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1. Campaspe River catchment overview

The Campaspe Catchment (Figure 1) extends from the Great Dividing Range in the south to the
Murray River in the north, a total distance of approximately 150 km. The catchment has an average
width of approximately 25 km for a total area in the region of 4,000 km2. This represents in the order
of 17% of the North Central CMA region (NCCMA 2006a).

The major waterways of the catchment are the Upper Campaspe River, the Coliban River (both
upstream of Lake Eppalock) and the lower Campaspe (downstream of Lake Eppalock). Major
tributaries are the Axe, Mclvor, Mount Pleasant, Wild Duck and Pipers Creeks.

Major Thomas Mitchell named the Campaspe River in 1836. The catchment has undergone
significant changes since Europeans first traversed it. The cumulative effects of the introduction of
European farming techniques, native vegetation clearance, the gold rush plus the construction of
reservoirs and water supply systems for agriculture and urban developments are reflected in the
current condition of the catchment (NCCMA 2006a).

The Campaspe Annual Watering Plan is limited to the Lower Campaspe River downstream of Lake
Eppalock. This reach of the river meanders across almost level alluvial plains for approximately 140
km to the confluence with the Murray River at Echuca. The floodplain of the river is narrow at
approximately only 1 km wide until closer to Echuca, where it broadens out to more than 2 km
(NCCMA 2006Db).

The Campaspe River is now a regulated river to supply water for irrigation and urban demands. In
1882, the Campaspe Weir was constructed 12 km south of Rochester. This structure has a capacity
of 2,700 ML and delivers irrigation water through the east and west channels. In 1902, the
Campaspe Siphon was constructed 2 km north of Rochester. The Waranga Western Channel crosses
the river at this point and the siphon structure allows water from the Goulburn River to be inflowed into
the river, or continue its flow to the western irrigation districts. The Campaspe pumps located at the
siphon also allow water from the Campaspe River to be inflowed into the Waranga Channel for
delivery to western irrigation areas.

The most significant structure on the Campaspe River is Lake Eppalock. While first mentioned in the
1890s, it was not until 1930 that construction began. Construction ceased due to the depression in
1933 when the dam had a capacity of 1,500 ML. Construction then recommenced in 1963 and when
completed, capacity had increased to the present 304,000 ML. Lake Eppalock was constructed to
secure water for the Campaspe irrigation area, to safeguard the Coliban Supply system and allow
increased development of urban areas.
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Figure 1- Overview of the Campaspe River catchment /



2. Scope of Document

This Annual Watering Plan documents how the environmental water, as provided by the Bulk
Entitlement (Campaspe System - Goulburn-Murray Water) Conversion Order 2000 and the current
Qualification of Rights will be distributed. The Bulk Entitlement provisions provide the over-riding legal
framework for the delivery of environmental water. The temporary qualification of this Bulk Entitlement
affects the environment'’s rights to water until the 30" of June 2011, the Qualification of Rights is
revoked, whichever is earlier.

2.1 Purpose

The purpose of the Annual Watering Plan is to:

review the previous seasons usage of environmental water

document the decision making process used to determine the distribution of environmental
water

identify and where possible, address issues or constraints which may affect the distribution
of environmental water

provide a communication forum between the North Central CMA, stakeholders and the
local Campaspe community

While this document aims to provide a plan for the delivery of environmental water, it must be
recognised that there are a number of uncertainties, particularly relating to climatic conditions, when
planning for the delivery of environmental water. Additionally system, infrastructure, delivery and
maintenance constraints may influence how environmental water can be distributed. For these
reasons, environmental water must be delivered through an adaptive framework to provide the
flexibility necessary for effective management.

2.2 Underlying principles for environmental water reserve management

North Central CMA has adopted nine principles for the management of the environmental water
reserve which govern the operation of environmental flow releases:

1.

Releases will be made to achieve maximum benefits with the goal of sustaining and where
possible, restoring ecological processes and biodiversity of aquatic dependant ecosystems

The best regional environmental outcomes are sought through inter-agency and
community cooperation

The environmental contribution derived from natural and managed flows will be recognised
in the development of the Annual Watering Plan

All decisions are to be made on the best available science

Decisions are to be transparent, consistent with ecological objectives, accountable and in
accordance with state and federal law and policy

The Environmental Water Reserve Manager (North Central CMA) must work closely wit
the Storage Operator (Goulburn-Murray Water), to maximise EWR benefits and cong er
opportunities for cost efficiencies



7. Monitoring, reporting and evaluation of the effectiveness of environmental flow releases is
to provide feedback for the continuous improvement in the use of environmental water

8. Delivery of the environmental flow allocation must occur in a flexible manner in response to
changing conditions and in response to monitoring and an improved understanding of
environmental water requirements; and

9. Community members are to be informed of improvements to the environment and engaged
wherever possible in the process

2.3 Approach to the preparation of this document

To effectively manage the Environmental Water Reserve, the North Central CMA has established the
Campaspe Environmental Water Advisory Group (CEWAG).

The Campaspe Environmental Water Advisory Group provides advice at key decision points in the
planning process to the Environmental Water Reserve Manager on the best use of environmental
water for the Campaspe River downstream of Lake Eppalock. It will ensure environmental water is
used effectively to maximise environmental benefits based on existing knowledge and in response to
ongoing monitoring and research, ecological objectives, system constraints, previous usage and
climatic conditions.

The Campaspe Environmental Water Advisory Group contains the following community and agency
representatives:

. Environmental Water Reserve Manager (North Central CMA)

. Storage Operator and Bulk Entitlement holder (Goulburn-Murray Water)

. Bulk Entitlement holder, Coliban Water

. Northern CMA’s Environmental Water Flows Coordinator

. Department of Sustainability and Environment - Sustainable Water Environment and
Innovation Division

. Community representatives

The Campaspe Environmental Water Advisory Group meets at least twice a year. The first scheduled
meeting in May provides an opportunity for the group to have input into the last season review and the
preparation of the Annual Watering Plan. The North Central CMA then prepares a draft watering plan
that is presented to the group at the June meeting for review. The group can be reconvened at other
times should the need arise.



3. Environmental Water Reserve

3.1  Environmental Water Reserve in the Campaspe River system.

The right to water in the Campaspe River was defined in 2000 through the Bulk Entitlement
(Campaspe System - Goulburn-Murray Water) Conversion Order. While there is no separate
Environmental Bulk Entitlement, water for the Campaspe environment is defined as ‘passing flows’
within Goulburn-Murray Water's and Coliban Water's Bulk Entitlements (Table 1) as well as
unregulated river flows. The Campaspe Bulk Entitlement (2000) provides for minimum passing flows
in sections of the Campaspe River downstream of Lake Eppalock to protect environmental values
based upon recommendations by an environmental flows scientific panel (Marchant et al. 1997). It is
important to note that there is no passing flow requirement for the reach between the Campaspe Weir
and the Campaspe Siphon, however in most cases water will be passed down this reach to supply
requirements below the Campaspe Siphon (unless sourced from the Waranga Western Channel.)

The Loddon Campaspe Drought Response Group was established in 2004 to manage risks to river
health during the prolonged drought conditions and to aid in the long-term recovery of the Campaspe
System. The group is chaired by Goulburn-Murray Water and comprises of representatives from the
Department of Sustainability and Environment, Department of Primary Industries, Coliban Water,
Environment Protection Authority and the North Central CMA.

On the 20 October 2005, due to ongoing drought conditions and advice from the Loddon Campaspe
Drought Response Group, the Minister for Water permanently amended the passing flow clause within
the Campaspe Bulk Entitlement. This amendment allows for the storage of part of the passing flow
from below the Campaspe Siphon during winter/spring (July - November). The remainder is held in
the Eppalock Passing Flow account and can be used during the hotter summer/autumn months
(December - June) when environmental risks are greater. A summary of the Bulk Entitlement’s

passing flow requirements is included in Table 1.

Table 1 - Passing flows in the amended Campaspe Bulk Entitlement Order (2005)

River / reach Lake Eppalock Passing Flow (ML/d) (whichever is
storage volume (ML) lower)
Campaspe River - Lake < 150000 10 or actual inflow*
Eppalock to > 150000 but < 200000 | 50 or actual inflow
Campaspe Weir > 200000 but < 250000 | 80 or actual inflow
> 250000 90 or actual inflow — Jan, Mar, May, Jun &
Dec
80 or actual inflow — Feb & Apr
150 or actual inflow — Jul & Nov
200 or actual inflow — Aug, Sep & Oct
Campaspe River - < 200000 20 or modified natural flow** — July to Nov
Campaspe Siphon to River +
Murray 35 or modified natural flow — Dec to June
> 200000 70 or modified natural flow

*actual inflow: The storage operator must measure actual inflow into

Lake Eppalock based on water balance or through a

method based on gauged flows at Redesdale & Lyell (whichever provides the best estimate of daily flows).
**modified natural flow: The storage operator must measure the modified natural flow in the Campaspe River immediately
downstream of the Siphon based on water balance or a method based on gauged flow at Eppalock, Longlea & Runr}yrﬁede

(whichever provides the best estimate of daily flows).

+ From Jul to Nov, the additional passing flow that would have been passed below the Siphon (up to 15ML/d) can/be stored in

an account and used anywhere along the Campaspe below Lake Eppalock from Dec to June.
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In 2006/07, it was realised there were inadequate water resources to maintain the requirements of the
Bulk Entitlement and a water shortage was declared. A joint proposal from Goulburn-Murray Water
and the North Central CMA was submitted to the Minister for Water on the 17th of October 2006 to
reduce passing flows in order to extend the period over which flows could be released down the
Campaspe River.

Based on the information supplied, the Minister for Water conveyed support for the proposal in a
formal letter dated 31st of October 2006. A Ministerial Direction under Section 307 of the Water Act
was issued to cease all passing flows unless water is required to mitigate environmental risk. This was
invoked to prolong water for the Campaspe stock and domestic supply.

The Environmental Water Reserve for the Campaspe System below Lake Eppalock has a number of
components. Under the Bulk Entitlement, the Environmental Water Reserve consists of the ‘passing
flow’ requirements in two reaches of the river based upon the volume held in Lake Eppalock and the
inflows recorded. A portion of the flows downstream of the siphon can be stored during the winter
months and this is recorded in the Eppalock Passing Flow account. This is a store of water held in
Lake Eppalock that is deployed under advice by the North Central CMA, guided by the Annual
Watering Plan. Under the Qualification of Rights, the passing flow requirements are removed and the
Environmental Water Reserve consists of the Eppalock Passing Flow Account only.

3.1.1 Qualification of Rights

Rights to water on a river system are specified in the bulk entittements and water cannot be taken
outside of its provisions. In extreme dry years, the minister has emergency power to declare a water
shortage and to qualify rights to water. This power is generally only used to meet critical human
needs. The qualification of rights changes the water sharing rules, setting some specific BE
requirements aside. All BE requirements not covered the qualification remain in place.

There have been two qualification of rights invoked by the Minster for Water for the Campaspe
(including the Coliban) River system. The first qualification of rights covered the period July 2007 to
June 2009 (section 3.1.1.1) and is the qualification that the 2008-09 seasonal review is conducted
under. The second qualification covering the July 2009 to June 2011 period dictates the availability of
environmental water for this planning year (section 3.1.1.2) The qualifications are fundamental to the
Annual Watering Plan process, dictating the volume and availability of environmental water

3.1.1.1 July 2007 to June 2009 Qualification

Goulburn-Murray Water, under its delegated Ministerial powers, declared a water shortage on
the Campaspe System (including Coliban). As a result, on 30 June 2007, the former Minister
for Water, Environment and Climate Change, temporarily qualified rights to water on these
systems.

The temporary qualification was to put in place until the relevant Declaration of Water Shortage
or the Qualification of Rights was revoked; or until 30 June 2009. Under the Qualification of
Rights:

e At zero percent water allocation, no passing flows are to be released and the
Eppalock Passing Flow account is not available

* The water that would have been released under the Bulk Entitlement is to be re;;Or/ded
in the Eppalock Passing Flows Account



* Between 1-99% water allocation, the Eppalock Passing Flow Account is available with
releases made upon advice from the North Central CMA

* At 100% water allocation, passing flows are reinstated

* On expiry of this Qualification of Rights, any volume held in storage must be released
in accordance with the requirements of the bulk entitlement relating to the Eppalock
Passing Flow Account

3.1.1.2  July 2009 to June 2011 Qualification

Due to the ongoing dry conditions and low inflows, the Minister for Water qualified rights to the
Campaspe River System for the 2009-2011 period. The Qualification sets the volume and
availability of environmental water and forms that basis of this plan. Tim Holding, Minister for
Water made the qualification on 22 June 2009. Under the Qualification:

* At zero percent irrigation allocation, no passing flows are to be released and the
Eppalock Passing Flow account is not available

e The water that would have been released under the Bulk Entitlement is to be recorded
in the Eppalock Passing Flows Account

e Once G-MW'’s volume in Lake Eppalock exceeds 6,500 ML, 1,000 ML from the
Eppalock Passing Flow Account is available for release based upon advice from the

North Central CMA

e At 1% water allocation, all of the water recorded in the Eppalock Passing Flow
Account is available for release based upon advise from the North Central CMA

* At 100% water allocation, passing flows are reinstated

* On expiry of the Qualification of Rights, any volume held in storage must be released
in accordance with the requirements of the bulk entitlement relating to the Eppalock

Passing Flow Account

Please note that the Department of Sustainability and Environment has called for a late season review
of the existing qualification for the 2010-2011 year. It is anticipated that this will not have a significant

impact on water availability.

3.1.2 North Central CMA'’s Role

The North Central CMA, as the caretaker for River Health, is responsible to advise Goulburn-Murray
Water, the Storage Operator, on the best release pattern to protect environmental values in the
Campaspe River System. In order to ensure the best use and release pattern for the available
Environmental Water, Annual Watering Plans were prepared for the 2006-07, 2007-08, 2008-09 and
2009-10 seasons for the Campaspe River below Lake Eppalock. An Annual Watering Plan for the
Campaspe River below Lake Eppalock 2010-11 has been developed (this Plan) to advise the best use
and release pattern for environmental water in the Campaspe system for the 2010-11 water year or

until the 2011-12 Annual Water Plan is in place.

3.2 Other sources of environmental water

There are two other sources of environmental water that may become available in the near fgtdr/e in
the Campaspe River System. The North Central CMA does not manage or control these water
reserves. However, as the intent of the any environmental water is to benefit the Cgmbaspe River
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environment, then a collaborative management response is required. To maximise efficiency of water
use in the system, the North Central CMA has considered where this water could be used to
supplement the use of the state EWR to drive the best outcome for the Campaspe River system.

3.2.1 Commonwealth Water

Under the federal water buyback scheme or Restoring the Balance in the Murray-Darling Basin
Program, as at 30 April 2010, a total of 5,094 ML of High Reliability Water Supplies (HRWS) and 395
ML of Low Reliability Water Supply (LRSW) have been purchased in the Campaspe Catchment. The
stated objective of this program is to purchase water entitlements so that the water can be used for
environmental purposes (DEWHA 2010a). Water purchased from the Campaspe River catchment can
be used to benefit environmental assets in this catchment and downstream. This water will be
transferred to the Commonwealth Environmental Water Holder (CEWH), which will be responsible for
its management and deployment. This buyback scheme is still in progress with the third round of
purchases recently commenced.

Recently the Northern Victoria Irrigation Renewals Program (NVIRP 2010) have announced that a
majority of irrigation entitlement holders in the Campaspe Irrigation District elected to accept an exit
package and either leave the irrigation industry or connect to alternative water supplies. As a result,
up to 12,000 ML of water entitlements may be purchased by NVIRP and eventually transferred to the
CEWH. When combined with the existing water purchases (above) the total environmental water
holding by the CEWH in the Campaspe system could be approximately 17,000 ML HRWS.

3.2.2 The Living Murray

The Living Murray aims to recover up to 500 GL of environmental water to achieve environmental
benefits for six icon sites (not including the Campaspe River) along the River Murray. This entitlement
is managed by the Murray Darling Basin Authority. Due to the unbundling process and the 80:20
sales deal water package, the Living Murray initiative holds 126 ML of HRWS and 5,048 ML of LRWS.
This water will not be available until the later wetter scenarios in the Annual Watering Plan and its
primary target will be for deployment to the icon sites.

4. 2009-2010 Season Review

The 2009-2010 season continued to be challenging from an Environmental Water Reserve
perspective due to the ongoing drought and lack of flows into the system. There was no irrigation
allocation for the season for the Campaspe River. In previous seasons, this would have resulted in no
passing flows for reaches 2 & 4 of the river and no access to the Eppalock Passing Flows Account.
Under the 2009-2011 Qualification of Rights, once inflow to the Campaspe System exceeded 6,500
ML, limited access of 1,000 ML from the Eppalock Passing Flows Account became available for
deployment by the North Central CMA. Inter-Valley Transfers from the Goulburn System were again
used to provide a series of flows to reach 4 of the Lower Campaspe River (section 8) in the summer
and autumn months.

4.1 Eppalock Passing Flow Account p

e
/

Under the current Qualification of Rights, the volume of water available for deployment is paé/éd upon
the volume of water that would have been released under clause 11.1 (a) of the Bqu/Eﬂt”itIement and



recorded in the Eppalock Passing Flow Account. For 2009-10, the volumes in the Eppalock Passing
Flows Account were as follows.

Eppalock Passing Flows Account balance as at 1/7/2009 2,970 ML
Environmental Water Reserve inflow for the season 1,086 ML
Environmental Water deployed as at 3/5/2010 805 ML
Balance 3/5/2010 and carry forward to 2010/2011 season 3,251 ML

4.2 Flow review

Flows in the Campaspe River over the 2009-2010 season were reduced when compared to the
historical flows. Zero irrigation allocation and limited environmental water available, reduced flows in
all reaches of the Campaspe River system. The amended 2010/11 QoR provided 1,000 ML of water
from the Eppalock Passing flow Account. This small volume of water combined with the use of the
Inter Valley-Transfer and G-MW'’s stock and domestic releases in the upper reaches, provided the
Campaspe River with a small, continuous flow in the high risk summer period for the first time since
the 2004/05 season.

The resource position and lack of inflows in the winter inflow period provided early an indication that
the Campaspe River system was at risk of ceasing to flow during the high risk summer period. Initially
there was only sufficient water for G-MW to provide critical human needs to the reach immediately
below Eppalock and then only until December. The river would cease flow from the middle of reach 2
from December onwards. This was a dire situation for the river and two public meetings were held at
Rochester to engage the community. Fortunately, inflows did eventuate and the resource position
improved and some flows were provided to the river.

4.2.1 Flows in reach 2 (Lake Eppalock to Campaspe Weir)

During the 2009-10 season, passing flows to this reach were suspended under the qualification. At
the start of the season, no environmental water was available for deployment. In November, system
inflows exceeded 6,500 ML, triggering 1,000 ML for deployment from the Eppalock passing flow
account (Section 3.1.2.1). Due to the resource position, the North Central CMA and G-MW's
management objectives for reach 2 coincided. G-MW'’s objective was to run low flows from Lake
Eppalock to the Campaspe Weir to enable delivery of Stock and Domestic supplies to customers in
this reach for critical human needs. As identified in Cottingham et al (2009) scientific panel report, the
highest value environmental assets for the Campaspe are the deep river pools located immediately
downstream of Lake Eppalock. The flow provided by G-MW and the need for environmental flows
targeting reach 3 traversing this reach ensured that the deep river pools water levels and water quality
were maintained for the season.

Flows in reach 2 are controlled by releases from Lake Eppalock and inflows from tributaries such as
Mount Pleasant and Axe Creek. Flow data supplied by Goulburn-Murray Water is presented in Figure
2. Earlier in the season, there was a continuous stock and domestic release of 6 ML/d from Lake
Eppalock (blue line) until early October. This is a small release for the river, reflected in the period of
cease to flow at Barnadown (brown line). Barnadown is located downstream of Axe and Mclvor
Creeks and inflows from the tributaries provided small elevated flows of no more than 20 ML/d until
the beginning of November.

P

Increasing stock and domestic demand and on the onset of warmer climatic conditions resu/l,ted" in the
flow release from Lake Eppalock being increased from October onwards. The flow varied between 15

~
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ML/d to 40 ML/d and reached a peak of 50 ML/d for a two week period in January. The flow then
slowly stepped down to 15 ML/d. Flows at Barnadown over this period are a result of the flow release
from Eppalock and inflow from rainfall. The flow varied, a maximum daily flow rate of 110 ML/d was
recorded. The flow at Barnadown had less magnitude and lags behind the Eppalock release during
the summer period. This is due to extraction enroute and evaporation. Flow in the reach has been
reduced in comparison to what the reach has experienced since regulation.

CEWAG member’s field observations are that the river maintained some flow throughout the year and
the deep river pools water levels maintained near full. Early in the season, there was some slight
discolouration of the water, but no adverse impacts such as stressed fish were observed.
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Figure 2 - Lake Eppalock weir daily flow release (blue) and daily flows (brown) recorded
at Barnadown Gauging Station (reach 2)

4.2.2 Flows in reach 3 (Campaspe Weir to Campaspe Siphon)

Under the BE, this reach of the Campaspe River is the only regulated reach of the Campaspe River
that does not receive passing flows under the BE. In previous seasons this reach has experienced
extended cease to flow periods. There is no gauging station in this reach, and the only indication of
flow are G-MW'’s releases from the Campaspe Weir and the level sensor located at the Bonn Road
continuous water quality site. This provides an indication of flows in the reach; however, it does not
provide an accurate flow measurement.

The only managed flow for this reach was an environmental flow release of 5 ML/d from the
Campaspe Weir that commenced 24™ November 2009 (Figure 3). This release was not possible until
the trigger point under the QoR was obtained, providing 1,000 ML from the Eppalock Passing Fl

account (Section 3.1.3). This was a pre-emptive flow to prevent water quality decline over the-high
risk summer period. Experience from previous releases made in response to declining wa;er"duality
indicates that this is a risky management action due to the time required to detect decliningtrends and
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the time for the flow to traverse to where it is required in the reach. A safer and more precautionary
management option where resources permit is to maintain a small base flow preventing the decline in
the first instance. The Campaspe Siphon pool was identified as a key refuge area (mainly for fish and
macrophytes (Cottingham et al 2009)) and ranked high for the delivery of water under the worst-case
drought scenarios. This flow ensured the Siphon weir pool water levels and WQ was maintained.
G-MW spot monitoring of the Siphon weir pool indicated that while DO at times reduced to below the
ANZECC minimum levels, the extremely low levels of 1-2 ppm experienced on other parts of the
system were not observed at this site.

An additional benefit of this flow release was that as the water traversed reach 2, it increased the low
level flow that G-MW were providing in reach 2 for stock and domestic purposes. This flow release
commenced on 24 November 2009, ceased at 11th May 2010, and consumed 840 ML of water from
the Eppalock Passing Flows Account.

A major consideration for deploying this release was the negotiations completed with G-MW at the
regular Loddon Campaspe Drought Response Group meetings. The community, on regular basis with
both organisations raised the issue of the contraction of the river to pools and declining water quality.
An agreement with G-MW was reached, as they needed to run small flows to the Campaspe Weir for
stock and domestic demand. The North Central CMA could ‘float” water required for delivery from the
Campaspe Weir on top of G-MW'’s flows and not incur any losses in reach 2. Additionally, any water
that traversed through reach 3 and flowed over the Campaspe Siphon would be accounted reducing
any IVT losses.

CEWAG members advise that this management action was well received by the local community.
While only a small base flow, the river’s connectivity was maintained throughout the summer period
and there was no evidence of the stagnant water observed in previous summers. The release of the
base flow should commence as early as possible in the season to prevent the river ‘drying down’ and
increasing losses at the commencement of the flow.
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4.2.3 Flows in reach 4 (Campaspe Siphon to Murray River)

Under the Qualification of Rights passing flows required under the BE to this reach were suspended
during the 2009-10 season. Without the provision of the IVT, this reach of the Campaspe River would
have been severely flow stressed, as there was no general irrigation allocation and only 1,000 ML
from the Eppalock Passing Flow Account water available for deployment. The IVT was the preferred
option to provide flows during the irrigation season. This was only possible after DSE agreed to
underwrite operating losses from the Murray Flora and Fauna entitlement to a maximum of 1,000 ML.

Flows in reach 4 of the Campaspe River are presented in Figure 4. The flow data is captured just
below the Campaspe Siphon and is representative of the flow input to the system. Flow in the early
reporting period varied between 1 — 4 ML/d and at times ceased to flow. There was no managed flow
release until the IVT commenced on 13 November 2009 at 10 ML/d as per the environmental flow
recommendations for the reach (SKM 2006a). Apart from some small fluctuations and the delivery of
summer freshes, the flow was held at 10 ML/d until the end of the irrigation season on 15 May 2010.
During this time, three freshening events were released of 100 ML/d for 6 days with managed rates of
rise and fall. These freshes commenced on the first day of February, March and April.

CEWAG members advise that the flow was well received by the local community and the river WQ did
not decline over the summer period. While the higher fresh events assist with WQ, a potential
negative is the higher flow also brings the native fish population on the bite and increases angler take.
It was considered that the other benefits of the fresh outweigh the increased angler take and should
continue to be provided
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4.3 Environmental releases for 2009-2010 season

During the 2009-2010 season a total of 840 ML of water was deployed from the Eppalock Passing
Flow Account to the Campaspe River. System inflows in November have exceeded the trigger point
of 6,500 ML and 1,000 ML was made available for deployment. This flow was ‘floated’ on G-MW'’s
releases from Eppalock and deployed to reach 3 at the Campaspe Weir. The flows objective was to
prevent water quality decline in this reach. Over the summer period approximately 3 ML/d of this
reach spilled over the Campaspe Siphon and entered reach 4. This quantity will be accounted and
used to reduce losses associated with the use of the IVT. A series of flows were provided to reach 4
through the IVT as detailed in section 4.3.1.

4.3.1 Inter-Valley Transfer releases
Inter-Valley Transfer water provided summer environmental flows for the lower Campaspe River

(reach 4). These flows are not water from the Environmental Water Reserve, but were a collaborative
management response between Goulburn-Murray Water, the Murray Darling Basin Authority and the

North Central CMA.

Details of the flow series are:

The provision of the Inter-Valley Transfer allowed the North Central CMA to shift the management
objectives for this reach of the Campaspe River from short-term survival aims to a longer-term
approach, seeking to improve the health of this reach. The management objectives of the flow series

were to:

Additional losses of water from the provision of the IVT flows in the Lower Campaspe will be
underwritten by DSE from transfers from the River Murray Flora and Fauna Bulk Entitlement.

The first summer fresh release on 1 February 2010 caused some concern that a Blackwater Eve

had been triggered. Field monitoring of the event observed that after the front of the fresh had been at
a site for 2-3 days, the water become dark and murky resembling a Blackwater Event (Figure 5).
In-situ field monitoring revealed that the DO sagged, but not to critical levels normally assngéted with
a Blackwater Event. This is an indication of the risk associated with managing a stres§ed"system and

Summer Base Flow: 10 ML/d from 13/11/2007 to 15/5/2008
Summer Fresh: 100 ML/d for 6 days commenced 1/2/2010 including managed rise and fall

rates

Summer Fresh: 100 ML/d for 6 days commenced 1/3/2010 including managed rise and fall

rates

Summer Fresh: 100 ML/d for 6 days commenced 1/3/2010 including managed rise and fall

rates

Total water deployed for the 2009-10 season: 4,115 ML

Improve water quality by reducing the surface salinity levels in the pools in the river

Maintain aquatic vegetation

Maintain habitat and re-instate slackwaters

Provide longitudinal connectivity during the summer period

Provide varying flow events for investigation of saline pool behaviour

(SKM 2006a)
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the challenges that will come when moving to recovery following extended periods of low flow. A key
consideration of the decision to provide the fresh was the knowledge that sufficient water was held in
reserve via the IVT to continue higher flows in need.

Field monitoring was intensified during this event. Two to three days after the discoloration of the
water, the river water colour returned to normal and DO levels increased (Figure 5). This event was
referred to the scientific panel for consideration and advice for future management (Section 4.5.3)

5 x A

1y 3 e ’ [/

Upstream Reach — Strathallan Downstream reach- Cox Reserve

Figure 5 - 1st summer fresh photo monitoring. Photos on left hand side indicate how the water at upper

site (Strathallen) became dark and murky 2 days after the arrival of the fresh front while at the lower si

on the right hand side the water colour was still normal. After another 2 days, the waters discolouration
had reversed with the lower reach becoming dark and murky, while the upper reach had cleared.




4.4 Climatic review

Rainfall conditions in the Campaspe System have been above average for the 2009-10 season.
Rainfall over the February- March period have been significantly above average and this is providing
some optimism that the 2010-11 season may commence with an improved water resource position.
The rainfall has been reflected in Lake Eppalock’s storage volume (excluding Coliban Water share*)
as at 3 May 2010 of 4,775 ML in comparison to 2,358 ML held at the same time in 2009. While this is
an improvement on the 2009 season, this volume only represents 1.6% of Lake Eppalock’s storage
capacity.

*Under the BE, Coliban Water has an 18% share of inflows into Lake Eppalock. Currently Coliban Water's share of the Storage capacity is
inflated from water delivered through the Superpipe from the Goulburn System and stored in Lake Eppalock

Bureau of Meteorology mean monthly maximum temperature and rainfall for the 1991 to 2010 period
and the actual mean monthly details for the water season at the Bendigo airport as an indicator of
climatic conditions in the Campaspe catchment are presented in Figure 6. Mean monthly rainfall (1903
-2010) and temperature (1993-2010) for Redesdale and actual mean monthly details for Redesdale
are presented in Figure 7. While Redesdale is outside of the Campaspe Environmental water area, it
provides an indication of conditions in the upper catchment and likely inflows to Lake Eppalock.
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Mean Monthly Temperature at Redesdale
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4.5 Scientific Panel Advice

When approving the 2007-09 and 2010-11 Qualification, the Minister for Water and Climate Change
directed the Water Corporations as beneficiary of the qualification, convene an independent scientific
panel of environmental experts. The panel was to review the effectiveness of the water arrangements
over the previous season and reassess environmental risks. G-MW in its capacity as resource
manager for the Campaspe River system commissioned Peter Cottingham and Associates to conduct
reviews for the 2008-09 and 2009-10 seasons. Before this, Lloyd Environmental was commissioned
to review the 2007-08 season.

4.5.1 Scientific advice for 2007-08 Advice

Lloyd Environmental engaged Dr Andrew Sharp (Sinclair Knight Merz) and Dr Paul Humphries
(Charles Sturt University) to conduct the season review. Previous advice commissioned by the North
Central CMA was that fish assemblages are the most critical of all river values to preserve in drought.
Therefore, water volume and quality in the refuge pools must be maintained if viable fish populations
are to survive. Lloyd Environmental reviewed the season management, providing management
advice for 2008-09 season. The focus of this advice was management actions required short term
with no consideration for sustained drought conditions.

4.5.2 Scientific Advice for 2008-2009

Peter Cottingham and Associates convened a panel of scientific advisors to review the 2008-09
season. Members were Peter Cottingham, Tim Doeg, Paul Humphries, Lance Lloyd, Jane Roberts
and Andrew Sharp. The panel built upon previous scientific advice solicited for the 2007-2009
qualification.

