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Executive summary

This report presents the environmental flow recommendations for the Coliban River downstream of
Malmsbury Reservoir and the Campaspe River downstream of Lake Eppalock. This report is the
third output of the Campaspe River Flows Assessment project and has been preceded by a Site
Paper that outlined the site and reach selection process and described selected study sites and an
Issues Paper that described the environmental values of the study area and environmental
objectives for the system.

The specific objectives of the Campaspe River Flows assessment project were to:

= identify the water dependent environmental values of the system;

= identify suitable flow regimes for the protection/enhancement of defined environmental
values;

= develop environmental flow objectives;
= develop environmental flow recommendations to meet the objectives;

= provide a clear and transparent process for assessing environmental flow requirements that can
be clearly understood by all stakeholders;

= provide advice on the environmental benefits and disbenefits of various management options
and operational scenarios including the use of any additional water that will be provided to the
Campaspe and Coliban Rivers; and

= inform and engage the community.

The project used the FLOWS method, which has been specifically developed for determining
environmental water requirements in Victoria and is based on the concept that key components of
the natural flow regime influence various biological, geomorphological and physico-chemical
processes in waterways. The Environmental Flows Technical Panel (EFTP) involved in this study
were:

= Dr Bruce Abernethy Geomorphology

= DrPaul Boon Vegetation

= Dr Paul Humphries Fish

= Simon Lang and Robert Morden Hydrology

= Dr Andrew Sharpe Macroinvertebrates and water quality

The Campaspe River system was divided into four separate reaches and two representative sites
were selected from each reach (Table 1). The EFTP used a desktop study and field investigation at
each site to identify specific environmental assets and set environmental objectives for each reach.
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Cross section and long section profiles were surveyed at each site and these results were used to
develop a one dimensional hydraulic HEC-RAS model for each site. Modelled current and natural
daily flow series were also developed for each reach and this information along with the HEC-RAS
model were used to help determine the magnitude, frequency and duration of specific flow
components that are required to maintain or rehabilitate key environmental assets within each
reach.

Table 1 — Campaspe River flow assessment reaches and study sites

Reach . Site :
No. Description No. Location
1 Coliban River: Malmsbury Reservoir to 8 Phillips Road — upstream of Sandy Creek
Lake Eppalock 7 Lyell Road — 4 km upstream of Lake
Eppalock
2 Campaspe River: Lake Eppalock to 6 Doak’s Reserve — 5 km downstream of
Campaspe Weir Lake Eppalock
5 English’s Bridge — downstream of Forest
Creek confluence
3 Campaspe River: Campaspe Weir to 4 Bryant’'s Lane — 2 km downstream of
Campaspe Siphon Campaspe Weir
3 Spencer Rd — 5 km upstream of
Campaspe Siphon
4 Campaspe River: Campaspe Siphon to 2 Strathallan Bridge — 8 km downstream of
River Murray Campaspe Siphon
1 Campbell’'s Road — 4 km upstream of
Echuca

The main flow related issues and flow recommendations for each reach are described below.
Unless otherwise stated, summer flow recommendations relate to flows between December and
May, winter flow recommendations relate to flows between June and November.

Reach 1 — Coliban River: Malmsbury Reservoir to Lake Eppalock
The mean annual flow in the Coliban River has been nearly halved from 202 ML/day to 127

ML/day, due to the operation of the Upper Coliban, Lauriston and Malmsbury Reservoirs. Median
and high flows have been primarily affected by this regulation, but the natural seasonal flow pattern
is retained. Reduced flows have restricted aquatic habitat for aquatic flora and fauna and
potentially exacerbate water quality problems such as high nutrient concentrations. However, other
factors such as willows, stock access and high instream sediment loads also reduce the
environmental condition of this reach. The recommended environmental flows for Reach 1 are
summarised in Table 2.

SINCLAIR KNIGHT MERZ

I\WCMS\Projects\WC03422\Deliverables\Flow Recommendations\R01 AKS Campaspe Flow Recommendations Final Report_final version
(compressed).doc PAGE v



Flow Recommendations

_SKMm

m Table 2: Summary of flow recommendations for Reach 1 — Coliban River: Malmsbury
Reservoir to Lake Eppalock.

Stream Coliban River Reach Malmsbury Reservoir to Lake
Eppalock.
Compliance point Lyell Road Gauge No. 406215
Season Component Volume Frequency Duration Rise Fall Objective
Cease Not Recommended
V1-1, F1-1,
Summer Low flow 5 ML/d 1 per year 6 months W1-1, M1-1
100 ML/d & One of each per V1-2, F1-2
o 0 , ,
Freshes 200 ML/d year 3 days 280% | 65% F1-4. M1-2
35 ML/d (or F1-3, F1-3,
Low flow natural) 1 per year 6 months W1-1, M1-1
G1-2, V1-3,
) Freshes 700 ML/d 4 per year 3 days 280% | 65% | F1-4, W1-2,
Winter _
M1-2
G1-1, G1-2
0, 0, ! !
Bankfull 12000 ML/d 1 every 3 years 1 day 280% | 65% V1-4 F1-4
Overbank As natural

