate present status assessment, the management class is set in relation to the present status, but at a level which represents a goal of no further degradation for resources which are slightly to largely modified, and at least a move toward improvement for resources which are critically modified:

Present Status Assessment Category     Ecological management class assigned

A




A


B




B


C




C


D




C


E or F




D




· Setting of the management class in comprehensive determinations

A formal process of consultation and participation should lead up to the decision on which management class will be set for the resource.  The guidelines for consultation are included in the Classification System manual.



Step 6a:  Quantify the Reserve for each resource unit




Direct link from the management class
Step 6 involves the quantification of the Reserve (water quantity and water quality) for a particular water resource, according to the rules associated with the management class which has been assigned to the resource unit in step 5.






Rules for deriving site-specific numerical values
The classification system rules for setting the Reserve and resource quality objectives will not be a "set of numbers" valid for all water resources: in most cases, the rules are rigorous procedures for deriving site-specific numerical objectives which are appropriate for the reference conditions of a particular resource.

For example, the classification system might set out procedures for deriving instream dissolved copper (Cu) concentrations for each of the four ecological management classes A through D.  The procedure for Cu in class B rivers might yield different instream concentrations required to achieve the same level of protection for a river with naturally hard water as for a river with naturally soft water, because the bioavailability and hence the toxicity of Cu depends on water hardness.

Explicit rules have been proposed for setting of the ecological (water quality) Reserve, linked to the ecological management classes.  For the ecological (water quantity) Reserve, equivalent rules are in development, but the determination of the water quantity component of the Reserve still relies heavily on expert judgement and the application of site-specific knowledge.  The “rule curves” described in Rivers Appendix R13 represent the current state of research in this field.

For the basic human needs Reserve,  regulations under the Water Services Act of 1997 provide the preliminary rules. 






Integration of the water quantity and water quality components of the Reserve
Determination of the water quantity and water quality components of the Reserve must be carried out in an integrated manner.  This has not always been adequately addressed in past studies:  more detail on proposed procedures for integration can be found in Rivers Appendix R29 and in the Classification System manual.

In the determination of RDM, cross-checks are essential to ensure that modification of water quantity patterns in the water resource does not lead to non-achievement of water quality requirements for the Reserve. 

Important notes:

· If, on achieving the required water quantity conditions for the Reserve, exceedance of the water quality requirements of the Reserve is likely to occur as a result of natural geochemical or biophysical conditions in the catchment, then  the specifications of the water quantity component of the Reserve should be adjusted until both water quantity and water quality requirements of the Reserve can be achieved.   

· If, on achieving the recommended water quantity conditions for the Reserve, exceedance of the water quality requirements of the Reserve is likely to occur as a result of point sources or non-point sources of pollution in the catchment, then it is preferable that more stringent source-directed controls should be enforced in the catchment in order to reduce pollutant loads reaching the water resource, rather than adjusting the flows to provide "clean" water for dilution purposes.






Integration and matching for all the resource units in the study area
The RDM requirements of each resource unit must be matched with those for the adjacent resource units.  For example, the Reserve determination for an estuary must be matched to the Reserve determination for the river reach immediately upstream, not only in terms of the amount and quality of the river flow, but also in terms of the timestep and units in which the Reserve requirements are presented.  This matching should be carried out within the RDM determination process, with all relevant study team members present.






Step 6b:  Set resource quality objectives for each resource unit




RQOs for instream and riparian habitat
Numerical or narrative RQOs for instream habitat are also set according to the rules associated with each ecological management class.  The extent, distribution, type and integrity of instream habitat is strongly dependent on the water quantity and water quality conditions which are set for the Reserve.  However, RQOs must also be derived for other factors which influence instream habitat.  For example, where excessive soil erosion in the catchment increases instream sedimentation rates to an unacceptable level, then requirements relating to the sedimentation impacts of land-based activities use may also be included in the RQOs.