The new panel were engaged to provide specific advice in relation to on-going drought (rather than the
short term focus of previous advice) and its impacts upon the Campaspe River system. The 2009
panel considered that the original advice was sound, that pool volume and water quality of refuge
pools was the first priority to maintain native fish populations. However, some modification was
required due to the continued low flow stress experienced by the river. The original advice assumed
that the extreme conditions would only persist for one to two years. Therefore, a focus of the 2009
advice was the environmental risks in extended drought conditions and how to mitigate them. The
panel developed the following overarching principles for management of the rivers system under
extreme low flow conditions:

1. River pools are priority — best habitat and drought refuge, particularly for native fish
populations

Maintain water quality for fish habitat

Then improve native fish food supply
The scientific panel considered the ecological implications commencing with ‘worse-case’ historical
inflows, and then increasing water availability. After consideration of the extreme dry scenarios, the

scientific panel prioritised water usage in the Campaspe River system, providing the following advice
(Cottingham et al 2009):

* Maintaining baseflow along the upper sections of Reach 2, commencing in winter- sprlng
persisting for as long as possible where high quality deep pools exist. e




. Maintaining or improving the volume and water quality in the weir pool of the Campaspe
Siphon, which is recognised as a key refuge for biota (mainly fish and aquatic
macrophytes) along the Campaspe River.

. Reinstating baseflow along the entire length of Reach 2.

. Delivering freshes in early spring-summer, particularly to Reach 2 to improve habitat quality
and provide life cycle cues for biota (macroinvertebrates).

. Reinstating baseflow along Reach 3 (and into Reach 4).

* Assuming summer Inter-valley Transfers are available, increase baseflow and deliver
freshes along reach 4 in winter.

The advice from the scientific panel is pertinent and guides the North Central CMA’s management of
the river during the drier scenarios.

4.5.3 Scientific Advice for 2010-2011

Peter Cottingham and Associates convened a panel of scientific advisors to review the 2009-10
season. Panel members were Peter Cottingham, Mike Stewardson, Paul Humphries, Jane Roberts,
Simon Treadwell, Nick Bond, Tim Doeg, Alison King and Lance Lloyd.

In previous years, Scientific Panel advice has focused on a range of potential flow scenarios, including
a worst-case (continued record low inflows) and then scenarios of increasing water availability. This
advice was critical in the planning completed in the previous Annual Water Plan and for the extreme
dry scenarios in this plan.

Storages are still at very low levels resulting in no irrigation allocations for the system. In comparison
to previous years, there is an improvement in the water resource position and rainfall, and the federal
government buy-back of water (Section 3.2) raises the prospect of more water being available to the
environment. Therefore there are improved prospects for management aims moving from existing
survival, and undertaking some recovery actions. The advice sought for the Campaspe River system
was:

. Review the 2009-10 river management and system response to determine if any new
learnings have been gained.

. Develop previous advice for the delivery of freshes, including a consideration of whether a
fresh is to be delivered in Spring to 'prime’ the river for later in the summer

The Panel recommended, should water resources permit, a fresh should be delivered earlier (e.qg.
September-October) rather than later in the water year (summer-autumn), as the release of a fresh in
spring is likely to better match antecedent climatic conditions, such as air pressure, temperature and
humidity (Cottingham et al 2010). A winter-spring fresh will reduce organic load in the river channel,
reducing the risk of triggering a Blackwater event. Should there be insufficient water resources to
deliver a winter-spring fresh, then delivery of summer freshes should be cancelled, or at least
postponed until there is sufficient water available to maintain baseflow for long enough to allow the risk
of Blackwater to dissipate/recover along the length of the river. There needs to be sufficient follow-up
water available to overcome localised sags in DO. Maintaining flows following freshes helps draw
higher oxygenated water through the system and dilute the lower DO water generated by the initi
increase in the hydrograph (Cottingham et al 2010). ,,,//




It is important to note that the release of this fresh will only reduce the organic load in channel and
therefore mitigate the risk of a Blackwater Event occurring from a simulated fresh event. Should there
be sufficient rainfall during the year that generates flow in the dry tributaries such as the Axe and
Mclvor Creeks, these tributaries will entrain a significant organic load into the Campaspe River and are
likely to trigger a Blackwater Event.

Due to the poor state of the Campaspe fish population, any fresh delivered to reaches 2 and 3 is
unlikely to meet any fish based objectives for recruitment. Management consideration of the fresh
objectives therefore should be based around maintaining water quality and providing refuge habitat for
biota such as fish and invertebrates. However, as reach 4 is connected to the Murray River,
maintaining baseflows and introducing freshes (especially in spring) may attract fish and so increase
abundance and diversity of the fish population in this reach.



5.  Annual Watering Plan by scenario

The seasonally adaptive management plan for the lower Campaspe River is based on the Northern
Victorian Dry Inflow Contingency Plan (DICP) that the Department of Sustainability and Environment
requested Water Corporations develop. In contrast to previous DICPs, this years plan has been
formulated to plan for the worst-case scenario through to a season with a 100% irrigation allocation.
The scenarios were developed in January 2010 based upon 119 years of inflow statistics held. The
plan details the proposed management actions for each scenario, it does not imply the probabilities of
each scenario occurring.

The use of contingency planning in the formation of the North Central CMA’'s Annual Watering Plan
ensures that a wide range of scenarios from drought to a wet year for the coming season are included.
Using the scenarios, the Annual Watering Plan will have an adaptive management framework for the
management of the environmental water for the likely challenges for the 2010/11 season.

The overall aim of the Annual Watering Plan is to ensure that the Environmental Water Reserve for
the 2010/11 season is adequately planned, covering a range of possibilities from drought through to a
year with an irrigation allocation of 100% or greater. Additionally environmental water held by the
Commonwealth Environmental Water Holder and The Living Murray is considered. The use of the
Dry Inflow Contingency Plan provides a range of possible outcomes. Conditions could range from
extremely dry, through to above average rainfall for the year. The examination of each scenario
allows consideration and the development of an appropriate management response. Thus, the use of
the scenarios in the plan allows the exploration of the possible flows in the river, Goulburn-Murray
Water's management and the planned response for the North Central CMA. The scenarios define
how the North Central CMA wish to manage under specific water resource availability possibilities and
highlight how management should change as more water becomes available. The scenarios are not
meant to be prescriptive, rather setting broad management principals and targets to guide the North
Central CMA as the season unfolds.

The development of the five possible scenarios and the planned environmental water management
are detailed in Sections 5.1 to 5.5. The plan has been expanded this year to consider other
environmental water held by the Commonwealth Water Holder and The Living Murray. Due to the
Qualification of Rights, environmental water becomes available at set trigger points, resulting in step
changes for water availability (Figure 8). As the more water becomes available, more management
options for the use of environmental water also become available. This has some correlation with the
Northern Victorian Sustainable Water Strategy’s (NSWS) targeted category approach (Figure 9).
Each category sets a longer-term average of the objectives that management is aiming to achieve. In
the earlier categories, management actions are to provide base flows for drought refuge where
possible. As more water becomes available, additional flow components are provided, building upon
those already delivered and seeking better environmental outcomes for the river.

The scenarios in this water plan follow a similar pattern of water availability. The NSWS categories
are a generalised approach designed for application to a number of river systems across northern
Victoria. The scenarios in the water plan are more specialised and for application to the Campaspe
River only.
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5.1 Scenario 1 — Drought

This is the worst possible scenario for the Campaspe River, a repeat of similar inflows received in the 2006-
2007 year, which were record low inflows for the Campaspe System. This level of inflows would result in G-
MW storage capacity being insufficient to provide full critical human needs after all identified changes to
operations to conserve water have been implemented. Zero irrigation allocation and no stock and domestic
releases result in no flows being released to the river. To meet critical human needs, the Campaspe Weir is
likely to be pumped and there will be extensive carting of rural stock and domestic supplies.

Under this scenario, to reduce operation losses, G-MW'’s planned management of the river is for a small
stock and domestic release to reach two only. Due to insufficient water, flow will be provided as far as the
Campaspe Weir until the end of December only. There is no environmental water available, and reach 2
will cease to flow from January onwards and contract to a series of isolated pools. This upper part of the
reach of the river has some deep pool habitats and provided water quality does not deteriorate, should
support fish populations. As previously identified, these populations are essential for re-colonisation of the
reach once flows are returned to the river. It is important that these pool habitats are identified and where
possible protected as refuge for the fish population. These refuge pools may come under considerable
angler pressure with the remainder of the river essentially dry. In consultation with the community, local
anglers and VR Fish, consideration needs to be given to a public educational program to convey the
importance of these populations along with further consideration of temporary fishing moratoriums.

Reach 3 will have no flow for the whole year and will contract to a series of isolated pools. Water quality in
the lower end of reach 3 may become a problem with elevated salinity from groundwater intrusion in the
deeper pools that exist in the lower reach. Reach 4 will have no flow and contract to isolated pools. Water
quality is expected to be highly saline and possibly with low dissolved oxygen. The pools salinity is likely to
be in the range of 5,000 to 15,000 EC at the surface and 10,000 to 15,000 EC at depth. This will reduce the
quantity and quality of available fish habitat. This reach has a large Murray Cod population, along with
other fish species and will be placed at risk due to deteriorating water quality. Management action will be to
identify and where possible, protect and monitor deep refuge pools as critical habitat for fish populations to
provide for re-population of the river after the drought.

The Inter-valley Transfer will be deployed to reach 4 should it be available. The provision of the Inter-valley
transfer is dependant upon factors outside of the Campaspe River system. Sales of water from the
Goulburn to the Murray System, agreement with Goulburn Murray Water and the Murray Darling Basin
Association, plus water sourced from the Murray Flora and Fauna entitlement to underwrite losses are all
required if the IVT is to be made available.

Commencement of the summer base flow should be initiated as early as possible, before the salinity levels
have increased to equate with that of the groundwater. The availability of the Inter-Valley Transfer allows
the longer-term desirable summer flow regime to be provided and limits the impact of low winter/spring
drought flows. A summer base flow of 10 ML/d plus the provision of three summer freshes of 100 ML/d for
six days are to be deployed (SKM 2006a).

The lack of any flows in the Campaspe River will see the fish population in the river placed under
considerable pressure. Water levels in the refuge pools will reduce over the high risk summer period,
mainly through evaporative losses but also through seepage. Water quality in the remaining refuge pools
will decline and there is a high probability of fish deaths.

The environmental water available, likely flows and their impact on the river, and the environmental

responses and management objectives are summarised in Table 2. Management actions are consistent
with Northern Sustainable Water Strategy category 1 of protecting drought refuge
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5.2  Scenario 2 — Extreme Dry

This scenario is similar to the 2009-10 season and inflows have a 93% probability of exceedance
under the Northern Victoria Dry Inflow Contingency Plan. In comparison to historical records, this is
equivalent to the driest 7 years of inflows into the system. G-MW will have sufficient resources to
provide stock and domestic supplies and delivery of irrigation carry over, but a general irrigation
allocation is not possible. System inflows will exceed 6,500 ML, releasing 1,000 ML from the Eppalock
Passing Flows Account for deployment by the North Central CMA. This is the first scenario in which
environmental water for the Campaspe River System becomes available.

The stock and domestic flow in reach 2 should maintain a connected river to the Campaspe Weir
maintaining the previously identified deep pool habitats. G-MW operations should provide sufficient
flow to maintain the pools water level and provided water quality does not deteriorate, these pools
should support fish populations through the season. Should water quality deteriorate in this reach,
then the availability of the Eppalock Passing Flows Account allows water to be pulsed as per
Section 7. Experience indicates that pulsing flows become less effective the further downstream of
the release point due to the lag time in getting the water to the required pool. Pulses will be more
effective immediately below Lake Eppalock and therefore should protect the identified deep pool
refuges.

Reach 3 may receive occasional lows flows for stock and domestic demand. The reach will cease to
flow and contract to a series of isolated pools with declining water quality due to groundwater intrusion
in the lower reach. Similar to the 2009-10 season, the management option is to provide a pre-
emptive flow of 5 ML/d to maintain the water levels in the pools preventing water quality decline. This
option also provides a number of other positive outcomes for the river. It will increase the low flows in
reach 2 as the water is delivered to the Campaspe Weir for release to reach 3. At this level of release,
the water will traverse the entire reach to assist to maintain the Campaspe Siphon weir pool, an area
of high environmental values. Any flow that spills over the Campaspe Siphon will provide small flows
to upper reach 4 or to assist reduce losses should the IVT be delivered.

Reach 4 below the Campaspe Siphon is unlikely to receive any flow from G-MW'’s operations. While
carry over is available for the Campaspe System, it is likely that G-MW will announce that it cannot be
delivered in the reach. Additionally stock and domestic release are also unlikely. Salinity is expected
to be high and possibly with low dissolved oxygen levels. The saline pools salinity is likely to be in the
range of 5,000 to 15,000 EC at the surface and 10,000 to 15,000 EC at depth. This will reduce the
quality and availability of suitable fish habitat. There are 2 management options for this reach. The
pre-emptive flows release of 5 ML/d from the Campaspe Weir is likely to spill over the Siphon
providing a small flow (~3 MI/d) in reach 4. In the absence of an IVT release, this flow may maintain
the river pools in the upper reach only. Lower in the reach, the river is likely to contract to a series of
pools with declining water quality. Should the IVT be available, then the summer eflow
recommendations will be delivered and the flow from reach 3 will reduce any losses associated with
the IVT use.

The Inter-Valley Transfer will be deployed to reach 4 should it be available. Experience from previous
seasons indicates that the commencement of the summer base flow should commence as soon as
possible and early in the season to prevent further water quality decline and to reduce losses. The
availability of the Inter-Valley transfer allows the longer term desirable summer flow regime to be
provided and limits the impact of winter/spring drought flows. A summer base flow of 10 ML/d plus the
provision of three summer freshes of 100 ML/d for six days are to be deployed (SKM 2006a).

The environmental water available, likely flows and their impact on the river, and the environment@l,/
_ responses and management objectives are summarised in Table 3. Management actions are
~consistent with the Northern Sustainable Water Strategy category 1 of protecting drought refuge:”

-
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Scenario

Reach
No.

Quialification Rule

G-MW Management

Impact on river

Management Objectives

93% probability of exceedance of inflows

Zero irrigation allocations

Eppalock Passing Flow Account
available (capped at 1,000 ML)

Carry over available for delivery

Possible small carry over delivery
flows

Stock and domestic flow to the
whole of reach

¢  G-MW'’s flows should maintain
connection of reach to the
Campaspe Weir

« River largely a series of pools, but
stock and domestic flows will keep
pools topped up

e Possible small winter/spring natural
inflows

* Maintain pool volume and water c

principally dissolved oxygen level
population survival in reach 2

Zero irrigation allocations

Eppalock Passing Flow Account
available (capped at 1,000 ML)

Carry over available for delivery

Carry over delivery flow may not
be deliverable in this reach

* River will contract to a series of
isolated pools with falling water
levels over the year

e Maintain pool volume and water ¢

principally dissolved oxygen level
population survival in Siphon weir

* Maintain pool volume and water c

principally dissolved oxygen level
population survival in reach 3

Zero irrigation allocations

Eppalock Passing Flow Account
available (capped at 1,000 ML)

Carry over available for delivery

Carry over delivery flow may not
be deliverable in this reach

« River will contract to a series of
isolated pools with falling water
levels over the year

» High salinities (5,000 to 10,000 EC)
in river pools and probably low
dissolved oxygen

e Maintain deep pools as critical fis

habitat in reach 4

If IVT is available:

Provide a summer base flow to
0 Maintain aquatic vegetation
0 Maintain fish habitat and cre:
water habitat
0 Maintain Water quality



5.3 Scenario 3 - Very Dry

This scenario is defined as a 92% probability of exceedance inflow under the Northern Victoria Dry
Inflow Contingency Plan. Under this scenario, inflows of 13GL will result in a 1% general irrigation
allocation and provision of stock and domestic water supplies from Lake Eppalock to the Murray River.
The trigger point of 1% irrigation allocation results in the full Eppalock passing flow account being
available for deployment by the North Central CMA. Passing flows are not necessarily released, but
stored in the account and can be deployed at any time as required. The ability under the QoR to store
the flows and release when required provides additional flexibility over operations under the BE.

Stock and domestic flows will provide a small base flow in reach 2 of the river for the entire year.
Releases for delivery of carryover and the general allocation will see higher flows in the irrigation
season of up to 100ML/d. The reach will also benefit from some winter/spring flushes from local
catchment runoff after rainfall events and this will provide additional flows during the winter period
when stock and domestic releases may be low. Based upon the scientific panels’ advice, a late
winter-spring fresh is a priority for this reach. In addition to the other objectives, the principal objective
is to clean the river of organic material and other nutrients after the winter low flows, in effect readying
the river or priming for the summer higher flows. The winter-spring fresh should assist with water
quality issues later in the season, in particular a Blackwater Event. The provision of the fresh is
dependant upon sufficient inflows early in the season to trigger the 1% allocation and access to the full
Eppalock Passing Flow Account. Should there be insufficient inflows early in the season, then the late
winter-early spring window of opportunity may pass. The fresh cannot be delivered after the beginning
of December, as it will have a detrimental effect on the small-bodied fish in the river with the higher
flow washing juveniles out of slack water nursery habitats (SKM 2006, SKM 2007).

Reach 3 may receive occasional lows flows for stock and domestic demand. At this level of allocation,
only limited releases for irrigation supply is expected. The reach will intermittently cease to flow and
contract to a series of isolated pools with declining water quality due to groundwater intrusion in the
lower reach. The late winter-spring fresh delivered to reach 2 is to be continued over the Campaspe
Weir and through reach 3. This fresh has the same objectives, to prime the reach for the summer
period and prevent water quality issues later in the summer. Following on from the fresh, a pre-
emptive summer base flow of 10 ML/d is to be delivered to this reach when G-MW are not releasing
for the irrigation. This flow will ensure that the reach receives a continuous summer base flow to
prevent water quality decline. Outside of the irrigation season, pulse flows in response to deteriorating
water quality as a short-term objective to enable the survival of the reach are to be released.
Experience indicates that pulsing flows will be effective in improving water quality in the river, but have
little effect in the Siphon Weir pool.

Reach 4 may receive some flow due to stock and domestic requests, but at this allocation level,
releases for irrigation demand are expected to be limited. Salinity is expected to be high and possibly
with low dissolved oxygen levels. Over summer the river pools salinity is likely to be in the range of
5,000 to 15,000 EC at the surface and 10,000 to 15,000 EC at depth, reducing the quantity and quality
of fish habitat in the reach. As per the scientific panel’'s advice, should resources permit, then a late
winter-early spring fresh is to be provided to the reach. Water required will be provided from the
Eppalock Passing Flows Account should early season inflows trigger account availability. The fresh is
to commence from Lake Eppalock and traverse the entire river to reach the Murray. A pre-emptive
base flow of 10 ML/d is to be provided to the reach over the high risk summer period. This may
required more than 10 ML/d to be released from the Campaspe weir to cover losses in reach 3 before

the flow enters reach 4. In the February to May period, 3 summer freshening flows of 100 ML/d are to~

be provided. Should the late winter-early spring fresh have been provided, then only 2 freshes are
required over this period. Releases can be made at other times should water quality decllne p}acmg
the native fish populations at risk. ,,

-
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Under this scenario, the environments reliance upon the IVT is diminished, but not eliminated.
volume of water available in the Eppalock passing flows account is sufficient to provide the pre-
emptive base flows and required freshes to the entire river system. The river is starting to be
managed more holistically as a continuous river rather than disjunct reaches with flow release at
Eppalock, traversing the entire system to the Murray River. However, should the volume in the
Eppalock Passing Flow Account be insufficient to make these releases up stream, then the IVT will be
used to provide these flow in reach 4.

The environmental water available, likely flows and their impact on the river, and the environmental
responses and management objectives are summarised in Table 4. Management actions are
consistent with Northern Sustainable Water Strategy category 2, providing summer minimum flows to
protect drought refuges and provide dry spell breaks.



92% probability of Exceedance Inflow

.0
g ﬁgach Qualification rule G-MW Management Impact on river Management Objectives
3
* 1% estimated irrigation allocation |+ Small releases for stock and Base flow maintained all year with |+ Maintain water quality principally dissolved
. domestic and pulsed higher higher Irrigation flow up to 100 oxygen for fish population survival
* Eppglock Passing Flow Account flows during irrigation season ML/d during summer . . . .
available ~5,500 ML « Provide late winter-spring fresh to prime
Some winter/spring flushes from reach for summer and reduce channel
local catchment runoff and regular organic load
low summer flows maintain pool . . . . .
habitat and some connectivity Prpwde 2 (3 if late winter-spring fre;h is nof
2 delivered) summer-autumn freshes if
comparable flow not provided by G-MW
operations to :
0 Maintain riparian and in-channel recruitment
vegetation
0 Provide longitudinal connectivity
0 Flush and mix pools
0 Inundate additional snags and flush sedimen
off biofilms
» 1% estimated irrigation allocation | ¢ Occasional pulse releases Generally no flow, but with ¢ Maintain water levels and water quality in
. from Campaspe Weir to occasional pulses pools, principally dissolved oxygen for fish
* Eppalock Passing Flow Account e : ;
: supply irrigation needs . . opulation survival
available ~5,500 ML PRy Img River contracts to a series of Pop
isolated pools for much of year ¢ Provide late winter-spring fresh to prime
reach for summer and reduce channel
organic load
3 e Provide 2 (3 if late winter-spring fresh is no

delivered) summer-autumn freshes if

comparable flow is not proved by G-MW

operations or rainfall events to:

0 Maintain riparian and in-channel
recruitment vegetation

o Provide longitudinal connectivity

0 Flush and mix pools

o Inundate additional snags and flush
sediments off biofilms

1% estimated irrigation allocation

Eppalock Passing Flow Account
available ~5,500 ML

Some pulse releases past
Campaspe Siphon to supply
irrigation needs

Without IVT, generally no flow, but
with some pulses

River contracts to a series of

Maintain water quality principally dissolved
oxygen for fish population survival

Provide late winter-spring fresh to prime



5.4Scenario 4 — Dry

This scenario is defined as an 85% probability of Exceedance Inflow under the Northern Victoria Dry Inflow
Contingency Plan. Inflow of 23.3 GL to the Campaspe System will result in a general allocation of 30%.
Full access to the balance of the Eppalock Passing Flows account is available for deployment. Passing
flows are not necessarily released, but stored in the account. Stock and domestic demand will be
provided by G-MW. Irrigation flows will be highest in reach 2 with perhaps pulse releases in reaches 3
and 4 for irrigation demand. In addition to environmental water available under the Campaspe QoR, 5,100
ML will also be held by other agencies and is included to provide additional benefit to the Campaspe River.

The available water provides the opportunity for multiple management actions to be implemented at all
reaches and the river can be managed in a continuous manner rather than a disjunct reaches.

At this level of allocation, irrigation flows will be delivered in reach 2 and may peak at 100 ML/d or more
during peak demand periods. At this level of inflows, there will need to be useful inflows into the system in
the late winter-early spring period. As detailed in the previous scenarios, a key objective is to provide a
late winter- early spring fresh to prime the river for later in the summer. The river may receive this
naturally from catchment runoff. Should this not eventuate, then a managed release will be required. This
fresh of 100 ML/d for 6 days is to traverse the entire system and travel through reaches 3 and 4 to the
Murray River. G-MW operation should maintain flow in reach 3 for the duration of the irrigation season.
During the February to May period, 3 summer freshes (2 if a fresh has been delivered in late winter-early
spring) of 100 L/d for 6 days are to be provided to the river. These freshes will be delivered from Eppalock
to flow the entire length of the river through reaches 3 and 4. These releases will not be required if
comparable flows are provided by G-MW releases for irrigation.

During the summer period, flow in the river will be primarily driven by G-MW operations. Base flows are to
be provided consistent with the environmental flows recommendations. In effect, releases from the
environmental reserve will be required to maintain the minimum summer flows between G-MW operational
releases. It is anticipated that this will not be required in reach 2 due to consistent irrigation demand. In
reaches 3 and 4, there will be small releases by G-MW for stock and domestic and occasional higher
pulses to meet irrigation demand. In these reaches, the water is to be released when G-MW flows fall
below the summer base flow of 10 ML/d to ensure that water quality does not deteriorate.

At other times outside of the irrigation seasons, should water quality decline in any reach then a pulse
releases are to be made. This management option is more effective closer to the release point due to lag
time required for the flow to travel down the reach to reach the location of the water quality problem. Flow
during the irrigation season should maintain water quality with the result that this option will only be
required during the winter period when water quality problems are less likely to occur.

The management considerations so far have only utilised environmental water that is under the direct
management of the North Central CMA. An irrigation allocation of 30% would result in approximately
5,100 ML of environmental water being available under the Commonwealth Environmental Water Holder
and the Living Murray control. The North Central CMA’s preference for this water would be providing
winter base flows of 100 ML/d in the river system. Due to timing issues, it may be necessary to carry over )
this water to the next season and provide the flows in the 2011/12 season. During the ongoing critical
water shortage, the river has not received the important winter flow components necessary for the river's 4
ecology and are reflective of a natural flow regime for the Campaspe River. Under this scenario inflows /
and the associated higher river flow could be supplemented from the environmental water to provide the P
winter base flows for much of the winter period.
The environmental water available, likely flows and their impact on the river, and the enviror)méntal

- responses and management objectives are summarised in Table 5. Management actions are_ consistent

~~__with Northern Sustainable Water Strategy category 2 providing summer minimum flows and ‘some winter

flows to protect drought refuges and provide dry spell breaks. .



85% probability of Exceedance Inflow

o
g ﬁgach Qualification rule G-MW Management Impact on river Management Objectives
0
30% estimated irrigation River flows of 10 to 100 ML/d  Irrigation flow of approximately 40 |+ Maintain water quality principally dissolve
allocation released to supply irrigation ML/d for most of summer oxygen for fish population survival
Eppalock Passing Flow Account 322 t?]?omuzsggu?rtﬁes;%;kr water g]g;i&:jsgrfal:]% to 100 ML/d during Provide late winter-spring fresh to prime
available ~5,500 + ML reach for summer and reduce channel
e Some winter/spring flushes from organic load
local catchment runoff and regular . )
low summer flows maintain pool Provide summer-autumn frgshes to:
habitat and some connectivity 0 Malnt_am riparian ar!d in-channel
recruitment vegetation
0 Provide longitudinal connectivity
0 Flush and mix pools
2 0 Inundate additional snags and flush

sediments off biofilms

Othe

r environmental water that may be availal

ble at this allocation - 5,100 ML

(0]
(0]

0o

[¢]

* Provide winter low flow

Provide longitudinal connectivity
Maintain access to riffle habitat and
maintain water quality for
macroinvertebrates

Maintain permanent connecting flow
for water quality

30% estimated irrigation
allocation

Eppalock Passing Flow Account
available ~ 5,500

Steady base flow and

occasional pulse releases from

Campaspe Weir to supply
irrigation needs

» Generally small baseflow, but with
occasional pulses

(0]
(0]

(0]
(0]

~

* Maintain water quality principally dissolve
oxygen for fish population survival

* Provide summer base flow to :

Maintain aquatic vegetation
Maintain fish habitat and create slac
water habitat

Maintain water quality

Maintain macroinvertebrate habitat

Provide late winter-spring fresh to prime
reach for summer and reduce channel
organic load

* Provide summer-autumn freshes to:

MMaAairmtairm rimariam ~mnA kv AlhAarnmkal



Reach

Qualification Rule

G-MW Management

Impact on river

Management Obijectives

» 30% Estimated irrigation
allocation

» Eppalock Passing Flow Account
available ~5,500 ML)

Occasional pulse releases
past Campaspe Siphon to
supply irrigation needs

Without IVT, generally no flow, but
with occasional pulses

River contracts to a series of
isolated pools for much of year

Fluctuating salinities up to 10,000
EC in river pools and probably low
dissolved oxygen

(0]
(0]

(0]
(0]

0o

(0]
(0]
(0]

0o

(0]
(0]

(0]
0]

Maintain water quality principally dissolve
oxygen for fish population survival

* Provide summer base flow to :

Maintain aquatic vegetation
Maintain fish habitat and create slac
water habitat

Maintain Water quality

Maintain macroinvertebrate habitat

« Provide late winter-spring fresh to prime
reach for summer and reduce channel
organic load

¢ Provide summer-autumn freshes to:

Maintain riparian and in-channel
recruitment vegetation

Provide longitudinal connectivity
Flush and mix pools

Inundate additional snags and flush
sediments off biofilms

Provide freshes to:

Maintain riparian and in-channel
recruitment vegetation

Provide longitudinal connectivity
Provide cue for fish movement from
Murray River

Flush and mix pools

Inundate additional snags and flush
sediments off biofilms

Othe

r environmental water that may be availal

ble at this allocation - 5,100 ML

o]

o

* Provide winter low flow

Provide longitudinal connectivity for
fish

Maintain aquatic habitat for
macroinvertebrates

Maintain permanent connecting for
flow for water quality




5.5 Scenario 5 — 100% or Greater Irrigation Allocations

This scenario is defined as 55% probability of exceedance under the Northern Victorian Dry Inflow Contingency
Plan. 55 GL of inflows into the Campaspe System would result in a general irrigation allocation of 100%. At this
level of allocation, passing flows required under the BE are returned to reaches 2 and 4 and water previously
accrued in the Eppalock Passing Flows Account is available for deployment under advice from the North Central
CMA.

The management options for this scenario take those deployed under the dry (scenario 4) and build additional
flows into the river from the greater resource position. Reach 2 of the river will have passing flows of 10 ML/d ‘or
natural’ restored under the Bulk Entittement. Irrigation flow will be in excess of 100 ML/d depending upon
demand during the irrigation season and as such will be in excess of the environmental flow recommendations.
Due to the use of this reach as an irrigation conduit, there is limited management flexibility for environmental
flows. There is little environmental value in providing more water in the summer period. Reach 3 does not have
passing flow requirements, however water will need to traverse this reach to meet passing flow requirement of 20
ML/d or natural July to November and 35 ML/d or natural December to June in reach 4. Irrigation releases for
reach 3 and 4 will be pulsed to meet customer demand but will not be the same magnitude as those in reach 2.

Based upon the scientific panels’ advice, a late winter-spring fresh is a priority for this reach. In addition to the
other objectives, the principal objective of this flush is to prime the river after prolonged low flows to prevent water
quality issues later in the summer. Substantial inflows will be required for a 100% irrigation allocation and the
fresh may be provided by catchment runoff. Should this not eventuate, then a managed release will be required.
This fresh of 100 ML/d for 6 days is to traverse the entire system, however; and should there be insufficient
inflows early in the season, then the late winter-early spring window of opportunity may past. The fresh cannot
be delivered after the beginning of December as it will have a detrimental effect on the small bodied fish in the
river with the higher flow after November washing juveniles out of the slack water nursery habitats (SKM 2006,
SKM 2007).