Reach 2 — Campaspe River: Lake Eppalock to Campaspe Weir.
The mean annual flow in the Campaspe River between Lake Eppalock and the Campaspe Weir has

been reduced from 640 ML/day to 420 ML/day. The seasonal flow pattern has also been reversed,
with high flows during the summer irrigation season and low flows during winter. Land clearing
and unrestricted stock access have degraded the riparian zone along much of this reach and high
summer flows have contributed to excessive Typha growth in the main channel. High summer
flows have also reduced the prevalence of slackwater habitats that are important nurseries for
native fish, but restricted fish passage at the Campaspe Weir and Lake Eppalock also limit fish
communities in this reach. High summer flows have also altered the composition of the
macroinvertebrate community in this reach, but rapid flow fluctuations probably have an adverse
effect on the health of this community. The environmental flow recommendations for this reach
are summarised in Table 3.

= Table 3: Summary of flow recommendations for Reach 2 — Campaspe River: Lake
Eppalock to Campaspe Weir.

Stream Campaspe River Reach \Iﬁgﬁ Eppalock to Campaspe
Compliance point Doakes Reserve Gauge No. 406207
Season Component Volume Frequency Duration Rise Fall Objective
Summer | Cease to flow 0 ML/d 1 per year 14 days F2-1
V2-1, F2-2,
Low flow 10 ML/d (or 1 per year 6 months F2-6, M2-1,
natural) W2-1
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Stream Campaspe River Reach \5\?;? Eppalock to Campaspe
Compliance point Doakes Reserve Gauge No. 406207

Season Component Volume Frequency Duration Rise Fall Objective
3 per year (or o o V2-2, F2-3,

Freshes 100 ML/d natural) 5 days 230% | 65% W2-3
100 ML/d (or F2-4, F2-6,
Low flow natural) 1 per year 6 months M2-1, W2-1
4 per year (or V2-3, V2-4,
, High flow 1000 ML/d neftureﬁ) 4 days 230% | 65% | F2-5, W2-2,
Winter W2-3, M2-3
Bankfull flow | 10,000 ML/d 1 per year (or 2 days 230% | 65% | G271 V25,

natural) F2-5
Overbank flow 12,000 ML/d 1 per year 1 day 230% | 65% | G2-2,V2-6

Reach 3 — Campaspe River: Campaspe Weir to Campaspe Siphon.

The mean annual flow in the Campaspe River between the Campaspe Weir and Campase Siphon
has been reduced from 880 ML/day to 360 ML/day. The seasonal flow pattern has also been
reversed, with transfer flows delivered from the Campaspe Weir to the Western Waranga Channel
in March and April in most years. The current flow regime is characterised by longer periods of
low flow and shorter periods of high flow compared to natural. Reduced flows and altered
seasonal patterns are likely to affect native fish movement and recruitment in this reach and the
community has a high abundance of exotic species such as carp and redfin. Reduced flooding and
stock access limit riparian regeneration throughout the reach and stable flows have contributed to
excessive Typha growth within the channel. The macroinvertebrate community in this reach is
dominated by pollution tolerant species indicating that nutrient enrichment is likely to be a problem
in this reach, but there is little routine water quality monitoring. The environmental flow
recommendations for this reach are summarised in Table 4.

s Table 4: Summary of flow recommendations for Reach 3 — Campaspe River: Campaspe
Weir to Campaspe Siphon.

Stream Campaspe River Reach C_ampaspe Weir to Campaspe
Siphon
Compliance point Spencer Road Gauge No. 406202
Season Component Volume Frequency Duration Rise Fall Objective
10 ML/d
Low flow (not more than 1 per year 6 months %3311 FI\2311
Summer 20 ML/d¥) '
3 per year (Feb to o o V3-2, F3-2,
Freshes 100 ML/d May*) 6 days 230% | 65% W3-2, M3-2
: 200 ML/d (or F3-3, W3-1,
Winter Low flow natural) 1 per year 6 months M3-1
. 4 per year (or o o V3-3, F3-4,
High flow 1500 ML/d natural) 4 days 230% | 65% W3-2, M3-2
Bankfull flow | 8,000 ML/d 2 per year (or 2 days 230% | 65% | G371 V35,
natural) F3-4
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Stream Campaspe River Reach gif;l)nr;lgra:spe Weir to Campaspe

Compliance point Spencer Road Gauge No. 406202

Season Component Volume Frequency Duration Rise Fall Objective
Overbank flow 12,000 ML/d 1 per year 1 day 230% | 65% | V3-6

* This value may be reviewed after planned work assessing behaviour of saline pools and slackwaters in different flow
conditions has been completed.

** Additional freshes may be released between December and February to manage water quality if required.

Reach 4 — Campaspe River: Campaspe Siphon to River Murray.

