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Summary

The development of water sharing plans and ‘macro’ plans, prepared under the Water
Management Act 2000, to cover most of New South Wales, has created a need to extend the
current program of ecological monitoring and reporting for major regulated rivers (the
Integrated Monitoring of Environmental Flows, or IMEF). In particular, ecological
monitoring and reporting are now required for unregulated river systems.

This document provides a basis and framework for ecological monitoring and reporting for
unregulated rivers and estuaries. The main components of the document are:

1.

an explanation of the purpose of ecological monitoring and reporting, including its
relationship to legal requirements

areview of the management strategies of water sharing plans for unregulated rivers that
may affect ecological outcomes

aseries of conceptual models of ecosystem responses to water extraction in different
environments and flow classes

criteriafor the selection of ‘identified attributes' to be used to monitor ‘change in
ecological condition of this water source and dependent ecosystems’, as required by the
plans, and alist of potential attributes with associated means of measurement

astrategy by which to select monitoring sites and times

processes to establish, for each identified attribute, a ‘ positive reference’ (expected state in
agiven time and place in the absence of significant upstream water extraction) and a
‘negative reference’ (expected state with a high level of extraction), in order to facilitate
interpretation of monitoring data.



Background

Thirty-one water sharing plans (WSPs), prepared under the New South Wales (NSW) Water
Management Act 2000, came into effect on 1 July 2004. Twenty of these are relevant to
unregulated surface waters (Table 1). The purpose of these plansisto provide water to
sustain aquatic environments while defining an allowable level of water extraction and
procedures to share extracted water among users. As required by section 35 (1) of the Act,
these plans include a vision statement, objectives consistent with the vision statement,
strategies for reaching those objectives and performance indicators to measure the success of
those strategies. Additional ‘macro’ WSPs, covering larger areas, are in preparation and are
expected to include most of the remaining unregulated riversin the State. More detailed plans
may also be prepared for particular water bodies where a higher level of management is
required.

Table 1. Unregulated water sources currently managed by Water Sharing Plans.

Adelong Creek Apsley River
Castlereagh River above Binnaway Commissioners Waters
Coopers Creek Dorrigo Plateau
Jilliby Jilliby Creek Kangaroo River
Karuah River Mandagery Creek
Ourimbah Creek Phillips Creek, Mooki River, Quirindi Creek, Warrah
Creek
Rocky Creek, Cobbadah, Upper Horton, Lower Horton ~ Tarcutta Creek
Tenterfield Creek Toorumbee Creek
Upper Billabong Upper Brunswick River
Wandella Creek Wybong Creek

WSPs have statutory status, include performance indicators to determine the performance of
each plan against its objectives, and require that monitoring and reporting (M & R) of these
performance indicators be undertaken. Performance indicators are listed in appendices of the
plans and include hydrological properties (changes in low, moderate and high flows) and a
range of social and economic indicators. All WSPs include a generic ecological performance
indicator, expressed as follows: ‘change in ecological condition of thiswater source and
dependent ecosystems as measured by periodic assessment of identified attributes of this
water source and dependent ecosystems.” Accordingly, thereisalegal requirement for
ecological M & R in each plan area (although not necessarily in every water source).

At present, ecological M & R of WSPs by DNR is undertaken in the Integrated Monitoring of
Environmental Flows (IMEF) program (Chessman, 2003), which predates the WSPs and
applies to seven regulated rivers (the Gwydir, Hunter, Lachlan, Macquarie, Murrumbidgee,
Namoi and Severn) plus the Barwon-Darling River, which isformally regarded as regulated
only in itslower reaches below the Menindee Lakes system, but is affected throughout its
length by impoundment and water extraction. A separate DNR Snowy River Environmental
Flow Response Monitoring Program began in 1999 (Rose and Bevitt, 2005a, 2005b), and
river ecology has been assessed by Bennett and Brooks (2004), Morton (2004) and Reinfelds
et al. (2004a, 2004c) in relation to aflow plan for the Bega River system (Corbett and
McPhee, 1999), which predated the Water Management Act 2000. Ecologica assessment of
flow management has also commenced for the Kangaroo River (Williams et al., 2003) and the
Karuah River. However, most unregulated river systemsin NSW are excluded from current
ecological M & R.



This document establishes a framework and design for ecological M & R of WSPs for ‘water
sources’ (the term used in the Water Management Act 2000 to refer to rivers and other natural
water bodies) included in the 20 commenced unregulated river WSPs. Itislikely that the
design will aso be applicable to water sources covered by the proposed ‘macro’ WSPs, since
these plans are expected to include similar objectives and management strategies to those in
the existing plans. The document first summarises objectives of the 20 WSPs that have
relevance to river ecology and the management strategiesin the plans. It then discusses the
selection of identified ecological attributes for monitoring, atemporal and spatial sampling
strategy, the need to place monitoring data into context, and some considerations for the
design of a monitoring program.

The purpose of ecological monitoring and reporting

In accordance with section 35 (1) of the Water Management Act 2000, the purpose of
performance indicators devel oped for WSPs is to measure the success of plan strategiesin
achieving plan objectives. It followsthat ecological M & R must be able to answer the
following questions:

1. Were the ecological objectives of the plan achieved?

2. How was achievement (or non-achievement) of these objectives related to plan
strategies?

The second question is required because it is possible that plan objectives could be achieved,
or could fail to be achieved, because of factors outside the ambit of WSPs. Such factors
might include climate change or non-hydrological influences on aquatic ecosystems such as
wildfires and changesin land use.

The objectives of the WSPs encompass the protection of awide range of aesthetic,
consumptive, cultural, economic, nature conservation and recreational values and uses of
water sources. Collectively, the 20 unregulated river WSPs include 100 objectives that
describe intended ecological outcomes or have direct relevance to ecological outcomes
(Appendix 1). Some of these objectives apply to two or more plans, and in many cases
different plans have objectives that diverge only in minor aspects of wording. As a means of
summarising these objectives, each is characterised in Appendix 2 according to the type of
environment, flow classes and ecosystem propertiesto which it refers. Environments are
grouped asfollows:

1. poolsin river channels, which may retain water even when flow ceases

2. running-water areasin river channels (e.g. riffles, runs and glides), which shrink and
dry when flow is reduced or ceases

3. wetlands, which may be fed by overflow from river channels
4. estuaries, which are affected by inflow from coastal rivers.

