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Foreword

This volume contains the technical papers prepared for the one-day symposium Dams — Consents and
Current Practice held at the Wellington Festival & Convention Centre on Tuesday 26 August 2003.
The New Zealand Society on Large Dams (NZSOLD), a Technical Group of the Institution of Profes-
sional Engineers New Zealand (IPENZ), thanks you for your support and registration for the sympo-
sium.

Water is a resource needed for electricity generation, domestic consumption, irrigation or industrial
use. Allocation issues represent a challenge for New Zealand, and the need for storage in reservoirs has
been illustrated earlier this year, when electricity shortages over the winter months were being forecast.
Over the three years since the last one-day symposium in November 2000, many power generation
companies have been completing the resource consent renewal process. The intention of this seminar
was to draw together experiences of both applicants and regulators in this process, and also to include
an update on the status of dam safety legislation. Current practice aspects included papers on tailings
dams, dam design construction and enhancement plus emergency management experiences and likely
water needs for irrigation. The keynote address, by Professor Angela Arthington, of Griffith Univer-
sity, Queensland, focused on ecological aspects of river systems and impacts from dams and water
storage.

The Organising Committee arranged for circulation of the papers in advance of the symposium to
help stimulate active participation. At the symposium, presentation of the papers by the authors
was intended to summarise and highlight main issues and was followed by discussion sessions of
approximately 10 minutes after each grouping of 2—3 papers. Summaries of these discussions are
included in this volume.

Peter Mulvihill Stuart Read
Chairman Chairman
NZSOLD Symposium Organising Committee

Webpage: http://www.ipenz.org.nz/nzsold
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Opening address

Peter T Mulvihill

On behalf of the New Zealand Society on Large Dams and the Institution of Professional Engineers New
Zealand, it is my privilege and pleasure to warmly welcome you here today. In particular, I would like to
extend a warm welcome to our guest speaker, Professor Angela Arthington, who has made the long trek from
Brisbane to be with us today. I am sure her address will provide us with a somewhat different view of the
world regarding water allocation and management.

The focus of today’s symposium is consents and current practice in the dam management field. Since our
symposium in November 2000, dam owners have faced significant challenges when completing various
resource consent renewal processes. Many of papers at this symposium draw together experiences of both
applicants and regulators in this process.

In today’s programme, we have several excellent technical papers covering current practice with regard to
new dam construction, upgrades and tailings dams. On a dam safety theme, we also have a paper that gives
us an insight into emergency management when things go wrong.

Despite our belief after the last symposium that dam safety legislation was unlikely to be enacted in the near
future, government has been working over the past 19 months towards clarifying regulatory responsibility
with regard to dam safety. We understand that the publication of the draft Building Amendment Bill is
imminent. This Bill includes specific provisions regarding dam safety and is the subject of several presenta-
tions later in the day.

With the issue of long-term energy security in New Zealand at the forefront of government thinking, along
with the increasing demand for irrigation water, water allocation issues present a major challenge to sustain-
able resource use in New Zealand in the future. The construction of new dams and reservoirs provides one of
the alternatives to meet these demands, but for these options to be viable we must in some way address the
environmental effects and negative public perception of such projects. I look forward to the papers later in
the day that pick up on these issues.

On behalf of NZSOLD I would also like to thank our sponsors, who are publicised in these Proceedings, as
well as the people who took time to write and present papers, and last but not least our organising committee.
With the pressure of work commitments, it is becoming harder these days for individuals to allocate volun-
tary time to organising such symposia, and I would like to thank Stuart Read and his committee personally
for the hard work they have put into doing this for us.

We encourage you to participate as much as possible in today’s programme and hope you have ample free
time during the breaks to meet and discuss relevant issues with fellow professionals. I am sure you will leave
at the end of today with something that will enhance your professional knowledge with regard to dam
engineering.