G-MW operations and passing flows required for reach 4 should maintain flow in reach 3 for the duration of the
irrigation season. During the April to May period, 3 summer freshes (2 if a fresh has been delivered in later
winter-early spring) of 100 ML/d for 6 days are to be provided to the river. These freshes will be delivered from
Eppalock to flow the entire length of the river through reaches 3 and 4. These releases will not be required if
comparable flows are provided by G-MW releases for irrigation.

At other times outside of the irrigation season, should water quality decline in any reach, then a pulsed release is
to be made. This management option is more effective closer to the release point due to lag time required for the
flow to travel down the reach to reach the location of the water quality problem. Flow during the irrigation season
should maintain water quality with the result that this option will only be required during the winter period when
water quality problems are less likely to occur.

The management considerations so far have only considered environmental water that is under the direct
management of the North Central CMA. An irrigation allocation of 100% would result in approximately 17,000 ML
of environmental water being available under the Commonwealth Environmental Water Holder and The Living
Murray control. In the previous scenario, the North Central CMA preference for this water was to provide winter
base flows of 100 ML/d in the river system. During the winter period, G-MW will deliver small flows to meet stock
and domestic demand only. To provide the maximum benefit to the Campaspe River, the North Central CMA’s
preference for the additional water is the delivery of 2 winter high flow events of 1,500 ML/d for 4 days in addition
to the winter base flows. Reach 2 only requires a magnitude of 1,000 ML/d under the environmental flow
recommendations. The higher magnitude of 1,500 ML/d has been chosen as a flow of 1,000 ML/d from Lake
Eppalock, after losses will reduce in magnitude and not meet the objectives in the lower system. It is likely due to
timing issues that one of the winter high flow events may need to be carried over for delivery in the 2011 lZ
season. e
//
Management objectives under this scenario are to move from short-term survival to the longer-term /re’éovery of
the river after a high stress period. Flows to reach 4 are to be provided by the Inter-Valley Transfer to add to
flows from upstream to allow the Eppalock Passing Flow Account to be used in the upper reaches maximising
"-eff|C|ency of the available water. -
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The environmental water available, likely flows and their impact on the river, and the environmental responses
and management objectives are summarised in Table 6. Management actions are consistent with Northern
Sustainable Water Strategy category 3 providing all summer and winter minimum flows for sustainable
populations instream.



55% probability of Exceedance

i)
= rF]Q(;aach Bulk Entitlement Rule G-MW Management Impact on river Management Objectives
3
« Irrigation allocation of 100% e Fullirrigation flows e lrrigation flow of up to 100 ML/d ¢ Maintain water quality principally dissolved ox
- . . . for fish lati ival
e Minimum passing flows e Passing flows returned to reach | « Passing flow of 10 ML/d or natural orfish population surviva
released (no longer stored) based upon inflows and storage . Winter/Spring high o f ¢ Provide late winter-spring fresh to prime react
based upon Lake Eppalock volume of Lake Eppalock _mfelrl pring high flow events from summer and reduce channel organic load
Storage volume rainta
» Eppalock Passing Flow
Account available ~5,500 ML
Other environmental water that may be available at this allocation — 17,000 ML
2 «  Provide winter low flow

0 Provide longitudinal connectivity for fish

0 Maintain aquatic habitat for macroinvert

0 Maintain permanent connecting for flow
water quality

« Provide winter/spring high flow to:

0 Reduce encroachment of exotics and te
vegetation

o Enhance River red gum recruitment

0 Cue fish movement and allow movemer
downstream reaches

0 Flush and mix pools for water quality an
macroinvertebrates

« Irrigation allocation 100%

» Eppalock Passing Flow
Account available ~5,500+
ML

Full irrigation flows

¢ lIrrigation flow of up to 20 ML/d

* Residual flows from reach 2

Maintain water quality principally dissolved ox
for fish population survival

« Provide late winter-spring fresh to prime react
summer and reduce channel organic load

* Provide 2 summer-autumn freshes to:
0 Maintain riparian and in-channel recruitr
vegetation
o Provide longitudinal connectivity
0 Flush and mix pools
0 Inundate additional snags and flush sed
off biofilms

¢ Provide winter low flow



Reach

Qualification Rule

G-MW Management

Impact on river

Management Obijectives

Irrigation allocation 100%

Minimum passing flows
released (no longer stored)
based upon lake Eppalock
Storage volume

Eppalock Passing Flow
Account available ~5,500 ML

Full irrigation flows

Passing flows returned based
upon inflows and storage
volume of Lake Eppalock

¢ Passing flow of 35 ML/d or natural

ML/d or natural July to November

e Irrigation flow of up to 20 ML/d o

released December to June and 20

Maintain water quality principally dissolved ox

fish population survival

Provide late winter-spring fresh to prime reach

summer and reduce channel organic load

(o]

(o]

[0)
(0]

[0)
[0)

(o]

Provide summer-autumn freshes to:

Maintain riparian and in-channel recruitr
vegetation

Provide longitudinal connectivity

Flush and mix pools

Inundate additional snags and flush sed
off biofilms

Provide winter low flow

Provide longitudinal connectivity for fish
Maintain permanent connecting flow for
quality

Maintain aquatic habitat for macroinvert:

Other environmental water that may be avail

able at this allocation — 17,000 ML

(o]

(0]
(0]

Provide winter/spring high flow to:

Reduce encroachment of exotics and te
vegetation

Enhance River red gum recruitment
Cue fish movement and allow movemen
downstream reaches

Flush and mix pools for water quality an
macroinvertebrates




5.6  Environmental water deployment

The previous scenarios define how the North Central CMA wish to manage under quite specific water
resource availability possibilities, and highlight how management should change as more water
becomes available. The challenge will be to determine appropriate management responses as the
season unfolds and various windows of opportunity to intervene open and close.

The Campaspe River system is likely to commence the season under extremely dry conditions with no
environmental water available. The only option is for the North Central CMA to work with G-MW to
carefully use whatever water is available to have as much as possible of the river survive the whole
year, initially targeting the deep river pools immediately below Lake Eppalock. As more water
becomes available, more environmental objectives can be targeted (e.g. increased river length and
increased objectives within reaches), and the discretionary environmental water deployment shifts to
different gaps in the river flow regime.

In effect, there are key triggers that determine when to seek more environmental outcomes and to shift
the management of the environmental water. The key triggers for management in 2010-11 are:

1. The amount of unregulated flows generated downstream of Lake Eppalock

2. The minimum river flow which can be routinely provided by Goulburn-Murray Water in
delivering water to its customers

The availability of Inter-valley Transfers from the Goulburn River to the River Murray

The amount of water in the Eppalock Passing Flows Account that is available for
deployment

5. Availability of water from the CEWH and The Living Murray, once sufficient inflows
generate entitlements

Under the worst case scenario, there is effectively no water to release from Lake Eppalock and no
catchment runoff below Lake Eppalock and no environmental water, so there is little river flow for the
whole year. Moving into the warmer months, the river would dry to pools and the water quality in pools
would deteriorate.

If there are unregulated flows from catchment runoff below Lake Eppalock, they will help to keep the
river running for longer, delaying the risk from the warmer months. They are usually in the
winter/spring, but could be during summer or autumn months. They may also provide some of the
desirable winter/spring flow environmental regime.

Once inflows into Lake Eppalock exceed 6,500 ML, restricted access to 1,000 ML from the Eppalock
Passing Flows Accounts becomes available. Similar to last season this allows the provision of a pre-
emptive base flow to be provided to reach 3 and then into reach 4.

As inflows increase and an irrigation allocation is made, more options for environmental water
management are available. Should an allocation be made early in the season, as per the scientific
advice (Section 4.5.3) a late winter- early spring fresh is to be delivered to the river for the high risk
summer period. Summer autumn fresh as per the environmental flow recommendations can then
also be delivered later in the season.

As allocations increase, water then becomes available from the CEWH and the Living Murray. T
North Central CMA will need to work closely with these agencies to deliver a collaborative
management response. The availability of this water provides an opportunity to provide the critical
and in recent seasons, missing winter low flow components should an agreement be reag;héd with the
__water holders.
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5.6  Environmental water delivery risks

The delivery of environmental water will provide many benefits to the Campaspe River system
environment and it associated ecosystems. There is however inherit risk when delivering
environmental flows to a stressed natural system that need to be considered and appropriate
mitigating actions (if available) need to be considered. The key risks are:

5.6.1 Blackwater Event

Black water events are a naturally occurring phenomenon in our rivers. They are characterised by the
dark appearance of the water and are usually associated with low dissolved oxygen levels. Increased
flows entrains organic material from in-channel benches or from previous dry tributaries.
Decomposition of the organic material leads to increase bacterial action and oxygen consumption,
releasing dark tannins. Severe event's can result in anoxic conditions throughout the water column
and elevated water temperatures due to increased absorption of solar radiation from the waters dark
colour. This can lead to a major fish death incident.

Experience from previous season indicates that the introduction of higher flow events can trigger a
Blackwater event. Cottingham et al (2010) noted that freshes that are provided over the summer-
autumn period carry increase risk of triggering an event (section 4.5.3). There are two management
actions that reduce the risk of triggering a Blackwater Event and reducing the impacts should it occur.
As per Cottingham’s advice, a fresh delivered late winter-spring reduces the risk due to lower air
temperatures and slower decomposition rates leading to reduced oxygen depletion. The delivery of
this fresh is the highest priority in scenarios 3-5. The second management action is that a fresh will
not be initiated unless there is sufficient water available to follow up the fresh and overcome the
reduced DO levels through dilution and reaeration from flow.

5.6.2  Winter high flow events

A key management action in scenario 5 is the delivery of winter high flow events from Lake Eppalock
to the Murray River. These flows of 1,500 ML/d for 4 days with managed rise and fall rates will be well
contained within the channel of the Campaspe River and will not exit the banks to inundate the flood
plain. Reach 4 has the smallest channel capacity at 9,000 ML/d, ensuring sufficient channel capacity
above the maximum managed flow release of 1,500 ML/d should a rainfall event occur simultaneously.
Flood risk is therefore considered low.

6. Management response: Identify, protect and monitoring of key
refuge pools

Under the dry scenarios examined in section five, the Campaspe River will receive no irrigation
releases, limited stock and domestic releases and the Eppalock Passing Flow account is not available
to mitigate environmental risk. This is the worst case scenario for the river and flow management
responses are limited. An option available is to attempt to locate and map the deep pools along the
river that will become refuge pools. Lake Eppalock is the largest fish refuge within the Campaspe
system. However, it is outside the scope of the Annual Watering Plan and with no possibility of fish
passage between Lake Eppalock and the lower Campaspe River is not included.

At present, there has not been a comprehensive survey of the Campaspe River identifying the,,,p6ols.
A source of funding will need to be obtained to resource a survey of the river. Once the pools have
been located and mapped, fencing and other complementary actions can be targeted at /t,he"ée areas in
~_an attempt to protect the pools fish populations for re-colonisation once flows are re@unéd to the river.

//'/./
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Native fish populations may face additional stress under the extreme dry scenarios from angler
pressure. In the first scenario, much of the river will dry out and contract to a series of pools. The only
pools in the river system that will be maintained are those immediately below Lake Eppalock. Anglers
may target these pools and the affect upon the native fish population is unclear. There are two
possible management strategies that require more consideration before implementation to protect the
native fish populations.

*  Public/Angler education program to demonstrate the importance of protecting the resident
population of these pools as the source population for recolonisation of native fish for the
river

. Legislated closure of the refuge pools to angler take

e Combination of both the above strategies

Considerably more work needs to be completed before either of these strategies are implemented.
Entities such as DPI (fisheries), VR Fish, local landholders and local angling clubs will need to be
engaged to discuss these actions and decide on an appropriate course of action.

7. Management response: Environmental releases (pulses) based
upon water quality

The aim of environmental pulse releases in the Campaspe River based upon water quality is to:

a) Ensure the best use of the limited available environmental water for protecting aquatic
biota (including fish biota) during the prolonged drought conditions.

b) Provide an adaptive management framework for the 2008-2009 season, to minimise risks
to river health.

The primary objective of pulsing environmental flows is to maximise the chance of survival of aquatic
biota and provide system resilience by managing ecological risks. The following principals were
established by a scientific panel convened in 2006 in response to drought (Humphries 2006).

. A reduction in flow, or a cease-to-flow, will result in a decline in the availability of suitable
habitat for many species, as the river becomes a series of isolated pools.

. Fish assemblages are most vulnerable as they rely on good quality water and flows for
their survival. Fish assemblages do not have the ability to re-colonise after drought as the
river is segmented by structures preventing fish passage if suitable conditions cannot be
maintained for their survival. Re-stocking is not a viable option for all fish species.

< The macroinvertebrate populations will decline as water levels and available habitat
decline. However, their life histories are relatively short, once suitable water conditions are
present, re-colonisation from nearby areas is likely to occur fairly rapidly.

*  Aguatic macrophytes (vegetation) are well adapted to surviving these conditions. Many
aquatic plants have deep-rooted rhizomes that will enable them to survive dry conditions
and provide a source for re-populating waterways, once water levels recover.

« The management of water quality to enhance the opportunity for survival of fi
assemblages is critical. yd

e The risk of poor water quality is greater during the warmer months, and the mqi,mé'ﬁance of
water quality within acceptable thresholds is easier during the cooler month_sr"‘"
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Cease to flow is not desirable as a long term measure. There is a lower ris
implementing cease-to-flow during cooler months. Cease to flow should only be used
temporarily to maximise the availability of water over time, thereby increasing the chance of
significant flora and fauna surviving in the hotter summer months.

e Complementary actions such as the management of diversions, angling pressure, stock
access and protection of riparian vegetation should be undertaken to reduce stress on the
systems and assist in future recovery.

. Using water judiciously, the chance of survival can be increased but cannot be guaranteed.

7.1. Water quality monitoring program

There is an ongoing water quality monitoring program of the Campaspe River conducted by the North
Central CMA and Goulburn-Murray Water. This monitoring program will be used as the basis for
adaptive management of the limited environmental water when available. To make best available use
of the water strategically, environmental flow releases are to be made in response to perceived
ecological risks. The ecological risks are primarily associated with a deterioration of water quality
which may result in:

. Stratification and/or deoxygenation of bottom layers of water, especially in pools

. Blue-green algae outbreaks

. Fish deaths
The North Central CMA will base such proposals to initiate flow releases on an assessment of the
monitoring data in order to reduce ecological risk. This will be primarily in response to a decline in
water quality. The maintenance of water quality conditions is based upon a set of trigger levels which

aim to keep the water quality above a threshold at which fish can survive. Trigger levels for water
quality have been set by scientific panel advice and are set out in Table 7 (Humphries 2006).

Table 7 - Water quality trigger levels

Parameter Trigger Levels

Water
Temperature

Greater than 28°C

Dissolved Oxygen | Less than 4 mg/L *

Stratification 3 days or more with a differential temperature gradient of greater than 5°C

* Some pools, particularly near Echuca, can stratify. In these pools, depth of the pools is an important
consideration for dissolved oxygen level triggers. The pools of the Campaspe River tend towards anoxic
conditions in times of prolonged no-flow events. Flushing of these pools in recent seasons has indicated that
the bottom habitats return to low dissolved oxygen and high salinity conditions within several days. While
dissolved oxygen is an important water quality measure, the depth at which the reading is taken also needs to
be considered. A low dissolved oxygen reading at depth needs to be considered in context with the up
readings and other water quality readings in any management decision to release any flows. e

Flow releases will be undertaken in a ‘low/no flow’ - ‘fresh’ cycle, with flows released ir),,re"s:ponse to
_ water quality deterioration. Release rate is not a set rate, but will be decided upon-once the water
“triggers have been met for release based upon the prevailing environmental conditions and resource

-
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position at the time. If water quality does not improve following the release, then the duration o
release is to be increased as the first consideration rather than increased release rate. Previous
experience indicates that the challenge will be delivering freshening flows at distance from the release
point. Therefore, by increasing the flow duration, this allows the freshening flow sufficient volume to
traverse the system. The duration will need to be a considered management decision based upon the
best available information at the time.

When it is expected that environmental degradation will occur, for example, a trigger level has been
reached or there is a downward trend in water quality toward the trigger level, the North Central CMA
will advise Goulburn-Murray Water to release a fresh.

Goulburn-Murray Water is responsible for releasing flows conditional upon the volume being available
in the reserve for environmental purposes.

7.1.1 Principles for environmental releases

The following principles have been established to take into consideration during decision making:

. Release environmental flow if water quality is declining and at risk of exceeding trigger
levels.

. Increase duration/frequency/flow rate of environmental water releases if the current release
pattern is not improving water quality.

. Reduce duration/frequency/flow rate of environmental flow releases if water quality is being
improved through releases.

. Consider releasing an environmental flow if no release (environmental flow, irrigation or
domestic and stock) has occurred for four weeks to reduce risk of future poor water quality
and maintain volume of water in pool habitats.

The management will need to be highly adaptive and dynamic in response to environmental conditions
and system operation constraints.

7.1.2 Monitoring

Water quality monitoring of the Campaspe River is required to determine whether additional flows are
required to improve its environmental condition in response to the cease to flow.
Monitoring data will be used to:

. inform a management response (e.g. release freshening flow)

. track responses to management (e.g. amend the volume/rate of release etc. if freshening
flows are not turning over pools)

The monitoring program used will be a combination of the North Central CMA’s four continuous
monitoring probes and Goulburn-Murray Water's weekly spot monitoring at ten sites. See Table 8 for
site locations and monitoring techniques undertaken. Other water quality data may also be used in
the management framework, such as Waterwatch results and the Victorian Water Quality Monitoring
Network.



Table 8 - Water quality monitoring sites - location and rationale

River Site Number & Location Features / Rationale Monitoring Technique
Reach
Reach 2: » Doakes Reserve u/s Axe Creek « Continuous probe
Lake Shallow-medium depth
Eppalock - Cumbungi & Woody habitat around
Campaspe island area
Weir Identified as e-flows monitoring site
for state program
- Backhaus Road d/s Axe Creek - Continuous probe
Large deep pool
Good drought refuge
» Barnadown Bridge Existing monitoring site «  G-MW water quality
monitoring
- VWQMN data (406201)
- Bendigo-Murchison Road Existing monitoring site + G-MW water quality
“Ferguson Bridge” monitoring
« Elmore Existing monitoring site «  G-MW water quality
monitoring
» u/s Campaspe Weir Existing monitoring site «  G-MW water quality
monitoring
Reach 3: « d/s Campaspe Weir Existing monitoring site + G-MW water quality
Campaspe monitoring
Weir - » Burnewang-Bonn Road Existing monitoring site « Continuous probe (Saline
Siphon Deep pool (2.4m) Pools Project)
Identified in “Saline Pools «  G-MW water quality
Investigation” project monitoring
Good drought refuge
- Reserve on east side river - Existing monitoring site + G-MW water quality
Rochester town flood gauge monitoring
» Reserve on east side river - Existing monitoring site «  G-MW water quality
Rochester town flood gauge monitoring
» Rochester Rail Bridge Existing monitoring site «  G-MW water quality
Deep pool - backed up from siphon monitoring
Experience shows using flows to + VWQMN data (406202C)
change water quality has had
minimal success
Cross reference data for
continuous monitoring probe
Reach 4: » Strathallen Bridge Existing monitoring site «  G-MW water quality
Siphon - E-flows site monitoring
Echuca Weir | « Fehring Lane Deep pool (1.9m) « Continuous probe (Saline
Identified in “Saline Pools Pools Project)
Investigation” project
Good drought habitat
» U/s Echuca Weir Existing monitoring site «  G-MW water quality
monitoring

Continuous monitoring site

Spot monitoring run site




8. Management response: Deploy Inter-Valley Transfer

In previous seasons, a collaborative management response has been implemented through Goulburn-
Murray Water, River Murray Water and the North Central CMA. Depending upon irrigation allocations
in the Goulburn and Murray systems, past sales of water entittlement can result in water from the
Goulburn system, stored in Eildon being delivered to the Murray System. The water is delivered via
the Lower Goulburn River to the Murray River. An alternative delivery route is if some of this flow is
diverted via the Waranga Western Channel and inflowed into the Campaspe River at the Siphon
(Figure 10). This arrangement delivers flow to reach 4 during the high risk/high stress summer-
autumn period. The water is not from the Environmental Water Reserve and as such, the environment
has no legal entittement to the flow. System operating losses are a concern for Goulburn-Murray
Water in the current drought where operational efficiency must be maximised. In the 2008-09 season
DSE provided for looses from the Murray Flora and Fauna entitlement, which totalled 755 ML. DSE
again agreed to provide for losses to a maximum of 1,000 ML so the IVT could be deployed on the
2009-10 season. The provision of the IVT for the 2010-11 season will remain dependant upon either
the North Central CMA through the Eppalock Passing Flows account or DSE through the Murray Flora
and Fauna entitlement to cover losses.

Examination of the flow rates and the resultant salinity levels for the commencement of the Inter-Valley
Transfer indicates that at the commencement of the IVT each year, salinities in this reach are
evaluated. Since the introduction of the qualifications with no flows being provided during the
winter/spring period, salinity levels are increasing elevated on previous seasons. As a result, the
commencement date of the IVT needs to be as early as possible in the season. It also takes time for
the reach to adjust to the new inflows and for water quality to improve. At a flow rate of 10 ML/d, it
takes approximately twenty days for the flow rate to increase at Echuca and forty five days before the
salinity reduces to within guidelines at Echuca. The salinity level reduction of a steady decrease over
a period of approximately twenty days prevents salinity shock to the biota; a steady decrease rather
than a rapid decrease allows biota to acclimatise to the changed conditions.

SHEPPARTON

Lake Eildon
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Figure 10: Schematic diagram of lower Campaspe Inter-Valley Transfer_/reié'ése
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9. Communication

During the current drought, with record low or no irrigation allocations, the release of environmental
flows can potentially be highly controversial and cause community angst. It is therefore prudent for the
North Central CMA, as the manager of the Environmental Water Reserve to ensure that during such
times, the organisation’s community engagement processes clearly identify its rationale, processes
and communication activities. Thus ensuring all stakeholders are kept informed of its operational
activities in relation to the release of water for environmental purposes through factual and prompt
information.

The following primary and secondary audiences have been identified as requiring factual and prompt
communication engagement.

e Primary audience - Bulk Entitlement holders, Goulburn-Murray Water and Coliban Water
as storage operator and holders of the Bulk Entitlements need to be informed of the North
Central CMA’s management of the environmental flows and to ensure that consistent
messages are delivered to the audience

. Primary audience - Campaspe Environmental Water Advisory Group, members of this
group assisted in the development of the Annual Watering Plan and are the key community
representatives along the Campaspe River and therefore need to be informed of the North
Central CMA's management of the environmental flows

. Primary audience - diversion licence holders, farmers, irrigators, landholders etc.
Individuals within this group have an entitlement to water to carry out their business
activities and need to be informed of the North Central CMA’s management of water for the
river.

e Primary audience - the general community who use the water for recreational and social
purposes. It is important this group are made aware of the role and functions of the North
Central CMA as manager of the Environmental Water Reserve.

e Secondary audience - stakeholders (DSE and DPI), although already informed, they are an
important group because the North Central CMA'’s activities require their input and support.
They need to be continually engaged with up to date information and involved in the
process.

9.1 Communication delivery channels
The delivery of our key messages will be via:

. Media releases - wherever practical these are to be joint releases with input from the North
Central CMA and Goulburn-Murray Water. A media release should precede any
environmental flow release.

*  Advertising - to minimise the potential for key messages to be lost when media outlets
editorialise media releases, paid public notices will accompany any media release. This
ensures balance is provided in the North Central CMA’s community engagement of any
environmental flow release.

e

. North Central CMA Website - all current and future proposed environmental royys"WiII be
displayed on the website and updated on a fortnightly basis. All media releases are also to |
be displayed.



«  Community consultation — a copy of any media release is to be provided to any interested
Campaspe Environmental Water Advisory Group members to ensure they are informed
and have up to date information that can be passed on to their local networks.

9.2 Stakeholders

The following key stakeholders have been identified, as well as how and when they should be
engaged:

e Goulburn-Murray Water — Storage Operator and Bulk Entitlement holder. Regular phone
and email contact and attendance at the Loddon Campaspe Drought Response Group
meetings.

. Department of Sustainability and Environment Melbourne — they oversee policy and
operational objectives for the Environmental Water Reserve. Regular contact via phone
and weekly updates by email.

. Department of Primary Industry & Environmental Protection Agency - regional
organisations. Regular phone and email contact and attendance at the Loddon Campaspe
Drought Response Group meetings.
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1. Loddon River Catchment Overview

The Loddon River catchment covers approximately 1.5 million hectares or about 6.8% of the area of Victoria.
The river rises on the northern slopes of the Great Dividing Range, south of Daylesford, before flowing 430
kilometres northward to join the Murray River (North Central CMA, 2005). The average annual rainfall varies
from 1100mm in the southeast of the catchment (upper catchment area), to 400mm in the north of the
catchment (lower catchment area). Small tributaries such as Bet Bet Creek and Birches Creek flow into the
Loddon Catchment in the upper area. The major towns of the Loddon Catchment include Bendigo, Swan Hill,
Kerang, Castlemaine and Maryborough. Intensive horticulture occurs in the upper catchment and mixed
farming and cereal growing dominates the mid and lower catchment (North Central CMA, 2005).

Three main streams of the upper catchment (Loddon River, Tullaroop Creek and Bet Bet Creek) all meet at
Laanecoorie Reservoir, where the Loddon River then flows into a single thread toward Serpentine (Figure 1).

The Waranga Western Channel crosses the Loddon River basin, transporting water from the Goulburn
System to the east of the catchment, through to Western Victoria (DSE, 2005a). There are 60 artificial water
storages in the basin including the three main storages in the upper catchment (Cairn Curran Reservior,
Tullaroop Reservoir, and Laanecoorie Reservoir). Cairn Curran and Tullaroop Reservoirs are the main
storages that collect water from the upper parts of the catchment. Laanecoorie Reservoir is used as a re-
regulating storage for releases from Cairn Curran and Tullaroop Reservoirs (North Central CMA, 2006).
Since its construction, Laanecoorie Reservoir has lost more than 50% capacity due to siltation (LREFSP
2002a). This infrastructure is primarily used to control Loddon River flows for irrigation and domestic water
supply, however it has also had a major influence on the river’'s natural flow regime (DSE, 2005b). The
Loddon River is highly regulated with approximately 40% of stream flow diverted for consumptive uses
(LREFSP 2002a).

In 2004 and 2005, Bulk Entitlements (BE) were established for the Loddon System. These BEs set out the
water sharing rules for the Loddon System and under the Bulk Entitlement (Loddon River - Environmental
Reserve) Order 2005 (the Environmental Reserve BE), an Environmental Water Reserve (EWR) was
established. This allows for environmental water provisions for use on the Loddon River between Cairn
Curran Reservoir and Kerang Weir, and in Tullaroop Creek between Tullaroop Reservoir and Laanecoorie
Reservoir (Victorian Government, 2005). These reaches are shown in Figure 1 and outlined in Table 1.

Table 1. Reaches of the Bulk Entitlement (Loddon River — Environmental Reserve) Order 2005

Reach Number | Reach Location

Reach 1 Loddon River — Cairn Curran Reservoir to Laanecoorie Reservoir
Reach 2 Tullaroop Creek - Tullaroop Reservoir to Laanecoorie Reservoir
Reach 3a Loddon River - Laanecoorie Reservoir to Serpentine Weir

Reach 3b Loddon River - Serpentine Weir to Loddon Weir

Reach 4 Loddon River - Loddon Weir to Kerang Weir

The Loddon Environmental Reserve BE does not provide for:
= the upper reaches of the Loddon River system above Tullaroop and Cairn Curran Reservoirs, or.~

= the Loddon River downstream of Kerang Weir (Reach 5) as the whole reach is located withir’r'fhe
Torrumbarry Irrigation Region and outside of the Loddon Environmental Reserve BE zone.



Additionally, a provision of up to 2,000ML per year is provided under the Environmental Reserve BE for
environmental use in the Boort District Wetlands. The Boort District Wetland group includes Lake Boort,
Lake Yando, Lake Leaghur, Lake Meran and Little Lake Meran as well as other priority wetlands in the
region (Figure 1). These wetlands are considered to be bioregionally important. They represent depleted and
threatened wetland types including shallow and deep freshwater marshes and provide important habitat for
threatened flora and fauna for breeding, feeding and refuge.
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2. Background

This Annual Watering Plan documents how environmental water available for use in the Loddon System will
be managed in 2010-11. The environmental water is available for use from the Bulk Entitlements for the
Loddon System which provides the over-riding legal framework for management and use of water by all
stakeholders (i.e. water authorities, irrigators and the environment) through the whole of the Loddon System.

Under extremely dry conditions, some provisions set out under the Bulk Entitlements are modified or
suspended under a Declaration of Water Shortage and instigation of Temporary Qualification of Rights. The
Loddon System has been under a Qualification of Rights over the past three seasons. Current Qualifications
were developed and implemented in the 2009-10 season, and will be in operation until the Qualification of
Rights is revoked; or until the 30th of June 2011, whichever is earlier.

The responsibility for the operational management of one of these Bulk Entitlements, the Environmental
Reserve BE has been delegated by the Minster for Water to the North Central CMA as the Environmental
Water Reserve (EWR) operational manager (DSE 2004).

The management of the EWR will (DSE, 2004):

= “be aimed at achieving ecological objectives for the protection and/or restoration of priority river,
wetland and aquifer assets

» Dbe undertaken as one key component of an integrated program of river, wetland and aquifer
restoration aimed at achieving ecological objectives (e.g. covering land management, water quality,
habitat restoration and groundwater management)

= aim to achieve the most effective use of environmental water, achieving the greatest level of
environmental benefits possible and minimising as far as possible any adverse impacts on water
users

= engage communities, particularly where these are likely to be affected by the water management
regime.”
DSE 2004, pg 62.
As part of this responsibility, and as recommended in the Victorian Government’s White Paper Our Water

Our Future (the White Paper, DSE 2004), the North Central CMA has developed an Environmental
Operating Strategy (EOS) for the Environmental Reserve BE. The EOS (North Central CMA, 2006) outlines:

= the principles for the management of the Loddon Environmental Reserve BE
= the roles and responsibilities of key stakeholders
= the process for determining annual releases.

Each year the North Central CMA produces an Annual Watering Plan (AWP) (this Plan) in accordance with
the principles and processes outlined in the EOS, and with the advice of Goulburn-Murray Water (G-MW)
and other key stakeholders represented on the Loddon Environmental Water Advisory Group (LEWAG).

The AWP provides a transparent process for implementing environmental flow releases in the Loddon
System (Loddon River and the Boort District Wetlands). The AWP is the tool through which the EWR is
managed each year for this system. Decisions and priorities in the AWP have been based on a number of
factors including:

e
= season review of the Loddon River and Boort District Wetlands from the previous year (July —June)

_ = water resource outlook for the next year (July — June)



= environmental needs and priorities for the Loddon River and Boort District Wetlands

= scenario planning
= seasonally adaptive management program
= advise from the LEWAG

This AWP details the proposed management of the Loddon Environmental Reserve BE for the flow year
from 1 July 2010 to 30 June 2011 and sees the fifth delivery season of the Environmental Reserve BE. This
AWP (2011-11) is to remain in operation until such a time as the subsequent AWP (2011-12 season) has
been endorsed by the Minister for Environment and Climate Change.