Flow classes are listed as follows;

1. noflow: surface water is confined to stagnant residual poolsin river channelsand
wetlands

2. low and very low flows: rivers channels carry base flows derived from groundwater

3. medium flows or freshes: river channels carry increased runoff generated by light or
moderate rainfall



4. high flows: river channels carry floodwaters generated by heavy rainfall and may
replenish flood-plain wetlands.

Ecosystem properties referred to in the various plan objectives are placed in the following
categories:

1. discharge —flow volumes and timing in river channels

2. hydraulic properties — examples include water levelsin river pools and groundwater
levels, which can affect surface water where connections exist between groundwater
and river channels or wetlands

3. water quality — several plan objectives refer to this although specific variables of
concern are not defined

4. species— some plan objectives refer to types of plant and animal species such as
native species (i.e. those that occur naturally), endemic species (i.e. those that occur
nowhere else) and threatened species (i.e. those formally listed as being considered at
risk of extinction)

5. ecosystems —many plan objectives refer to overarching attributes of water sources
such as ‘environment’, ‘environmental features’, ‘environmental purposes’,
‘environmental values', ‘functions’, ‘habitat’, ‘health’ and ‘processes’ that imply a
whole-system goal rather than a focus on specific components such as particular
Species.

A count of the number of objectivesthat relate to each type of environment, flow class and
ecosystem property shows that the great majority do not refer to a specific type of
environment, or refer to rivers or water sources generally (Table 2). Most also do not specify
aparticular flow class, but zero and low flows receive the greatest attention. The ecosystem
properties most often referred to are whol e ecosystems and flow.

Table 2. Numbers of individual objectives of unregulated river water sharing plans that
refer to each type of environment, flow classes and ecosystem property.

Type of environment No. of Flow class No. of Ecosystem No. of
objectives objectives property objectives
Groundwater 3 No flow 9 Flow 49
River pools 12 Very low flow 6 Hydraulics 16
Riffles 2 Low flow 14 Water quality 15
Rivers generally 26 Medium flow / freshes 8 Species 9
Riparian zones 2 High flow / floods 7 Ecosystems 50
Wetlands / flood-plains 7 Flow generally 4 Not specified 4
Estuaries 9 Not specified 63
Water source generally 26
Not specified 31

Management strategies of water sharing plans for
unregulated rivers

Despite the diversity of objectivesin WSPs for unregulated rivers, there is a high degree of
commonality in the strategies listed in the plans. The principal types of strategies that have
the potential to influence river ecology are listed below. Almost all plans include each of



these provisions. Some additional strategies, not listed below, are specified in individual
plans.

Licensing arrangements

Extraction or storage of water for basic landholder rights does not require alicence. These
rights include domestic and stock rights for riparian landholders, native title rights, and
harvestable rights, which allow landholders to capture 10% of property runoff in farm dams.
Other types of water extraction require an access licence, of which there are several
categories. Each access licence specifies an authorised annual volume known as a share
component.

Limits on the long-term average extraction of water

Long-term limits are established for extraction management units, which may encompass
more than one water source. If average extractions exceed this limit over athree-year period,
allowable extractions are reduced in the following year.

Access licences may be restricted to a percentage of their share component if the long-term
extraction limit for the extraction management unit has been exceeded in previous years.
Each year an available water determination is made which defines how much of the share
component is available to each category of access licence.

Cease-to-pump (and commence-to-pump) levels

Pumping under most or all access licences is suspended when river discharge at a specified
point falls to a cease-to-pump level (CTP), and cannot recommence until discharge risesto a
commence-to-pump level (CmTP), which may be a different value. This point istypically at
the downstream end of the water source or at a stream gauging station within the water
source. Extraction or storage of water for basic landholder rights is generally permitted when
theriver is below the CTP or CmTP. However, plans may allow domestic and stock rights to
be restricted during dry times to protect the environment, public health, or other domestic and
stock rights.

Limits on daily water extraction from different flow classes

Flow classes are ranges of daily discharge values at a specified point in the water source. In
policy advisory notes (Government of New South Wales, 2002) there are typically four flow
classes:

1. very low flows: in perennial streams typically below the 95™ flow percentile (the flow
exceeded 95% of the time)

2. A-classflows (low flows): typically from the 80" to the 95" flow percentile

3. B-class flows (medium flows): typically from the 50" to the 80" flow percentile

4. C-classand high-class flows: typically above the 50" and 30" flow percentile,
respectively.

These classes and their boundaries are essentially arbitrary, and do not necessarily relate to
ecological thresholds. It should also be noted that the flow data used to define the flow
classes are often greatly influenced by extraction, especially for the low and very low classes,
and consequently the percentile flow values are often lower than natural values.



Plans define how much water can be extracted, under each category of access licence, when
flows in the water source are within each class. Thisamount istermed the total daily
extraction limit (TDEL). Individual licensees may be allocated a share of thislimit —an
individual daily extraction limit (IDEL) — or may be permitted to operate in groups whereby
more flexible individual arrangements, such as rostering, can operate within the TDEL.

Water allocation accounting rules

A water allocation is credited each year to each access licence’ s water account in accordance
with the available water determination. The account is debited when water is used or traded.
Rules may limit the extent to which unused alocations can be carried forward from one year
to the next, the total amount that can be accrued, and the maximum amount that can be used
in any one year.

Access licence dealing rules

These rules specify conditions for various forms of trading of access licences, share
components and water held in accounts, as well asfor changesin licence categories and the
location of water extraction.

Attributes to be monitored

Since river ecosystems are complex, an almost infinite variety of ‘identified attributes' is
available that could be considered descriptive of change in the ecological condition of awater
source and its dependent ecosystems. Clear criteria and a selection process are therefore
needed to choose relevant endpoints. The following criteria are proposed:

1. Relevance. Attributes must be relevant to the various types of environment, flow
classes and ecosystem properties included in the objectives of the plans.

2. Sensitivity. Attributes must potentially be responsive to plan strategies. Specifically,
they must be sensitive to the extraction of water and hence to controls on extraction.

3. Practicality. Attributes must be measurable in a repeatable and representative manner
with the resources that are likely to be available.

4. Interpretability. It must be feasible to distinguish the response of the attributes to
water extraction, and ideally to plan strategies, from their responses to other factors.

The selection of attributes is facilitated by the creation of conceptual ecosystem models that
map expected ecosystem responses to the stress imposed by water extraction from
unregulated rivers. Despite the variety of management strategies, the essential mode of action
of all strategiesisto reduce the severity of this stress below that which might occur in the
absence of aplan. Several models are needed in order to encompass the various environments
and flow classes and that are affected by water extraction and collectively considered in plan
objectives. Six preliminary models have been developed (Figures 1-6), dealing with:

1. river pools under no-flow conditions

river pools under low-flow conditions

river running-water areas (e.g. riffles, runs and glides) under low-flow conditions
rivers and associated wetlands under medium and high-flow conditions

gk~ DN

estuaries under no-inflow or low-inflow conditions



6. estuaries under medium-inflow and high-inflow conditions.