In conclusion, I declare the 2003 Symposium open.
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KEYNOTE ADDRESS

Ecological impacts of dams and flow regulation in rivers

Angela H. Arthington'

Dams, weirs and flow regulation have changed water volumes and patterns of variability in
many rivers around the world, with largely undesirable consequences for ecological systems
and loss of the goods and services associated with healthy rivers. The provision of environmental
flows has become the main approach to the mitigation of flow regulation impacts in rivers.

In Australia and other countries, the ‘pre-scheme’ environment of a regulated river (if known),

or the condition of a similar unregulated river, is commonly used to guide the design of
environmental flows in river restoration projects. In such projects, the baseline for evaluation

of the ongoing effects of a dam or scheme and the regulated flow regime is the condition of the
‘existing environment’ with the scheme in place and operational.

Acceptance of similar definitions and approaches as part of the resource consents process in
New Zealand could avoid conflicts about the interpretation of ‘existing environment’. These
conflicts suggest the need for a national protocol or guideline that all parties can accept and
adhere to in the consenting process.

Keywords: Impacts of dams, flow regulation, river ecology, environmental flows, resource
consents, ‘existing environment’

Introduction

There is a massive world literature on the ecological impacts of dams, weirs and flow regulation in rivers and
their associated floodplains. Recently, a group of ecologists from the USA, Europe and Australia set out to
distil this literature down into a series of guiding principles linking hydrology and the biodiversity and
ecological functioning of rivers and riparian systems. Four principles were developed to relate key features
of river flow regimes and aquatic biodiversity. These principles are briefly outlined as an introduction to the
substance of this paper, that is, the mitigation of the downstream effects of dams and flow regulation.

The provision of environmental flows has become the main approach to the mitigation of flow regulation
impacts in rivers. The main types of methodology used to define environmental flows are briefly described,
and examples of their use are outlined, especially for the class known as ‘holistic methodologies’.

In New Zealand, the provision of environmental flows is one aspect of the process of obtaining resource
consents and re-consents. Differing interpretations of ‘existing environment’ have complicated the re-con-
senting process and suggest the need for a national protocol or guideline that all parties can accept and
adhere to in the consenting process. Experiences in other countries may be helpful in this context. The
approach being taken in Australia is briefly outlined as a possible model for New Zealand to consider.

Hydrology and river ecology

In many parts of the world there is growing awareness of the pivotal role of the flow regime (hydrology) as
a key ‘driver’ of the ecology of rivers and their associated floodplains (see Richter ef al. 1996, 1997; Poff et
al. 1997; Puckridge et al. 1998; Naiman et al. 2002 for reviews). Every river system has an individual or
‘signature’ flow regime with particular characteristics relating to flow quantity, and temporal attributes such
as seasonal pattern of flows, the timing, frequency and duration of extreme events (e.g. floods and droughts),
rates of change and other aspects of flow variability (Poff ez al. 1997; Olden & Poft 2002). Each of these
hydrological characteristics has individual (as well as interactive) influences on the physical nature of river
channels, sediment regime and water quality, biological diversity and key ecological processes sustaining

! Centre for Riverine Landscapes, Griffith University, Nathan, Brisbane, Queensland 4111, Australia
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the aquatic ecosystem (Naiman et al. 2002). These processes govern the ecological health of rivers and
underpin the ecosystem goods and services that rivers provide to humans (e.g. flood attenuation, water
purification, production of fish and other foods and marketable goods).

In large part, recognition of the importance of flow has stemmed from ever increasing evidence of the
negative impacts of flow regulation on riverine ecosystems. Water resource development and flow regula-
tion are often claimed to be the most serious and continuing threat to ecological sustainability of rivers and
their floodplain wetlands (Naiman et al. 1995; Ward & Standford 1995; Kingsford 2000). Dams, weirs and
flow regulation have changed water volumes and patterns of variability in major world rivers on three
temporal scales — the flood pulse (days to weeks), flow history (weeks to years) and the long-term statistical
pattern of flows, or flow regime (decades or longer). To summarise world literature on the impacts of such
changes, Bunn & Arthington (2002) suggest that four guiding principles link hydrology and aquatic
biodiversity and can be used to illustrate the impacts of altered flow regimes (Figure 1). There can be little
doubt that these principles apply just as well to New Zealand’s regulated rivers as they do in other countries.