Riparian habitat is at risk from activities such as construction, river diversion, ploughing on river banks and urban development.  Numerical or narrative objectives should be set which would ensure the appropriate extent, distribution, type and integrity of riparian habitat, in order to maintain an acceptable level of protection for the aquatic biota which rely on the habitat.

More detail on the setting of RQOs for riparian habitat can be found in Rivers Appendix R23.






RQOs for aquatic biota
RQOs for aquatic biota can include measures of biotic integrity such as the SASS (invertebrate) and fish integrity scores.   RQOs in terms of scores can be set for biotic integrity but the achievement of these objectives can only be assured through maintenance of an appropriate abiotic template (water quantity, water quality and habitat integrity).

More detail can be found in Rivers Appendices R20, R21 and R23.






RQOs for instream or land-based activities
The NWA also provides for the option of setting RQOs, which can be narrative or numerical, to ensure “the regulation or prohibition of instream or land-based activities which may affect the quantity of water in or quality of the water resource” (NWA section 13(1)g).

The rules for RQOs related to water uses will be part of the classification system, and will be included in the Classification System manual.






Step 7:  Design an appropriate resource monitoring programme




Objectives of post-RDM monitoring
· To collect data to improve the confidence of a future RDM determination at the next level (e.g. to prepare for a future comprehensive determination if the present determination was at intermediate level);

· To monitor the response of the aquatic ecosystem to the Reserve and RQO that were set, to check that the Reserve and RQO do actually provide the level of protection required by the selected management class;

· To monitor resource quality status in order to ascertain whether management actions are adequate to achieve compliance with the requirements of the Reserve and RQO.






2.4 Summary of RDM determination methodologies

Table 5:  Master table of differences/similarities between RDM levels, broken down by steps

Step
Desktop Estimate
Rapid Determination
Intermediate Determination
Comprehensive Determination
Flow Management Plan


1. Delineate geograph 

     boundaries
Quaternary
Minister/DWAF
Minister/DWAF
Minister/DWAF


2a. Determine ecoregional   

      type
Not done
Ecoregion Level II (hydrological ecoregions only)
Ecoregion Level II+ stream classification
Ecoregion level II + stream classification


2b. Delineate resource   

       units
Quaternary
Ecoregion Level II (hydrological ecoregions only)
Ecoregion Level II + stream classification
Ecoregion Level II + stream classification


2c. Select sites
Whole quaternary
Ecoregion I or II, or as required
Ecoregion I or II + stream classification
Ecoregion I or II + stream classification


3.   Reference conditions
Not done
Not done
Qualitative or semi-quantitative description
Quantitative description


4a. Present status
Desktop, local experts
Shortened intermediate habitat integrity, plus historical water quality data
Intermediate habitat + biotic integrity; historical water quality data plus water quality samples taken over one season;  at least 2 hydraulic calibrations
Extensive literature and field work


4b. Importance + 

       sensitivity 
Desktop EIS
Desktop EIS
EIS + field check SI (limited survey)
EIS + field survey

SI (extensive survey)

Economic importance (extensive survey)


5a. Determine 

       Management class
Set class equivalent to EIS, moderated by desktop present status assessment
Set class equivalent to EIS, moderated by present status
“Default rule” i.e. no degradation from present status.
Consultative process, scenario evaluation


Step
Desktop Estimate
Rapid Determination
Intermediate Determination
Comprehensive Determination
Flow Management Plan


5b. Set management class
Ecological management class only
Ecological  management class only
Ecological management class + basic human needs class and water users classes if required
Ecological management class, basic human needs class and water use classes


6a. Quantify Reserve
Hughes curves: water quantity only
Hughes curves: water quantity + rapid water quality method 
Intermediate water quantity method + intermediate water quality method
BBM or more comprehensive for water quantity +  comprehensive water quality


6b. Set RQOS
Not done
Not done
Habitat,  biota + relevant RQO 

for water uses and land-based activities as required.
Habitat

Biota

Water uses

Land-based activities 


7. Monitoring programme
Not done
Purposes:

To improve confidence if intermediate determination scheduled for the future; 

To audit compliance.
Purposes:

To improve confidence for comprehensive determination;

To assess ecosystem response;

To audit compliance.
Purposes:

To assess ecosystem response;

To audit compliance;

To improve confidence for next review.