The mean annual flow in the Campaspe River between the Campaspe Weir and Campase Siphon
has been reduced from 890 ML/day to 320 ML/day. The natural seasonal flow pattern has been
retained, but there are longer periods of low flow and shorter periods of high flow compared to
natural. Reduced flows and the presence of barriers are likely to affect native fish movement and
recruitment in this reach and the community has a high abundance of exotic species such as carp
and redfin. Reduced flooding and stock access limit riparian regeneration throughout the reach and
stable flows have contributed to excessive Typha growth within the channel. Nutrient enrichment
and salinity are major water quality issues in this reach, and saline pools near Echuca are
considered a major threat to the health of the reach. The macroinvertebrate community in this
reach is dominated by pollution tolerant taxa and has poor overall condition. The environmental
flow recommendations for this reach are summarised in Table 5.

= Table 5: Summary of flow recommendations for Reach 4 — Campaspe River:
Campaspe Siphon to River Murray.

Stream Campaspe River Reach Campaspe Siphon to River
Murray
Compliance point Campbells Road Gauge No. 406265
Season Component Volume Frequency Duration Rise Fall Objective
10 ML/d
Low flow 1 per year 6 months va-1, Fa-l,
(Not more than W4-1, M4-1
Summer 20 ML/d*)
3 per year (Feb to o o V4-2, F4-2,
Freshes 100 ML/d May**) 6 days 230% | 65% W4-2, M4-2
200 ML/d (or F4-3, W4-1,
Low flow natural) 1 per year 6 months Ma-1
2 per year (or Vva-3, va-4,
Winter High flow 1500 ML/d 4 days 230% | 65% | F4-4, W4-2,
natural)
M4-2
Bankfull flow | 9,000 ML/d 2 per year (or 2 days 230% | 65% | S V45
natural) F4-4
* This value may be reviewed after planned work assessing behaviour of saline pools and slackwaters in different flow
conditions has been completed.
** Additional freshes may be released between December and February to manage water quality if required.

SINCLAIR KNIGHT MERZ

I\WCMS\Projects\WC03422\Deliverables\Flow Recommendations\R01 AKS Campaspe Flow Recommendations Final Report_final version
(compressed).doc PAGE viii



_SKMm

Flow Recommendations

Limitations
The environmental flow recommendations described in this report have been based on information

that was available at the time. Specific summer flow recommendations in the lower reaches of the
Campaspe River have balanced the need to maintain water quality with the need to retain
slackwater habitats for breeding fish. In many cases there was not enough information to
determine critical flow threshold limits for specific water quality parameters, nor was there
information on how higher flows affect the abundance and distribution of slackwater habitats. The
North Central CMA is currently undertaking studies to address these information gaps and the low
flow recommendations for Reaches 3 and 4 may need to be revised based on the results of these
studies.
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Glossary of terms and abbreviations

AUSRIVAS

Australian River Grade and Assessment System.

Anastomosing

A channel that splits into several channels that rejoin regularly.

Biofilm An organic matrix comprised of microscopic algae, bacteria and
microrganisms that grow on stable surfaces in water bodies (e.g. logs,
rocks or large vascular plants).

Catchment The area of land drained by a river and its tributaries.

Current flow series

Series of streamflows which represent the current level of development.

Compliance point

Gauging station at which flows are measured to ensure compliance with
recommendations.

Debouching

Emerge into larger body or area.

Dissolved oxygen (DO)

Concentration of oxygen in the water column. A measure of the amount
of oxygen available to aquatic flora and fauna.

DSE

Department of Sustainability and Environment.

EFTP

Environmental Elows Technical Panel.

Environmental flow

Releases of water, periods of drying, or river flows allocated for the
maintenance of aquatic and riparian ecosystem, measured in megalitres
per day (ML/d).

Ephemeral stream

A waterway containing water only after unpredictable rain.

Floodplain Temporarily inundated lateral river flats, usually of lowland rivers.
FSR Flow Stressed Ranking.
GBCMA Goulburn Broken Catchment Management Authority

Geomorphology

The study of the physical form of, and processes operating in, rivers. It
aims to provide an understanding of the physical processes governing
the current state of a river.

G-MW Goulburn-Murray Water.

Groundwater Water occurring below the ground surface.

Habitat The place or environment in which a plant or animal usually lives; the
subset of physical and chemical environmental variables that allow an
organism to survive and persist.

Hydrology The study of the surface and subsurface water. Sometimes used

loosely to describe the water regime.

Hyporheic zone

Saturated sediment beneath and adjacent to stream or river where
surface water and groundwater mix.

Instream Of, or occurring within the wetted area of a running water body.

ISC Index of Stream Condition. Presents an indication of the extent of
change in respect of five key ‘stream health’ indices: hydrology, physical
form, streamside zone, water quality and aquatic life.

Littoral Edge or shore region where the water is shallow enough for continuous

mixing.

Lowland waterway

A stream section at low altitude, that is sinuous and often with width to
depth ratios greater than 20.

LWD

Large Woody Debris. Branches and trees that have fallen in the river
channel. Often referred to as snags.