Aquatic biodiversity and natural flow regimes

Principle 3
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Figure 1. Links between aquatic biodiversity and river flow regimes (from Bunn & Arthington 2002).

The principles are:

1. Flow is a major determinant of physical habitat in streams, which in turn is a major determinant
of biotic composition.

2. Aquatic species have evolved life history strategies primarily in direct response to natural flow
regimes.

3. Maintenance of natural patterns of longitudinal and lateral connectivity is essential to the vi-

ability of populations of many riverine species.

4, The invasion and success of exotic and introduced species in rivers is facilitated by the altera-
tion of flow regimes.

The natural flow regime of a river influences aquatic biodiversity via several, inter-related mechanisms that
operate over different spatial and temporal scales (Bunn & Arthington 2002). The relationship between
biodiversity and the physical nature of the aquatic habitat is likely to be driven primarily by large events that
influence channel form and shape (Principle 1). In addition, droughts and low flow events also play a role by
limiting overall habitat availability (Newbury & Gaboury 1993; Pusey et al. 2000). Many features of the
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flow regime influence life history patterns (Milton & Arthington 1985; King et al. 1998; Pusey et al. 2001),
especially the seasonality and predictability of the overall flow pattern (Junk ef al. 1989), but also the timing
of particular flow events (Principle 2). Some flow events trigger longitudinal dispersal of migratory aquatic
organisms, and other large events allow access to otherwise disconnected floodplain habitats (Principle 3).
Catchment land-use change and associated water resource development inevitably lead to changes in one or
more aspects of the flow regime, resulting in declines in native aquatic biodiversity via these mechanisms
(Bunn & Arthington 2002). Invasions by introduced or exotic species (e.g. plants, fish) are more likely to
succeed at the expense of native biota if the exotics are adapted to the modified flow regime (Principle 4).

Naiman et al. (2002) summarise the implications of these guiding principles in terms of the management
responses required to take cognisance of them, and to manage river flow regimes in ways that will avoid or
mitigate the major impacts of flow regulation. The provision of environmental flows has become one of the
most prominent management responses to flow regulation impacts in rivers.

Environmental flows

Environmental flow assessments (EFAs) address how much (and which specific temporal characteristics) of
the original flow regime of a river should continue to flow down it and onto its floodplains in order to
maintain specified features of the “riverine ecosystem” (Arthington et al. 1992). An EFA produces one or
more descriptions of possible modified hydrological regimes for the river, the environmental flow require-
ments (EFR) or environmental water allocation(s), each modified regime linked to a predetermined objec-
tive in terms of the ecosystem’s future condition (King & Tharme 1994).

The scales at which EFAs are undertaken vary widely, from entire large river basins that include a regulated
main channel and/or several regulated tributaries, to a flow restoration project for a single flow-impacted
river reach or even for a single fish species. Different methodologies are appropriate at each particular
spatial scale as well as in relation to typical project constraints including the time frame for assessment,
availability of data, technical capacity and finances (Tharme 1996; Arthington et al.1998, 2003). Method-
ologies accordingly range from rapid, reconnaissance-level approaches for regional, national or basin-wide
water resources planning, to resource intensive methodologies for highly exploited, individual river sites
subject to multiple uses, or single species of high conservation significance.

Tharme (2003) has recognised four relatively discrete types of environmental flow methodology, namely (1)
hydrological, (2) hydraulic rating, (3) habitat simulation, and (4) holistic methodologies. Each of these is
briefly described below, with reference to the main literature sources that provide access to further details
and/or case studies.