Because hydrological regimes can be naturally highly variable in unregulated rivers, both
among different rivers and at different times within the sameriver, al of the phenomena
incorporated into the conceptual models occur under natural conditions. The effect of water
extraction is to change the timing, frequency, duration and intensity of the phenomena.
Conversely, controls on extraction can constrain the extent to which timing, duration and
intensity are altered from natural conditions.

The conceptual models point to attributes such as those in Table 3, which span the spectrum
of flow, hydraulics, water quality, species and ecosystems, are relevant to the objectives of the
plans and potentially sensitive to plan strategies. The frequency with which various
properties appear in the plan objectives (Table 2) also provides a guide to relevance.

The practicality of alternative attributes depends primarily on the unit cost of sampling or
measurement and the inherent variability of the attributes. Some attributes such as wetted
area have alow unit cost (a single measurement is cheap) but are highly variable over time
and have no ‘memory’ (they reflect conditions at the time of measurement only, not over
antecedent time). Hence a high frequency of measurement is required to obtain representative
data and to document extremes, which may be critical to the condition of the ecosystem.
Consequently, although unit cost may be low, total cost ishigh. Conversely, biological
assemblages such as water plants and fish have a higher unit cost but provide time-integration
(i.e. their status at the time of sampling is areflection of conditions over along antecedent
period, because of their long life cycles). Asaresult, they need to be measured much less
frequently, and so total cost tends to be lower for such attributes.

The issue of interpretation of attribute measuresis discussed in alater section.
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Figure 1. Conceptual model No. 1. Ecosystem responses to water extraction in river
pools under no-flow conditions. Responses will vary with natural patterns of water loss
and the timing, frequency and magnitude of extraction.
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Figure 2. Conceptual model No. 2. Ecosystem responses to upstream water extraction in
river pools under low-flow conditions. Responses will vary with natural discharge
patterns and the timing, frequency and magnitude of extraction.
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Figure 3. Conceptual model No. 3. Ecosystem responses to upstream water extraction in
river running watersunder low-flow conditions. Responses will vary with natural
dischar ge patter ns and the timing, frequency and magnitude of extraction.
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Figure 4. Conceptual model No. 4. Ecosystem responses to upstream water extraction in
riversunder medium-flow and high-flow conditions (freshes and floods). Responses will
vary with natural discharge patternsand the timing, frequency and magnitude of
extraction.
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Figure 6. Conceptual model No. 6. Ecosystem responses to upstream water extraction in
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2002). Responses will vary accor ding to natural dischar ge patterns and the timing,
frequency and magnitude of extraction.
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Table 3. Examples of ecosystem attributes for monitoring and reporting.

Ecosystem |Measurable attribute Possible measurement [Relevant Constraints to practicality
property methods conceptual
models
Flow Continuous discharge Continuous stage 23456 Limited by cost mainly to
recording plus discharge existing gauging stations,
rating which are unlikely to be
representative of mean or
variability within water source
Flow Instantaneous discharge |Spot gauging 23456 High temporal variability
Hydraulics Water velocity Hydrographic current 34 High temporal variability
meter High spatial variability
Acoustic doppler
velocimeter
1D and 2D hydraulic
modelling
Hydraulics Water depth Staff gauge 134 High temporal variability
Plumb line High spatial variability
Depth sounder
Side scan sonar
1D and 2D hydraulic
modelling
Hydraulics Wetted area Ground survey (e.g. 134 High temporal variability
theodolite; range finder)
Photo point monitoring
Remote sensing (e.g infra
red or radar imagery)
1D and 2D hydraulic
modelling
Hydraulics Wetted volume Calculated from survey of |1 6 High temporal variability
depth and area
Habitat Concentrations of nutrients [Automatic and manual 23456 High spatial and temporal
quality e.g. nitrogen and samples variability
phosphorus
Habitat Diurnal maximum and Continuous temperature |1235
quality minimum temperature recorder (e.g. max-min
thermometer; tidbit)
Habitat Instantaneous electrical Probe and data logger 1256 High temporal variability
quality conductivity
Habitat Diurnal maximum and Probe and data logger 125
quality minimum dissolved oxygen
concentration
Habitat Silt cover over hard Transect and quadrat 46
quality substrata surveys
Species / Aquatic plant abundance |Transect and quadrat 13456
ecosystems |and composition surveys
Species / Zoobenthos abundance Air-lift, grab, Surber, Hess |12 3456 |High cost per survey
ecosystems |and composition and suction samplers
Species / Fish and turtle abundance |[Seine netting, fyke 123456 [High cost per survey
ecosystems |and composition netting, electrofishing
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Species / Frog abundance and Night-time census 1234
ecosystems |composition

Monitoring sites and timing

It isimportant that monitoring data are spatially representative, or else conclusions may not
express the effects of a plan in an unbiased manner. Spatially representative monitoring can
be achieved by the random selection of sufficient locations to achieve adequate statistical
power. In many cases, particular sections of a plan areawill be of particular interest, and a
stratified spatial design may be needed to ensure that such areas are not overlooked. A
stratified random design can be achieved by mapping the water source and dividing it into
strata, and then into standard units within each stratum (e.g., 100 m reaches). Reaches for
sampling can then be selected with a random number generator.

The water abstracted from unregul ated water sources is generally a minor component of the
total annual discharge, especially if no dams or offtakes for town water supply are present in
the water source. However, during dry weather in the growing season of crops, extraction can
constitute a large proportion of natural flow. Reinfelds et al. (2004a) estimated that over
120% of daily flow was extracted from the Bega River during low-flow periods through
draw-down of pools. Consequently, monitoring for some attributes may be concentrated in
dry periods when impacts are more evident, unless there isaloca demand and capacity for
extraction from higher flows. However, if thisis done the results must not be treated as
representative of the whole period of operation of a plan.

Pilot studies are likely to be helpful in assessing the spatial and temporal variability of
attributes in order to ensure that sampling designs have adequate statistical power.

It is not essential to measure the same attributes for every water source. Attributes should be
selected according to the strategies and objectives of the plan for the water source in question,
and the conceptual models that are applicable. For example, attributes related only to
extraction from pools under no-flow conditions are not relevant to perennial rivers. Itisnot
necessary for conductivity to be measured if salinity is not an issue in a water source.
Assessment of frogsis relevant mainly in small streams and wetlands as frogs do not
generally breed in large rivers and estuaries.