Macroinvertebrates

Aquatic invertebrates whose body length usually exceeds 1 mm.
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Includes insects, crustacean, aquatic worms, and aquatic snails.

Macrophytes The term is used to describe water plants other than microscopic algae;
they may be floating or rooted.

Mean Average. Equally far from two extremes.

Median The middle value in an ordered sequence of values.

Megalitre (ML)

One million litres (an Olympic size swimming pool is about two
megalitres).

Natural flow series

Series of streamflows which represent what streamflows would have
historically been like without man-made diversions, demands and
impoundments, not withstanding changes to land use over time.

Nutrients

Natural elements (usually phosphorus and nitrogen) that are essential
for plant and animal growth.

Percentile exceedence flows

The flow which is exceeded for the defined percentage of time. E.g. the
80" percentile flow is exceeded 80% of the time and is therefore a low
flow. Also commonly used: 20" and 50" percentile where 20" percentile
exceedence flow is a relatively high flow and the 50™ percentile
exceedence flow may also be called the median flow.

pH Level of acidity in a range from 0-14: low pH (values <7) refers to high
acidity and high pH (values >7) refers to low acidity.

Piedmont The foot of a mountain. Used to describe the gentle slope leading down
from the steep mountain to the plains.

Pool A stream section where there is no discernable flow and usually deep.

Reach A length of stream that is reasonablely uniform with respect to

geomorphology, flow and ecology.

Recruitment

The addition of new members into a population through reproduction or
immigration.

Regulated catchment/river

A river or creek where the flow of the river is controlled through the
operation of large dams or weirs to meet water use demands
downstream.

Riffle A stream section with fast and turbulent flow over a pebble bed with
protruding rocks. Characterised by a broken water surface.
Riparian Vegetation found along the banks of streams and rivers.

Riparian zone

Any land which adjoins, directly influences, or is influenced by a body a
water.

Run

A stream section with low to moderate laminar flow with unbroken water
surface.

Water-dependent

Aquatic species or those dependent on river water for survival

SEPP State Environment Protection Policy.

SIGNAL Stream Invertebrate Grade Number Average Level.

SFMP Stream Elow Management Plan.

Spawning Production and deposition of eggs; related to fish reproduction.

SKM Sinclair Knight Merz.

Snag Branches and trees that have fallen in the river channel; also called
Large Woody Debris (LWD).

Substrate The base, or material, on the bed of the river.

Taxa Any defined unit in the classification of living organisms (i.e. species,

genus, family).
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Thalweg The long profile of a river valley; term used to describe the line that joins
the lowest points along the entire length of the streambed.

Threatened A generic term used to describe taxa that are rare, vulnerable,
endangered or insufficiently known and are subject to a threatening
process.

Transect Line drawn across a stream channel and perpendicular to the direction
of flow for standardising measurements of width, depth velocity
discharge etc.

Tributary A river or creek that flows into a larger river.

Turbidity The cloudy appearance of water due to suspended material (sediment).

Unregulated catchment/river

A river system where no major dams or weir structures have been built
to assist in the supply, or extraction of water.

Upland A stream section at high altitudes with a river channel often less than 10
times the channel depth.

Weed Any useless, troublesome or noxious plant, especially one that grows
profusely.

VRHS Victorian River Health Strategy.

VWQMN Victorian Water Quality Monitoring Network.

SINCLAIR KNIGHT MERZ

I\WCMS\Projects\WC03422\Deliverables\Flow Recommendations\R01 AKS Campaspe Flow Recommendations Final Report_final version

(compressed).doc

PAGE xiil




Flow Recommendations

1 Introduction

The Campaspe River catchment covers approximately 4,000 km? and extends for 150 km from the
northern slopes of the Great Dividing Range near Trentham to the River Murray at Echuca. The
Campaspe River and Coliban River are the largest rivers in the catchment, but other significant
tributaries include Axe, Mclvor, Mt Pleasant, Forest, Wild Duck and Pipers Creeks.

Prior to European occupation, streams in the middle and lower Campaspe River catchment would
have had low energy, contained fine grained sediments and had occasional rocky outcrops. Most
of the streams would have had incised channels, with deep pools, infrequent riffles over gravel,
boulders or logs and an abundance of large woody debris (NCCMA 2005). Flows would have been
seasonally variable, with high flows in winter and spring and low or no flow in summer and
autumn (McGuckin and Doeg 2001). However, the construction of reservoirs and weirs for potable
supply and irrigation has substantially reduced flows throughout the catchment and reversed
seasonal flow patterns in the lower reaches.

Regulation throughout the Campaspe River catchment diverts approximately 50% of mean annual
discharge for irrigation, stock and domestic use. Flow in the Coliban River downstream of
Malmsbury is reduced year round, but regulation has little effect on flow in the Campaspe River
upstream of Lake Eppalock. Irrigation transfers between Lake Eppalock and Campaspe Weir
elevate flows from spring to autumn, while irrigation releases elevate autumn flows between
Campaspe Weir and the Campaspe Siphon. Operations are planned to release an average of 15
ML/day downstream of the Campaspe Siphon during the irrigation season to maintain flow to the
River Murray (Marchant et al. 1997). Lake Eppalock captures most of the flow from the upper part
of the catchment during winter and spring and substantially reduces flow in the entire lower half of
the Campaspe River at a time when flows would have naturally been at their highest.