1. Hydrological methodologies

These represent the simplest set of techniques where, at a desktop level, hydrological data in the form of
naturalised, historical monthly or average daily flow records are analysed to derive standard flow indices
which then become the recommended environmental flows. Commonly, the EFR is represented as a propor-
tion of flow, often termed the ‘minimum flow’, e.g. Q,, —the flow equalled or exceeded 95% of the time.
This minimum flow is intended to maintain river health, fisheries or other highlighted ecological features at
some acceptable level, usually on an annual, seasonal or monthly basis. In a few instances, secondary criteria
in the form of catchment variables, hydraulic, biological or geomorphological criteria are also incorporated.
Hydrological methodologies are generally used mainly at the planning stage of water resource develop-
ments, or in situations where preliminary flow targets and exploratory trade-offs are required (Arthington et
al. 1998; Tharme 2003).

2. Hydraulic rating methods

Hydraulic methods use changes in simple hydraulic variables, such as wetted perimeter or maximum depth,
usually measured across single, flow-limited river cross-sections (e.g. riffles) as a surrogate for habitat fac-
tors known or assumed to be limiting to target biota. Environmental flows are determined from a plot of the
hydraulic variable against discharge, commonly by identifying curve breakpoints where significant percent-
age reductions in habitat occur with decreases in discharge (Jowett 1997). It is assumed that ensuring some
threshold value of the selected hydraulic parameter at a particular level of altered flow will maintain aquatic
biota and thus, ecosystem integrity. These relatively low-resolution hydraulic techniques have been super-
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seded by more advanced habitat modelling tools, but they continue to be improved and are still being ap-
plied, often as part of holistic approaches (see below).

3. Habitat simulation or microhabitat modelling methodologies

Habitat simulation methods also make use of hydraulic habitat-discharge relationships, but provide more
detailed, modelled analyses of both the quantity and suitability of physical stream habitat available to target
biota under different discharges. Environmental flow recommendations are based on the integration of hy-
drological, hydraulic and biological response data (Jowett 1997). Flow-related changes in physical microhabitat
are modelled in various hydraulic programs, typically using data on depth, velocity, substratum composition
and cover and, more recently, complex hydraulic indices (e.g. benthic shear stress). This information is
collected at multiple cross-sections within each study river reach. Simulated available habitat data are then
linked with habitat suitability index curves representing the habitat conditions used (or preferred) by target
fish or invertebrate species (or life-history stages). The resultant outputs, in the form of habitat-discharge
curves for specific biota, or extended as habitat time and exceedence series, are used to derive optimum
environmental flows for a species or life history stage. The habitat simulation modelling package PHABSIM
(Bovee 1982; Stalnaker ef al. 1994) is the pre-eminent model of this type widely used in the USA and many
other countries. A modified version of this package known as RHYHABSIM is often used to develop mini-
mum environmental flows for New Zealand rivers (see Jowett 1997).

4. Holistic methodologies

Over the past decade, river ecologists have increasingly made the case for a broader approach to the defini-
tion of environmental flows to sustain and conserve the river ecosystem (Arthington and Pusey 1993; Sparks
1995; Poff et al. 1997). From the conceptual foundations of a proposed “holistic approach” (Arthington et
al. 1992) at least 16 so-called “holistic methodologies” (sensu Tharme 1996, 2003) have been developed and
applied in Australia, South Africa and the UK. This type of approach is founded on the assumption that if
certain features of the natural hydrological regime can be identified and adequately incorporated into a
modified flow regime, then, all other things being equal, the extant biota and functional integrity of the
ecosystem should be maintained (King & Tharme 1994). Reasoning along similar lines, Sparks (1995)
suggested that “rather than optimizing water regimes for one or a few species, a better approach is to try to
approximate the natural flow regime that maintained the entire panoply of species.”