Interpretation of monitoring data

The periodic measurement of selected attributes will provide information on changes over
time, but will not by itself enable changes due to plan implementation to be distinguished
from natural changes and changes due to other human influences. Consequently, whatever
attributes are chosen, interpretability will be low if the attribute is simply monitored to detect
trend. Interpretability relies on the capacity to establish ‘reference conditions' that put trend
datainto context. Two types of reference condition can be considered.

A positive reference is an estimate of the attribute value that would occur in the absence of
water extraction. If the value of the attribute that is actually measured in a given water source
at agiventimeis close to the positive reference, it can be concluded that extraction islikely to
be having little or no impact on the attribute. Conversely, if the value of the attribute that is
actually measured is far from the positive reference, it can be concluded that extraction is
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likely to be having a substantial impact on the attribute. The magnitude of this impact can be
estimated as the difference between the measured data and the positive reference.

A negative reference is an estimate of the attribute value that would occur under a high level
water extraction. If the value of the attribute that is actually measured is close to the negative
reference, it can be concluded that extraction islikely to be having a substantial impact on the
attribute.

Figure 7 shows how reference information affects interpretation of a measured trend in a
selected attribute. In this hypothetical example, the measured trend in the attribute isidentical
in both the left-hand and right-hand panes. However, in the left-hand pane, both the positive
and negative reference values of the attribute are declining, for example because of a climatic
shift to drier conditions. The measured values are trending towards the positive reference,
indicating a decrease in the impact of extraction. In the right-hand pane, both the positive and
negative reference values of the attribute are increasing, for example because of a climatic
shift to wetter conditions. The measured val ues are trending towards the negative reference,
indicating an increase in the impact of extraction.
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Figure 7. Hypothetical examples of inter pretation of measured trend in an ecological
attribute by comparison with trend of a positive reference (expected attribute status
with little or no extraction) and a negative reference (expected attribute status with
major extraction).

Two methods are available to establish reference conditions:

1. reference site methods, which monitor attribute values at a range of sites, covering
different geographic areas, land uses and types of rivers and estuaries, that either have
little or no upstream extraction (positive reference sites) or have a high level of such
extraction (negative reference sites)

2. computerised simulation modelling of ecosystem responses to water extraction. Such
models can be run with extraction set to zero in order to estimate expected attribute
status in the absence of extraction (e.g. Mitrovic et al., 2006).

Both methods have limitations (Table 4). Reference site methods may not be applicable to
some unregulated water sources because the water source is of a type for which examples
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with very low and very high extraction do not exist. Large rivers and estuaries, which tend to
be unique, often fall into this category. Simulation models are more flexible in this regard,
but they require detailed data inputs on the magnitude, location and timing of extraction.
They tend to become more difficult to build, calibrate and operate as the response pathways
become more complex, lagged and location-specific. Such modelling in impractical for most
unregulated rivers, because of a lack of data to build and calibrate the models. However, it
may be possible in specific cases where there is a clear local issue and intensive data are
available or can be readily acquired (e.g., the Bega River or rivers with extraction for town
water supplies).

Table 4. Comparison of reference site methods and simulation modelling for
perfor mance evaluation.

Method Data requirements Limitations

Reference | Collection of attribute data and stream type Not applicable to river and estuary types for
site data (land use, stream size, stream which reference examples do not exist
methods morphology etc.) at a range of sites with
very low (or zero) and very high levels of
upstream extraction

Limited ability to link cause and effect

Simulation | Information on quantity, location and timing Models are typically difficult and expensive to

modelling | of water extraction construct
Physical data to enable simulation of river Construction and validation of models require
flows extensive data and understanding of system
. . behaviour
Research data on relationships among
hydrology, habitat hydraulics, species and Hard to apply to attributes governed by complex
ecosystem processes processes

The acquisition of reference site data will be required at a State-wide level in order to cover
the range of geographic regions and river types for which monitoring and reporting are
required. Reference siteswill need to be sampled at the same times as evaluation sites so that
comparisons are not confounded by temporal factors such as seasonal and secular changesin
climate. Weighted averages of relevant reference sites should be used for comparison, rather
than data from single sites which may be unduly influenced by unusual site-specific
circumstances. Statistical procedures for this purpose are well developed in the field of
predictive modelling for bioassessment (e.g., Chessman, 1999; Y uan and Norton, 2003). The
first step to establish a capacity for reference site methods is to review the State-wide network
of rivers with little or no extraction. The range of geographic regions and river types (based
on factors such as catchment area, elevation, gradient and geomorphic type) will define the
range of riversto which this approach is applicable. For rivers outside of this range,
simulation modelling will be the only feasible way to establish reference conditions.

Since simulation modelling is demanding of knowledge, resources and expertise, it should be
developed for priority areas where at least one of the following circumstances applies:
1. significant water extraction occurs and warrants a higher level of management

2. reference site comparisons are not possible because geographically and physically
matched reference sites do not exist

3. plan actions are targeted or substantive ecological issues are known to exist
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4. significant past investment in system research makes model development more
feasible.

The basic process in the construction of a simulation model is to convert relevant pathwaysin
the conceptual models into a series of mathematical sub-models that express quantitative
cause-effect relationships among components. As well as these sub-models, the overall
model will require input data and generate output data for the relevant attributes. The spatial
and temporal resolution of the output will need to be defined as thisis likely to determine the
format of the sub-models as well as specifications of input data. Generally the steps will form
a sequence from catchment data and hydrology through hydraulics and water quality to
habitat and agquatic biota (Table 5).

Table 5. Example of inputs, process and outputs for ssmulation modelling based on

conceptual model 2.