8. Notice of RDM 
National Water Balance and National Water Resource Strategy
DWAF policy statement if preliminary, else Gazette.
DWAF policy statement if preliminary, else Gazette.
DWAF policy statement if preliminary, else Gazette.


Section 3: Giving effect to RDM for a water resource

If the RDM are presently not achievable in that water resource, perhaps due to previous impacts in the catchment, then a strategy would need to be put in place to give effect to the RDM.  As indicated in Figure 2, the strategy would:

· spell out the compliance criteria associated with the RDM, 

· identify what actions should be taken to remedy the situation,

· identify who would be required to take various actions, and assign responsibilities;

· indicate agreed, firm time frames for achieving the RDM.
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Figure 2:  Relationships between resource management classes and resource quality objectives (van Vliet)

Section 4: Administrative processes related to RDM determination

The administrative procedures for RDM determination are currently in development, and will be included in the Study Managers’ manual and the Implementation Strategy in version 1.1.

Administrative procedures will include, amongst others:

· processing and routing of requests for RDM determinations;

· scoping and initiation of RDM studies;

· appointment of study teams and management of studies;

· links with water use licensing functions;

· sign-off and publication of RDM determinations.
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Check implications of desired class for Reserve and RQOs before finally setting class








10.  Monitor resource status and response to RDM implementation





9. Give effect to RDM determination


   -  Develop strategy for


   achieving class, Reserve and


   RQOs


   -  Draw up Catchment


   Management Strategy &


   implement








8.   Publish notice of RDM determination, allow comment if necessary





7.  Design appropriate resource monitoring programme





6b.  Set RQOs for each resource unit using rules for selected classes:


   -  habitat, biota, water uses, land


   based activities





6a.  Quantify Reserve for each resource unit:


   - determine water quantity


   - determine water quality


   - integrate quantity and quality


   -  integrate river/wetland/groundwater/


   estuary components





5a. Determine desired management classes for resource units:


   - Importance


   - Sensitivity


   - Achievability





4b.  Determine importance of resource units:


   - Ecological importance &


     sensitivity


   - Social importance


   - Economic importance





5b. Set management classes for resource units:


   - Ecosystem protection


   - BHN protection


   - Water users’ protection





4a.   Determine present status of resource units


   - Ecological status & resource quality


   - Water uses


   - Land uses, socio-economic


     conditions





3.   Determine resource quality


      reference conditions








2a.  Determine ecoregional types


2b.  Delineate resource units


2c.  Select sites for RDM study





1.   Initiate RDM study


   - Delineate geographical boundaries


   - Select RDM level & components


   - Establish study team composition








� Editor’s note:  Procedure to be included in version 1.1


� Ed’s note:  the guidelines on pre-rdm data requirements and post-rdm monitoring must be placed in the correct specialist manuals, and possibly as an appendix in the Integrated Manual.


� Author’s note – this table is fairly specific to rivers, and must be made more generic. Similar tables must be prepared for each specialist manual.


� Author’s note: The methodology for designing flow management plans is likely to be very similar to the intermediate and comprehensive RDM procedures, but the legal status of the FMP has not been clarified.  This issue to be resolved for Version 1.1


� Author’s note: The methodology for designing flow management plans is likely to be very similar to the intermediate and comprehensive RDM procedures, but the legal status of the FMP has not been clarified.  This issue to be resolved for Version 1.1


� Editor’s note:  this section to be expanded when the Implementation Strategy version 1.1 is completed.


� Editor’s note:  References to be completed for version 1.1





PAGE  