Trial environmental flow releases for the Campaspe River downstream of Lake Eppalock were
recommended in 1995. The recommendation is to pass one quarter of Lake Eppalock inflows to
downstream reaches once the lake reaches 64% capacity. However, drought has ensured that Lake
Eppalock has remained below 64% capacity for most years since 1995 and therefore the trial
environmental flow release program has ceased.

In 1997, a scientific technical panel conducted an environmental flow assessment for the Coliban
River below Malmsbury Reservoir and the Campaspe River downstream of Redesdale (Marchant et
al. 1997) to help inform the Bulk Water Entitlement (BE) Conversion Process. However, the final
BE flow provisions were ultimately less than the recommended flow requirements and reflect a
decision that minimised impacts to consumptive supplies. The final BE recommendations
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specified passing flows for the Campaspe River below Lake Eppalock that varied depending on
inflows to the lake, storage levels and season.

In 2004, the Victorian Government made a commitment to recover 212 GL of water for the Living
Murray Initiative (DSE 2004), as its contribution to the 500 GL that will be recovered for the entire
Murray Darling Basin. Water that is recovered in Victoria is primarily intended to deliver
environmental flows to six icon sites along the River Murray, but will have secondary benefits in a
number of tributaries including the Campaspe River. The Victorian Government White Paper
“Qur Water Our Future (OWOF)” (DSE 2004) also calls for the development of regional
Sustainable Water Strategies (SWS) that will guide the long term planning of future water demand
and outline mechanisms for improving the Environmental Water Reserve (EWR). The Northern
Victorian SWS includes the Campaspe River system and is scheduled to be developed in 2006.

An updated environmental flows assessment is required to help inform the development of the
Northern Victorian SWS and to guide the optimal use of additional water that becomes available to
the Campaspe River system via the OWOF initiatives and other means. The flow assessment will
adopt the FLOWS method, which was developed for Victoria in 2002 and is being used to assess
environmental flow requirements for rivers throughout the state. The use of this standard approach
will ensure that the Campaspe River environmental flows assessment will be comparable to flow
assessments in other major Victorian rivers.

1.1 Objectives
This environmental flows assessment will focus on sections of the Campaspe River system that are

likely to be affected by water recoveries gained through the water sales package. Specifically this
assessment will address the following objectives in the sections of the Coliban River downstream
of Malmsbury Reservoir and the Campaspe River downstream of Lake Eppalock:

= identify the water dependent environmental values;

= identify suitable flow regimes for the protection/enhancement of defined environmental
values;

= develop environmental flow objectives;
= develop environmental flow recommendations to meet the objectives;

= provide a clear and transparent process for assessing environmental flow requirements that can
be clearly understood by all stakeholders;

= provide advice on the environmental benefits and disbenefits of various management options
and operational scenarios including the use of any additional water that will be provided to the
Campaspe and Coliban Rivers; and

= inform and engage the community.
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The overall objective of this report is to present the environmental flow recommendations for
Coliban River downstream of Malmsbury Reservoir and the Campaspe River downstream of Lake
Eppalock, and the associated level of compliance under current flow conditions. If implemented
the recommended flows are expected to provide a flow regime that reflects the natural seasonal
pattern and variability sufficient to maintain or enhance ecological and geomorphic processes in the
Campaspe River system.

1.2 Steering Committee

The project steering committee (Table 1-1) met at key milestone stages and reviewed all project
outputs. Several members of the steering committee also attended the flow determination
workshop held at SKM in March.

s Table 1-1: Campaspe Environmental Flows Assessment Steering Committee members

Committee Member Affiliation

Catherine Fox North Central Catchment Management Authority
Emer Campbell North Central Catchment Management Authority
Paulo Lay Department of Sustainability and Environment
Amber Clarke Department of Sustainability and Environment
Andrea Joyce Department of Sustainability and Environment
Geoff Adams Goulburn Murray Water

Bill Viney Goulburn Murray Water

Sally-Anne Mason Coliban Water

1.3 Consultative Panel
A consultative panel (Table 1-2) was established to provide a forum for which the key stakeholders

of the Coliban and Campaspe Rivers can input to the study by:

= providing local knowledge;

= providing local opinions about values and threats to the river;
= assisting with the selection of reaches and sites;

= reviewing environmental objectives;

= participating in community meetings;

= assisting in the development of flow objectives; and

= reviewing draft flow recommendations.
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s Table 1-2: Campaspe Environmental Flows Assessment Consultative Panel members.