Input data

Process sub-model

Output of sub-model

Catchment properties from existing mapping (e.g. area,
slope, geology, vegetation, rainfall)

1. Simulation of natural
river flow

Hydrology: natural daily
discharge for nominated
points

Output of sub-model 1

Extraction data from compliance monitoring

2. Simulation of effects
of extraction on flow

Hydrology: daily
discharge under
extraction scenario for
nominated points

Output of sub-model 2
Pool morphology from field survey
Climatic data from existing weather stations

Research findings on relationships between water turnover
and stratification under different weather conditions

3. Simulation of physical
and chemical
stratification in river
pools

Water quality:
temperature and
oxygen profiles at
specified intervals (e.qg.
hourly) at specified
points in pool

Output of sub-model 3

Research findings on temperature and oxygen tolerances
of selected aquatic species

4. Simulation of
available habitat for
selected species

Habitat: usable habitat
area or volume for each
species within pool at
specified intervals

Output of sub-model 4

Research findings on relationships between available
habitat and populations of aquatic species

5. Simulation of
population abundance
of selected species

Biota: long-term
average population of
selected species within
pool

The external input data (i.e., those input data that are not generated by other sub-models) vary
in the ease with which they can be acquired. Some data such as meteorological records and
data on catchment topography, geology, vegetation and land use and in-stream barriers are
already held in various data bases including geographic information systems. Compliance
monitoring will provide data on water use. In some cases, new collection of descriptive data
may be required (e.g., by remote sensing).

Other input needs are likely to require novel research on hydrological and ecological
processes and relationships. Table 6 lists examples possible research questions, related to the
five conceptual models, which could provide necessary input to simulation sub-models.
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Studies to address these gquestions would be conducted as short-term research by specialist
groups (i.e., strategic partnerships of DNR scientists and external research bodies), and would
involve a range of techniques from laboratory and mesocosm experiments to both
observational and manipulative field studies. They would focus on particular water sources
but the findings would often have more general applicability. Detailed designs would be
developed for each of these studies. The format of the intended model must be established
before these studies are commenced. This can be achieved by the initia creation of ‘dummy’
models in which hypothetical input is used to test the required format and temporal and
spatial scales of the research data. Actual data from research projects, in the required format,
is later substituted for the hypothetica datato make the models operational.

Table 6. Examples of potential questionsfor targeted resear ch.

Conceptual | Research question Possible methods

model

1,2, 4 What are the tolerances of various life history Laboratory or mesocosm tolerance
stages of selected river pool species to high and studies
low temperatures and low oxygen concentrations

1,3 How does competition for resources by biota in Manipulative mesocosm or field studies
river pools and riffles change as habitat area
changes?

1,3 How does predation on biota in river pools and Manipulative mesocosm or field studies
riffles change as habitat area changes?

1,4 Which life-history stages of which river and wetland | Laboratory or mesocosm tolerance
species resist drying and for how long? studies; emergence studies.

3 How does the water temperature in shallow sandy Manipulation of flow in sandbed
bed streams respond to changing water depth and | streams via field studies.
velocity?

3 How do aquatic invertebrate species depend on Small-scale field studies (e.g. Brooks et
particular hydraulic environments in rivers? al. 2005)

3,4 What are the minimum water depths and maximum | Radio-tracking of individual fish to
velocities through which different species and sizes | monitor movement or trapping of
of fish will move between pools moving fish

4 How does velocity and duration of scouring flows Short-term field studies of flow events.
affect bed sediment dynamics and biofilm
abundance and composition?

5 How do upper estuarine biota respond to increased | Laboratory or mesocosm tolerance
salinity? studies; manipulative field experiments

Sub-models can be created by various means. Several relevant models already exist, for
example rainfall-runoff models, hydraulic models such as HEC-RAS and habitat simulation
models such as PHABSIM. Many models would need to be built from scratch. Once again,
the most effective process to achieve this would be partnership arrangements between DNR
scientists and specialist ecological modellers.

The outputs of simulation models provide estimates of expected values of attributes under
various scenarios (e.g., no extraction for a positive reference and full development for a
negative reference). Preferably, statistical confidence limits will be applied to reflect
uncertainty in model predictions. Although the outputs for reference scenarios cannot be
validated (because these scenarios do not actually exist), the models can also be used to
simulate attribute values under current water management. These simulations can be
compared with measured attribute data as validation to increase confidence in the
performance of the models and enable models to be improved over time where necessary.
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Monitoring of water extraction, although outside the scope of the ecological monitoring
program, will also greatly assist in interpretation. For example, it will provide insights into
the causes of departure from reference conditions.
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Appendix 1. Objectives of water sharing plansfor unregulated river sthat have
relevancetoriver ecology. Lettersin the body of the table match those that appear in

thelist of objectivesin each plan, and identify the plans to which each objective applies.
Objectivesthat arenot directly related to ecological outcomes are not listed here.

Objective No.

Objective

IAdelong Creek

IApsley River

Castlereagh River above Binnaway

Commissioners Waters

Coopers Creek

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

(Ourimbah Creek

Phillips Creek, Mooki River,

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Horton, Lower Horton

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Billabong

Upper Brunswick River

\Wandella Creek

\Wybong Creek

1

Contribute to flows
occurring in the
Murrumbidgee River

N
=}

N
=}

Contribute to the
achievement of
water quality suitable
for identified values
in this water source,
including aquatic
ecosystems, visual
amenity, secondary
and primary contact
recreation, livestock,
irrigation and
homestead water
supply, drinking
water and aquatic
foods (cooked)

20

20

w

Contribute to the
achievement of
water quality to
support the
environmental
values of the Phillips
Creek, Mooki River,
Quirindi Creek and
Warrah Creek Water
Sources

Contribute to the
achievement of
water quality to
support the
environmental
values of this water
source

Contribute to the
requirements of
water users and
other water sources
and their dependent
ecosystems
downstream of this
water source through
agreed water sharing
arrangements for
this water source
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Objective No.

Objective

Adelong Creek

Apsley River

Castlereagh River above Binnaway

Commissioners Waters

Coopers Creek

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

Ourimbah Creek

Phillips Creek, Mooki River,

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Horton, Lower Horton

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Billabong

Upper Brunswick River

\Wandella Creek

\Wybong Creek

[<2]

Enhance the
downstream health
of the lower
Brunswick River by
ensuring adequate
flow contributions
from this water
source to the estuary

~

Enhance the health
of the Wilsons River
and the Richmond
estuary by ensuring
adequate
downstream flow
contributions from
this water source

[ee]

Enhance the overall
health of the
Clarence River and
estuary by enabling
flow contributions
from the Dorrigo
Plateau

©

Facilitate water use
efficiency to protect
river flows

2k

2k

1

o

Identify and
recognise the key
ecological features
dependent on flows
in this water source

1

[N

Imitate natural river
variability, including
the protection of
freshes, in this water
source through the
management of
access to various
flow classes

12

Implement the
relevant River Flow
Objectives as stated
in Appendix 4 to
protect, maintain and
enhance the
environmental
values of this water
source
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Objective No.