2a. Purpose
The purpose of the Annual Watering Plan is to:
= review the previous seasons usage of environmental water
= document the decision making process used to determine the distribution of environmental water

= identify and where possible, address issues or constraints which may affect the distribution of
environmental water

= provide a communication forum between the North Central CMA, stakeholders and the local
community of the Loddon River, Tullaroop Creek and Boort District Wetlands

While this document aims to provide a plan for the delivery of environmental water, it must be recognised
that there are a number of uncertainties, particularly relating to climatic conditions which affect planning for
the delivery of environmental water. In addition, system infrastructure, delivery and maintenance constraints
may influence how environmental water can be distributed. For these reasons, environmental water must be
delivered through an adaptive framework to provide the flexibility necessary for effective management.

2b. Underlying principles for environmental water reserve management

The North Central CMA has adopted nine principles for the management of the EWR which govern the
operation of environmental flow releases. These principles are that:

= releases will be made to achieve maximum benefits with the goal of sustaining and where possible,
restoring ecological processes and biodiversity of water dependant ecosystems

= the best regional environmental outcomes are sought through inter-agency and community
cooperation

= the environmental contribution derived from natural and managed flows will be recognised in the
development of the AWP

= all decisions are to be made on the best available science

» decisions are to be transparent, consistent with ecological objectives, accountable and in
accordance with State and Federal law and policy

» the Environmental Reserve Manager (North Central CMA) must work closely with the Storage
Operator (G-MW) to maximise environmental reserve benefits and consider opportunities for cost
efficiencies



* monitoring, reporting and evaluation of the effectiveness of environmental flow releases will provide
feedback for the continuous improvement in the use of environmental water

= delivery of the environmental flow allocation must occur in a flexible manner in response to changing
conditions and in response to monitoring and an improved understanding of environmental water
requirements

= community members are to be informed of improvements to the environment and engaged wherever
possible in the process

2c. Loddon Environmental Water Advisory Group

To effectively manage the Environmental Water Reserve, the North Central CMA has established the
Loddon Environmental Water Advisory Group (LEWAG).

The LEWAG provides advice at key decision points in the planning process to the North Central CMA on the
best use of environmental water for the Loddon System, as defined by the Loddon System Bulk Entitlements
(i.e. the Loddon River between Cairn Curran Reservoir and Kerang Weir, Tullaroop Creek between Tullaroop
Reservoir and Laanecoorie Reservoir, and the Boort District Wetlands). It aims to ensure that environmental
water is used effectively to maximise environmental benefits based on existing knowledge and in response
to results of ongoing monitoring and research, ecological objectives, system constraints, previous usage and
climatic conditions.

The LEWAG contains the following representatives:
» Environmental Water Reserve manager (North Central CMA)
» Storage Operator and Bulk Entitlement holder (Goulburn-Murray Water)
» Bulk Entitlement holder in Tullaroop System (Central Highlands Water)
= Northern Victoria CMA’s Environmental Water Flows Coordinator
= Department of Sustainability and Environment
=  Community representatives from the Loddon River and Boort District Wetlands

The LEWAG meets at least twice a year. The first scheduled meeting in April provides an opportunity for the
group to have input into the last season review and the preparation of the Annual Watering Plan. The North
Central CMA then prepares a draft watering plan that is presented to the group at the May meeting for
review. The group can be reconvened at other times should the need arise.



3. Environmental Water Reserve

3a. Environmental Water Reserve in the Loddon Catchment

During 2004 and 2005, five Bulk Entitlements relating to the Loddon Water System were gazetted by the
Victorian Government:

1. Bulk Entittement (Loddon System — Goulburn-Murray Water) Conversion Order 2005
2. Bulk Entitlement (Loddon System — Coliban Water) Conversion Order 2005

3. Bulk Entitlement (Loddon System — Environmental Reserve) Conversion Order 2005
4

Bulk Entitlement (Loddon System — Part Maryborough — Central Highlands Water) Conversion
Order 2005

5. Bulk Entitlement (Creswick) Conversion Order 2004

This AWP deals with the management of the third of these Bulk Entitlements (Bulk Entitlement (Loddon
System — Environmental Reserve) Conversion Order 2005). An Environmental Water Reserve (EWR) was
established in order to manage environmental water under this Bulk Entitlement and was an objective of the
Victorian Government White Paper Securing Our Water Future Together (DSE 2004).

The North Central CMA, as the caretaker for river health, has been delegated to manage this EWR and to
advise the storage operator (G-MW), of the quantity and release pattern required to protect environmental
values in the Loddon System.

The Environmental Reserve BE includes a number of provisions (Table 2) which include the following
characteristics:

* minimum passing flows for the Loddon River over both the low flow and high flow period. Most flows
have an “or natural” qualifier, meaning that a lower flow can be released if the natural flow is less
than the specified flow (in all reaches except below Loddon Weir). The minimum passing flow over
the high flow period may be reduced in response to low storage volumes for all reaches (refer to
Appendix 1)

= river freshening flows for the Loddon River over the low flow period. These also have an “or natural”
qualifier and are not provided in some reaches if the fresh does not occur naturally during the period
(refer to Appendix 1)

= 2,000ML Wetland Entitlement for the Boort District Wetlands (available water is equal to the
percentage allocation as Loddon entitlement holder’s licensed diverters)

= flexibility in managing unregulated water resources

» Deficit and Reimbursement Account — management of a water account to reimburse the accrued
deficits of environmental minimum flows in the Loddon River Reaches

» Low Reliability Entitlement Allocation — certain rights to water have been converted to new
entitlements, including the creation of a new low-reliability entitlement (‘sales’ water) to enhance the
environmental reserve in the Loddon River and Boort District Wetlands.



Table 2. Environmental Water Reserve management under the Bulk Entitlement (Loddon River —
Environmental Reserve) Order 2005

Bulk Entitlement (Loddon River — Environmental Reserve) Order 2005

Loddon River Entitlement

Minimum passing flows and river freshening flows

Reach 1

Reach 2

Reach 3a

Reach 3b

Reach 4

Loddon River - Cairn Curran Reservoir to Laanecoorie Reservoir
Tullaroop Creek - Tullaroop Reservoir to Laanecoorie Reservoir
Loddon River - Laanecoorie Reservoir to Serpentine Weir
Loddon River - Serpentine Weir to Loddon Weir

Loddon River - Loddon Weir to Kerang Weir

Wetland Entitlement

Boort District Wetlands: Lake Mean, Little Lake Meran, Lake Boort, Lake
Yando, Lake Leaghur or other priority wetlands in this region as opted by the
Environmental Water Manager

Unregulated Water Resources

Loddon River Reaches and Boort District Wetlands

Accounting Procedures

Deficit and Reimbursement Account — Loddon River

Loddon System Withheld Flows Account — Loddon River and Boort District
Wetlands (set up under the Qualification of Rights)

Low Reliability Water Share
(>100% allocation)

Loddon River Reaches and Boort District Wetlands

There are three environmental water accounts which relate to the EWR in the Loddon System. These

accounts are detailed below:

i. Deficit and Reimbursement Account
Under the Environmental Reserve BE, a Deficit and Reimbursement Account was set up to reimburse the

accrued deficits of environmental minimum flows in the Loddon. In essence, flow volumes which should have

been released as part of the operation of the Environmental Reserve BE, but were not (due to water
shortage for example), are accrued in this account for use at a later date. There is a cap placed on this
account at 25,000ML and the account is currently sitting at this level.

Ii. Boort District Wetland Entitlement
e
The Wetland Entitlement is a component of the Environmental Reserve BE for the Loddon System. -~

- Schedule 3 of the BE states that the wetland entitlement: s




“shall be used to maximise the flora and fauna values within the Boort District Wetlands and supplied
to wetlands on the principle of environmental water to the highest environmental use.”

Bulk Entitlement (Loddon River — Environmental Reserve) Order 2005 pg. 2677.

The wetlands in this category are Lake Meran, Little Lake Meran, Lake Boort, Lake Yando, Lake Leaghur or
other priority wetlands in this region as opted by the Environmental Water Manager (Little Lake Boort has
been added to these wetlands under the Qualification of Rights). Up to 2,000ML per annum is provided
under the Environmental Reserve BE (including delivery losses incurred beyond the monitoring points) to
water these wetlands. When G-MW is able to allocate the full licence volume or more to its licensed diverters
(i.e. 100% HRWS allocation), the full wetland entitlement will also be allocated (i.e. 2,000ML). Conversely,
where there is less than 100% irrigation allocation (e.g. 50%), the same allocation will be provided to the
wetland entitlement (e.g. 50% of 2,000ML = 1,000ML). Up to 2,000ML can be carried over in this account for
use in the following year.

lii. Loddon System Withheld Flows Account

The Loddon System Withheld Flows Account (LSWFA) was established under the 2009 Qualification of
Rights, and has been updated from the previous Loddon Weir Withheld Flows Account (LWWFA).

This account has been established to record the volumes of minimum flows which would otherwise be
released through the Loddon System had the Qualification not been in place.

Up to 2,000ML from this account can be transferred into the Boort District Wetland Entitlement (depending
on total volume held) when this water becomes available.

iv. Other Sources of Environmental Water

There are a number of other environmental water sources that are either available, or set to become
available into the future. While some of these sources do not hold a great deal of water from a Loddon
environmental flows perspective at this stage, a short description of each is provided below. Due to the
uncertainty of the volume and timing of this water becoming available, these sources of water have not been
explicitly considered in the scenario planning section of this Plan. It is acknowledged however, that the
scenarios set out could still be met by utilising these sources of water if, and when, the water becomes
available.

Commonwealth Environmental Water

As part of the Restoring the Balance in the Murray-Darling Basin program (DEWHA 2010), a total of
1,029ML of HRWS water has been purchased by the Commonwealth Government in the Loddon catchment.
An additional 644ML of LRWS has also been purchased. The expected average annual volume of water
available for the environment is 978ML of HRWS and 174ML of LRWS (DEWHA 2010).

The goal of the program is to:

“purchase water entitlements so that the water allocated to them can be used for the environment.
This will improve the health of the Basin’s rivers, wetlands and floodplains.”

DEWHA 2010

The water rights secured under the program are set to become part of the Commonwealth environmental
water holdings, and are managed by the Commonwealth Environmental Water Holder.



followmg information specifically about mitigation water:

Wimmera-Mallee Pipeline Water

The Wimmera-Mallee Pipeline was opened in April 2010 and was a joint project between the State
Government, Federal Government and Grampians Wimmera Mallee Water Corporation (DSE 2010). This
project aims to save water by building reticulated pipelines to replace open channel systems, with water
savings generated to return environmental flows to five major river systems (Loddon included), and
nominated recreational lakes and other water bodies (DSE 2010).

While the volume of environmental water available is still to be finalised, there is potential for 2GL of high
reliability of water to be available every year, with up to an additional 24GL available every second year
(during May to September) at Loddon Weir.

Murray Flora and Fauna Entitlement

Similar to the Loddon Environmental BE, the Murray River also has its own Environmental BE. This is known
as the Bulk Entitlement (River Murray — Flora and Fauna) Conversion Order 1999, and is herein referred to
as the Murray Flora and Fauna Entitlement.

This entitlement has 27,600ML allocated to it at 100% allocation on the Murray River which can be used for
delivery to high priority environmental assets along the Murray River, and connected basins. There are a
number of objectives that the use of the Murray Flora and Fauna Entitlement aims to achieve. These are
listed below (DSE 2006):

= “Protect the physical structure of the waterbody for habitat for flora and fauna
= Improve water quality
= Maintain the geomorphic structure of the waterbody (channel maintenance)
» Increase biodiversity and species richness
» Reinstate or maintain natural flooding pattern (seasonality/duration/frequency of wetting events)
= Reduce the impact of manmade barriers (especially for fish species)
= Improve/increase the health of riparian and instream vegetation”
DSE 2006 Pg. 6

In recent years, this Entitlement has primarily been used to maintain important drought refuges in the
landscape in the Goulburn-Broken Catchment area, North Central area and in the Mallee.

The process for allocation and use of any water from this Entitlement on a site-by-site basis is subject to
approval from a Northern Victorian Project Control Board. Therefore, water from this Entitlement cannot be
guaranteed for any particular site, however bids can be submitted for sites as the needs arise.

Northern Victorian Irrigation Renewal Project

The Northern Victorian Irrigation Renewal Project (NVIRP) is a $2 billion works program which aims to
upgrade ageing irrigation infrastructure through the Goulburn-Murray Irrigation District (GMID) and save
water which is currently lost through leakage, evaporation and system inefficiencies (NVIRP 2009).

It is expected that long-term water savings of 225GL (Stage 1) will be realised through this project, with up to
75GL of this available for environmental use to improve the health of priority wetlands and waterways within
Northern Victoria and provide benefits to Living Murray Icon Sites (NVIRP 2009).

Mitigation Water

In addition to the 75GL of environmental water, mitigation water may also be provided. NVIRP prowde the
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“Water savings are the total (gross) volumes saved less the volume of water required to ensure no
net impacts due to the project on high environmental values.

The water that is required to ensure no net impacts due to the project on high environmental values
is called ‘mitigation water’ (also sometimes referred to as ‘requisite water’).

The need for mitigation water will be assessed and, where identified as needed, its quantification will
be determined.”

NVIRP 2009 pg.43

In the Loddon River System, there are a number of sites which were identified as being potentially impacted
by NVIRP works, and therefore an Environmental Watering Plan (EWP) was required to be completed.
These EWPs asses the environmental impacts of NVIRP on the site, and provide a recommendation for
mitigation water. Sites with EWPs in development in the Loddon River System are:

Lake Leaghur

Lake Yando

Little Lake Boort

Little Lake Meran (TBC)
Lake Meran

Loddon River

Twelve Mile Creek

3b. Environmental Priorities

I. Loddon River - Objectives and Flow Components

In 2002 the Loddon River Environmental Flows Scientific Panel (LREFSP) was engaged to determine
environmental flow objectives for the Loddon River (LREFSP, 2002a). Specific flow components were
developed for the river that aim to ensure biodiversity objectives are met. Table 3 shows each biodiversity
objective and flow component required to target that objective.
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Table 3. Environmental Flow Objectives for the Loddon River study area (LRESFP, 2002a)

Flow Objective

Biodiversity Objective Process
Flow Component Timing

la Habitat availability Low (depth >0.4 m) | All year
E ss;?gﬁ Oonr maintain River blackfish 1b Breeding/Recruitment Low Spring

1c Movement Low All year

2a ﬁg/r?ilable habitat and movement for all Al (depth > 0.5 m) All year
Restore or maintain native fish . - -
community (Murray cod, Golden perch 2b Breeding cues for Murray cod Freshes Winter/Spring
and Silver perch) 2c | Breeding cues for Golden perch Freshes Winter/Spring

2d Breeding cues for Silver perch Freshes Winter/Spring

3a Disturbance Cease-to-flow Summer
(I:?::]t%ruenic;;maintain natural invertebrate 3b Habitat maintenance Freshes Winter/Spring

3c Habitat availability Low (depth >0.1 m) | Spring/Summer

4a Colonisation Low Spring
rF;zi;s()ts;]eytc;rsmaintain AU ORI 4b Disturbance Low/Cease-to-flow Summer

4c Habitat maintenance Freshes All year
Improve in-stream macrophyte habitat 4d Colonisation/growth Low Spring/Summer
_Iﬁb_ra\}é_éﬁbﬁér_ééaﬁé_c:_r_c;bﬁ_y_té_h:a{t_)i_téi__ 4e Colonisation/growth Low (depth <0.3m) Spring/Summer

5a Colonisation/growth All Spring/Summer
Reinstate a mosaic of bank vegetation 5b Disturbance Low/Cease-to-flow Summer

5c Wetting Freshes Winter/Spring
g;‘;if: TSz (e @1 22 SSme 6 Disturbance Freshes/High Winter/Spring
Maintain red gum regeneration 7a Wetting Overbank Spring
Resiore of i foodnanwetand | 70 | nuncaion SR Soring
Clean bed surface 8a Disturbance Freshes Any time
‘Restore or maintain pools 8b | Scour High Any time
‘Restore or maintain runs 8c Disturbance Freshes/High Any time
Eﬁ;g@?i;ﬁ}fﬁtﬂcgIrsfﬁ;rgsnaocr:;';f:;?ty 8d | Scour/deposition Freshes/High Any time
‘Scoursitonbed 8e Scour High/Overbank Any time
Restore or maintain snag habitat 9 Submergence Low Any time
Entrain organic litter — carbon cycling 10 Disturbance High Winter

7
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During 2009-10, a review of the flow requirements for the lower Loddon River system was undertaken (SKM
2010). The findings from this study are described in (Section 4d). This study is referred to the 2010 study,
and has some implications for the ongoing management of Reach 4 and 5 of the Loddon (downstream of
Loddon Weir and downstream of Kerang Weir) which will be explored through the remainder of this Plan.

ii. Boort District Wetlands

The Loddon Water System Bulk Entitlement process primarily focused on the Loddon River. Initially the
prime motivating concern was improving fish habitat and meeting fish passage requirements. Maintenance of
ecosystem processes, where wetlands are associated with river systems were incorporated into the
Environmental Reserve BE via the establishment of the Wetland Entitlement. This entitlement is aimed at
maximising the flora and fauna values of the Boort District Wetlands by supplying water that will result in the
highest environmental gain for the wetlands.

Those wetlands considered part of the Boort District Wetlands under the Environmental Reserve BE and
able to receive water from the Wetland Entitlement are: Lake Meran, Little Lake Meran, Lake Boort, Lake
Yando, Lake Leaghur or other priority wetlands in the region as opted by the Environmental Water Manager.
The location of these wetlands is shown in Figure 2.

In addition to these wetlands, an interim supply of up to 300ML was included in the Environmental Reserve
BE in order to specifically supply Little Lake Boort until such a time as water savings from the Wimmera-
Mallee Pipeline Project would be realised (Clause 2 of Schedule 3). This clause was suspended under the
both the 2007 Qualification of Rights and the 2009 Quialifications. However, also within the Qualification or
Rights for the Loddon Water System, the Environmental Reserve BE has been amended to include Little
Lake Boort as one of the wetlands of the Boort District Wetlands. In essence this means that under the
Qualification of Rights, Little Lake Boort can be prioritised for watering events along with the other specified
Boort District Wetlands.

As part of NVIRP, Environmental Watering Plans (EWPSs) are being developed for a number of these
wetlands (as described in section 3(a) part (iv)) to determine environmental impacts associated with NVIRP,
and investigate the requirement for mitigation water to be provided. Further information about NVIRP and the
EWPs can be found at www.nvirp.com.au.

Table 4 shows the environmental water requirements of each of the Boort District Wetlands.
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Figure 2. Pyramid-Boort Irrigation Area, including the Boort District Wetlands.
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Table 4. Environmental Water Requirements for Boort District Wetlands

Capacity | Approximate Environmental
Wetland (ML) / volume Historic Information Watering Current Condition
Area (ha) | required (ML)* Requirements?®
Permanently full for most of Fringing River Red Gum in
the last 80 years — dried out . . ] moderate health. Base of
k/laekr(;n iézolhsa'\{”'/ iggggl\;L in 2002. Connected to gjétmu:tr;sm\/::::g:j Ia;\lgrs\l\lmh wetland dominated by weeds
’ floodplain via Wandella 9 ' (Tamarix control has occurred
Creek and Pickles Canal. during 2009-10).2
Fill one in three years to River Red Gum, Black Box
Little Lake | 500ML / Permanently full for most of | inundate base of wetland. and Moonah Trees in
Meran 27hat 750 - 1,250ML the last 80 years — dried out | Provide high variability in moderate to good health. Base
in 1999 depth of inundation. Allow of wetland dominated by
natural drawdown." weeds.?
Can be filled using surplus
Permanently full for most of ) . — .
Lake _ _ p Loddon River flows via Fringing Red gums on high
Boort 6,000ML 6,000 — 9,000ML Fhe last 80 years — dried out Kinypanial Creek (only in ground stressed
in 1999
flood events).
Fill to full supply level and
inundate River Red Gum
Received environmental and Black Box communities .
- A - Trees (River Red Gum and
water in spring 2009. (varying the level of Black Box) in watered area
Lake 478ML / Remains connected to inundation). Allow natural ;
3 700 - 1,000ML - " generally in good health.
Yando 78ha floodplain and has a large drawdown to facilitate A
local catchment area germination of River Red Eﬁgﬁggggﬁ;ﬂigﬁﬁgx el
(50ha)® Gum and Black Box. Water 9-
wetland one in three
years.”
Fill to full supply level and
Wetland would naturally inundate fringing River Red | Receiving environmental water
receive water from Loddon Gum. Allow natural in autumn 2010. Majority of
Lake 664ML / 900 — 1 200ML river flood runners drawdown over 18 months fringing River Red Gum are in
Leaghur 59ha’ ’ (Wandella and Venebels and facilitate germination of | moderate health. Dead Typha
Creek). Wetland is still River Red Gum on base of | though base of wetland, with
connected to floodplain.* wetland. Water wetland one | live plants near outfall.?
in three years.”
Disconnected from Maintain water in wetland LO.W water leiel I Iake..
- L A Fringing vegetation mainly
floodplain and maintained four in six years (and allow .
. - : urban parkland, with small
Little Lake | 935ML / 600 — 2.000ML as a permanent lake fluctuations in levels). Allow area of chenopod woodland
Boort 72ha’ ’ (primarily for recreation). wetland to dry completely P

Lake dried in 1962, 1982
and 2002/03.2

for at least one year every
six years.?

south-east of lake. Some
aquatic and semi-aquatic
vegetation present.?

' Source: North Central CMA 2010a
2 Source: Campbell et. al 2009

® Source: North Central CMA 2010b
* Volume based 1.5 times the capacity of the wetland (SKM 2009b) and some wetlands will not require a
complete fill so a range of volumes has been provided. Additionally, final volumes required will be dependent
on state of the wetland and climatic conditions.
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Priority Wetlands

Of the five Boort District Wetlands listed in the Loddon Environmental BE, the highest wetland of ecological
value is considered to be Lake Yando by the LEWAG (LEWAG 2010). This 78ha wetland is River Red Gum
dominated with Gilgai micro-topography (North Central CMA 2010b) resulting in numerous creeklines
through the wetland itself.

Lake Yando, and the other smaller wetlands (Lake Leaghur and Little Lake Meran) are considered priorities
to receive environmental water when there is a small volume available (less than about 2,000ML and a lack
of a natural flow event).

The bigger wetlands (Lake Boort and Lake Meran) should be considered as priorities when there is a large
volume of water available for use, and conditions are considered wet. As will be discussed further through
this Plan, there may be a requirement to divert unregulated flows from the Loddon River to one or more of
the Boort District Wetlands. The destination of this water would depend on the current condition of all the
Boort wetlands, the volume requiring diversion, and the ability of the irrigation system to cope with the flows.

3c. Qualification of Rights

As described earlier, there are five Bulk Entitlements in operation in the Loddon System. These Bulk
Entitlements specify the rights to water of each water authority and the environment, and water cannot be
used from the system outside of the Bulk Entitlement provisions.

In extremely dry years, the Minister for Water has emergency powers to declare a water shortage and to
qualify rights to water (under a Qualification of Rights). The Qualification of Rights changes the water sharing
rules by suspending certain Bulk Entitlement requirements, with the aim of ensuring sufficient water is
available to meet critical human needs. All Bulk Entitlement requirements not modified by the Qualification of
Rights remain in place.

In light of the prolonged dry seasonal conditions across Victoria, the Bulk Entitlements for the Loddon
System have been qualified over the past three seasons, including a renewal in 2009-10. Two Qualifications
are now in operation:

1. Temporary Qualification of Rights in the Loddon Water System, July 2009

2. Temporary Qualification of Rights in Reach Two of the Loddon Water System, June 2009 (where
‘Reach 2' is a reference to the reach of the Loddon System between Tullaroop Reservoir (inclusive)
and Laanecoorie Reservoir (exclusive) also referred to as Tullaroop Creek).

These current Qualifications will continue for the 2010-11 season.

Note: the Qualification of Rights in Tullaroop Creek is currently being revised for use in 2010-11. The
planning surrounding Tullaroop Creek in this Plan assumes the current content of the Qualification does not
significantly alter.

Additionally, there is potential to amend all Qualification of Rights throughout the Qualification period, with
the agreement of all parties involved and final authorisation required from the Minister for Water. This Plan
provides details about environmental water use under the respective Qualifications at 1 June 2010, however
acknowledges that there may be minor modifications to the water availability trigger points made between
now and the expiry of the Qualifications. Any modifications made to the Qualifications will be included as
Amendments to the Qualification of Rights, and will be publically available from the Victorian Water Register

(http://www.waterregister.vic.gov.au/Public/Reports/BulkEntitlements.aspx).
e
Table 5 describes the key components of the 2009-2011 Qualification of Rights as it impacts on the e

- Environmental Reserve BE, EWR flexibility under the Qualifications, and the expected |mpacts on -
"envnonmental flows through the Loddon System as they stand at 1 June 2010. ,/



able 5. Key components of the 2009 Qualification of Rights and associated impacts on the Env

ental Water Reserve

in 2010-11 d
(F:zaelsrgrc\fgirrr?g Laanecoorie S?,r\/%?:‘tt(')ne Loddon Weir
. Environmental Water : Tullaroop Creek Reservoir to to Kerang Boort District
Allocation o Laanecoorie . . Loddon .
Flexibility . (Reach 2) Serpentine Weir : Weir Wetlands
RCHERTE] (Reach 3a) el (Reach 4)
(Reach 1) (Reach 3b)
. . OML available directly
0% Ir_nsa\;/vEeA L_lsseodomlé?)\(l)?t"aDti):tergt]d glr?vironmental (Lej:\lllil:(?gn:g:t(zllilr:)%v No environmental l:r?vironmental Continued from Wetland
Allocation Wetlands (via water transfer) flow provisions provisions flow provisions flow provisions cease to flow Entitiement (can
transfer from LSWFA)
20ML available directly
0 LSWFA - 3,200ML available (incl. No Dependent on - No . from Wetland
I CH . ability to transfer 2,000ML to environmental Tullaroop Reservoir l;llo SR environmental Contln?eﬁ Entitlement (can
Allocation Wetland Entitlement) Flows Storage Volume ows Flows cease fo fow transfer additional
water from LSWFA)
. Minimum Minimum .
Minimum Minimum passing passing flows passing flows 100-1000ML available
5% LSWFA — 8,200ML available (incl. | passing flows Dependent on flows can be can be can be restored directly from Wetland
All ti ability to transfer 2,000ML to can be restored Tullaroop Reservoir restored (or stored restored (or (or stored into Entitlement (can
ocation 1 wetland Entitlement) (or stored in Storage Volume . . transfer additional
LSWFA) in LSWFA) stored in the LSWFA water from LSWFA
LSWFA) account)
= LSWFA - 8,200ML and
2009/10 flows withheld
(account accrual finished)
= 6,000ML of Deficit and
Reimbursement account Minimum Minimum passing Minimum passing Minimum Minimum
100% + available at with further passing flows flows and river flows and river passing flows passing flows 2,000ML available
. 19,000ML available when Cairn | and river . : and river and river directly from Wetland
Allocation . freshening flows freshening flows . . .
Curran and Tullaroop freshening flows freshening freshening flows | Entitlement

Reservoirs combined storage
volume is greater than 80GL

= Low reliability water share

available 1% to 100% (up to
2,105ML)

restored

restored

restored

flows restored

restored
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3d. Scientific Panel

In order to manage environmental water during drought in the Loddon System, additional information was
obtained from a scientific panel consisting of members with a good understanding of the ecology of northern
Victorian river systems, and those who have provided previous drought management advise (Cottingham et.
al 2010). The focus of the options developed by this group relate to the survival of critical ecological
objectives during the dry period, but they also look toward managing a long term improvement in ecosystem
health.

Specific Loddon River information generated through the scientific panel process as it relates to season
2010-11 is provided in Section 5c¢ part (i).



4. 2009-10 Season Review

Rainfall-runoff conditions in the Loddon system at the end of the 2009-10 season were significantly better
than 2008-09, resulting in increases in storage volumes in all the Loddon storages (Cairn Curran Reservoir,
Tullaroop Reservoir and Laanecoorie Reservoir). However, due to the low levels of the storages to begin the
season, the increases were still well below average conditions and the Loddon system remained under the
Qualification of Rights during 2009-10.

Figure 3, Figure 4, Figure 5 and Figure 6 show the differences between the average monthly rainfall between
1981 and 2010, and monthly rainfall received during 2009-10 at Maryborough (in the upper catchment area)
and Kerang (in the lower catchment area). As can be seen from the graphs, in both locations the maximum
temperatures recorded during 2009-10 were slightly above the averages recorded for the period 1981 and
2010. Rainfalls recorded at both locations during 2009-10 were also above the averages from 1981 to 2010,
with both locations receiving more than double the average rainfall for November 2009, March 2010 and
April 2010.
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Figure 3. Mean maximum temperatures at Maryborough between 1980 and 2010 (shown in green), and 2009-
10 (shown in red). Source: Bureau of Meteorology (www.bom.gov.au).
Note that temperatures recorded through 2009-10 were slightly above average.
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Figure 4. Mean monthly rainfall at Maryborough between 1980 and 2010 (shown in light green), and 2009-10
(shown in dark green). Source: Bureau of Meteorology (www.bom.gov.au).
Note that rainfalls recorded through the later part of 2009-10 were above average.
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Figure 5. Mean maximum temperatures at Kerang between 1980 and 2010 (shown in green), and
2009-10 (shown in red). Source: Bureau of Meteorology (www.bom.gov.au).
Note that temperatures recorded through 2009-10 were slightly above average.
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Figure 6. Mean monthly rainfall at Kerang between 1980 and 2010 (shown in light green), and 2009-
10 (shown in dark green). Source: Bureau of Meteorology (www.bom.gov.au).
Note that rainfalls recorded through the later part of 2009-10 were above average.
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228,080ML. )

After significant rain was received during March 2010, a three percent allocation of HRWS was made on the
Loddon System (excluding Tullaroop Creek). Due to this allocation being made relatively late in the irrigation
season, there are a number of G-MW customers who intend to carry over their allocation and use the water

in 2010-11 (G-MW, pers. comm 2010). This was the first allocation made on the Loddon since 2007-08.