Holistic methodologies aim to address the water requirements of the entire riverine ecosystem rather than the
needs of only a few taxa (usually fish or invertebrates). These methodologies are underpinned by the concept
of the “natural flows paradigm” (Poff et al. 1997), and basic principles guiding river corridor restoration.
They share a common objective — to maintain or restore the biophysical components and ecological proc-
esses of in-stream and groundwater systems, floodplains and downstream receiving waters (e.g. terminal
lakes and wetlands, estuaries and near-shore marine ecosystems).

Ecosystem components that are commonly considered in holistic assessments include geomorphology, hy-
draulic habitat, water quality, riparian and aquatic vegetation, macro-invertebrates, fish, and other verte-
brates having some dependency upon the river and its riparian habitats (e.g. amphibians, reptiles, birds,
mammals). The flow requirements of each of these components can be evaluated using data derived from
field studies, modelling and desktop techniques (see Arthington & Zalucki 1998 for a review of such meth-
ods particularly those used in Australia), and/or by accessing expert opinion. The requirements of each
component for particular volumes and timing of flows are then incorporated into the EFA recommendations.

Holistic methodologies currently represent around 8% of the global total of some 200 environmental flow
methods (Tharme 2003). Although predominantly developed and used in South Africa and Australia, re-
cently holistic approaches have begun to attract growing international interest in both developed and devel-
oping regions of the world, with strong expressions of interest by some 12 countries in Europe, Latin America,
Asia and Africa (Tharme 2003). At least 16 methodologies based on the holistic principles now exist, and
they can be described (see Arthington ez al. 1998) as either ‘bottom-up’ methods (designed to ‘construct’ a
modified flow regime by adding flow components to a baseline of zero flows), or ‘top-down’ methods
(addressing the question: “How much can we modify a river’s flow regime before the aquatic ecosystem
begins to noticeably change or becomes seriously degraded”?).



The South African Building Block Methodology or BBM (King et al. 2002) was the first structured ap-
proach of this type. It began as a bottom-up method, more recently incorporating the Flow Stress-Response
Method. In this modified form it is legally required for intermediate and comprehensive determinations of
the South African Ecological Reserve (Tharme 2003). Other bottom-up methodologies include several ex-
pert and scientific panel methods developed and applied in Australia (see reviews in Arthington 1998 and
Cottingham et al. 2002).

Examples of top-down methods are the Benchmarking Methodology (Brizga 2000; Brizga et al. 2002) used
routinely in Queensland at the planning stage of new developments to assess the risk of environmental
impacts due to future water resource development, and DRIFT — Downstream Response to Imposed Flow
Transformations (King et al. 2003), also designed to predict the probable ecological impacts of various
scenarios of flow regime change. The fish component of DRIFT has been described in detail by Arthington
et al.(2003). In contrast to DRIFT and Benchmarking, the Flow Restoration Methodology (Arthington et al.
1999, 2000) is a bottom-up approach designed to analyse how an existing regulated flow regime could be
modified to capture more of the ecological characteristics of the river in its pre-regulation state. It involves
modelling a range of possible scenarios of environmental flow releases and then undertakes a simple top-
down appraisal of the probable ecological consequences of restoring (or not restoring if there are real con-
straints) certain elements of the pre-regulation flow regime. The Flow Events Method is a rather similar
approach providing hydrological and hydraulic analyses of particular thresholds of ecological response as
part of a broader scientific panel approach (Cottingham et al. 2002). Additional holistic methodologies
developed and applied elsewhere include the River Babingley Method developed in England, and the Adapted
BBM-DRIFT methodology developed in Zimbabwe.

Applications of holistic methodologies to date have focused almost entirely on surface water systems, with
most effort addressed to the main river channel and its tributaries. It is only relatively recently that specialist
methods have been proposed to address the freshwater flow requirements of downstream receiving waterbodies
(e.g. large floodplains and terminal lakes in arid-zone rivers), and estuaries (see Loneragan & Bunn 1999).
Methods and protocols to integrate the dynamic interactions of surface and groundwater systems into exist-
ing holistic methodologies are at a fairly immature stage of development, with none routinely applied as part
of the holistic assessments described above.