Objective

Adelong Creek

Apsley River

Castlereagh River above Binnaway

Commissioners Waters

Coopers Creek

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

Ourimbah Creek

Phillips Creek, Mooki River,

Rocky Creek, Cobbadah, Upper

Horton, Lower Horton

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Billabong

Upper Brunswick River

\Wandella Creek

\Wybong Creek

13

Implement the River
Flow Objectives
listed in Appendix 4,
to protect, preserve,
maintain or enhance
the important river
flow dependent
environmental
features, and cultural
and Aboriginal
heritage values of
the Phillips Creek,
Mooki River, Quirindi
Creek and Warrah
Creek Water
Sources, and to
provide water for
downstream
subcatchments

® |Quirindi Creek, Warrah Creek

14

Improve diversity
and abundance of
local native species,
especially for the
recovery of
threatened species

2m

1

[4)]

Improve the diversity
and abundance of
local native species,
especially in relation
to the recovery of
threatened species

2m

1

[e2]

Improve the water
quality of this water
source

17

Improve water
quality in this water
source through the
management of
flows

1

[e2)

Improve water
quality parameters
as a result of
environmental flows
at low flow periods

19

Improve water
quality parameters
as a result of
improved flow
conditions

20

Keep the pools of
this water source full
during periods of low
flows and very low
flows, with natural
drying processes
maintained during
periods of no flow
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Objective No.

Objective

Adelong Creek

Apsley River

Castlereagh River above Binnaway

Commissioners Waters

Coopers Creek

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

Ourimbah Creek

Phillips Creek, Mooki River,

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Horton, Lower Horton

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Billabong

Upper Brunswick River

\Wybong Creek

21

Link improved water
management
outcomes with
programs to improve
the riverine
environment in this
water source, using
an integrated
approach

@ |Wandella Creek

22

Maintain a
contribution of flows
from the this [sic]
water source to
water sources
downstream of
Wandella Creek and
to the Tuross River
estuary

23

Maintain a flow
regime that supports
in-river habitat,
endemic aquatic
species, endemic
riparian vegetation
and the recovery of
threatened species

24

Maintain estuarine
processes and
habitats

2

[&)]

Maintain flow-
dependent riverine
ecosystems and
restore to health
those which have
been degraded

la

la

2

[<2)

Maintain
groundwater within
natural levels and
variability critical to
surface flows and
ecosystems

27

Maintain
groundwater within
natural levels and
variability to sustain
critical surface flows
and ecosystems

29

29

2

(¢S]

Maintain high quality
waters in the
Toorumbee Creek
Water Source

29

Maintain natural flow
variability
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Objective No.

Objective

Adelong Creek

Castlereagh River above Binnaway

Coopers Creek

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

Ourimbah Creek

Phillips Creek, Mooki River,

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Horton, Lower Horton

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Billabong

Upper Brunswick River

\Wandella Creek

\Wybong Creek

30

Maintain natural in-
river processes
within the Oxley Wild
Rivers National Park
by managing
extraction upstream
to ensure sufficient
flows through the
Park

o (Apsley River

® JCommissioners Waters

31

Maintain or imitate
natural flow
variability

32

Maintain or imitate
natural flow
variability in all rivers

2f

2f

33

Maintain or imitate
natural flow
variability of all rivers

34

Maintain or imitate
natural low flow
variability in all rivers

35

Maintain or improve
the ecological
condition of this
water source and its
riparian areas over
the longer term

36

Maintain or improve
the overall health of
the Macleay River
and estuary by
ensuring sufficient
contributions to this
system through flows
from this water
source

37

Maintain or improve
the overall health of
the Macleay River
catchment, its
estuary and
adjoining inshore
waters, by enabling
sufficient
contributions to this
system from
Toorumbee Creek
flows
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Objective No.

Objective

Adelong Creek

Apsley River

Castlereagh River above Binnaway

Coopers Creek

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

Ourimbah Creek

Phillips Creek, Mooki River,

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Horton, Lower Horton

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Billabong

Upper Brunswick River

\Wandella Creek

\Wybong Creek

38

Maintain or improve
the overall health of
the Macleay River,
its estuary and
adjacent inshore
waters by ensuring
sufficient
contributions to this
system through flows
from this water
source

@ |Commissioners Waters

39

Maintain or
rehabilitate
downstream
(including estuarine)
processes and
habitats

40

Maintain or restore
the natural
inundation patterns
and distribution of
floodwaters
supporting natural
wetland and
floodplain
ecosystems

4

[y

Maintain the natural
flow variability of a
proportion of freshes
as they pass through
this water source

4

N

Maintain the natural
inundation patterns
and distribution of
floodwaters
supporting natural
wetlands and
floodplain
ecosystems

2e

2e

43

Maintain wetland
and floodplain
inundation

44

Manage
development of new
water storage dams
and weirs in this
water source in such
a way that natural
flooding and storm
fresh regimes are
maintained and that
native fish passage
is sustained

45

Minimise impact on
natural water levels
in river pools and
wetlands during

periods of no flow

2b
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Objective No.

Objective

Adelong Creek

Apsley River

Commissioners Waters

Coopers Creek

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

Ourimbah Creek

Phillips Creek, Mooki River,

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Horton, Lower Horton

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Billabong

Upper Brunswick River

\Wandella Creek

\Wybong Creek

IN

6

Minimise the effects
of weirs and other
structures

® |Castlereagh River above Binnaway

47

Minimise the impact
of extraction on
natural water levels
in river pools and
wetlands during
periods of no flow

48

Minimise the impact
of in-river structures

49

Minimise the impacts
of in-river structures

50

Optimise economic,
social, cultural and
environmental
values, including
those of Indigenous
peoples, by
providing for the fair
and equitable
sharing of the water
resource

1b

5

iy

Optimise economic,
social, cultural and
environmental
values, including
those of Indigenous
peoples, by
providing for the fair
and equitable
sharing of the water
source

1b

5

N

Preserve and
maintain the
functions of natural
low flows in Coopers
Creek and its
tributaries,
particularly during
dry periods

53

Preserve and
maintain the
functions of natural
low flows in this
water source,
particularly during
dry periods
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Objective No.