Panel Member Affiliation

Geoff Elliot Campaspe Catchment Committee
Mark Hill Water Services Committee

Craig Kelly Mt Alexander Shire

Rob Loats VR Fish

Bruce Macague Irrigation IC

David Major Parks Victoria

John McKinstry Dryland IC

Joy Sloan DPI Fisheries

The consultative panel met on four occasions. The first meeting provided the consultative panel
with an overview of the FLOWS process and an opportunity to comment on the preliminary
environmental values and threats to the Coliban and Campaspe River systems. Information was
also sought in regards to site access, site features and landholder details, which was then used as
input to the selection of reaches and sites. The second meeting was undertaken whilst in the field
and provided the consultative panel with an opportunity to observe the FLOWS process undertaken
at a field assessment site. The third meeting was to provide the consultative panel with an
overview of the Issues Paper and also an opportunity to discuss and confirm the environmental
flow objectives. The final meeting provided the consultative panel with an overview of the Flow
Recommendations Report and an opportunity to discuss its implications.

1.4 Report objectives

The Flow Recommendations Report is the third and final output from the Campaspe Flows
Assessment Project and presents the environmental flow recommendations for the Campaspe River
catchment. This report was preceded by a Site Paper and Issues Paper. The Site Paper described
the process used to divide the study area into representative reaches and the rationale for specific
reach and site selections (SKM 2005). The Issues Paper detailed the available information on the
environmental values of the study area — water system management, hydrology, geomorphology,
ecology and water quality — and canvasses those catchment and streamflow issues that affect the
environmental condition of the study area and culminated in the determination of environmental
objectives that contribute to ecologically healthy waterways (SKM 2006a). The Issues Paper
summarises all the supporting information required to determine the environmental flow
requirements for the Campaspe River catchment.

Using hydrological and hydraulic data and information contained in the Issues Paper, the
Environmental Flow Technical Panel (EFTP) determined a series of flow recommendations. The
outputs of this task are documented in this report, which summarises the key ecological values,
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current condition and environmental flow objectives and provides the minimum flow
recommendations and the associated level of compliance under current flow conditions for each
reach in the Campaspe River catchment.

1.5 Report structure

Following this introduction, Section 2 provides a summary of the method used to develop flow
recommendations for the Campaspe and Coliban Rivers. Updated environmental flow objectives
and their function are presented in Section 3. The flow recommendations are provided in Section 4
along with an overview of reach conditions and a brief assessment of the current degree of
compliance. Section 5 provides recommendations for complementary waterway works and further
investigations required to support the environmental objectives and complement the environmental
flow recommendations.

SINCLAIR KNIGHT MERZ

I\WCMS\Projects\WC03422\Deliverables\Flow Recommendations\R01 AKS Campaspe Flow Recommendations Final Report_final version
(compressed).doc PAGE 5



Flow Recommendations

2 Method

The FLOWS method (DNRE 2002a) was used to determine environmental flow recommendations
for the Campaspe River system. The method has been specifically developed for determining
environmental water requirements in Victoria and is based on the concept that key flow
components of a natural flow regime influence various biological, geomorphological and
physicochemical processes in waterways. Key flow components are likely to vary between river
systems, but every stream system has some key flow components that are essential to maintain a
healthy functioning aquatic ecosystem.

A key component of the FLOWS method is the constitution of an Environmental Flows Technical
Panel. The EFTP consists of members that have expertise in a specific environmental discipline.
Together, the EFTP conducted the field assessment and desktop review and determined
environmental flow requirements for the Campaspe River system.

The EFTP members involved in this study and their particular environmental discipline are listed
below in alphabetical order:

= Dr Bruce Abernethy Geomorphology

= DrPaul Boon Vegetation

= Dr Paul Humphries Fish

= Simon Lang and Robert Morden Hydrology

= Dr Andrew Sharpe Macroinvertebrates and water quality

The major stages of the FLOWS method are shown in Figure 2-1 and brief description of the
method applied to this project is provided below. The full method and rationale is provided in
(DNRE 2002a).
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Final Report |

»  Figure 2-1: Outline of the steps involved in the FLOWS method.

2.1 Reach and site selection
The first stage of this project was to collect and collate all available information relating to the

study area so as to describe the operation of the system, hydrology, environmental values and
ecological processes. The delineation of each of these characteristics was then used to separate the
study area into four reaches (Table 2-1).

Reaches were determined based on points of regulation (e.g. major dams, weirs and offtakes),
major tributary inflows, changes in landform, geology, channel and floodplain morphology and
changes in ecological processes or communities. Information detailing physical and ecological
patterns along the Coliban and Campaspe Rivers and justification of this reach selection is provided
in the Site Paper (SKM 2006a). These reaches are the same as were used in the previous
Campaspe River environmental flows assessment (Marchant et al. 1997).

The EFTP selected two sites within each reach for detailed flow assessment (Table 2-1 and Figure
2-2). The FLOWS method generally uses a single site in each reach, but extra sites were chosen
for this study because the study reaches are particularly long. Selected sites contain examples of
the major geomorphological and ecological features that typify that reach.
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m  Table 2-1. Campaspe River and Coliban River reaches and field assessment sites.