Environmental flow assessments may include evaluation of a range of other mitigation measures, for exam-
ple, how to restore longitudinal and lateral connectivity by providing fish passes or altering the configura-
tion of levee banks on a floodplain. Management of storage water levels may also be examined and recom-
mendations made on the benefits of more, or less, stable water levels. Some of the holistic methodologies
described above (e.g. the Flow Restoration Methodology) also take into consideration the influence of threat-
ening processes and disturbances unrelated (or less directly related) to flow regulation, and advise on possi-
ble mitigation measures such as riparian and habitat restoration, or the management of invasive vegetation
and fish.

The most recent innovations in environmental flow assessment methods are reviewed by Tharme (2003),
and further information on recent world developments can be found in River Research and Applications
Volume 19 (2003) containing selected papers from the International Working Conference on Environmental
Flows for River Systems and the Fourth International Ecohydraulics Symposium (held in Cape Town, South
Africa, March 2002). A special edition of the Journal of Water Resources (Volume 5, 2002) also describes
recent developments in Australian EFA methods and studies.

Over 50 countries now use environmental flow assessment as a water management tool. Moreover, the
requirement to provide environmental flows to protect and restore river ecosystems is increasingly appear-
ing in national legislation — in Australia as part of recent water reforms (Comonwealth of Australia 1996;
Arthington & Pusey 2003), in South Africa associated with the new water laws (King et al. 2003; Tharme
2003), and in Europe in response to the European Water Directive.

New Zealand Resource Consents

Dams — Management and Best Practice (NZSOLD Symposium 2000) and papers for the 2003 NSOLD
Symposium provide insight into the requirements and procedures involved in obtaining resource consents
for new dams and re-consents for existing schemes. Foster & Amos (2000) have described guidelines for
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resource consents and associated activities prepared by Optus International Consultants assisted by four
Regional Councils and four dam owners. These guidelines set out a logical framework for preparing an
Assessment of Environmental Effects (AEE) and consent application for dam development. Foster & Amos
(2000) point out that while every dam proposal will be different, there are commonalities, and they suggest
that consent conditions and associated activities should address the following issues — environmental limits
such as residual flows and contaminant levels in receiving waters (for discharges), mitigation requirements
for environmental effects, monitoring requirements related to environmental effects, requirements for dam
safety, requirements for appropriate emergency management procedures and plans, and a review of condi-
tion allowing the consent authority to review the exercise of the consent.

Environmental effects are further discussed by Lilley (NSOLD Symposium 2003) with regard to TrustPower’s
re-consenting processes, and by McQuarrie ef al. (NSOLD Symposium 2003) who include a broad range of
environmental issues in their discussion of the upgrade of Cosseys Dam.

Part of the consenting process is the definition of ‘existing environment’, or baselines against which the
ongoing effects of a water resource scheme can be evaluated. Interpretations advanced by stakeholders have
included, but have not been limited to:

The ‘Pre-scheme’ approach, where it is argued that the consents must be processed by considering the
river and its environs as if the scheme did not and had not ever existed;

The ‘Recent History’ approach, where the existing environment is defined in terms of recent scheme
operations;

The ‘No Consents’ approach, where the scheme structures are permitted to exist, but the right to
divert, store or utilise any water is withdrawn (i.e. the river is released back along the river course).

Differing interpretations of the definition of the ‘existing environment’ have emerged from the re-consent-
ing process around New Zealand, suggesting the need for a national protocol or guideline that all parties can
accept and adhere to in the consenting process. Experiences in other countries may be helpful in this context.

In Australia, every State and Territory is required to evaluate the water requirements of ‘water-dependent
ecosystems’ (aquatic, riparian, floodplain, wetland) and to provide water allocations to ‘sustain’ and where
possible ‘restore’ the ecological values of these ecosystems (Commonwealth of Australia 1996). Water
allocation strategies must be reviewed after 5 or 10 years, when it is anticipated that monitoring data will be
available to guide re-adjustments of the flow regime to more closely approximate the desired ecological
outcomes.