The following Bulk Entitlements and Qualification of Rights were in operation during 2009-10:

» Bulk Entitlement (Loddon System — Part Maryborough — Central Highlands Water) Conversion Order
2005

= Bulk Entittement (Loddon System — Coliban Water) Conversion Order 2005

= Bulk Entitlement (Loddon System — Environmental Reserve) Conversion Order 2005

= Bulk Entitlement (Creswick) Conversion Order 2004

= Bulk Entitlement (Loddon System — Goulburn-Murray Water) Conversion Order 2005

= Temporary Qualification of Rights in the Loddon Water System, July 2009

» Temporary Qualification of Rights in Reach Two of the Loddon Water System, June 2009

The use of environmental water through 2009-10 is highlighted below, and will be discussed further in the
following section:

e Tullaroop Creek (Reach 2) received a flow regime of 5ML/day for three days and 2ML/day for four
days throughout summer. Two 6ML/day events were delivered for approximately one week each

e Loddon River between Serpentine Weir and Loddon Weir (Reach 3b) received 760ML of
environmental water from the LSWFA which was transported through this reach for delivery to Little
Lake Boort and Lake Yando

e Little Lake Boort received three deliveries of 150ML (450ML in total) of environmental water from the
LSWFA (via a transfer to the Wetland Entitlement). This was supported by 100ML of water from the
Little Lake Boort Committee of Management

e Lake Yando received a total of 756ML of environmental water from the LSWFA, Wetland Entitlement
and Murray Flora and Fauna Entitlement during spring 2009

e Lake Leaghur received an allocation of 800ML of environmental water from the Murray Flora and
Fauna Entitlement. Delivery begun at the end of April 2010

4a. Water Resources

Rainfall-runoff conditions during 2009-10 were slightly better than those in 2008-09. As at 17 May 2010,
volumes in each of the Loddon storages were as follows:

»  Cairn Curran — 6,286ML (full supply capacity is 147,130ML)
= Laanecoorie — 1,807ML (full supply capacity is 8,000ML)
= Tullaroop — 4,055ML (full supply capacity is 72,950ML) e

-

The total combined volume currently held in storage is therefore 12,148ML of a total available cagaciﬂ/ of
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Figure 7, Figure 8 and Figure 9 show the water storage level at each of the Loddon Storages during 2009-
10. In each of the storages there is more water currently held in storage than at the same time last year.
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Figure 7. Storage volume of Cairn Curran Reservoir during 2009-10. Source: G-MW
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Figure 8. Storage volume of Tullaroop Reservoir during 2009-10. Source: G-MW
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4h. Environmental Flow Review

This section provides details the flow regime provided, and ecological responses observed of each reach of
the Loddon River (excluding Reach 5 — downstream of Kerang Weir as it is not considered under the
Environmental BE).

The 2009-10 season begun with the continued dry conditions experienced in 2008-09. Flows into Cairn
Curran and Tullaroop Reservoirs remained relatively small during winter, however a large rainfall event
during September increased flows and volume in storage of both reservoirs (refer to Figure 10 and Figure
11). Inflows into Laanecoorie Reservoir, and the volume hold in storage in shown in Figure 12.
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The high inflows into Cairn Curran Reservoir during March 2010 meant that G-MW was able to provide a 3%
allocation of HRWS on the Loddon System (excluding Tullaroop Creek) on 15 March 2010. This was the first
allocation on the Loddon since 2007-08.

From an environmental flow perspective, 2009-10 again saw management of the system focusing on survival
of priority species and ecosystems with the aim of ensuring (to the best possible ability) priority system
assets were protected, and providing capacity for ecosystem recovery when conditions return to a wetter
cycle.

While the allocation on the Loddon was welcome news from an environmental perspective, the additional
water it provided for the Loddon environmental entitlement came a little too late in the season to provide
worthy benefit. A total of approximately 2,200ML of environmental water became available for use through
this allocation, however the priority reaches this season did not require additional water at this time. It is
acknowledged that the river operations provided by G-MW supported the environmental priorities. As such, it
was decided that this water be carried over to 2010-11, which will be used if an allocation is made on the
Loddon system.

Additionally, this season saw water from other systems in Northern Victoria used in environmental priorities
in the Boort District Wetlands. Environmental water from the Murray Flora and Fauna Entitlement was
delivered to Lake Yando and Lake Leaghur, with a flourish of both flora and fauna responses observed.

The following sections outline the operations of the Loddon River and Boort District Wetlands from the
2009-10 season.

i. Reach 1: Cairn Curran Reservoir to Laanecoorie Reservoir

Under the Qualification rules no environmental flow releases were administered in Reach 1, although water
transfer releases (between Cairn Curran and Laanecoorie Reservoirs) were undertaken through the season.

Spot monitoring, undertaken by G-MW as part of their drought management revealed dissolved oxygen
levels between 5.9 and 10.1mg/L for the season with electrical conductivity (salinity) varying between 851
and 2,038 uS/cm.

Figure 13 shows the flow releases from Cairn Curran Reservoir during the 2009-10 season.
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Figure 13. Flows downstream of Cairn Curran Reservoir (July 2009 — March 2010)

ii. Reach 2: Tullaroop Reservoir to Laanecoorie Reservoir

Tullaroop Creek remained under Qualification of Rights during 2009-10. 875ML was available for
environmental use through the whole of the season so a base flow of 1ML/day was provided through to
December 2009. During December, the summer flow regime was started with 5ML/day released for three
days, and 2ML/day for four days. This regime was continued through the season, with two 6ML/day freshes
provided for 6-8 days each. Figure 8 shows the flow releases from Tullaroop Reservoir during the 2009-10
season.
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Figure 14. Flows released from Tullaroop Reservior into Tullaroop Creek (July 2009 — March 2010)

The aim of these flow releases was to maintain the wet section of Tullaroop Creek (upper section of the
creek) and provide habitat for aquatic fauna species (particularly River Blackfish) (refer to Figure 15). The
lower section of the creek is not completely dry, but the large pools through this section are still holding some
water.

There has been a slight decline in the creek health over the past year, noted by local community members
(LEWAG 2010). From a monitoring perspective, dissolved oxygen dropped to 0.3mg/L in this section of the
creek. Electrical conductivity reached approximately 4,600uS/cm.

Fish monitoring undertaken through the reach found that there were more individuals caught this season
than in the previous two seasons (particularly Flathead Gudgeon [33], Mountain Galaxias [19] from a native
perspective and Gumbusia [100] and Goldfish [12] from an exotic perspective) (SKM 2009a). Only two River
Blackfish were found through the whole creek which was less than were caught in the previous season (SKM
2009a).

Targeted River Blackfish monitoring is scheduled to be undertaken at the end of the 2009-10 season to gain
more information about populations of these fish through the creek.
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Figure 15. Tullaroop Creek at end of March 2010 (site is where two River Blackfish were found in

2009). Photo S. Carracher
A R | e

Figure 16. River Blackfish (Gadopsis marmoratus). Photo. N. Armstrong

lii. Reach 3a: Laanecoorie Reservoir to Serpentine Weir

Under the Qualification rules no environmental flow releases were delivered in this reach, although some
water releases occurred for stock and domestic proposes early in the season, and for irrigation demand later
in the season. At five spot monitoring sites dissolved oxygen levels varied between 2.8 and 11.5 mg/L, wi

\ salinity levels varying between 1,220 and 5,909 uS/cm (monitoring was undertaken by G-MW).
W.:-\_‘Eigure 17 shows the flows released from Lannecoorie Reservoir for the 2009-10 season. /,//
- P e ,/
/./



.&.‘..K.“.N_‘..K__sampled in the Loddon Weir pool.

60
50 - ﬂ
40

30 A

: iy
e

Flow (ML/day)

Figure 17. Flow downstream of Laanecoorie Reservoir (July 2009 — March 2010)

In the upper section of this reach there has been a noticeable build up of algae on some turtle’s shells,
resulting in the need to rescue some individuals by local community members (LEWAG 2010). It has been
hypothesised that perhaps this could be due to a lack of high velocity water moving through the system and
cleaning sediments. Additionally, it was noted that this season has seen a continued absence of platypus in
the reach, and fisherman have been unable to find shrimps in reeds as they have done in previous seasons
(LEWAG 2010). Again it may be possible that a lack of freshes through this reach has meant that there has
been little or no cleaning of sediments from instream habitat (logs, rocks etc.) resulting in impacts on the
macroinvertibrate population.

Fish monitoring showed that there similar numbers of native fish species caught than last year, however a
greater number of exotics (particularly carp — 60 individuals) were caught. Fifty-six Flathead Gudgeon were
caught, along with two Murray Cod and 14 Golden Perch (SKM 2009a).

iv. Reach 3b: Serpentine Weir to Loddon Weir

This reach received no water between July and November 2009. A natural flow event resulted in water
overtopping Serpentine Weir in late-November which was then sustained through a combination of
environmental and regulated flows through to April 2010 (Figure 18). The primary objective of this flow from
an environmental perspective was to transport sufficient water through to Loddon Weir to then deliver into
the Pyramid-Boort Irrigation Area and Boort District Wetlands. Additional environmental benefits were gain
through the use of this water in the reach, for example Flathead Gudgeon and Carp Gudgeon were both.~
sampled downstream of Serpentine Weir, and Flathead Gudgeon, Australian Smelt and Golden Perch
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In total, 932ML of water was passed downstream of Serpentine Weir, with 739ML making it though the reach
to Loddon Weir. This included a number of natural rainfall events, limited G-MW stock and domestic
deliveries and the environmental water. Water quality responded well with dissolved oxygen varying between
3.42 and 9.3 mg/L, and salinity varing between 3,157 and 6,072 uS/cm (monitoring was undertaken by
G-MW).
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Figure 18. Flows in Loddon River downstream of Serpentine Weir between July 2009 and May 2010.

v. Reach 4: Loddon Weir to Kerang Weir

No flows were released from Loddon Weir during 2009-10 due to being unable to commit to maintaining
water through 2009-10 and 2010-11. As was observed in 2008-09, the growth of instream vegetation
(particularly River Red Gum — refer to Figure 19) and the questions surrounding likelihoods and threats of
exacerbating acid water/Acid Sulphate Soils through the reach meant that under the dry scenarios observed,
Reach 4 was kept dry.

Increasing knowledge about the ongoing management of this reach has been gained through a study which
reviewed the flow recommendations for the lower Loddon System (Reaches 4 and 5 and 12 Mile Creek).
This study will be discussed further in Section 4b.

It has been noticed that the River Red Gums through the base of the river in this reach are still growing
prolifically, with only minimal thinning observed (LEWAG 2010). It was noted that the lack of flows through
this reach has been a good thing, and that early settlers in the area observed that the Loddon River dried i
summer (LEWAG 2010). Now that flows have ceased though the upper section of this reach, it was //
recommended that a continuous low summer flow in isolation should not occur again (LEWAG 2010)."
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LEWAG as the wetland containing the highest ecological value of the Boort District Wetlands, ary as in

Further through the reach, the influence of both the Macorna Main Channel and the Kerang Weir pool result
in water pooling in the lower section of this reach. Fish monitoring in the Kerang Weir pool showed a lower
instance of native fish species, and a higher instance of exotic species than in 2008. Six Carp Gudgeon and
six Golden Perch were caught, along with Goldfish, Redfin, Gambusia and Carp (SKM 2009a).

Figure 19. Red Gum germination in Reach 4 of the Loddon River October 2009 (photo B. Velik-Lord)

vi. Boort District Wetlands

At the beginning of the 2009-10 season the only wetland in the Boort area holding water was Little Lake
Boort. Given the extremely dry conditions that were being faced, and to potential to not be able to run the
river through to Loddon Weir it seemed unlikely that this drought refuge would be able to be maintained
through the season.

Significant flows in the Serpentine area at the end of November resulted in Serpentine Weir overtopping, and
flows being reinstated into the reach between Serpentine Weir and Loddon Weir. Given this opportune
rainfall, it was decided that some environmental water would be used to maintain flow through this reach,
with the primary objective of getting sufficient water through to Loddon Weir to deliver through the irrigation
system to Little Lake Boort and maintain it as had been done over the past two years. Water was also
provided to Lake Yando through this mechanism.

During this time, irrigation allocations on the Murray System were also increasing. Like the Loddon System,
The Murray River System also has an Environmental BE, where environmental water can be used for

delivery to high value environments in the connected Murray Basin. Water was sourced from the Flora ai
Fauna Entitlement by the CMA to deliver to Lake Yando. This wetland had continually been prioritised-by the

“‘need of water after 12 years without a fill event (LEWAG 2009). ~



In addition to Little Lake Boort and Lake Yando, environmental water was sourced from the Murray Flora and
Fauna Entitlement for delivery to Lake Leaghur. Through previous Loddon AWPs, Lake Leaghur had been
the second priority wetland in the Boort District Wetland complex. It is expected that up to 800ML of water
will be delivered to the site during autumn 2010. An additional 300ML will be sourced either through the
Loddon Entitlement, or the Murray Entitlement to provide a subsequent top-up of the site during spring 2010.

Specific observations from the watering of these three wetlands are detailed below.

Figure 20 shows the condition of some Boort District Wetlands during 2009-10.

Figure 20. Lake Boort (foreground), Little Lake Boort (on left, holding water), Lake Lyndger
(background) and Lake Yando (in the distance) from the air, December 2009. Photo P. Haw.

Little Lake Boort

A total of 550ML of water was delivered to Little Lake Boort during 2009-10 (450ML of environmental water
from the Loddon Entitlement, and 100ML from the Little Lake Boort Committee of Management). 2009-10
was the third year that the CMA has been involved in the watering of Little Lake Boort as a drought refuge,
and once again, water dependant species were observed utilising the site (refer to Figure 21).

Note: the aim of these watering events was to maintain the lake at a low level in order to provide a continuing
drought refuge function. Since these deliveries, water sourced by the Committee of Management and outfall
water has been provided to the lake, increasing the depth significantly.
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The following lists some water-dependent species observed on the site during 2009-10:

= Black Swan = Masked Lapwing =  Plumed Whistling
= Australian Shelduck * Red-kneed Dotterel Duck

= Black Duck *  Black-winged Stilt " Gull-billed Tern

= Grey Teal *  Yellow-billed Spoonbill

From a community perspective, the watering of Little Lake Boort has been considered a good education tool
with school groups studying the wetland (LEWAG 2010). There has been good growth of aquatic plants as
well as good bird numbers on the lake. A number of carp have been removed by the community which has
resulted in clear water (although relatively high salinity) and aquatic plant growth (LEWAG 2010).
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Plumed Whistling Ducks at Little Lak_e Boort (photo B. Barnzé

Figure 21. Little Lake Boort during 2009-10




Lake Yando

A total of 751ML of environmental water was delivered to Lake Yando during November 2009. This
coincided with a rainfall event in the district which meant that the full 1,000ML allocated from the Flora and
Fauna Entitlement was not required to complete the wetland fill. In addition, water from the Loddon accounts
(LSWFA and Wetland Entitlement) was sourced for use in this wetland. A total of 756.8ML was delivered to
the wetland, with 60ML originating from the Wetland Entitlement; 250ML originating from the LSWFA (via a
transfer to the Wetland Entitlement); and 446.8ML originating from the Murray Flora and Fauna Entitlement.

A number of wetland-dependant fauna species have been observed utilising the site since water begun
entering the wetland. Regular waterbird monitoring has shown the presence of a number of species using
the site, including:

= Black Duck = Hardhead »  Yellow-billed

= Grey Teal = Eurasian Coot Spoonbil

= Maned Duck = Pacific Heron " Dusky Moorhen

= Hoary-Headed =  White-faced Heron " Purple Swamphen
Grebe «  Sacred Ibis = Masked Lapwing

= Australasian Grebe - Royal Spoonbill = Black-winged Stilt

= Pink-eared Duck = Red-kneed Dotterel

From a vegetation perspective, the watering event has provided a stimulus for recruitment and germination
of native vegetation species with the area no longer being dominated by annual grasses but herbaceous
species which are more typical of wetland conditions. The trees in the watered area are generally in good
health with regeneration of both River Red Gum and Black Box trees.

The watering of Lake Yando has been considered a success with good vegetation recruitment and high
numbers of waterbirds using the wetland (refer to Figure 22). There was no breeding activity recorded,
however this may be due to the late-spring filling of the wetland. Numerous frogs used the wetland, including
Peron’s tree frogs and Plains froglet.

Of the Boort District Wetlands, Lake Yando is considered the most suitable and versatile wetland with a large
number of creeklines running through the base of the wetland (LEWAG 2010). Existing stands of cumbungi
have flourished with the water, however there are some stands which have not recovered. Visitor numbers to
the wetland have been high (LEWAG 2010).
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Figure 22. Lake Yando during 2009-10
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Lake Leaghur

Lake Leaghur is considered a high value wetland in the Boort area as it supports a range of state and
nationally significant waterbirds. The site is known to have provided a habitat suitable for colonially nesting
waterbirds, with Little Pied Cormorants breeding at the site in the past. In addition, other significant waterbird
species have been recorded at the lake, including the Australasian Shoveler, Blue-billed Duck, Eastern
Great Egret (also listed under CAMBA and JAMBA agreements), Freckled Duck, Glossy Ibis (also listed
under CAMBA agreement), Hardhead, Intermediate Egret, Little Egret, Musk Duck, Royal Spoonbill,
Whiskered Tern and White-bellied Sea-Eagle (also listed under CAMBA agreement).

Lake Leaghur is classified as a Permanent Open Freshwater wetland, however it has not held water since
2002 (North Central CMA 2010a). The optimal water regime recommended involves a wetland fill one out of
every three years (North Central CMA 2010a).

800ML of environmental water from the Murray Flora and Fauna Entitlement was allocated to Lake Leaghur
in February 2010. Delivery to the wetland commenced in late April 2010 (refer to Figure 23).



Lake Leaghurkpric:)r to trmg (phbio P. HaW)

Lake Leaghur during waterlng (photo B. Velik- Lord) Environmental water entering Lake Leaghur (photo D. White)
Figure 23. Lake Leaghur during 2009-10
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4c. Other Studies, Investigations, Works and Policy Developments

Some key research and on-ground works undertaken in the Loddon system during the 2009-10 season
included:

= Review of Environmental Flow requirements for the lower Loddon River System
= Loddon Stressed River project
= Northern Victorian Irrigation Renewal Project

Additionally, 2009 saw the publication of the Northern Sustainable Water Strategy (DSE 2009b) as part of
the Victorian Government's Our Water Our Future program (DSE 2004). Key components of this document,
and implications for the Loddon River System will be discussed in the following section.

Another policy document, Securing Our Natural Future: A white paper for land and biodiversity at a time of
climate change was released by the Victorian Government in 2009. Once again, the implications of this on
the Loddon River System will be discussed in the following section.

Review of Environmental Flow Requirements for the lower Loddon River System

As discussed earlier, flow requirements for the Loddon River between Cairn Curran Reservoir and the
Murray River, and Tullaroop Creek were developed by the LREFSP in 2002 (LREFSP 2002a and 2002b).
Over previous years it has been recognised that the environmental flow assessment in the lower reaches of
the Loddon River was hampered by some information gaps (e.g. lack of flow gauges, multiple REALM
models rather than one for the whole river, and a focus on aquatic dependant flora and fauna in Reach 4
which is now dry).

The culmination of this has been that during 2009-10, a project was undertaken to review the original
environmental flow recommendations from 2002 in light of increased data availability and recent climatic
conditions between Loddon Weir and the Murray River, and update the flow recommendations for these
reaches where practical.

The Lower Loddon River System was split into six separate reaches according to key physical and
ecological aspects of the river and Table 6 provides information each flow reach. Reach 5 of the Loddon
River (downstream of Kerang Weir), as well as Reach 4 (downstream of Loddon Weir) was investigated as
part of this study, however Reach 5 has not been considered as part of this Plan as it falls outside of the
Environmental BE area.

In looking toward the 2010-11 season, these revised environmental flows recommendations have been used
in the scenario planning to provide direction for flow priorities through the lower Loddon River system.



Table 6. Overview of u

dated environmental flow recommendations for the Lower Loddon River System

2002 2010 Reach
Reach Reach e Reach Characteristics Ecological Objective Flow Recommendations
Description
Number Number
Loddon River o o High-bankfull flows 3-5 times per
between Loddon Maintain/improve riparian and decade (highest priority)
4 4a Weir and 12 Mile Dl'y for last three years and currently f|00dp|a|n vegetation (h|ghest
Creek regulator does not support aquatic dependant priority) Winter low flows (only deliver if able
species o to provide in most years)
o . ] Maintain benches
Terrestrialisation of river bed (River " . Other flows are recommended only if
Red Gum, Common Reed and Scour pools within main channel these previous flows have been
. i 12 Mile Creck terrestrial grasses) Fill anabranches and flood runners delivered
e Lree Lack of deep pools due to Provide opportunistic fish habitat (i.e. High-bankfull flow is required to
sedimentation only when sufficient water is restart the reach (i.e. this flow must
Likely to have dried throughout available) be provided prior to any other flows
. - entering the reach)
history (ephemeral conditions)
N i . Deliver water down distributary
\?\;gli”:lflcant fish barrier at Loddon channels (e.g. Wandella Creek)
Loddon River Inundate parts of Leaghur State
between 12 Mile Anabranching channels and P 9 . .
4 a - Park, wetlands and other floodplain As above, however infrastructure
c Creek regulator distributary channels e i )
forests modifications will be required
and Macorna 12 Mile Creek formed as a natural
Channel avulsion for Loddon River Provide opport.u.nlstlc fish habltat (i.e.
only when sufficient water is
available)
Influence of Macorna channel —
t k
water backup Release water from Macorna
] Significant sedimentation and o o Channel to maintain water quality in
Loddon River terrestrialisation Protect self-sustaining native fish upstream section of Kerang Weir
4 4d between Macorna populations and other native biota pool
Channel and Leaks and small oufalls from from Kerang Weir pool and other 3 .
Kerang Weir irrigation channels has maintained connected habitats Specific flow regime dependant on

permanent wet (not flowing)
conditions

flows through reach 4, and observed
conditions at the time
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Loddon Stressed River Project

The Loddon Stressed River Project aims to improve the heath of the flow-regulated waterways of the Loddon
River catchment. The project specifically focuses on the Loddon River downstream of Cairn Curran
Reservoir, Tullaroop Creek and Birches Creek and complements the Loddon Environmental Flows project. A
range of activities are undertaken in this project, including on-ground works in the riparian zone,
investigations, capital works and community engagement. The combination of all activities have the objective
of achieving an improvement in river health.

Specific activities undertaken during 2009-10 are described below:
= There was a large uptake of on-ground works incentives (27km of fencing in 2009-10 to date)
=  Continuation of willow management works through the Loddon system occured
= Tamarix (an invasive weed) management works were undertaken on Lake Meran and Lake Murphy

= Community engagement activities including four community meetings and follow up field days are
planned

= Surveys are being conducted into landholder involvement with the Loddon Stressed River Project
and riparian management in general

» Planning is underway for reinstatement of woody habitat into Tullaroop Creek (targeting River
Blackfish habitat requirements)

» Kerang Weir Fishway Monitoring Project (which aims to set up a long-term monitoring program to
evaluate the effectiveness of the fishway in the provision of native fish passage) is being completed

NVIRP

Specific details about NVIRP were discussed in Section 3(a) part (iv).

Northern Sustainable Water Strategy

The Northern Sustainable Water Strategy (SWS) looks toward the next 50 years and discusses threats to
water availability and water quality, as well as outlining actions which will manage the consequences of the
on-going drought conditions and climate change (DSE 2009b). The document provides some direction for
future policy and institutional frameworks, rules, tools and information to guide environmental decisions.
While the Northern SWS looks at agriculture, environment and urban values, the primary focus from an AWP
perspective is the environmental considerations.

A number of key points from the Northern SWS are included below, focusing on the environmental
implications (DSE 2009b). More in depth information can be found directly from the Northern SWS (DSE
2009b).

= There is likely to be less water available during the next 50 years than in the past 100 years due to
climate change and variability

= The areas likely to see the most significant effects of climate change through Northern Victoria are
the Loddon and Campaspe catchments

» There will be a risk of insufficient water available in some years to run the irrigation system ang,xh/ere
will be a disproportionate impact on the environment (i.e. the environment will be hit hardest)”
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= Rights to water will be reviewed, with a revision of environmental entittements to improve the use of
environmental water and share the risk of future climate change

= Recovery and use of environmental water is to be better managed into the future

= A Victorian Environmental Water Holder will be established with the view of coordinating and
prioritising environmental water delivery across the Northern Victorian region

» Water availability scenarios at 2055 were modelled with the Loddon system predicted to receive a
decrease in inflows of between 10% (under low climate change) and 74% (under a continuation of
1997-2007 inflows) as compared with the long-term average

= Under a continuation of 1997-2007 inflows, the Loddon will receive 92GL (84%) less environmental
water than the long-term average (109GL long-term average to 17GL predicted under low inflows)

Overall, the Northern SWS aims to (DSE 2009b):

= “identify and understand threats to water availability and quality, including the implications of climate
change and variability

= help regional communities to adjust to reduced water availability

= ensure secure water entitlements for towns, industry and the environment

»= encourage economically viable and sustainable agriculture

»= improve choice and flexibility for entittement-holders to manage the risks of climate change and
variability

» protect and where possible, improve the health of river, wetland and aquifers from the impact of
drought, climate change and variability and other risks

= recognise and respond to Indigenous and other cultural and heritage values associated with the
region’s river and catchment areas”

Northern SWS, pg. 3

Securing Our Natural Future: A white paper for land and biodiversity at a time of climate change

Like the Northern SWS, this White Paper targets ecosystem management during a change in climatic
conditions (generally with less water availability). It builds on the Water White Paper Securing Our Water
Future Together (DSE 2004) and will be complemented by a forthcoming Climate Change White Paper (DSE
2009a).

The White Paper has an overall vision of “Victorians acting together to ensure that our land, water and
biodiversity are healthy, resilient and productive” DSE 2009a pg. viii.

A number of strategic directions are described in the White Paper, some of which either cover some of the

Loddon River catchment, or are related to the management of environmental water across the state. These
strategic directions and actions are mentioned below, and further information can be obtained directly from
the White Paper (DSE 2009a):

= Build ecosystem resilience involving landscape-scale management of land, water and biodiversity

= Maintain ecosystem services within flagship areas (the Mega Murray and Goldfields are both -
flagship areas and cover some of the Loddon River catchment) 7

/

- = Improve connectivity within important landscapes which have been identified as biolinlgsl'(t'ﬁé riparian P
- . zone of the Loddon River system links the Mega Murray and the Goldfields flagshi’p,,af'eas)

-

_—— 44



= Reform and realign Victorian Government processes and institutions which lead and facilitate
sustainable management of land, water and biodiversity in Victoria

= Develop a program of structural works to facilitate the delivery of environmental water to priority
rivers and wetlands, including potential partnerships with the Australian Government

= Manage rivers, wetlands and estuaries so they continue to provide ecosystem services by:

o Developing an integrated Victorian Strategy for Health Rivers, Estuaries and Wetlands (and
complementary strategies for regions)

0 Update existing prioritisation system, including identification of high conservation value
aquatic ecosystems

0 Complete the third Index of Stream Condition
o Establish a benchmark for wetlands and estuaries

= Protection of riparian land and increase productivity, connectivity and amenity



5. 2010-11 Scenario Planning

5a. Water Resources

It is likely that the 2010-11 season will begin with more water held in storage than was held at the beginning
of 2009-10 however, this will still be a small relative volume. Like the previous season, the availability of
irrigation allocations for the 2010-11 season in the Loddon system will rely entirely on inflows from winter and
spring rainfalls. July, August, September and October are usually the peak inflow months, therefore there is
potential for an irrigation allocation to be made in the Loddon System so long as the system receives
substantial inflows which will ensure that water can be supplied for essential human needs.

As at 19 May 2010, total water resources held in Loddon storages were as follows:
= Cairn Curran Reservoir — 4,0784ML (5.6% capacity)
» Tullaroop Reservoir — 4,078ML (5.6% capacity)
» Laanecoorie Reservoir — 1,807ML (22.6% capacity)

The projected balances of environmental water accounts on the Loddon System expected to be held in
storage at July 2010 are as follows:

= Loddon System Withheld Flows Account: 3,200ML

= Deficit and Reimbursement Account: 25,000ML (account cap has been reached)

= Boort District Wetland Entitlement: OML (volume dependant on irrigation allocation)
» Tullaroop Environmental Resource: 300ML

Whilst the accounts described above are provided for use in the Loddon System for environmental purposes,
the water ‘contained’ in them is not always available for immediate use. Certain trigger levels must be
reached before water in the accounts becomes available for use (e.g. no water held in the Deficit and
Reimbursement Account will become available for environmental use until a 100% irrigation allocation is
made in the Loddon System). This will be explored further in the following sections under the scenario
planning for 20010-11. Consideration also needs to be given to where the water is held in storage. For
example, environmental water in the Loddon System Withheld Flows Account is held in Cairn Curran
Reservoir and as such may not be easily available for use in the area around Serpentine and Loddon Weirs.

5b. G-MW Dry Inflow Contingency Planning

Goulburn-Murray Water has developed six scenarios which are based on annual volumes and an
assessment of the possible Loddon System operations and likely recipients under continued dry conditions
in 2010-11 (G-MW, 2010).

This planning is referred to as Dry Inflow Contingency Planning (DICP) and is formulated to plan for the
worst case scenarios in the coming season to ensure that the water corporations have made adequate
planning provisions to deal with low water availability. The scenarios were developed in January 2010 and
are based upon 119 years of inflow statistics held by G-MW. It does not imply the probabilities of each -
scenario occurring, and does not account for the seasonal variation of inflows and demands.
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I __therefore been incorporated into this plan.

These inflow scenarios have been used as a base from which to plan environmental water use in the
2010-11 season in the following sections.

5c. Scenario planning

The overall aim of the Plan is to ensure that the Environmental Water Reserve for the 2010-11 season is
adequately planned, covering a range of possibilities from drought conditions through to a year with an
irrigation allocation of greater than 100% and possible storage spillage. The scenarios define how
environmental water will be managed under specific water resource availability possibilities and highlights
how management should change as more water comes available. Eight scenarios have been developed for
planning purposes for the Loddon River and Boort District Wetlands under the following headings:

= Scenario 1 — Worst drought (repeat of 2006/07 inflows)

= Scenario 2 — Extremely dry (delivery of carryover)

= Scenario 3 — Very dry (1% irrigation allocation)

= Scenario 4 — Dry (5% irrigation allocation)

= Scenario 5 — Moderate (50% irrigation allocation)

= Scenario 6 — Average (100% irrigation allocation)

= Scenario 7 — Wet (100% irrigation allocation and over 80GL in storage)
= Scenario 8 — Very wet (storages spill)

The operations and targets for environmental water in Tullaroop Creek during 2010-11 are being considered
separately to the Loddon River and Boort District Wetland planning in this Plan. The reason for this is that
there is currently a separate Qualification of Rights in operation for Reach 2 of the Loddon System (Tullaroop
Creek), and the creek can be operated in isolation under low flow scenarios. There is a point whereby there
is sufficient water in both systems to begin operating as one (the reservoirs will be linked via Tullaroop
Creek, and irrigation allocation can be delivered to both Loddon and Tullaroop entitlement holders. This will
be explored in the following sections.

As the season unfolds, the availability of environmental water is not directly correlated to inflow. Due to the
Qualification of Rights, environmental water becomes available at set trigger points, resulting in step
changes for water availability. The scenarios are not intended to be prescriptive, rather they set broad
management principals and targets to guide environmental water management as the season unfolds.

As described earlier, it is acknowledged that there is potential to amend all Qualification of Rights throughout
the Qualification period. Any amendment to a Qualification requires the agreement of all parties involved and
final authorisation is given by the Minister for Water. The scenarios described provide details about
environmental water use under the respective Qualifications at 1 June 2010. There may be minor
modifications to the water availability trigger points made between now and the expiry of the Qualifications.
Any modifications made to the Qualifications will be included as Amendments to the Qualification of Rights,
and will be publically available from the Victorian Water Register
(http://lwww.waterregister.vic.gov.au/Public/Reports/BulkEntitlements.aspx).