Objective

Adelong Creek

Apsley River

Castlereagh River above Binnaway

Commissioners Waters

Coopers Creek

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

Ourimbah Creek

Phillips Creek, Mooki River,

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Horton, Lower Horton

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Billabong

Upper Brunswick River

\Wybong Creek

54

Preserve and
maintain the
functions of very low
flows (including the
maintenance of
water quality) in
Wandella Creek and
its tributaries,
particularly during
dry periods

o |Wandella Creek

55

Preserve and
maintain the natural
functions of pools
(including water
quality) in Wandella
Creek and its
tributaries,
particularly during
dry periods, which
includes the natural
rates of drying

56

Preserve the high
conservation values
of the Toorumbee
Creek Water Source
by limiting extraction
from the river to
basic landholder
rights users,
domestic and stock
and unregulated
river (Aboriginal
cultural) access
licence users, and by
encouraging these
users to adopt
efficient practices
during periods of
very low flows

5

N

Protect a portion of
freshes and high
flows

2d

2d

5

[es]

Protect a proportion
of moderate flows (B
class flows)

59

Protect and enhance
surface water
dependent
ecosystems by
managing access to
flows in this surface
water source
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Objective No.

Objective

60(protect and enhance
water dependent
ecosystems,
threatened species
and endangered
ecological
communities by
managing access to
flows

61{protect and enhance
water dependent
ecosystems,
threatened species
and endangered
ecological
communities within
the river by allowing
only the holders of
domestic and stock
rights, native title
rights, and domestic
and stock and
unregulated river
(Aboriginal cultural)
access licence users
access to flows

62(protect and enhance
water dependent
species and sites of
significance to the
local Aboriginal
communities in this
water source

6!

w

Protect and enhance
water dependent
species and sites of
significance to the
local Aboriginal
community in this
water source

6

2

Protect and enhance
water quality in line
with the Healthy
Rivers Commission’s
recommendations for
the Clarence
Catchment through
the management of
surface flows and
groundwater
extractions on the
Dorrigo Plateau

6!

)]

Protect and improve
water quality in the
Mandagery Creek
Water Source
through the
management of
flows

Castlereagh River above Binnaway

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Adelong Creek

2 (Apsley River
Commissioners Waters
Coopers Creek
Dorrigo Plateau
Jilliby Jilliby Creek
Kangaroo River
Karuah River
Mandagery Creek
Ourimbah Creek
Phillips Creek, Mooki River,
Horton, Lower Horton
Tarcutta Creek
Tenterfield Creek
Toorimbee Creek
Upper Billabong
Upper Brunswick River
\Wandella Creek
\Wybong Creek
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Objective No.

Objective

Adelong Creek

Apsley River

Castlereagh River above Binnaway

Commissioners Waters

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

Ourimbah Creek

Phillips Creek, Mooki River,

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Horton, Lower Horton

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Billabong

\Wandella Creek

\Wybong Creek

[o2]

6

Protect and improve
water quality in this
water source through
the management of
flows

@ [Coopers Creek

@ |Upper Brunswick River

67

Protect aquatic
ecosystems

68

Protect ecosystems
that depend on
groundwater in this
groundwater source
by establishing an
extraction limit, and
limiting extraction
from groundwater

69

Protect important
rises in river levels

70

Protect indicator
riffles during periods
of low flows and very
low flows

7

[y

Protect natural low
flow

7

N

Protect natural low
flow regimes

2c

2c

7

w

Protect natural low
flows

74

Protect natural low
flows (flows from the
very low and A
classes)

7

a1

Protect natural water
level in pools during
periods of low flows

7

[<2]

Protect natural water
level in pools during
periods of no flows

7

~

Protect natural water
levels in pools during
periods of no flows,
inundation patterns
and distribution of
floodwaters
supporting natural
wetland and
floodplain
ecosystems

7

[es]

Protect natural water
levels in pools of
creeks and rivers
during periods of no
flow

33




Objective No.

Objective

Adelong Creek

Apsley River

Commissioners Waters

Coopers Creek

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

Ourimbah Creek

Phillips Creek, Mooki River,

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Horton, Lower Horton

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Billabong

Upper Brunswick River

\Wandella Creek

\Wybong Creek

~

9

Protect natural water
levels in pools of
creeks, rivers and
wetlands during
periods of no flow

® |Castlereagh River above Binnaway

80

Protect natural water
levels in pooals, rivers
and wetlands during
periods of no flows

81

Protect or restore a
proportion of
moderate flows
(freshes) and high
flows

82

Protect or restore a
proportion of
moderate flows and
high flows

83

Protect pools and
natural low flows in
this water source by
limiting extractions

8

>

Protect the natural
and cultural values
of the National Parks
and Reserves,
including the
gazetted World
Heritage areas, by
managing flows

8

a1

Protect the natural
wetting and drying
cycles of ephemeral
waterways,

86

Protect the variability
of natural flow
conditions thereby
maintaining and
improving the overall
health of this water
source and related
ecosystems,
including threatened
species

87

Protect the water
resources of the
Phillips Creek, Mooki
Rver, Quirindi Creek
and Warrah Creek
Water Sources by
ensuring that
extraction minimises
any adverse
environmental
impacts
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Objective No.

Objective

Adelong Creek

Apsley River

Castlereagh River above Binnaway

Commissioners Waters

Coopers Creek

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

Ourimbah Creek

Phillips Creek, Mooki River,

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Billabong

Upper Brunswick River

\Wandella Creek

\Wybong Creek

88

Protect this water
source by ensuring
adverse impacts of
extraction are
minimised

© |Horton, Lower Horton

89

Protect water quality
and habitat by
protecting freshes
and low flows
throughout the river
system by allowing
only domestic and
stock users, native
title rights holders
and Aboriginal
people to access
flows, and by
encouraging these
users to adopt
efficient practices
during periods of
very low flows

90

Protect, maintain
and enhance the
environmental
values of this water
source

91

Provide a share of
water to preserve
identified values
downstream of this
water source,
conditional on
climatic variability

92

Provide for
sustainable levels of
water extraction from
B, C and D class
flows, so that initial
storm freshes and
river functions
(including the
protection of water
quality) are protected

9

w

Provide for the
passage of low flows
and very low flows
through new and
existing in-river
works and activities
in this water source
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Objective No.