Reach _— Site .
No. Description No. Location
1 Coliban River: Malmsbury Reservoir to 8 Phillips Road — upstream of Sandy Creek
Lake Eppalock 7 Lyell Road — 4 km upstream of Lake
Eppalock
2 Campaspe River: Lake Eppalock to 6 Doak’s Reserve — 5 km downstream of
Campaspe Weir Lake Eppalock
5 English’s Bridge — downstream of Forest
Creek confluence
3 Campaspe River: Campaspe Weir to 4 Bryant’'s Lane — 2 km downstream of
Campaspe Siphon Campaspe Weir
3 Spencer Rd — 5 km upstream of
Campaspe Siphon
4 Campaspe River: Campaspe Siphon to 2 Strathallan Bridge — 8 km downstream of
River Murray Campaspe Siphon
1 Campbell’'s Road — 4 km upstream of
Echuca

2.2 Site assessment
Representative sites were assessed by the EFTP on 14-16 November 2005. At each site, between

six and nine cross sections were identified for surveying. These cross sections were selected as
representative of the range of channel and habitat features of the site, such as pools, riffles, log
jams or channel benches. Photographs and sketches were used to identify important geomorphic
and habitat features at each cross section. An evaluation of the key components of the flow regime
at each of the sites was carried out to identify flows that would be geomorphologically or
ecologically important for the creek system.

2.3 Environmental flow objectives
Environmental flow objectives were developed by the EFTP for those ecological assets that have a

clear dependence on some aspect of the flow regime, such as:
= individual species and communities;
= habitats; and

= ecological (physical and biological) processes.

In formulating objectives the EFTP considered outcomes from steering committee and consultative
panel meetings, past information on asset values and condition within each reach and observations
from the site assessments. Final environmental flow objectives for the Campaspe River system
were endorsed by the steering committee and consultative panel. They are provided in the Issues
Paper (SKM 2006a) and summarised in Section 3 of this report.
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m  Figure 2-2 Campaspe River catchment showing FLOWS assessment reaches.
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2.4 Survey of selected reaches
Cross sections identified by the EFTP were surveyed and incorporated into a hydraulic model for

each site. Cross sections were surveyed to at least bankfull level on each side of the channel, but
most points were surveyed within the channel to pick up details that would be inundated at lower
flows. A total station was used to measure any significant changes in channel features across each
cross section. Water level was recorded at all cross sections to assist in validation of the hydraulic
model. A longitudinal survey was also conducted through all cross sections at each site to
highlight changes in depth and the overall gradient through the site.

2.5 Hydraulic model

A one-dimensional hydraulic model of each site was prepared to develop a relationship between
flow, water depth and velocity using the one dimensional steady state backwater analysis model
HEC-RAS (v3.1.3). This software calculates water surface profiles and other flow characteristics
using a series of surveyed transects and estimated roughness factors.

Roughness factors and other flow control features such as riffles, large woody debris (LWD), and
rock or weed obstructions were noted at each cross section. Water surface levels were surveyed for
each transect. Estimates of streamflow, based on data from nearby gauges, were used to calibrate
each HEC-RAS model.

As part of the calibration process, the survey data was used to create interpolated cross sections,
allowing each model to represent features such as riffles and LWD that occurred between the
surveyed cross sections. These weir and riffle features often control water levels, and therefore
their representation in the HEC-RAS models is critical. In addition, the cross sections, roughness,
and riffle details were adjusted so that the modelled water levels matched the surveyed water
levels. Roughness factors only affect water levels where there is significant flow velocity. In deep
pools, the velocity is typically below 0.1 m/s. In these conditions, roughness factors do not
significantly affect water levels.

The most important part of the calibration was the assumed water level at the downstream end of
each model (the downstream “boundary condition™). For the initial calibration, the flow on the day
of the survey, and the water level at the downstream end of the model were both known. On this
basis, the surveyed water level was adopted as the downstream boundary condition.

However, determining an appropriate boundary condition for a range of other flows was more
difficult, because the water level for each site was only surveyed at one flow. Therefore, for any
flow in the stream, it was assumed that the relationship between flow and water level at the
downstream end of the model was the same as for a nearby streamflow gauge. This meant that the
rating curve from a streamflow gauge was used to determine downstream water levels. Gauge

rating curves were adjusted either up or down to match levels at the site.
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Hydraulic output
A key output from the hydraulic model is a graphical representation of each transect. An example

of a hydraulic output is provided in Figure 2-3. The black line (“ground” in the legend) represents
the ground surface, reflecting the channel shape at each cross section. Small black squares on the
ground line show the exact points where survey measurements were taken (note that these are more
frequent within the channel than above the bank). Horizontal blue lines within the cross section
represent the water surface at the various flows, which are detailed in the legend. The green
hatching represents vegetation in the channel that prevents or restricts flow in that area.

The outputs from the model include the flows (ultimately expressed in ML/d) required to cover the
steam bed to a certain depth, or inundate channel features such as benches.

Legend
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m  Figure 2-3 Example cross section output from the hydraulic model in Reach 4 at
different flows.