With Loddon System water storages at relatively low levels, the river flows in 2010-11 are predominantly
dependent on rainfall and associated inflows in the coming winter and spring. As a result, conditions will
change over time and environmental flow management will need to respond to what actually happens in.the
system. An adaptive approach to the use of the EWR for the Loddon River and Boort District Wetlanpls has



The environmental water availability for each of the three environmental accounts/entitlements currently in
operation in the Loddon System are shown in Figure 24, Figure 25 and Figure 26. It should be noted that the
volumes indicated in the LSWFA may vary slightly according to when irrigation allocations are made on the
Loddon System.

These accounts and entitlements are used in planning for environmental water use in the Loddon System.
The possible management of unregulated flows (e.g. from rainfall events) in the Loddon River is also
planned

Loddon System Withheld Flows
Account

8,200ML
4,800ML

3,200ML

B600ML

Environmental Water Availability

1% 5% 50% 100% B0GL combined Storages spill
storage volume at
Cairn Curran and Tullaroop

Irrigation Allocation / System Inflows

Figure 24. Environmental water availability in the LSWFA according to irrigation allocation on the
Loddon System.

Note: the decrease in water availability between 50% and 100% allocation relates to a 100% allocation
being made on the Loddon System, and the requirement to no longer withhold passing flows (i.e.
under a 50% allocation, all passing flows that should have been released will be banked and
recorded in the LSWFA, while under a 100% allocation they will be released in the river system.
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Figure 25. Environmental water availability in the Deficit and Reimbursement Account according to
irrigation allocation and system inflows on the Loddon System

Wetland Entitlement

2,000ML

1,000ML

Environmental Water Availability

50% 100% 80GL combined Storages spill
storage volume at
Cairn Curran and Tullaroop

Irrigation Allocation

Figure 26. Environmental water availability in the Wetland Entitlement according to irrigation
allocation on the Loddon System
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This scenario planning explicitly acknowledges the ambiguity and uncertainty in the water resource outlook
for the Loddon System. These scenarios are not predictions. Rather, they represent a plausible range of
possible futures.

In addition, it is acknowledged that throughout the season there may be a requirement to utilise natural flow
events which may modify the actions to be undertaken in any given scenario, or allow movement between
scenarios described. These natural flow events should be used to maximise environmental potential which
may involve actions such as delivering a fresh earlier or with a greater volume of water than originally
planned for to increase the duration of the natural flow event.

i. Environmental Water Priorities
General:

Figure 27 shows the availability of management options according to the described scenarios in this Plan. As
can be seen from the diagram, as inflows into the Loddon System increase, and Scenarios 1 through 8 are
reached, there is first an increase in the available management options. This availability peaks during
Scenario 6 and 7, and then decreases back to Scenario 8.

As will be discussed further, under Scenario 1 there is a very dry river, with only 600ML of environmental
water available, along with restrictions in the ability to use this water. At Scenario 8, the storages have spilt
and the river is running at bankfull or overbank flows. Most of the environmental water reserve will have spilt
from Cairn Curran Reservoir, leaving only 2,000ML of environmental water in the Wetland Entitlement.
However, most of the environmental flow needs will have met by unregulated streamflow through the Loddon
River System at this stage, so the environmental water options available at this point are minimal.
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Scenario 6 Scenario 7

Scenario 5

Scenario 4

Scenario 3

Available Environmental Water Options

=
>

Scenario 1 Scenario 8

Scenario

Figure 27. Conceptual availability of management options for environmental water, according to

scenarios

River Channel Priorities:

The following general principles have been recommended by the scientific panel for 2010-11 (Cottingham et.
al 2010):

“Explicitly adopt a model-based Adaptive Management approach to learning from experience by
setting hypotheses, developing conceptual models, identifying and implementing actions, and
evaluating ecosystem responses

Avoid critical loss of imperilled species (e.g. critically endangered species, at-risk remnant
populations at a catchment or regional scale)

Maintain viable populations of threatened species within the river system

Avoid irretrievable ecosystem damage or catastrophic events (e.g. extensive fish kills or acidification)

Provide refuges for aquatic biota to allow recolonisation and facilitate recovery following drought or
other disturbance

Continue a long-term perspective to maintain resilience and ecosystem functioning into the future”
Cottingham et. al (2010).



S _Envwonmental Reserve BE) for 2010-11 to 2012-13. -

During dry conditions, environmental priorities for the Loddon River focus on keeping the river running
between the storages and Loddon Weir. Associated with this is the maintenance of fish habitat (presence of
water), and quality of that habitat (primarily related to water quality and the avoidance of blackwater events).
With very low water availability, the environmental targets in the river system to provide this fish habitat are
areas which hold sufficient water through summer. Due to the lack of deep pools in the Loddon River, the
areas which provide this function are considered to be the weir pools at Bridgewater, Serpentine and Loddon
Weirs. Due to the inter-connectiveness of the Loddon with irrigation infrastructure, the maintenance of these
weir pools is not solely reliant on a fully connected river system (e.g. Waranga Western Channel enters
Loddon weir pool carrying water from the Goulburn system).

As conditions begin to improve, there is ability to re-connect the river system and begin to provide water to
achieve other environmental outcome above purely maintenance of conditions. It is at this point that
providing freshes through priority river reaches becomes important to clean bio-films from sediments, and
improve the macroinvertebrate populations required for fish feeding activities.

Reach 3a (Laanecoorie Reservoir to Serpentine Weir) is considered to have the highest ecological value of
the Loddon River under low flow conditions (high levels of instream woody habitat and drought refuge
provided by Bridgewater and Serpentine Weir pools). As such, it will be the maintenance of this reach
through the provision of freshes and additional flows that will occur first when water becomes available.

As more water becomes available above this point, the overall condition of the river will begin to improve,
with recommended flow regimes beginning to be provided through the system.

Boort District Wetland priorities:

Over the past three years, the main environmental priority in the Boort District Wetland complex has been
Little Lake Boort. North Central CMA has been committed to delivering environmental water to Little Lake
Boort throughout this time as it was the only area holding water in the wider landscape and it provided a
drought refuge function for waterbirds in particular.

The lack of water over these seasons has meant that environmental water has also been scarce and
additional wetlands in the Boort area could not receive environmental water. With an improvement in
resource conditions across the wider landscape (Murray System in particular), the high priority wetlands
identified by LEWAG in 2008 and 2009 (North Central CMA 2008b, 2009) were able to be watered (Lake
Yando and Lake Leaghur) in 2009-10.

The result of these watering events has meant that the environmental needs of the Boort Wetland complex
as a whole can be considered during 2010-11.

It is expected that the Little Lake Boort Committee of Management (CoM) will again take over the
management of water for the lake in its entirety from 2010-11 onwards, aligning with the CMA'’s changing
priorities through this system. Management of the lake for environmental purposes rather than recreational
purposes may occur again in the future, however this will be discussed with the CoM prior to any decisions
to be made.

Under a dry scenario, the priority for environmental water in the Boort District Wetland complex is Lake
Leaghur. If water is available during spring 2010, water will be delivered to this wetland with the aim of
providing a spring top-up to complement water delivered during autumn 2010. This will assist with the
maintenance of bird activities on the wetland, perhaps stimulate breeding activity, and will push water into
the fringing vegetation communities of Black Box and River Red Gums. P

e
/

Table 7 details the recommended management for the Boort District Wetlands (as specified in the
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Table 7. Recommended management for Boort District Wetlands. Note: Recommended management
is dependent on water availability and climatic conditions at the time.

Recommended Recommended Recommended
Wetland Current Condition management for management for management for
2010-11 2011-12 2012-13
Lake Meran Dry, with trees in Only water if Loddon Only water if Loddon Only water if Loddon
moderate health® River floods River floods River floods
D, Sl 2070 K= Allow to dry (only if
Gum, Black Box and . . . .
q Wetland to receive Deliver water in spring water has been
Little Lake Moonah tree . AN ) : R
S water if sufficient is 2011 (only if water not | delivered in either of
Meran communities in available (priority 2) rovided in 2010) the previous two
moderate to good P y P P
1 seasons)
health
aeBoort | noianemmoceit” | hioe et ow | Dependenton conciion | Dependen on conir
9 9 ) at end of 2010-11 at end of 2011-12
health events at Loddon Weir
Drying, vegetation
GEMUTIE] SO ETR) Provide water in sprin
Lake Yando in good condition with Allow to dry Remain dry 2012 pring
natural recruitment
occurring
Provide additional
Lake Leaghur | Receiving water water in spring 2010 Allow to dry Remain dry

(priority 1)

T Source: Campbell et al. 2010
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5d. Tullaroop Creek 2010-11 Planning

As discussed earlier, 2010-11 operations in Tullaroop Creek are being considered separately in this Plan.

The current Qualification of Rights in Tullaroop Creek stipulates that the requirement to delivery
environmental flows, as per the Environmental BE, are suspended while the volume held in Tullaroop
Reservoir is less than 10,000ML (excluding water held to meet critical human needs), and allocations of
HRWS are not delivered to water share holders who extract water from Tullaroop Creek.

In the 2002 environmental flows study undertaken by the LREFSP, the biological objectives for Tullaroop
Creek were identified as (LREFSP, 2002):

e “Maintain sustainable population of River blackfish
e Maintain and/or restore natural invertebrate community
e Maintain a mosaic of aquatic macrophytes
e Reverse terrestrialisation of river bank flora
e Maintain pools, riffles and clean bed surfaces
e Maintain current snag habitat
e Entrain litter for carbon cycling”
LREFSP 2002, pg 23.

In 2006, the LREFSP met to analyse the options for management of environmental water during the
continued drought. The panel concluded that due to the regional significance of Tullaroop Creek’s River
Blackfish population, cease to flow events should be avoided (LREFSP 2006, in North Central CMA 2008a).
In other sections of the Loddon System (apart from Tullaroop Creek) it was advised that cease to flow
events, broken by periods of flows to improve water quality were acceptable to the panel (LREFSP 2006, in
North Central CMA 2008a).

In 2008, an ecological risk assessment (ERA) was undertaken on Tullaroop Creek to consider how to
manage reduced flows during drought (LIloyd Environmental 2008). The following flow regime was developed
utilising the information generated through the ERA project, and in the 2008-09 Adaptive Management Plan
for Tullaroop Creek (North Central CMA 2008a):

e “A base flow of 1 ML/d is required to make best use of pulsed flow releases (maintain channel
moisture)

o Pulsed flows (freshes) should peak at the maximum possible release via the available infrastructure
and operational constraints. 10 ML/day is the recommended peak volume (this allows all pools in the
reach to be at least 0.75m deep or greater) although 8ML/day is the maximum volume likely for the
proposed pump configuration

o Pulsed flow events should be for eight days to mimic duration of freshes recommended by LREFSP
(2002) (which recommended a 13.5 ML/d low flow fresh for 7 days but an extra day is required to
prevent an abrupt and unnatural cessation of the event);

e Freshes should take place every 6 weeks on average (dependent on water quality indicators) e

e These freshes should not be seen in isolation of the whole flow regime, but mtegrated oradded to
other flows required for consumptive or other uses.
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The responses to the above recommendation would be used to refine the flow regime required for the
system. The recommended flow regime requires an average of 2.4ML/day.”

North Central CMA (2008a), pg 8.

It was noted that to make effective use of any freshes provided to the creek, a continuous flow of 1ML/day
will be required to maintain a wet channel in between these freshes (North Central CMA 2008a). Additionally,
the aspects of the physical habitat in Tullaroop Creek which are most likely to be influenced by continued
changes to water release regimes are considered to be flow velocity, pool depth, riffle/run depth, woody
habitat and sedimentation (North Central CMA 2008a).

While the figures described for the flow regimes in 2010-11 may be slightly different to those described
above, the intent of maintaining a low base flow, with a pulsed regime on top of that flow is recommended. It
is acknowledged that there may be not sufficient water available in 2010-11 to provide the recommended
flows described above so modified regimes are proposed in this section.

A key objective for the management of River Blackfish through Tullaroop Creek is the maintenance of pool
depth. It has been acknowledged that pool depth is a key habitat delineator as individuals are placed under
increasing stress as depth decreases below 0.4m (North Central CMA 2008a). This factor is considered
more important than flow through pools as River Blackfish are able to survive will in pools with little or no flow
(North Central CMA 2008a). However, riffles and runs within stream systems are utilised by River Blackfish
to enable movement between pools, access to food, movement out of poor conditions and movement to
allow breeding activities (North Central CMA 2008a).

Unlike the entitlements on the main Loddon system, environmental water availability in Tullaroop Creek
under dry conditions is entirely dependent on the total volume held in Tullaroop on 1 November 2010. If the
total volume in storage exceeds 2,460ML, then the environment receives the next 875ML in storage. If the
total volume exceeded 6,560ML, the environment receives the next 1,000ML.

Note: the Qualification of Rights in Tullaroop Creek is currently being revised for use in 2010-11. The
planning surrounding Tullaroop Creek in this Plan assumes the current content of the Qualification does not
significantly alter.

i. Scenario A

Under a continuation of conditions seen in Tullaroop Creek during 2009-10, the environment will have
access to approximately 300ML of water in total for the whole season. This is water that was available for
use during 2009-10, but was carried over for use in 2010-11.

Under this scenario there will only be water released by G-MW to meet critical human needs until the end of
September. From an environmental perspective, the 300ML available for environmental use will be used to
provide flow through the upper half of Tullaroop Creek, with the aim of maintaining water in the pools through
this section of the creek over summer.

This water will need to last over 28 weeks between November and April, and therefore there will be a total of
10ML available per week. The recommended flow regime for this water will be 1ML/day for four days,
followed by 2ML/day for three days. While these flows are very low, the priority will be to provide a
continuous flow through the reach (as per scientific advice — North Central CMA 2008a and LREFSP 2006,
in North Central CMA 2008a), through the whole season.

Figure 28 and Figure 29 show examples of the upper section of Tullaroop Creek in early 2010 which WI|J/5€
targeted with this flow under low water availability. s



ii. Scenario B

As at 19 May 2010, the total volume held in Tullaroop Reservoir was 4,0780ML. If rainfall and runoff
conditions improve during winter and spring 2010, keeping the storage at above 2,460ML on 1 November
2010, the next 875ML in water in Tullaroop Creek will be available for environmental use.

The 300ML of environmental water carried over from 2009-10 will be used to provide a flow in the creek over
winter and early spring until 1 November 2010. At this time the total environmental water for 2010-11 will
become available, and this water will be used for the remainder of the season.

The flow regime described for Scenario B is in line with the recommendations made by Lloyd Environmental
(2008), but have been scaled down due to water availability. For example, the continuous base flow will be
provided, as per the Lloyd Environmental (2008) recommendations, as will the pulsed flow events.

Recommended flows to be provided for Tullaroop Creek in 2010-11 with 875ML in total available are
described in Table 8. It should be noted that the flow regime described is only one of a number of ways to
utilise the 875ML available. There are numerous other flow regimes that could be delivered in Tullaroop
Creek and these may be trialled during 2010-11 depending on water availability, creek condition and
increasing knowledge about system responses.

Table 8. Recommended flows for Tullaroop Creek when 875ML of environmental water is available.

- Volume of water Number of events and total
ALY e e CNETEEIEeE required per event volume of water required
= 5ML/day for 3 days 28 weeks between November and
Base flow followed by 23ML per week May (3 weeks covered by freshes,
therefore 25 weeks required). Total
=  2ML/day for 4 days required is 575ML
= 6ML/day for 1 day
followed by Up to three freshes to be provided
. between October and April. Therefore
P ?ol\llllg\i\(lj:g tf)or ceam Rl e 60ML required for three freshes totals
Y 180ML
= 6ML/day for 1 day
Water held for ggs?a% %it%r]r:med To be determined based
water quality requirement to provide on the requirement to 120ML available in total
response flows provide flows
lii. Scenario C

Should rainfall and runoff conditions improve significantly and there is a total of ~7,500ML held in storage at
1 November 2010, the volume of water available for environmental use will increase by 1,000ML in addition
to the 875ML already provided (i.e. 1,875ML in total).

Under this scenario, flow releases are still described for the period 1 November 2010 to 31 May 2011 (seven
months in total). Once again, approximately 100ML of water will be reserved to respond to water quality
issues which may occur through the year. It is at this scenario that the base flow will begin penetrating the
whole of the creek, and management will move from providing water to only half of Tullaroop Creek, to
providing water to the whole creek, linking with the rest of the Loddon System through Laanecoorie -
Reservoir.
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The recommended use for this water is provided in Table 9. Once again, it should be noted that the flow
regime described is only one of a number of ways to utilise the 875ML available.

Once again, Tthere are numerous other flow regimes that could be delivered in Tullaroop Creek and these
may be trialled during 2010-11 depending on water availability, creek condition and increasing knowledge
about system responses.

Table 9. Recommended flows for Tullaroop Creek when 1,875ML of environmental water is available.

o Volume of water Number of events and total
FlersT e e CNETEEIEeE required per event volume of water required
= 8ML/day for 3 days 28 weeks between November and
Base flow followed by A4ML per week May (3 weeks covered by freshes,
therefore 25 weeks required). Total
= 5ML/day for 4 days required is 1,100ML
= 10ML/day for 1 day
followed by Four freshes to occur between
Fresh = 13.5ML/day for 6 days | 101ML NS CE] EU /{7l VIS
: y Y 101ML required for four freshes totals
followed by

404ML
= 10ML/day for 1 day

Fresh to be provided during early
winter 2011 depending on reach
condition (water remaining in water
quality reserve may also be used if
required) and aims to set creek up for
2011-12 season)

=  To be determined
based on condition of 271ML available in total
creek

Early winter
fresh

To be determined ]
based on the To be determined based

requirement to provide | ©n the requirement to 100ML available in total
flows provide flows

Water held for
water quality
response

iv. Scenario D

Once rainfall and runoff conditions improve enough for flows to reach the full length of Tullaroop Creek, there
will be delivery of private carryover and some irrigation supply through the creek. There will therefore, be
greater volumes of water passing though the creek which will provide some of the environmental flow
requirements of the reach. The water provided through reach operations by G-MW will involve the provision
of some intermittent water through the season, but not a steady flow. Therefore, there will still be a
requirement to manage the system from an environmental perspective as per Scenario C. Additionally, in
this scenario the creek will be running though the whole reach and will link back with the Loddon River into
Laanecoorie Reservoir through the use of both environmental water and G-MW operational water.

v. Scenario E

Scenario E occurs in Tullaroop Creek where the irrigation allocation for Tullaroop customers reaches ~50%.
At this stage G-MW will be running the river constantly through the season, providing sufficient water for
customers to extract. Additionally, some environmental objectives (e.g. maintaining a base flow through the
creek) will be achieved through G-MW operations. P

e
e

~ While no extra environmental water will be available for the environmental allocation, there will be
~._opportunities to use the existing environmental water to provide significant flushes (as per the

-
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recommendations in LREFSP [2002] and Lloyd Environmental [2008]) through the system, and some water
will be reserved for use in 2011-12.

vi. Scenario F

When irrigation allocations to Tullaroop customers reach 100%, minimum flows and freshes will be
reinstated in the operation of the creek by G-MW. There will be opportunity to use environmental water to
provide a winter/spring fresh if this scenario is reached early in the season, or alternatively the water will be
used to provide a winter fresh in 2011 to set the creek up for the following season. There may also be
possibility to hold water in Tullaroop Reservoir for use in 2011-12.

In all the scenarios described above, there is a need to adaptively manage any environmental releases
according to observed conditions in the creek. For example, the water quality water set aside in the
scenarios above should be used in response to an observed decline in water quality. Additionally, if a large
rainfall event is observed in the area, there may be opportunity to maximise the environmental potential of
the flow through the use of environmental water to extend the duration of the flow event.

If the natural flows are sufficient to reach previously isolated pools, additional environmental water should be
used to maintain the flow through these pools to ‘freshen’ them before they become isolated again.

Under low flow conditions, there may be restrictions on the ability to deliver some of the flows recommended
due to infrastructure constraints on the reservoir. The current low capacity of Tullaroop Reservoir has meant
that pumps have been relied upon to get water out of the reservoir which is below the ordinary operational
level. As such, some recommended flows may have to be modified in line with the operational requirements
of the system which will be discussed throughout the season with the storage operator, G-MW.

' Figure 28. uIIarop Crek. Photo: S. Carracher Figure 29. TuIIardbp Creek. Photo: S. Carracher
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5e. Loddon River and Boort District Wetland 2010-11 Planning

I. Scenario 1 — Worst drought (repeat of 2006/07 inflows)

This scenario is based on receiving similar inflows into the Loddon storages as were received during
2006-07 (the direst inflow year on record).

Under this scenarios there will be no irrigation allocation made in the Loddon system. The 2009 Qualification
of Rights will be in operation and there will be minimal environmental water available for use. Under the
Qualification, 600ML of water from the LSWFA will be available to the environment, however this will be put
into the pool of water resources that G-MW can operate the river with. The reasoning behind this is that
under this scenario, the river operations required to maintain critical human needs are aligned with those
required to meet critical environmental needs. The priority environmental objective is to maintain the river
through to Bridgewater Weir pool as it provides an important drought refuge function under drought
conditions. G-MW operations will target Bridgewater Weir pool with the focus to provide water to Bridgewater
township, Inglewood, Dunolly and Laanecoorie. These towns are all supplied from the river in the reach
between Laanecoorie and Bridgewater so intermittent releases from Laanecoorie Reservoir would be made
over the year to keep Bridgewater Weir pool topped up.

The result of this will be that Reach 1 (Cairn Curran to Laanecoorie Reservoirs) may be used as a transport
route to move water between the two reservoirs, in essence providing a low flow to the reach during
September/October, with no flow for the remainder of the year.

Approximately half of Reach 3a (Laanecoorie Reservoir to Serpentine Weir) will contain water (from
Laanecoorie Reservoir to Bridgewater Weir) in order to supply Bridgewater township. There will be periods of
no flow, with occasional low flow releases filling pools along the river. The remainder of this reach (below
Bridgewater Weir) will have no flow, and the pools will likely dry over the season.

While the river operation will not explicitly target environmental values in the upper section of Reach 3a, they
align with environmental priorities for the river under a continuing drought scenario. Reach 3a contains some
of the highest environmental values along the Loddon River, and will have the most flow of any reach. There
is also a need to maintain large, deep pools of water during drought. These areas provide the best habitat in
the river for flora and fauna species to seek refuge while other areas of the river dry out. Through the
maintenance of Bridgewater weir pool to enable water extraction for town supply, this weir pool will contain
water for the whole season which will additionally maintain this area for drought refuge.

Reach 3b (from Serpentine Weir to Loddon Weir) will have no flow through the season. However, the weir
pool of Loddon Weir will be maintained by water moving though the landscape from the Goulburn River in
the east, though Loddon Weir and out to the Boort Irrigation Area to the west via the Waranga Western
Channel. Water contained in the Loddon Weir pool will therefore not be Loddon water as such, but Goulburn
water.

Reach 4 of the Loddon River (Loddon Weir to Kerang Weir) will remain dry under this scenario (as per the
revised environmental flow recommendations for the lower Loddon River System discussed in Section 4c).

Table 10 shows the river system operations and environmental water use expected under Scenario 1 while
Table 18 shows overall system operations (under all scenarios).
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Table 10. Loddon System operations under Scenario 1 — Worst drought

Characteristics

woody habitat. Four
native fish species
expected (incl. River
blackfish)

and five native fish
species expected (incl.
historical records of
River blackfish)

of Silver perch).
Drought refuge
provided by
Bridgewater and
Serpentine Weir
pools.

Four native fish species
expected (incl. past
distribution of Silver
perch). Drought refuge
provided by Loddon Weir
pool.

aquatic plant species
in bottom of channel.
History of blackwater
events and recent
evidence of acid
sulphate soils/acid
water

REACH 2: REACH 1 REACH 3:;_1: REACH 3b: REACH 4
Loddon System Tullaroop to Cairn Curran to Laanecoorie . . ; -
- . : Serpentine Weir to Loddon Weir to Boort District Wetlands
Reach Laanecoorie Laanecoorie Reservoir to Loddon Weir Kerana Weir
Reservoir Reservoir Serpentine Weir 9
Channel unstable and | Moderate reversal of Eg?g:ﬂ% urriﬁzgairizl
high levels of seasonal flows. Cease to terrestrialgi]se d with 9
Complex morpholo Channel in-filled, lack instream woody flow events observed. siltation of bools and
resgnt in reaF():h wi'?r?l of pools and some habitat. Four native Aggradation of the coIonisatiorFI) of
Ei h levels of instream bank notching. Little fish species expected | channel and moderate rinarian and semi- Lake Leaghur first priority to
Key Reach g instream woody habitat | (incl. past distribution | woody habitat instream. P receive small volume of

environmental water

600ML of Loddon System Withheld Flows Account available (allocated to G-MW to run river)

Environmental Water
Flexibility

300ML available for use in Tullaroop Creek

River operated
between Laanecoorie
Reservoir and
Bridgewater Weir (no
water below
Bridgewater) to
_September/October _

Transfer of water from
Cairn Curran to
Laanecoorie via
Reach 1

No river operation and
therefore no flow

No river operation

Reach Operations
and therefore no flow

System disconnected

None available

Reach to be kept dry
(divert any
unregulated flows to
Boort District
Wetlands)

Environmental Water
Use

No environmental water
available

No environmental
water available

No environmental water
available

Refer to Section 5(b)
part (ii)
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Ii. Scenario 2 — Extremely dry (delivery of carryover)

This scenario is based on receiving slightly more inflows into the Loddon storages than we recorded in
2006-07.

As in the previous scenario, there will be no irrigation allocation made in the Loddon system, however there
will be delivery of private carryover water from the 3% allocation made in 2009-10.

As in the previous scenario, the river operation through the season will not explicitly target environmental
values through Reaches 1, 3a and 3b. It will however, provide sufficient water to maintain condition of the
large, deep pools such as Bridgewater Weir pool, and flow through the remainder of the river (excluding
Reach 3b and Reach 4). Reaches 3a and 3b will receive minor flushes from rainfall at best during
winter/spring.

At this stage, the river will be running though to Serpentine Weir for the whole of the season to meet stock,
domestic and carryover demands. The river operations only through to Serpentine Weir mean that there is
some difficulty in using the 600ML of environmental water due to a disconnected river. The priority uses of
this water are therefore:

= deliver approximately 300ML through Reach 3b (Serpentine Weir to Loddon Weir) with the aim of
diverting from Loddon Weir to provide a spring top-up to Lake Leaghur (potentially passing the water
through the reach on top of a winter/spring rainfall event)

= reserve remaining water to respond to water quality issues through the season.

Reach 4 of the Loddon River (Loddon Weir to Kerang Weir) will again remain dry under this scenario (as per
the revised environmental flow recommendations described in Section 4c).

Table 11 shows the river system operations and environmental water use expected under Scenario 1 while
Table 18 shows overall system operations (under all scenarios).
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Table 11. Loddon System operations under Scenario 2 — Extremely Dry

Characteristics

woody habitat. Four
native fish species
expected (incl. River
blackfish)

and five native fish
species expected (incl.
historical records of
River blackfish)

(incl. past distribution
of Silver perch).
Drought refuge
provided by
Bridgewater and
Serpentine Weir
pools.

woody habitat instream.
Four native fish species
expected (incl. past
distribution of Silver
perch). Drought refuge
provided by Loddon Weir
pool.

aquatic plant species
in bottom of channel.
History of blackwater
events and recent
evidence of acid
sulphate soils/acid
water.

REACH 2: REACH 1: REACH 3a: REACH 3b: REACH 4:
Loddon System Tullaroop o cairn C“”a’? B Laaneco_o re Serpentine Weir to Loddon Weir to Boort District Wetlands
Reach Laanecoorie Laanecoorie Reservoir to Loddon Weir Kerang Weir
Reservoir Reservoir Serpentine Weir 9
Channel unstable and | Moderate reversal of g:gg;‘]ﬁ] urriﬁz:gairixl
high levels of seasonal flows. Cease to g asing
Channel in-filled, lack instream woody flow events observed terrestrialised with
Complex morphology f | d ' habitat. F . A dati fth ) siltation of pools and
resent in reach with ot poals and some \abitat. Four native ggradation of the colonisation of ' o
Ei h levels of instream bank notching. Little fish species expected | channel and moderate rinarian and semi- Lake Leaghur first priority to
Key Reach 9 instream woody habitat P receive small volume of

environmental water

Environmental Water
Flexibility

300ML available for use i

n Tullaroop Creek

600ML of Loddon System Withheld Flows Account available

Reach Operations

Environmental Water
Use

System disconnected

Refer to Section 5(b)
part (ii)

Steady low flows
provided throughout

No environmental water
allocated to reach

Steady low flows
provided throughout

Steady very low flows
provided throughout
season

Hold water to respond
to water quality
issues

No environmental water
allocated to reach

No river operation
and therefore no flow

Reach to be kept dry
(divert any
unregulated flows to
Boort District
Wetlands)

Some water transferred from
LSWFA to Wetland
Entitlement and unregulated
flows diverted to wetlands if
required
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S 2011-12.

lii. Scenario 3 — Very dry (1% irrigation allocation)

The main difference between this scenario and Scenario 2 is that there is slightly more water available in the
system for use by towns, irrigators and the environment, and assumes that a 1% allocation is available in the
Loddon System. At a 1% HRWS allocation in the Loddon system, the unused volume of the Loddon System
Withheld Flows Account (LSWFA) from 2009-10 becomes available for use for environmental purposes
(projected to be approximately 3,200ML in total).

There will be a low, steady flow through Reaches 1 and 3a (Cairn Curran to Serpentine Weir) throughout the
season to meet stock, domestic and irrigation demand. This will provide water to both Bridgwater and
Serpentine Weir pools, increasing the available habitat for flora and fauna species.

Reach 3b (Serpentine Weir to Loddon Weir) will also receive an intermittent flow through the whole reach to
provide water between Serpentine Weir and Loddon Weir, as in the previous scenario.

At this stage there will be river flow from Cairn Curran Reservoir to Loddon Weir. Reach 4 (Loddon Weir to
Kerang Weir) will still remain dry under this scenario. There will be a need to manage any unregulated flows
resulting from rainfall events to ensure Reach 4 remains dry, and these flows will likely be directed to the
Boort District Wetlands.

There is an option under the Qualification of Rights which will allow up to 2,000ML of water to be transferred
from the LSWFA into the Wetland Entitlement account. This means that up to 2,000ML (plus any
unregulated flows) could be available for use in any of the Boort District Wetlands over the season
(according to wetland prioritisation, volume of water available, timing and existing hydrological status of each
wetland). This clause has been included in the current Qualification of Rights due to the need to keep

Reach 4 dry under this scenario, and the ongoing priority of providing water to the Boort District Wetlands.

In addition, when an allocation occurs on the Loddon System, water becomes available for use from the
Wetland Entitlement. A total of 2,000ML is contained in this entitlement which becomes available at 100%
allocation. At a 1% allocation 20ML is available for use.

Figure 30 (pg 74) shows the prioritisation for the Boort District Wetlands according to the availability of
unregulated flows, and the need to divert these.