Objective

Adelong Creek

Apsley River

Castlereagh River above Binnaway

Commissioners Waters

Coopers Creek

Dorrigo Plateau

Jilliby Jilliby Creek

Kangaroo River

Karuah River

Mandagery Creek

Ourimbah Creek

Phillips Creek, Mooki River,

Quirindi Creek, Warrah Creek
Rocky Creek, Cobbadah, Upper

Horton, Lower Horton

Tarcutta Creek

Tenterfield Creek

Toorimbee Creek

Upper Brunswick River

\Wandella Creek

\Wybong Creek

94

Provide for the
practical sharing of
water for other
licensed
consumptive uses,
conditional on
climatic variability,
the provision of
water for
environmental
purposes, the
provision of water to
meet basic
landowner rights
requirements and
the provision of
water to meet
existing and future
licensed domestic
and stock
requirements

@ [Upper Billabong

9

a1

Provide for the
sustainable levels of
water sharing from B
and C class flows to
imitate natural flow
variability

9

[<2)

Provide water to
meet existing and
future licensed
domestic and stock
requirements,
conditional on
climatic variability,
the provision of
water for
environmental
purposes and the
provision of water to
meet basic
landowner rights
requirements

9

~

Recognise and
protect the
contribution from this
water source to
downstream water
sources©
environmental and
basic rights
requirements

98

Recognise the
contribution of this
water source to
downstream water
systems
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management of this
water source for
downstream river
Support recreational
opportunities, river
health and the
aesthetic appeal of
this water source
through maintenance
of pools, riffles and
flow variability
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Appendix 2. Type of environment, flow classes and ecosystem propertiesreferred toin
individual objectives of unregulated river water sharing plans. Refer to Appendix 1 for

full wording of objectivesand applicable water sour ces.

Objective

No.
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Appendix 3. Linking objectives to conceptual models of an unregulated system — a case
study of the Kangar oo River.

The Kangaroo River is an unregulated river and differs from regulated systemsin that flow
rates can be manipulated only through water extraction. The Kangaroo River system
upstream of Hampden Bridge has 44 active surface water licences from atotal of 78 licences.
Annual water allocations under current (active) and full-development scenarios are 3312 ML
and 4245 ML, respectively. Peak daily demand over the summer monthsis estimated to
range from 29 to 48 ML, which equates to 12-28% of summer median daily flows. The
greatest effects of water extraction on stream flows occur in dry years when flows would
naturally be well below average for extended periods.

Three classes of methods were used to determine environmental flow requirements for the
Kangaroo River: (a) hydrological or historical discharge assessments, (b) habitat or field
transect assessments and (c) holistic assessments. Hydrological assessments used historical
flow records to provide guidance on appropriate environmental flow regimes. Habitat
methods used a dense network of cross-sections and hydraulic modelling techniques to assess
the effects of decreasing flows on various measures of potential habitat availability for aguatic
species, such as wetted area. Holistic approaches used a combination of bio-physical
information and the opinions of expertsin arange of scientific disciplinesto suggest an
appropriate environmental flow regime.

Two hydrological methods, the Tennant Method and Flow Duration Curve Analysis,
suggested a minimum environmental flow for the Kangaroo River between 6 and 30 ML/day.
These flows are equivalent to 1-4% of the mean annual flow and the 80-95th percentiles of
daily flow for the month of lowest flow. Detailed hydraulic modelling of flows between 1
and 25 ML/day in the first riffle downstream of Hampden Bridge indicated that discontinuity
or drying of riffle areas occurs at flowslessthan 7 ML/day. However, discontinuity occurs at
flows below 10 ML/day for the second riffle downstream of Hampden Bridge. Thus aflow
above 10ML/day may be required to ensure continuous surface flow in the lower reaches of
theriver. A hydraulic break-point analysisindicated that 28 and 31 ML/day would
appropriate minimum environmental flows for these two riffles (Reinfelds et al., 2004b).

Modelled wetted area Observed wetted area

Figure 8. Hydraulic modelling of a rifflein the Kangaroo River to determinea CTP.
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Led by the Department of Land and Water Conservation (DLWC) South Coast Science Unit,
an Agency Scientific Panel of staff from the DLWC, NSW Fisheries and National Parks and
Wildlife Service staff assessed these findings against a range of possible flow thresholds
(Department of Land and Water Conservation, NSW Fisheries and NSW National Parks and
Wildlife Service, 2002). These included a pre-existing CTP flow for commercial irrigation (1
ML/day) and afigure of 25 ML/day previously recommended by an expert panel to the
Health Rivers Commission as sufficient to maintain riffle habitats for macroinvertebrates and
provide suitable habitat for fish. The panel recommended a minimum environmenta flow of
7 ML/day, which is the long-term 95" percentile daily flow for the month of minimum flow.
The WSP for the Kangaroo adopted a CTP of 2.96 ML/d and CmTP of 4 ML/day in year 1 of
the plan period, rising to 5.4 and 7 ML/day respectively by year 3 (Government of NSW
2003).

The objectives of the WSP are to:

keep the pools of this water source full during periods of low flow and very low
flows, with natural drying processes maintained during periods of no flow

protect indicator riffles during periods of low flows and very low flows

provide for the passage of low flows and very low flows through new and existing in-
river works and activities in this water source

maintain the natural flow variability of a proportion of freshes as they pass through
this water source

ensure equitable access to water for household consumption, stock watering and
gardening (in this order of priority) at all times, except during periods of very low
flows and no flow

foster economic benefits related to the use of water through implementation of this
Plan

provide access to available water of thiswater source by all access licence holdersin
accordance with the water sharing arrangements stated in this Plan

provide rules for water trading in this water source

support recreational opportunities, river health and the aesthetic appeal of this water
source through the maintenance of pools, rifles and flow variability

protect and enhance the cultural presence of the community of Aboriginal and non-
Aboriginal peoplesthat may be affected by river flow, including places of heritage,
and spiritual significance, scientific and educational opportunities and rural industries

contribute to the requirements of water users and other water sources and their
dependent ecosystems downstream of this water source through agreed water sharing
arrangements for this water source

contribute to the achievement of water quality to support the environmental values of
this water source.
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These objectives refer to arange of flow classes (no flow, very low flow, low flow and
freshes) and to the environments of pools and riffles. Conceptual models 1-4 are therefore
relevant to this water source and the plan objectives, but model 5 and 6 are not relevant as the
water source does not include an estuary and alarge impoundment (Tallowa Dam) is present
between the water source and the Shoal haven River estuary.

All of the attributes in Table 2 are applicable to this water source, with the exception of
electrical conductivity since salinity problems are not a feature of this water source.
However, priority might be given to hydraulic variables, zoobenthos and fish (Macquarie
perch in particular), since these were major ecologica considerations in the development of
the plan. Thefirst objective implies an assessment of pool hydraulics and the second
objective an assessment of riffle hydraulics.

A simulation model of riffle hydraulics could be developed by combining hydrological
modelling (e.g., by IQQM), including the modelling of hydrological change due to extraction,
with two-dimensional modelling of hydraulic responses to discharge volume within riffle
areas (e.g., by HEC-RAS). This modelling could be then extended to biological responses,
for example through the development of relationships of between the occurrence hydraulic
habitats and the use of those habitats by various life history stages of Macquarie perch.
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