2.6 Hydrology
A modelled current and natural daily flows series was developed in each reach (SKM 2006b). The

current flow series is the flow regime that refers to the actual current use, including the effect of
impoundments and diversions. The natural flow series is the flow regime that would exist if no
diversion or storage of water occurred, assuming there have been no flow changes due to
vegetation removal or landuse.
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Hydrological assessment involved consideration of a range of hydrological parameters to describe
the flow regime, including:

= flow duration curves that show the percentage of time that a flow of a given rate is
exceeded;

= time series graphs to examine the sequence of flow events, particularly during very dry or
very wet conditions; and

= flow spell analysis using GetSpells to describe the frequency, duration and start month of
flow spells.

GetSpells output
GetSpells software is used to describe and compare the duration, start months and frequency of

flow events (spells) that rise above, or fall below, a stipulated flow threshold under current and
natural conditions. These analyses are carried out using modelled daily flow data for either the
winter high flow (June to November) or summer low flow (December to May) periods but not the
entire year combined. For our analyses, flow spells separated by more than seven days are
considered independent of each other. It is important to note that for low flows, spells that fall
below the threshold are evaluated. For freshes, high flows, bankfull flows and overbank flows,
spells above the threshold are evaluated.

An example of GetSpells output using a threshold value of 100 ML/d for the summer/autumn
period is provided in Figure 2-4. In this example, the percentile plot summarises the duration of
flow spells over 100 ML/d. In the plot, the median spell duration (50" percentile) is indicated with
variation in spell durations described by the box and whiskers plots. Sixty percent of flow spells
have a duration that lies within the box (20" and 80" percentiles) while 80 percent of the spells are
described by the box plus whiskers (spells within the 10" and 90" percentiles). In the example
provided in Figure 2-4 for spells higher than 100 ML/d that occurred during summer/autumn under
natural conditions:

= the median duration of spells above the threshold is three days;
= 60% of spells above the threshold lasted between one and eight and a half days; and

= 80% of spells above the threshold lasted between one and 14 days.
Under current conditions:

= the median duration of spells above 100 ML/d is two days;
= 60% of spells above the flow threshold lasted between one and five days; and
= 80 % of spells above the flow threshold lasted between one and nine days.

This example indicates that larger flows (i.e. above the flow threshold) generally occur for a shorter
duration under the current regime compared to natural.
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The upper box and whisker plots shown in Figure 2-4 have a greater spread than the lower box and
whiskers. This indicates that the data is skewed, that is to say that spells are of a short duration and
long duration spells are relatively infrequent.

The frequency plot compares the average number of times that spells will occur in any 100 year
period. Flow spells that occur with a frequency of less than 100 do not occur every year while
spells with a frequency greater than 100 occur more than once a year on average. Using the
example in Figure 2-4, the frequency of spells above the flow threshold that occurred during the
summer/autumn period under natural conditions is 350 times in every 100 years (i.e. approximately
three and a half times a year). Under current conditions, flows above the threshold occur on
average 125 times in every 100 years (one and a quarter times a year).

The frequency of start month plot describes the frequency distribution of the months in which flow
spells have started. The width of the bars provides an indication of the number of events that start
in each month and the differences in the distribution of events can be compared between natural
and current. In Figure 2-4, freshes during the summer/autumn period most often start in December
under natural and current conditions.
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2.6.1 Ramp rates
The rates at which flows rise and fall are known as ramp rates. These rates are environmentally

significant for short duration spells such as freshes and bankfull flows. If rates of rise are too fast
they may exceed the ability of biota to adapt, thereby causing stress. Rapid falls in flow can
increase the risk of bank failure, increase erosion and sediment loads, or strand biota in rapidly
exposed habitat areas.

Ramp rates were calculated from gauged data for each reach. The differences between flows on
individual days were divided into days when flows rose and days when flows fell. The ratio of the
change in flow was calculated for each rise or fall. The maximum desirable rate of rise was
selected as the 90" percentile value of all recorded rates of rise (representing a high rate that was
recorded naturally) and the maximum desirable rate of fall was selected as the 10" percentile value
of all recorded rates of fall (representing an abrupt reduction in flow).

Gauged data was used in preference to modelled daily flows because REALM does not accurately
model the routing and dampening of streamflow on a daily basis. Had modelled daily flows been
used, the calculated ramp rates would exceed those realistically expected under natural conditions.
Initially, in each reach the gauge most downstream of the Malmsbury and Lake Eppalock
reservoirs was used, under the assumption these gauges were the best representation of the natural
flow regime. However, estimated ramp rates for Reach 2 and Reach 3 appeared inconsistent with
Reach 1 and Reach 4, and with ramp rates calculated for other catchments. Therefore, ramp rates
for Reach 2 and Reach 3 were set to those of Reach 4. For Reach 3, this is an appropriate measure,
because Reach 3 is short compared to the other reaches, and there are no tributaries between the
Campaspe Weir and Campaspe Siphon. This measure is less appropriate for Reach 2, because
several major tributaries join the Campaspe River downstream of Lake Eppalock. The actual rate
of