With some baseflow being provided from Cairn Curran to Loddon Weir, the next environmental objectives
are to maintain water quality and provide a September/October fresh in Reach 3a to clean accumulated
sediment from the bed and improve macroinvertebrate habitat. Water from the LSWFA can be used to
provide a fresh through these reaches of at least 52ML/day for 13 days (plus flows rising and falling) which
would require approximately 650ML. Some of this water would continue to flow through to Loddon Weir and
could be used to for a wetland watering event.

If this water delivery is undertaken, there would be approximately 1,500ML remaining in the LSWFA which
would be used to manage any water quality issues in the river during summer, and another 1,000ML will be
available to transfer to the Wetland Entitlement in order to water Boort District Wetlands. The first priority
wetland to receive water will be Lake Leaghur and it is expected that 300ML will be required to provide a
spring top-up to follow on from the autumn 2010 watering event. The second priority wetland to receive water
under this scenario is Little Lake Meran (with an approximate requirement of up to 2,000ML).

Management of water held in the LSWFA will be dependent on the timing of inflows into the Loddon System,
and therefore, dependent on when the 1% allocation is made. Freshes and wetland watering events would
ideally be made in winter/spring of the 2010-11 season (but may be made later in the season e.g. autumn
and any water remaining in the LSWFA at the end of the 2010-11 season would be reserved for use in~
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Table 12 shows river system operations and environmental water use expected under Scenario 3 while
Table 18 shows overall system operations (under all scenarios).
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Table 12. Loddon System operations under Scenario 3 — Very Dry

Loddon System
Reach

REACH 2:
Tullaroop to
Laanecoorie

Reservoir

REACH 1:
Cairn Curran to
Laanecoorie
Reservoir

REACH 3a:

Laanecoorie

Reservoir to
Serpentine Weir

REACH 3b:
Serpentine Weir to
Loddon Weir

REACH 4:
Loddon Weir to
Kerang Weir

Boort District Wetlands

Key Reach
Characteristics

Complex morphology
present in reach with
high levels of instream
woody habitat. Four
native fish species
expected (incl. River
blackfish)

Channel in-filled, lack
of pools and some
bank notching. Little
instream woody habitat
and five native fish
species expected (incl.
historical records of
River blackfish)

Channel unstable and
high levels of
instream woody
habitat. Four native
fish species expected
(incl. past distribution
of Silver perch).
Drought refuge
provided by
Bridgewater and
Serpentine Weir
pools.

Moderate reversal of
seasonal flows and
unnatural cease to flow
periods. Aggradation of
the channel and
moderate woody habitat
instream. Four native fish
species expected (incl.
past distribution of Silver
perch). Drought refuge
provided by Loddon Weir
pool.

Reach currently dry.
Becoming increasing
terrestrialised with
siltation of pools and
colonisation of
riparian and semi-
aquatic plant species
in bottom of channel.
History of blackwater
events and recent
evidence of acid
sulphate soils/acid
water.

Lake Leaghur first priority to
receive environmental water.

Lake Meran, Little Lake
Meran, Lake Boort, Lake
Yando or other priority
wetlands in this region as
opted by the Environmental
Water Manager

Environmental Water
Flexibility

3,200ML of Loddon System Withheld Flows Account available (able to transfer up to 2,000ML into Wetland Entitlement)

Deficit and Reimbursement Account unavailable

20ML (1%) of Wetland Entitlement available

Minor unregulated flows at Loddon Weir

875ML available for use in Tullaroop Creek

Reach Operations

Environmental Water
Use

System disconnected

Refer to Section 5(b)
part (i)

Steady low flows
provided throughout
season

No environmental water
allocated to reach

Steady low flows
provided throughout
season

Provide fresh(es) and
hold water to respond
to water quality
issues — water flows
into reach 3b

Steady very low flows

provided throughout
season

No environmental water

allocated specifically to

reach (however water

from Reach 3a and

wetland water flow

through reach)

No river operation
and therefore no flow
Reach to be kept dry
(divert any
unregulated flows to
Boort District
Wetlands)

Some water transferred from
LSWFA to Wetland
Entitlement, unregulated
flows diverted to wetlands if
required, environmental
flows from reach 3a to be
diverted to wetland/s

65




Iv. Scenario 4 — Dry (5% irrigation allocation)

Under this scenario there is a 5% HRWS allocation for the Loddon System. The total volume of the LSWFA
is available for use in the system. This includes water carried over from 2009-10 (approximately 3,200ML),
plus 2010-11 flows withheld (projected to be 5,000ML). The total estimated volume is 8,200ML.

As in Scenario 3, there will be uninterrupted flows between Cairn Curran Reservoir and Loddon Weir. The
priority for environmental water once the whole of this river length contains a baseflow will be to add freshes
to Reach 3a (Laanecoorie Reservoir to Serpentine Weir). The target of these freshes will be to remove
accumulated sediments and biofilms in order to improve the habitat and abundance of macroinvertebrates in
this reach. The reason for targeting this component of the reach habitat is to ensure that adequate food is
available for fish populations, with an attempt to improve the survival and condition of individuals in the
reach.

With the additional water available for use in the system, the next priority will be to provide freshes to Reach
3b (Serpentine Weir to Loddon Weir) with a similar objective to that described in Reach 3a (Laanecoorie
Reservoir to Serpentine Weir).

Once again, as overall inflows to the system are relatively low, there will be a need to maintain the dry
condition of Reach 4 (Loddon Weir to Kerang Weir) under this scenario and divert any unregulate flows to
Boort District Wetlands. Additionally, with increasing irrigation allocation, there will be an increase in the
water available for use from the wetland entitlement. Under a 5% irrigation allocation, 100ML becomes
available and up to 2,000ML will again be able to be transferred from the LSWFA into the Wetland
Entitlement. However, it is unlikely that the full amount will be transferred as there will be freshes provided in
Reach 3a and 3b, with water provided for these events also originating from the LSWFA.

Figure 30 shows the prioritisation for the Boort District Wetlands according to the availability of unregulated
flows, and the need to divert these.

Depending on the timing of the 5% allocation being made in winter/spring, at least one fresh would be
provided in Reach 3a at this time (~650ML) which may be increased to provide a reasonable flow rate
through Reach 3b. An additional two freshes may be made through season which will be adaptively
managed to meet objectives of both Reach 3a and Reach 3b according to conditions observed in the
reaches.

Cottingham et. al (2010) recognise the importance of having sufficient water available for a fresh to both
commence the desired ecosystem response, to maintain that ecosystem response, and to minimise potential
adverse outcomes. Cottingham et. al (2010) state that freshes should generally be delivered in September-
October, and should avoid the summer-autumn periods to be inline with climatic conditions including air
pressure, temperature and humidity as well as avoiding potential risks such as blackwater.

Approximately 1,000ML would be reserved to manage any water quality problems with another 1,000ML
available for transfer into the Wetland Entitlement and use in the Boort District Wetlands (with the first priority
being delivery to Lake Leaghur, followed by Little Lake Meran). The remaining LSWFA water will be reserved
for 2011-12.

Table 13 shows river system operations and environmental water use expected under Scenario 4 while
Table 18 shows overall system operations (under all scenarios).
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Table 13. Loddon System operations under Scenario 4 — Dry

REACH 2: REACH 1: REACH 36_\: REACH 3b-: REACH 4:
LEaRlEm SsiE TulEneep i Callin GUTEN (2 LEEIEEEES Serpentine Weir to Loddon Weir to Boort District Wetlands
Reach Laanecoorie Laanecoorie Reservoir to Lpo ddon Weir Kerang Weir
Reservoir Reservoir Serpentine Weir 9
ic;i%rr?éle ﬂrg\\l\/grsail dOf Reach currently dry.
Channel unstable and unnatural cease to flow Becoming increasing
Channel in-filled, lack high levels of instream . . terrestrialised with ' .
Complex morphology of pools and some woody habitat. Eour periods. Aggradation siltation of pools and Lake Leaghur first priority to
present in reach with b pk hina. Littl - yf_ h " of the channel and lonisati p £ ripari receive environmental water.
high levels of instream | | ank notching. Little native fish species moderate woody colonisation of riparian .
Key Reach instream woody habitat | expected (incl. past and semi-aquatic plant | Lake Meran, Little Lake Meran,

Characteristics

woody habitat. Four
native fish species
expected (incl. River
blackfish)

and five native fish
species expected (incl.
historical records of
River blackfish)

distribution of Silver
perch). Drought refuge
provided by
Bridgewater and
Serpentine Weir pools.

habitat instream. Four
native fish species
expected (incl. past
distribution of Silver
perch). Drought refuge
provided by Loddon
Weir pool.

species in bottom of
channel. History of
blackwater events and
recent evidence of acid
sulphate soils/acid
water.

Lake Boort, Lake Yando or other
priority wetlands in this region as
opted by the Environmental
Water Manager

Environmental Water
Flexibility

8.200ML Loddon System Withheld Flows Account available (able to transfer up to 2,000ML into Wetland Entitlement)

Deficit and Reimbursement Account unavailable

100ML (5%) of Wetland Entitlement available

Small unregulated flows at Loddon Weir

875ML available for use in Tullaroop Creek

Reach Operations

Environmental Water
Use

System disconnected

Refer to Section 5(b)
part (ii)

Steady low flows
provided throughout
season including some
domestic and stock

and irrigation flows
provided for in spring,
summer and autumn___
No environmental

water allocated to

reach

Steady low flows
provided throughout
season including some
domestic and stock
and irrigation flows
provided for in spring,
| summer and autumn___
Use of environmental
water to provide
freshes to reach -
water flows into reach
3b

Intermittent flows
provided throughout
season

Use some
environmental water to
provide freshes

No river operation

Reach to be kept dry
(divert any unregulated
flows to Boort District
Wetlands)

Some water transferred from
LSWFA to Wetland Entitlement,
unregulated flows diverted to
wetlands if required,
environmental flows from reach
3a to be diverted to wetland/s
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v. Scenario 5 — Moderate (50% irrigation allocation)

This scenario will occur where there are good inflows into the Loddon storages and a 50% irrigation
allocation can be made.

There will be larger flows through the whole Loddon System (excluding Reach 4) for the whole season.
During spring, summer and autumn the flows through Reaches 1 and 3a will be higher than Reach 3b to
meet irrigation demand. However there will still be small continuous flows through Reach 3b both from
irrigation requirements, and flow through from Reach 3a.

Under this scenario there will be more unregulated flows through the system in winter/spring, however these
will likely still be manageable in the sense that they could still be harvested for use elsewhere in the system.
The river will be operated in a similar manner to the previous scenario, but with overall more water moving
through the system to meet irrigation demand.

The unregulated flows entering the Loddon System can be broken into two parts. Firstly, due to current low
levels in the storages (Cairn Curran in particular), unregulated flows in the upper catchments will be
harvested and held in storage without any difficulty. Secondly, unregulated flows below Laanecoorie will end
up at Loddon Weir. Once again, Reach 4 will be actively managed to keep dry, and flows will need to be
diverted from Loddon Weir to the Boort District Wetlands. The ability to manage the flows at the weir, and
stop water flowing into Reach 4 will therefore be dictated by the capacity of Loddon Weir pool to hold the
flow (most likely a limited volume of airspace), and the capacity of channels and wetlands to take the river
flow rates and volumes.

These unregulated flows will be higher under this scenario, and therefore a wetland with larger capacity is
required to take the flow volumes. Hence, it is under this scenario that the priority for unregulated flows shifts
to Lake Boort which has a capacity to receive water than other wetlands in the Boort Area.

If volumes of water passing through Bridgewater and Serpentine Weir are in excess of what can be delivered
to the small wetlands in the Boort area (~60ML/day into Lake Leaghur), these peaks will be diverted to Lake
Boort and may require additional environmental water from the Loddon sources of environmental water. The
delivery to Lake Boort could either be done by through flow via Little Lake Boort and into Lake Boort, or by
delivery directly to Lake Boort, or both. Through using both methods, maximum capacity for deliver could be
up to 160ML/day (LEWAG 2010). Figure 30 shows the prioritisation for the Boort District Wetlands according
to the availability of unregulated flows.

8,200ML of LSWFA water is available under this scenario, and a total of 1,000ML of water from the Wetland
Entitlement will be available for use (a total of 3,000ML could therefore be used for wetland watering). The
target for this water will be Lake Leaghur, Little Lake Meran and potentially supporting Lake Boort depending
on unregulated flows.

Between 3,000 and 4,000ML would be available to potentially to carryover to 2011-12

Table 14 shows river system operations and environmental water use expected under Scenario 5 while
Table 18 shows overall system operations (under all scenarios).
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Table 14. Loddon System operations under Scenario 5 — Moderate
REACH 2: REACH 1: REACH 3&_1: REACH 3b: REACH 4
Loddon System Tullaroop to Cairn Curran to Laanecoorie : . ; -
) , ) Serpentine Weir to Loddon Weir to Boort District Wetlands
Reach Laanecoorie Laanecoorie Reservoir to f .
. . . . Loddon Weir Kerang Weir
Reservoir Reservoir Serpentine Weir
Channel unstable and | Moderate reversal of ggsgrmi% urrirewz:le):/airiﬁ'
high levels of seasonal flows and terrestrialgi]se d with 9
Complex morpholo Channel in-filled, lack instream woody unnatural cease to flow siltation of bools and
pIex pnology of pools and some habitat. Four native periods. Aggradation of on ot p Lake Meran, Little Lake Meran
present in reach with bank notching. Little fish species expected | the channel and colonisation of Lake Boort 'Lake Yando Lake,
Key Reach high levels of instream | ;oo woody habitat | (incl. past distribution | moderate woody habitat | "Pa"an and semi- ’ ’

Characteristics

woody habitat. Four
native fish species
expected (incl. River
blackfish)

and five native fish
species expected (incl.
historical records of
River blackfish)

of Silver perch).
Drought refuge
provided by
Bridgewater and
Serpentine Weir
pools.

instream. Four native
fish species expected
(incl. past distribution of
Silver perch). Drought
refuge provided by
Loddon Weir pool.

aquatic plant species
in bottom of channel.
History of blackwater
events and recent
evidence of acid
sulphate soils/acid
water.

Leaghur or other priority
wetlands in this region as opted
by the Environmental Water
Manager

Environmental Water
Flexibility

8.200ML Loddon System Withheld Flows Account available (able to transfer up to 2,000ML into Wetland Entitlement)

Deficit and Reimbursement Account unavailable

1,000ML (50%) of Wetland Entitlement available

Larger unregulated flows at Loddon Weir

1,875ML available for use in Tullaroop Creek

Reach Operations

Environmental Water
Use

System connected

Refer to Section 5(b)
part (ii)

Steady larger flows
provided to meet
irrigation, stock and
domestic demand in
spring, summer and
autumn

No environmental water
allocated to reach

Steady larger flows
provided to meet
irrigation, stock and
domestic demand in
spring, summer and
autumn

Use of environmental
water to provide
freshes to reach

Steady larger flows
provided to meet
irrigation, stock and
domestic demand in
spring, summer and
autumn

Use some
environmental water to
provide freshes

No river operation
however potential for
unregulated flows to
enter reach

Reach to be kept dry
divert unregulated
flows to Boort District
Wetlands

1. Divert small unregulated
flows/or wetland entitlement to
meet wetland priorities (Lake
Leaghur, Little Lake Meran).

2. Divert medium unregulated
flows to Lake Boort to meet
diversion requirements from
Reach 4.

3. If Lake Boort holds water, use
environmental flows to maintain
ecological condition
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vi. Scenario 6 — Average (100% irrigation allocation)

This scenario begins where good inflows are recorded in the system. Under this scenario there will be a
HRWS irrigation allocation of 100% however it would still be a much drier year than a *historically average
year'.

6,000ML of water from the Deficit and Reimbursement Account becomes available for use under this
scenario (when irrigation allocation reaches 100%). This water can be carried over for use in 2011-12. There
would be significant inflows into the Loddon System, including significant unregulated flows at Loddon Weir.

Minimum passing flows and some river freshening flows may be reinstated for the river between Cairn
Curran and Loddon Weir under this scenario after the 100% allocation has been declared, in accordance
with those described in the Loddon System Bulk Entitlement. Under the Qualification of Rights there is no
obligation for these flows to be reinstated rather than held in the LSWFA. Therefore, the decision as to the
restarting of these flows through the river (excluding Reach 4) will be determined according to the condition
of the river, likely flows through the system, and in consultation with the storage operator (G-MW).

The LSWFA will hold 3.200ML from the 2009-10 season, plus any passing flows which were not released
until the 100% allocation was made, and the decision to release these flows was made (assuming an
opening allocation of 100% is not able to be made). In essence, while environmental flows (minimum flows
and passing flows) will be reinstated by G-MW, there will be less environmental water held in storage for use
through the season (3,200ML plus approximately 1,600ML).

Significant summer/autumn flows will occur in order to deliver irrigation entittements and these would be
adequate to meet environmental needs through Reach 1, 3a, and 3b (Cairn Curran Reservoir through to
Loddon Weir), and there would be some winter/spring freshes. However, these freshes may not be large,
and a release of LSWFA water may be required to provide desired fresh characteristics to target
macroinvertebrate habitat.

In Reach 4 (Loddon Weir to Kerang Weir), the management objective at the start of the year will be to keep
the reach dry. However, unregulated flows may exceed the ability to divert them, and some flow into Reach 4
could occur. Under this scenario, the management objective for Reach 4 changes from actively keeping it
dry, to providing a high flow through the reach (as per revised environmental flow recommendations [SKM
2010]). It is noted that there is a large amount of instream vegetation growth through this reach of the
Loddon River which may change the expected inundation area of this flow (as provided through flow
modelling). In addition to water quality monitoring, flows through this reach should be monitored to gain
information about how, where and how long the water moves through the reach.

If significant flows occur over Loddon Weir (i.e. enough to wet significant part of the reach), some or all of the
10,800ML of environmental water (6,000ML from the Deficit and Reimbursement Account plus 4,800ML from
the LSWFA) would be used in Reach 4 to give the flow through this reach persistence in volume and
duration. Once the target peak flow has been provided, there will be a need to cease flows below Loddon
Weir again to avoid a persistent low flow through the reach.

The revised environmental flow recommendations for the lower Loddon will dictate the required volume and
flow pattern to follow in restarting this reach (SKM 2010). Once Loddon Weir spill occurs and significant /
water is flowing over the weir, diversions of unregulated flows to the wetlands will cease in preference of this /
water going down Reach 4. The diversion to the Boort Wetlands may start up again after the required flow to

Reach 4 is provided. e

At 100% irrigation allocation, 100% of the Wetland Entitlement will become available for use in the Boort/’/
District Wetlands (2,000ML). The priorities for use of this water are again Lake Leaghur and Little Lake~

S _Meran, with a potential to provide additional water to Lake Boort is if has been started with unreggjat‘éd

o
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flows. There is also potential to flow the Lake Boort water through to Lake Lyndger, providing additional
environmental benefit from the water.

This entitlement can also be carried over for use in 2011-12, but the carryover volume is not available until
the 2011-12 allocation also reaches 100%. Some small unregulated flows at Loddon Weir would be diverted
before the 100% allocation was reached, and transfer of LSWFA water into the Wetland Entitlement would
again be available if there is no requirement to target Reach 4 with this water. Hence, the watering of several
wetlands, potentially including Lake Boort (as per the previous scenario) would occur under this scenario.
There is then possibility to flow water from Lake Boort into Lake Lyndger to provide some water to both
wetlands. Figure 30 shows the prioritisation for the Boort District Wetlands according to the availability of
unregulated flows.

Table 15 shows river system operations and environmental water use expected under Scenario 6 while
Table 18 shows overall system operations (under all scenarios).



Table 15. Loddon System operations under Scenario 6 — Average

Loddon System lelllzﬁrgy 2t:o Ca:?rllzpc\:ﬁ::aln to LZiﬁ‘gc'-('JSﬁ:e NGl S Nt
y - : ; Serpentine Weir to Loddon Weir to Boort District Wetlands
Reach Laanecoorie Laanecoorie Reservoir to Loddon Weir Kerana Weir
Reservoir Reservoir Serpentine Weir 9
Channel unstable and | Moderate reversal of
high levels of seasonal flows and Reach currently dry.
Channel in-filled, lack instream woody unnatural cease to flow Becoming increasing .
Complex morphology of pools and some habitat. Four native periods. Aggradation of terrestrialised with siltation | Lake Meran, Little Lake
present in reach with bank notching. Little fish species expected | the channel and of pools and colonisation of | Méran, Lake Boort, Lake
high levels of instream | . g . SN SP  EXpect : ! PO ; ; Yando, Lake Leaghur or
Key Reach instream woody habitat | (incl. past distribution | moderate woody habitat | riparian and semi-aquatic ’ g

Characteristics

woody habitat. Four
native fish species
expected (incl. River
blackfish)

and five native fish
species expected (incl.
historical records of
River blackfish)

of Silver perch).
Drought refuge
provided by
Bridgewater and
Serpentine Weir
pools.

instream. Four native fish
species expected (incl.
past distribution of Silver
perch). Drought refuge
provided by Loddon Weir
pool.

plant species in bottom of
channel. History of
blackwater events and
recent evidence of acid
sulphate soils/acid water.

iother priority wetlands in
this region as opted by the
Environmental Water
Manager

Environmental Water
Flexibility

BE flows restored and Loddon System Withheld flows account available (4,800ML)

6,000ML of Deficit and Reimbursement Account available

2,000ML (100%) of Wetland Entitlement available

Significant unregulated flows at Loddon Weir

1,875ML available for use in Tullaroop Creek

Reach Operations

Environmental Water
Use

System connected

Minimum passing flows
and river freshening
flows restored - refer to
Section 5(b) part (i)

Significant irrigation
flows

Potential for minimum
passing flows and river
freshening flows to be
restored

Significant irrigation
flows

Potential for minimum
passing flows and
river freshening flows
to be restored (may
also need to provide
winter/spring fresh
from LSWFA)

Some domestic and stock
and irrigation flows

Potential for minimum
passing flows and river
freshening flows to be
restored (may also need
to provide winter/spring
fresh from LSWFA)

No river operation however
potential for unregulated
flows to entre reach

Reach to be kept dry under
small - medium
unregulated flows (divert to
Boort District Wetlands up
to ~200ML/day). Use
environmental water to
maintain peak and duration
of flows if spill into reach
occurs

1. Divert small flows to meet
wetland priorities (Lake
Leaghur).

2. Divert medium
unregulated flows to Lake
Boort to meet diversion
requirements from reach 4.

3. Combination of both
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vii. Scenario 7 — Wet (100% irrigation allocation and 80GL held in storage)

Under this scenario there are more inflows into the storages, resulting in a 100% allocation being made,
along with 80,000ML of water being held in the combination of Cairn Curran Reservoir and Tullaroop
Reservoir.

Under the Environmental BE and Quialification of Rights, once the volume in storage reaches 80,000ML, the
environment receives the next 25,000ML to be captured. Once the volume held in storage drops below
80,000ML again, access to the water ceases. Hence, it is likely that this environmental water would primarily
be available for use in winter/spring before irrigation releases in spring/summer lower the storage again.

From an operational perspective, this scenario will be similar to the previous scenario but with a greater
volume of water moving through the landscape, both in response to irrigation demand and unregulated flows.

There will be more sizeable unregulated flows through the system below Cairn Curran and Tullaroop
Reservoir and it will be more difficult to control the peaks of these flows, resulting in greater volumes
requiring diversion/management than under the previous scenario.

Environmental water availability will increase under this scenario. Up to 4,800ML of the LSWFA will be
available (with the potential to transfer 2,000ML into the wetland entitlement). In addition, 2,000ML of water
in the Wetland Entitlement will be available meaning that a maximum of 4,000ML could be used in the Boort
District Wetland complex.

As in the previous scenario, the wetland entitlement should be used to water Lake leaghur and Little Lake
Meran. At this stage some unregulated flows would have been diverted to Lake Boort before committing to
Reach 4. Therefore, there will be a requirement to provide environmental water from the wetland entitlement
to Lake Boort to maintain and manage the wetland through its wet cycle.

There is also a greater potential for through flows from Lake Boort to be used in Lake Lyndger, generating
multiple outcomes for this water. Figure 30 shows the prioritisation for the Boort District Wetlands according
to the availability of unregulated flows.

The total volume of water available in the Deficit and Reimbursement Account in this scenario increases
from 6,000ML to up to 25,000ML (total capped volume). The primary target of this water will be to provide
recommended flows through Reach 4 of the Loddon River in winter/spring. Ideally this should tie in with
natural unregulated flows over Loddon Weir to maximise the use of environmental water. There is an
expectation that some of this water will flow through the whole reach, some will leave the river through
distributary channels and flood-runners, and some will get to Kerang Weir for use in Reach 5. The flow
recommendations for Reach 4 target an improvement in riparian vegetation condition and as such, a high
bankfull flow is required. In Reach 4 overall, the commitment will be made to the reach using un-divertible
unregulated flows, and there will be a requirement to follow through with that commitment using water from
the Deficit and Reimbursement Account depending on the timing and volumes of flows.

The remainder of the river will have sufficient flows through it though the provision of irrigation and
unregulated flows to cover-off on the environmental requirements.

It is likely that there will be sufficient water held in the Loddon storages to guarantee an allocation of close to
100% in the 2011-12 season, and any remaining environmental water will be carried over for use in 2011-12.

Table 16 shows river system operations and environmental water use expected under Scenario 7 while
Table 18 shows overall system operations (under all scenarios).
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Table 16. Loddon System operations under Scenario 7 — Wet

Loddon
System Reach

REACH 2:
Tullaroop to
Laanecoorie

Reservoir

REACH 1:
Cairn Curran to
Laanecoorie
Reservoir

REACH 3a:

Laanecoorie

Reservoir to
Serpentine Weir

REACH 3b:
Serpentine Weir to
Loddon Weir

REACH 4:
Loddon Weir to
Kerang Weir

Boort District Wetlands

Key Reach
Characteristics

Complex morphology
present in reach with
high levels of instream
woody habitat. Four
native fish species
expected (incl. River
blackfish)

Channel in-filled, lack
of pools and some
bank notching. Little
instream woody habitat
and five native fish
species expected (incl.
historical records of
River blackfish)

Channel unstable and
high levels of
instream woody
habitat. Four native
fish species expected
(incl. past distribution
of Silver perch).
Drought refuge
provided by
Bridgewater and
Serpentine Weir
pools.

Moderate reversal of
seasonal flows and unnatural
cease to flow periods.
Aggradation of the channel
and moderate woody habitat
instream. Four native fish
species expected (incl. past
distribution of Silver perch).
Drought refuge provided by
Loddon Weir pool.

Reach currently dry.
Becoming increasing
terrestrialised with
siltation of pools and
colonisation of
riparian and semi-
aguatic plant species
in bottom of channel.
History of blackwater
events and recent
evidence of acid
sulphate soils/acid
water.

Lake Meran, Little Lake
Meran, Lake Boort, Lake
Yando, Lake Leaghur or iother
priority wetlands in this region
as opted by the Environmental
Water Manager.

Environmental
Water

BE flows restored

Loddon System Withheld flows account available (4,800ML)

25,000ML of Deficit and Reimbursement account available

2,000ML (100%) of Wetland Entitlement available

Flexibility Unregulated flows at Loddon Weir
1,875ML available for use in Tullaroop Creek
River not operated for | Wetlands to receive captured
Reach High domestic and High domestic and . . consumptive unregulated flows, plus
Operations System connected stock and irrigation stock and irrigation :;'rligigt?gr:nff;\?/g and stock and purposes. High wetland entitlement and
flows flows 9 ' volumes of LSWEFA transfer (up to

Environmental
Water Use

Minimum passing flows

and river freshening

flows restored - refer to

Section 5(b) part (ii)

Potential for minimum
passing flows and river
freshening flows as per

BE

Potential for minimum
passing flows and
river freshening flows
as per BE

Potential for minimum
passing flows and river

freshening flows as per BE

High bankfull flow/s
provided as per
environmental flow
recommendations

4,000ML plus unregulated
flows).

Target under high flows will be
Lake Boort
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viii. Scenario 8 — Very wet (storages spill)

With very high rainfalls over winter/spring there is potential for the Loddon storages to spill. The result of this
will be that bigger unregulated flows occur, and there will be little ability to control them. Whereas previous
scenarios considered only unregulated flows below Laanecoorie would not be captured, this scenario is
where flows above the storages can not be fully captured.

From a system operation perspective, G-MW will be operating the system similar to previous scenarios, but
potentially with more water moving to the Boort area during summer to meet Boort irrigation demand (taking
over supply from the Goulburn system and reliance on Lake Eildon). There will be a large amount of
unregulated flows through the whole system. There is potential for high winter flows resulting in flooding
through the system.

When the storages spill, both the environmental Deficit and Reimbursement Account and the water held in
the LSWFA will spill with water exiting Cairn Curran Reservoir. This is considered a progressive spill with the
balance of the environmental entittements and allocations (Deficit and Reimbursement Account and LSWFA)
reducing according to the volume of water spilling from the reservoir. As such, under this scenario there is
potential for the environment to be holding anything from OML to slightly less than 25,000ML at the end of
the spilling event (i.e. anything between a minimal spilling event and a large event could occur).

The Wetland Entitlement is not considered in the spillage account, and as such, there will be 2,000ML
remaining for use in the Boort District Wetlands irrespective of the spilling of Cairn Curran. The target for this
water is to provide a filling or top up to wetland/s in the Boort area that are not already flooded. Some
wetlands (such as Lake Meran and Lake Leaghur) may receive flood waters from the Loddon River via
creeks and flood runners. Therefore, the priority for use of this water will be for watering wetlands
disconnected from the floodplain (Little Lake Meran, Lake Boort and Lake Lyndger), and provide top up (if
required) to wetlands receiving flood waters.

Under this scenario there will be a large volume of water moving through the whole of the Loddon system,
with bankfull and/or overbank flows occurring. This scenario is when the big flows of the past return to the
Loddon and from an environmental perspective, the need to pass environmental water through the river
system diminishes under this scenario. The target for water remaining in the Deficit and Reimbursement
Account will be carryover for 2011-12 to maintain flows in the subsequent year/s.

Table 17 shows river system operations and environmental water use expected under Scenario 8 while
Table 18 shows overall system operations (under all scenarios).

Figure 30 shows the prioritisation for the Boort District Wetlands according to the availability of unregulated
flows.
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Table 17. Loddon System operations under Scenario 8 — Very wet

Loddon
System Reach

REACH 2:
Tullaroop to
Laanecoorie

Reservoir

REACH 1:
Cairn Curran to
Laanecoorie
Reservoir

REACH 3a:

Laanecoorie

Reservoir to
Serpentine Weir

REACH 3b:
Serpentine Weir to
Loddon Weir

REACH 4:
Loddon Weir to
Kerang Weir

Boort District Wetlands

Key Reach
Characteristics

Complex morphology
present in reach with
high levels of instream
woody habitat. Four
native fish species
expected (incl. River
blackfish)

Channel in-filled, lack
of pools and some
bank notching. Little
instream woody habitat
and five native fish
species expected (incl.
historical records of
River blackfish)

Channel unstable and
high levels of
instream woody
habitat. Four native
fish species expected
(incl. past distribution
of Silver perch).
Drought refuge
provided by
Bridgewater and
Serpentine Weir
pools.