When the requirement is to ‘restore’ ecological values, the strategy is generally to re-instate particular fea-
tures of the pre-regulation flow regime that are known or presumed to ‘drive’ particular ecological outcomes
(e.g. certain within-channel or floodplain flows may be provided to mimic the frequency, timing and dura-
tion of historical flows that achieved fish or bird breeding). The best available information about the link-
ages between pre-scheme flows and ecological responses is used to guide the flow restoration strategy. It is
very rare for a restoration project to attempt full restoration of the prior natural flow regime. Weir removal is
under active consideration in several areas of Australia but to date, dam removal has not come onto the water
reform agenda, for fairly obvious reasons (most dams have ongoing value to society and cannot be removed
unless new sources of water can be provided to meet society’s needs). Therefore, flow restoration projects
tend to have much more constrained objectives involving only partial restoration of some aspects of the
river’s historical hydrology, or some approximation of this.

In every case known to this author, the baseline for comparison of the ongoing effects of a dam or scheme
and the regulated flow regime is the condition of the ‘existing environment’ with the scheme in place and
operational. The monitoring strategy therefore involves quantitative documentation of this existing condi-
tion, followed by a planned sequence of monitoring activities designed to record how particular ecological
features of the river respond over time to the flow manipulation.

In other words, the pre-scheme environment (if known) or the condition of a similar unregulated river may
be used to guide the design of environmental flows, but the existing environment with the scheme in place
provides the baseline against which the ongoing effects of the scheme and the regulated flow regime are
evaluated.
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The Flow Restoration Methodology (Arthington et al. 2000) describes the entire sequence of flow restora-
tion for a large Queensland dam, from evaluation of the existing environment, through definition of the
actual flows to be restored (and what they are expected to achieve for each component of the river ecosys-
tem) through to the design of a monitoring program. Other environmental flow methodologies also address
monitoring strategies (e.g. Benchmarking, Brizga 2000; DRIFT, King ef al. 2003).

Given that there have been differing interpretations of the definition of the ‘existing environment’ during the
re-consenting process around New Zealand, a review of issues and arguments for and against various posi-
tions could be useful. From this review, and with reference to procedures followed in other countries, a best-
practice guideline for New Zealand could be developed. Such a guideline could be endorsed by the Depart-
ment of Conservation and/or other relevant national bodies, thereby reducing the potential for conflicting
viewpoints and unrealistic expectations about the likely future state of rivers that are already regulated and
likely to remain so. The overall goal should be to mitigate every possible environmental impact of existing
water resource schemes, and to strive towards design improvements that will minimise the likelihood of
undesirable environmental impacts of any new dams and water resource schemes in the future.

Conclusions

River management to achieve ecological sustainability as well as access to water resources for human uses is
now the goal of many nations, and environmental flows, as well as other strategies (e.g. integrated catchment
management, water quality standards, biodiversity agreements) are the approaches being applied to achieve
sustainability. There are four major types of environmental flow methodology, with the most recent innova-
tions involving hydraulic habitat modelling and holistic methodologies. The latter aim to protect as much as
possible of the historical riverine ecosystem or to restore ecological values to regulated systems within the
constraints of dam design and operations.

In New Zealand, differing interpretations of ‘existing environment’ have complicated the re-consenting
process and suggest the need for a national protocol or guideline that all parties can accept and adhere to in
the consenting process. Experiences in other countries may be helpful in this context. In Australia, the ‘pre-
scheme’ environment or the condition of a similar unregulated river may guide the restoration of flows in a
regulated river, but the ‘existing environment’ with the scheme in place provides the baseline against which
the ongoing effects of the scheme and the regulated flow regime are evaluated. Acceptance of similar defini-
tions and approaches as part of the resource consents process in New Zealand could avoid conflicts about the
interpretation of ‘existing environment’.
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