Moderate reversal of
seasonal flows and unnatural
cease to flow periods.
Aggradation of the channel
and moderate woody habitat
instream. Four native fish
species expected (incl. past
distribution of Silver perch).
Drought refuge provided by
Loddon Weir pool.

Reach currently dry.
Becoming increasing
terrestrialised with
siltation of pools and
colonisation of
riparian and semi-
aguatic plant species
in bottom of channel.
History of blackwater
events and recent
evidence of acid
sulphate soils/acid
water.

Lake Meran, Little Lake Meran,
Lake Boort, Lake Yando, Lake
Leaghur or iother priority wetlands
in this region as opted by the
Environmental Water Manager

Environmental
Water

BE flows restored

Some of 25,000ML of Deficit and Reimbursement account unavailable (volume has spilled)

4,800ML of LSWFA unavailable (volume has spilled)

2,000ML (100%) of Wetland Entitlement available

Flexibility Unregulated flows at Loddon Weir

1,875ML available for use in Tullaroop Creek

Minimum passing flows | High domestic and High domestic and High domestic and stock and
Reach . and river freshening stock and irrigation stock and irrigation irrigation flows. High High volume of
Operations flows restored - refer to | flows. Cairn Curran flows. Laanecoorie unregulated flows over unregulated flows

Environmental
Water Use

Section 5(b) part (ii)

Refer to Section 5(b)
part (ii)

High flows through
reach meet
environmental
requirements

spills

High flows through
reach meet
environmental
requirements

High flows through reach
meet environmental
requirements

High bankfull flow/s
provided as per
environmental flow
recommendations

Un-full wetlands receive flood
flows and 2,000ML of wetland
entitlement
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Boort District Wetland Prioritisation

Unregulated Flows

at Loddon Weir
oML ava.ilable Storage spilling
(scenario 1) (big flows, scenario 8)
Wetland Entitlement
LSWF,A g Yl Small flows Large flows and unrequlated
Entitlement only ) . g
(scenario 2-3) (scenario 4-7) flows
N2
LSWFA, Wetland LSWFA, Wetland
Entitlement and unregulated Entitlement and
flows unregulated flows
1. Lake Yando 1. Lake Yando, Lake Leaghur and Lake
2. Lake Leaghur Meran
3. Little Lake Meran 2. Lake Boort using unregulated flows (with
4. Other small wetlands potential for throughflow to Lake Lyndger)
5. Carry over 1. Lake Yando, Lake Leaghur and Lake 3. Lake Meran
Note: use dependant on individual 1. Lake Yando Meran 4. Carry over
wetland requirement — Refer to table 7 2. Lake Leaghur 2. Lake Boort using unregulated flows Note: use dependant on individual wetland
3. Little Lake Meran (with potential for throughflow to Lake requirement — Refer to table 7
4. Other small wetlands Lyndger)
5. Carry over 3. Lake Meran
Note: use dependant on individual 4.Carry over
wetland requirement — Refer to table 7 Note: use dependant on individual
wetland requirement — Refer to table 7

Figure 30. Boort District prioritisation flow chart, according to unregulated flow availability and scenarios
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LODDON RIVER
REACH
Irrigation Allocation
(Assumed Trigger)

Table 18. Scenario description according to reach.

SCENARIO 1
WORST DROUGHT

0% HRWS allocation

SCENARIO 2
EXTREMELY DRY

Delivery of carryover water

SCENARIO 3
VERY DRY

1% HRWS allocation

SCENARIO 4
DRY

5% HRWS allocation

SCENARIO 5
MODERATE

50% HRWS allocation

SCENARIO 6
AVERAGE

100% allocation

SCENARIO 7
Wet

100% allocation and 80GL
held in storage

i
SCENARIO 8
VERY WET

Storages Spilling

Environmental Water

No BE flows provided
Deficit and Reimbursement
Account unavailable

600ML of LSWFA available
(allocated to G-MW to run

No BE flows provided

Deficit and Reimbursement
Account unavailable

600ML of LSWFA available

No BE flows provided

Deficit and Reimbursement
Account unavailable

3,200ML of LSWFA available

No BE flows provided

Deficit and Reimbursement
Account unavailable

8,200ML LSWFA available

No BE flows provided

Deficit and Reimbursement
Account unavailable

8,200ML of LSWFA available

BE flows restored

6,000ML of Deficit and
Reimbursement Account
available

4,800ML of LSWFA available

BE flows restored

25,000ML of Deficit and
Reimbursement account
available

4,800ML of LSWFA available

BE flows restored

Some of 25,000ML of Deficit
and Reimbursement account
unavailable (volume has
spilled)

4,800ML of LSWFA
unavailable (volume has

Flexibility river spilled)

Wetland Entitlement Wetland Entitlement 20ML of Wetland Entitlement ~ 100ML of Wetland 1,000ML of Wetland 2,000ML (100%) of Wetland 2,000ML (100%) of Wetland 2,000ML (100%) of Wetland
unavailable unavailable available Entitlement available Entitlement available Entitlement available Entitlement available Entitlement available
No unregulated flows at No unregulated flows at Minor unregulated flows at Small unregulated flows at Larger unregulated flows at Significant unregulated flows  Unregulated flows at Loddon
Loddon Weir Loddon Weir Loddon Weir Loddon Weir Loddon Weir at Loddon Weir Weir Unregulated flows at Loddon
300ML available for use in 300ML available for use in 875ML available for use in 875ML available for use in 1,875ML available for use in 1,875ML available for use in 1,875Ml available for use in Weir
Tullaroop Creek Tullaroop Creek Tullaroop Creek Tullaroop Creek Tullaroop Creek Tullaroop Creek Tullaroop Creek
System disconnected System disconnected System disconnected System disconnected System connected System connected System connected System connected

REACH 2:

Tullaroop to Minimum passing flows and Minimum passing flows and Minimum passing flows and

Laanecoorie Reservoir

Refer to Section 5(b) part (ii)

Refer to Section 5(b) part (ii)

Refer to Section 5(b) part (ii)

Refer to Section 5(b) part (ii)

Refer to Section 5(b) part (ii)

river freshening flows
restored - refer to Section
5(b) part (i)

river freshening flows
restored - refer to Section
5(b) part (ii)

river freshening flows
restored - refer to Section
5(b) part (i)

REACH 1:
Cairn Curran to
Laanecoorie Reservoir

Transfer of water from Cairn
Curran to Laanecoorie via
Reach 1

No environmental water
available

Steady low flows throughout
season

No environmental water
allocated to reach

Steady low flows throughout
season

No environmental water
allocated to reach

Steady low flows provided
throughout season including
some domestic and stock and
irrigation flows provided for in
spring, summer and autumn

No environmental water
allocated to reach

Steady low flows provided
throughout season including
some domestic and stock and
irrigation flows provided for in
spring, summer and autumn

No environmental water
allocated to reach

Significant irrigation flows

Potential for minimum
passing flows and river
freshening flows to be
restored

High domestic and stock and
irrigation flows. Cairn Curran
spills

Potential for minimum
passing flows and river
freshening flows as per BE

High domestic and stock and
irrigation flows. Cairn Curran
spills

High flows through reach
meet environmental
requirements

REACH 3a:
Laanecoorie Reservoir
to Serpentine Weir

River operated between
Laanecoorie Reservoir and
Bridgewater Weir (no water
below Bridgewater) to
September/October

No environmental water
available

Steady low flows throughout
season

Hold water to respond to
water quality issues

Steady low flows throughout
season

Provide fresh(es) and hold
water to respond to water
quality issues — water flows
through reach 3b

Steady low flows provided
throughout season including
some domestic and stock and
irrigation flows provided for in
spring, summer and autumn

Use of environmental water
to provide freshes to reach —
water flows into reach 3b

Steady low flows provided
throughout season including
some domestic and stock and
irrigation flows provided for in
spring, summer and autumn

Use environmental water to
provide freshes to reach

Significant irrigation flows

Potential for minimum
passing flows and river
freshening flows to be
restored (may also need to
provide winter/spring fresh
from LSWFA)

High domestic and stock and
irrigation flows. Cairn Curran
spills

Potential for minimum
passing flows and river
freshening flows as per BE

High domestic and stock and
irrigation flows. Laanecoorie
spills

High flows through reach
meet environmental
requirements

REACH 3b:
Serpentine Weir to
Loddon Weir

No river operation and
therefore no flow

No environmental water
available

Steady low flows throughout
season

No environmental water
allocated to reach

Steady low flows throughout
season

No environmental water
allocated specifically to reach
(however water from reach 3s
and wetland water flow
through reach)

Intermittent flows provided
throughout season

Use some environmental
water to provide freshes

Steady low flows provided
throughout season including
some domestic and stock and
irrigation flows provided for in
spring, summer and autumn

Use some environmental
water to provide freshes

Some domestic and stock
and irrigation flows

Potential for minimum
passing flows and river
freshening flows to be
restored (may also need to
provide winter/spring fresh
from LSWFA)

High domestic and stock and
irrigation flows. Cairn Curran
spills

Potential for minimum
passing flows and river
freshening flows as per BE

High domestic and stock and
irrigation flows. High
unregulated flows over
Serpentine Weir

High flows through reach
meet environmental
requirements

Cont.
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LODDON RIVER
REACH
Irrigation Allocation
(Assumed Trigger)

SCENARIO 1
WORST DROUGHT

0% HRWS allocation

SCENARIO 2
EXTREMELY DRY

Delivery of carryover water

SCENARIO 3
VERY DRY

1% HRWS allocation

SCENARIO 4
DRY

5% HRWS allocation

SCENARIO 5
MODERATE

50% HRWS allocation

SCENARIO 6
AVERAGE

100% allocation

SCENARIO 7
Wet

100% allocation and 80GL
held in storage

SCENARIO 8
VERY WET

Storages Spilling

Environmental Water

No BE flows provided
Deficit and Reimbursement
Account unavailable

600ML of LSWFA available
(allocated to G-MW to run

No BE flows provided

Deficit and Reimbursement
Account unavailable

600ML of LSWFA available

No BE flows provided

Deficit and Reimbursement
Account unavailable

3,200ML of LSWFA available

No BE flows provided

Deficit and Reimbursement
Account unavailable

8,200ML LSWFA available

No BE flows provided

Deficit and Reimbursement
Account unavailable

8,200ML of LSWFA available

BE flows restored

6,000ML of Deficit and
Reimbursement Account
available

4,800ML of LSWFA available

BE flows restored

25,000ML of Deficit and
Reimbursement account
available

4,800ML of LSWFA available

BE flows restored

Some of 25,000ML of Deficit
and Reimbursement account
unavailable (volume has
spilled)

4,800ML of LSWFA
unavailable (volume has

Flexibility river spilled)
Wetland Entitlement Wetland Entitlement 20ML of Wetland Entitlement ~ 100ML of Wetland 1,000ML of Wetland 2,000ML (100%) of Wetland 2,000ML (100%) of Wetland 2,000ML (100%) of Wetland
unavailable unavailable available Entitlement available Entitlement available Entitlement available Entitlement available Entitlement available
No unregulated flows at No unregulated flows at Minor unregulated flows at Small unregulated flows at Larger unregulated flows at Significant unregulated flows  Unregulated flows at Loddon
Loddon Weir Loddon Weir Loddon Weir Loddon Weir Loddon Weir at Loddon Weir Weir Unregulated flows at Loddon
300ML available for use in 300ML available for use in 875ML available for use in 875ML available for use in 1,875ML available for use in 1,875ML available for use in 1,875MI available for use in Weir
Tullaroop Creek Tullaroop Creek Tullaroop Creek Tullaroop Creek Tullaroop Creek Tullaroop Creek Tullaroop Creek
No river operation and No river operation and No river operation and No river operation however No river operation however River not pperated for i High volume of unregulated
therefore rF:o flow therefore rF1)o flow therefore r?o flow No river operation potential for unregulated potential for unregulated consumptive purposes. High flogvs 9
flows to enter reach flows through entire reach volumes of unregulated flows
. Reach to be kept dry under
Loddosl\zl\//Ae(i:rn'oLl}'(erang small-medium unregulated
Weir Reach to be kept dry (divert ~ Reach to be kept dry (divert ~ Reach to be kept dry (divert ~ Reach to be kept dry (divert ~ Reach to be kept dry divert flows (divert to Boort District  jigh pankfull flow/s provided  High bankfull flow/s provided

any unregulated flows to
Boort District Wetlands)

any unregulated flows to
Boort District Wetlands)

any unregulated flows to
Boort District Wetlands)

any unregulated flows to
Boort District Wetlands)

unregulated flows to Boort
District Wetlands

Wetlands up to ~200ML/day).
Use environmental water to

maintain peak and duration of
flows if spill into reach occurs

as per environmental flow
recommendations

as per environmental flow
recommendations

Boort District
Wetlands

No environmental water
available.

Provide water to Lake
Leaghur

Some water transferred from
LSWFA to Wetland
Entitlement, unregulated
flows diverted to wetlands if
required, environmental flows
from reach 3a to be diverted
to wetland/s. Lake Leaghur is
priority wetland to receive
water

Some water transferred from
LSWFA to Wetland
Entitlement, unregulated
flows diverted to wetlands if
required, environmental flows
from reach 3a to be diverted
to wetland/s. Lake Leaghur is
priority wetland to receive
water

1. Divert small unregulated
flows/or wetland entitlement
to meet wetland priorities
(Lake Leaghur, Little Lake
Meran).

2. Divert medium unregulated
flows to Lake Boort to meet
diversion requirements from
Reach 4.

3. If Lake Boort holds water,
use environmental flows to
maintain ecological condition

1. Divert small unregulated
flows/or wetland entitlement
to meet wetland priorities
(Lake Leaghur, Little Lake
Meran).

2. Divert medium unregulated
flows to Lake Boort to meet
diversion requirements from
Reach 4.

3. If Lake Boort holds water,
use environmental flows to
maintain ecological condition

Wetlands to receive captured
unregulated flows, plus
wetland entitlemnt and
LSWFA transfer (up to
4,000ML plus unregulated
flows).

Target under high flows will
be Lake Boort

Un-full wetlands receive
unregulated flows and
2,000ML of wetland
entitlement
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6. Plans for other sources of water

As discussed in Section 3a, there is potential for additional water to become available on the Loddon system
during 2009-10. While the volumes and operation requirements of these water sources are yet to be
finalised, the potential use of the water is considered in this section should it become available for use.

Wimmera-Mallee Pipeline water (available for use at Loddon Weir):
= 2,000ML entitlement to become available for environmental use from the water savings

= 300ML of this has been earmarked for Little Lake Boort and should this water come to the CMA,
North Central CMA will work with Committee of Management in the delivery of this water

*» The additional 1,700ML of this water will be considered as a wetland water delivery, according to
scenario and wetland priorities up to Scenario 6 (when significant unregulated flows at Loddon Weir
occur) where it should be used to fulfil requirements of Reach 4 as a first priority

= Into the future this water should be used as a first priority to provide recommended flows to the high
priority small wetlands in the Boort Area (Lake Yando, Lake Leaghur and Little Lake Meran) to
maintain their required watering regime every year (irrespective of irrigation allocation).

Commonwealth water (available for use at Loddon Weir depending on irrigation allocation):

» To date, 1,029ML of HRWS have been purchased by the Commonwealth in the Loddon System.
Should this water become available for use in 2010-11, it is recommended that it be used in
accordance with the scenario priorities described.

Northern Victorian Irrigation Renewal Project

= The volume of environmental water available under the mitigation water requirement is currently
unclear.

Overall there may be up to 3,000ML-4,000ML of environmental water entitlement available for use in the
Loddon River System and it is assumed that the water in these entitlements will be subject to Loddon
irrigation allocations (in some cases as a surrogate for Goulburn allocations).

Under Scenario 1 to Scenario 4, the water described above would be allocated as per the scenario
description (i.e. the volume of water would not change recommended management actions described).

Under Scenario 5 (50% irrigation allocation) the additional volumes of water described would be in the order
of 1,500ML-2,000ML and would add to the management actions undertaken by increasing the volume of
water being delivered to Lake Boort, and increasing the potential for some of this water to be delivered to
Lake Lyndger via through-flow from Lake Boort.

Under Scenario 6 (100% irrigation allocation) up to 3,000ML-4,000ML of additional water would be available
and according to the scenario priorities, this water would be used to increase the flows in Reach 4
(downstream of Loddon Weir). e

- Under Scenario 7, the priority will again be environmental flows in Reach 4, with the view of provigirrg'j"the
~best possible flow as per the environmental flow recommendations (SKM 2010). If this water/i,s/already
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available and this flow has been secured, the priority for use of the water will be as a wetland delivery to
Lake Boort and Lake Lyndger.

Under Scenario 8 there will be significant unregulated flows through the whole system, including some
flooding so there will be minimal ability to provide additional environmental flows through the system. The
recommendation under this scenario will therefore be to carryover the water for use in 2011-12.
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7. Delivering the Environmental Water Reserve

7a. Managing Environmental Water through the Season

In the Tullaroop Creek system, the key driver between the scenarios described in Section 5d relates to
inflows received in Tullaroop Reservoir. This will directly impact the volumes available to the environment
after October 2010 to maintain creek flows through the 2011-12 season. Prior to this, the 300ML of
environmental water from 2009-10 is to be used to maintain the river through to November 2010 when the
new allocation will be made.

In the Loddon River system, the 2010-11 season will probably start under extremely dry conditions, with only
600ML of water from the LSWFA available and no river flow. As such, there are likely to be no environmental
flow management decisions able to be made during the first one to two months of the season. Any
unregulated flows arriving at Loddon Weir should be diverted to the first Boort District wetland on the priority
list, to keep the Loddon River below Loddon Weir dry (Reach 4).

Initially, inflows to the system will determine whether some of the minimum 600ML of environmental water
from the LSWFA can be transferred to the Wetland Entitlement for use in Boort District Wetlands. Again, the
destination of this water will follow the wetland prioritisation.

The commencement of allocations increases the available water for environmental use, and allows water to
be delivered for spring (and later) flushes in Reach 3a.

If significant unregulated flows occur at Loddon Weir through the 2010-11 season, these flows are to be
diverted to Lake Boort (to keep Reach 4 dry), allowing other environmental water entitlements to be
delivered to other wetlands in the Boort area.

If unregulated flows are large enough (greater than ~200ML/day), flows into Reach 4 below Loddon Weir are
triggered. This will cease diversions of unregulated flows (for certain amount of time) and shift the delivery of
most of the available environmental water to maximising the size of the Reach 4 flow event. Allocations of
100% and the combined storage volumes reaching more than 80GL increases the water resources available
to be provided to Reach 4.

When the storages spill, there will be a reduction of available water for environmental use. Therefore, as
storages approach full capacity, management decisions will be required regarding whether to release water
for a specific environmental gain, or allow the spill to occur to provide some more general environmental
gain.

By September/October 2010, inflows received in the Loddon System and the seasonal outlook will allow
better planning for the remainder of the season. Importantly, the timing of resource availability (particularly if
allocation increases occur late in the spring) may preclude some planned watering options.

7b. Costs

The Environmental Water Manager does not have to make any payment for headworks costs relating to the
Environmental Reserve BE. However, any additional delivery costs relating to the supply of the wetland
entitlement where it is delivered through channel infrastructure will require payment. P
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7c. Notice Required

A notice period of 4 - 7 days is the agreed notice required for environmental water orders from Loddon
storages to the Loddon River and the Boort District Wetlands.

If channel capacity and maintenance constraints are foreseen G-MW in making environmental water
available, the Environmental Water Manager will be advised accordingly.

7d. Travel Time and Channel Capacity

Release from Cairn Curran and Tullaroop Reservoirs on the Loddon System may take up to 5-6 days to
reach Loddon Weir, however this will be influenced by existing conditions in the channel and seasonal
conditions.

The Environmental Reserve Bulk Entitlement (Schedule 3, clause 3.1) states that the wetland entitlement
“shall be supplied only when there is spare channel capacity available after meeting all the consumptive
demands supplied from the system waterway”. Therefore the intended delivery times to wetlands in this
AWP may change subject to consumptive demand.

Delivery to any wetland in the Boort District will vary depending on channel capacity and irrigator demand.
As such, it is recommended that ability to deliver, and therefore delivery time be organised with the storage
operator (G-MW) prior to commencement of delivery.
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8. Risks of Environmental Water Delivery

While it is widely acknowledged that the delivery of environmental water to the Loddon River System
provides a major benefit to the health of the environment and ecosystems supported in the river system,
there are a number of risks that need to be considered in the delivery of environmental water.

Some of the risks posed by environmental water to the Loddon River System, along with recommended
mitigating actions are described below:

Blackwater:

Blackwater events are characterised by a dark discolouration of the water column which is usually
associated with a low dissolved oxygen concentration as a result of a high organic matter load (SKM 2008).
In the Loddon River, blackwater events may occur through many mechanisms, however the accumulation of
external organic matter (e.g. leaf litter) entering the river during summer freshes and the subsequent
processing of this organic matter can cause a decline in dissolved oxygen concentrations and the release of
tannins which cause the water to turn black (SKM 2008).

The major risk these events pose is to aquatic fauna species residing in the river as the dissolved oxygen
declines, temperature increases, pH decreases and tannins increase, and can result in fish movement out of
the area and/or fish deaths. While these events occur naturally in some ecosystems (SKM 2008), the risk in
recent years has been heightened by the delivery of environmental flows to stressed, and drying river
reaches.

Cottingham et. al (2010) note that freshes occurring in late summer-autumn carry an increased risk of
triggering a blackwater event. Spring freshes carry a lot less risk due to lower temperatures, slower
decomposition of organic matter and less severe oxygen depletion, and these should be releases in
preference of summer-autumn freshes (Cottingham et. al 2010).

The freshes described in this Plan generally focus on a spring delivery and therefore avoid the risk period of
summer/autumn. These freshes are priorities for Reaches 3a (Laanecoorie Reservoir to Serpentine Weir)
and 3b (Serpentine Weir to Loddon Weir) with the aim of increasing habitat quality and improvement in food
resources for invertebrates through the disruption of biofilms and exposure of organic matter (Cottingham et.
al 2010). In turn, this should improve fish populations as their food source will be improved (Cottingham et. al
2010).

Any fresh delivered through the river will need to be monitored closely for a number of parameters (e.g.
dissolved oxygen, colour, electrical conductivity, pH, temperature etc.). Should blackwater begin to present
itself (generally characterised by dissoloved oxygen and colour), additional water may be required to
increase the flow duration of the event, and provide sufficient water volume to dilute the blackwater, as well
as increased velocity to mix the water and provide aeration.

Reach 4 of the Loddon River (Loddon River to Kerang Weir) is currently dry and holds a large amount of
organic matter. This reach will not be restarted until a large volume of water (above ~2,000ML) can be
delivered to the reach (through unregulated flows and/or environmental water) to provide a high bank-full
flow. As the reach has been dry for a number of years, and depending on the timing of this flow, there may
be potential to trigger a blackwater event. From an environmental perspective the consequence of a
blackwater event occurring in this reach at this stage will not be high as there are currently no aquatic
species residing in the reach (due to it being dry). The only consequence of an event of this nature will occur
if the blackwater reaches the downstream section of the reach (at Kerang) where there is water in the weir

S ‘pool. It is expected that the flow volume and duration will be sufficient to dissipate/recover the water quality

'alon_g the length of the river.



Acid Water in Reach 4:

The development of acid water through Reach 4 of the Loddon River (below Loddon Weir) is considered to
occur when the system is dry, but presents itself when the system is re-wet, through the exposure of large
amounts of sulfidic sediments to the air for a considerable amount of time (SKM 2010). This acid water is
characterised by a low pH and deoxygenating of the water, causing harm to aquatic organisms unable to
leave the poor conditions. The development of this acid water may be as a result of Acid Sulphate Soils
(ASS) in the reach, however there is currently some conjecture as to whether there is actually wide-spread
ASS, or whether other mechanisms have are presenting themselves as ASS. For example, it has been noted
that acid groundwater under the Parilla sands in the Mallee can contribute to acid water, however this is only
is a small area of the Loddon River, and as such probably do not contribute a significant amount of acid (if at
all).

Recommendations for the management of the potential risk of ASS and/or acid water involve ensuring that
the recommended high bank-full flows through this section of the river are large and sustained (SKM 2010).
It is expected that theses flows will be enough to wash any sulphides from the sediment, and to dilute any
acid that may form (SKM 2010). Should a rainfall event cause a small unregulated flow over Loddon Weir
and into this reach, there is greater potential for acid to be formed at some locations due to small volumes of
water wetting the channel but not passing through with enough water to dilute the water (SKM 2010). As
such, the proposals developed through the scenarios of this Plan ensure that water is diverted from Loddon
Weir at these low flow conditions, with the switch to allowing a spill at Loddon Weir occurring only when
there is sufficient unregulated flows and/or enough environmental water available to follow through with a
large flow event.

It is recommended that any flows through Reach 4 of the Loddon River be monitored for pH, dissolved
oxygen levels, metals and sulphides during and after flow events (SKM 2010).

High bank-full flows:

As discussed throughout this Plan, the first priority flow through Reach 4 of the Loddon River (between
Loddon Weir and Kerang Weir) will be a high bank-full flow lasting at least six days. The environmental flow
recommendations stipulate that a 3,500ML per day flow over Loddon Weir will inundate high benches
downstream of Loddon Weir, and will reach the top of the river bank when the flow reaches the Loddon River
immediately upstream of the Twelve Mile Creek regulator (due to the smaller channel capacity) (SKM 2010).
Additionally it is expected that this flow will engage both Venebles and Kinypanial Creeks with reasonable
flows (SKM 2010).

While modelling suggests that a flow of this magnitude will remain contained in the river and creek channels,
there is potential that additional water may be added to this flow (via a rainfall event) which may result in
some localised flooding outside of the river and creek channels.

Initial discussions with community representatives indicate that both the risk of promoting an over-bank flow,
as well as the consequences to property of a flow of this nature are low, the issue requires some
consideration (LEWAG 2010).

It is acknowledged that providing an environmental flow of this nature (high bank-full) is North Central CMA's
plan only, and it does not infer that this action will be able to be undertaken during 2010-11. Prior to
providing an environmental flow of this nature, North Central CMA will ensure that appropriate advice has.
been obtained to ensure all real risks have been identified and will be adequately managed. pd



During this flow event, monitoring of water movement through the system will also need to be undertaken.
This information will be fed back into the model used for this reach of the Loddon River to provide refinement
to the outputs generated.
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9. Monitoring

A major component of environmental water management and delivery involves monitoring, and using this
information to inform future management decisions. There are a number of monitoring activities currently
undertaken in the Loddon River System which are outlined in Table 19.

Table 19. Current monitoring undertaken in the Loddon River System

Monitoring

program Objectives Parameters targeted Comment
= Flow
“Evaluate ecosystem » Channel features Long-term monitoring program
Victorian responses to environmental «  Habitat survey which aims to generate

Environmental Flows
Monitoring Program

flows in six to eight regulated
rivers that are to receive
enhancements (to various

= Macroinvertibrate survey

information about long-term
ecosystem responses at a 5-

(VEFMAP) degrees) to their flow regime.” | Vegetation survey ;0 year.timeframe, rather than
Cottingham et. al 2005 pg. 1 = Fish survey in real-time
=  Water quality
Continuous water quality
VEEMAP As above monitoring probes (dissolved Real-time data provided at five

oxygen, electrical conductivity
and temperature)

sites through the system

G-MW Drought
Response Water
Quality Monitoring
Program

To monitor potential impacts to
G-MW customers and the
environment due to changed
operations of the rivers
brought about through the
Qualification of Rights
implementation

= Dissolved oxygen

= Electrical conductivity
= pH

» Temperature

= Turbidity

14 sites are monitored on the
Loddon River, and two on
Tullaroop Creek. Monitoring is
undertaken on a
fortnightly/monthly basis

CHW drought
response monitoring
program

To monitor potential impacts to
the environment due to
changed operations of the
rivers brought about through
the Qualification of Rights
implementation

= Dissolved oxygen

= Electrical conductivity
[] pH

=  Temperature

= Turbidity

Seven sites are monitored on
Tullaroop Creek on a
fortnightly basis

In addition to the monitoring described above, there are a number of other monitoring activities that should
be undertaken during 2010-11 to generate continuing knowledge about the Loddon River System. Some of
these activities are detailed in Table 20 and should be considered in the development of a monitoring

evaluation, reporting and improvement (MERI) plan.
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Table 20. Additional monitoring that should be undertaken during 2010-11 in the Loddon River
System

Monitoring Type

Location

Comment

Aquatic fauna (fish)

Tullaroop Creek

Monitoring should specifically target River Blackfish
populations and include information on population
structure. This will provided important information
about the Blackfish community in Tullaroop creek,
being targeted by environmental flow releases, and
will follow on from a 2005 study undertaken by ARI
(Pitman and Tinkler 2005).

Waterbird monitoring

Boort District Wetlands

Monitoring should be undertaken after environmental
water has been delivered to wetlands to show change
due to watering events.

Vegetation monitoring

Boort District Wetlands

Monitoring should be undertaken after environmental
water has been delivered to wetlands to show change
due to watering events.

Additional water quality
monitoring

Reach 4 of Loddon River

Monitoring probes should be established through
reach 4 of the Loddon River in prior to any flows
entering the reach, and should specifically target
water quality parameters associated with acid
sulphate soils/acid water (e.g. pH, dissolved oxygen,
metals and sulphides).
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9. Communication

It is important that the North Central CMA, as the manager of the Environmental Water Reserve, ensure all
stakeholders are kept informed of its operational activities in relation to the release of water for
environmental purposes through factual and prompt information.

The following primary and secondary audiences have been identified as requiring factual and prompt
communication engagement.

= Primary audience - Bulk Entitlement holders and storage operators (Goulburn-Murray Water and
Central Highlands Water) are to be informed of the North Central CMA’s management of the
Environmental Water Reserve and to ensure that consistent messages are delivered to the target
audiences.

= Primary audience - Loddon Environmental Water Advisory Group. Members of this group assisted in
the development of the Annual Watering Plan and are key community representatives in the Loddon
System. They will be informed of the North Central CMA’s management of the Environmental Water
Reserve.

= Primary audience - diversion licence holders, farmers, irrigators, landholders etc. Individuals within
this group have an entitlement to water to carry out their business activities and need to be informed
of the North Central CMA’s management of water for the river.

= Primary audience - the general community who use the water for recreational and social purposes.
It is important this group are made aware of the role and functions of the North Central CMA as
manager of the Environmental Water Reserve.

» Secondary audience — other stakeholders (DSE and DPI etc). Although already informed, they are
an important group because the North Central CMA's activities require their input and support. They
require continuing engagement with up to date information.

9a. Communication delivery channels
The delivery of our key messages will be via:

= Media releases - wherever practical these are to be joint releases with input from the North Central
CMA and Goulburn-Murray Water. A media release should precede any environmental flow release.

= Advertising - to minimise the potential for key messages to be lost when media outlets editorialise
media releases, paid advertisements are to be considered to supplement the release. This ensures
balance is provided in the North Central CMA’s community engagement of any environmental flow
release.

= North Central CMA Website - all current and future proposed environmental flows will be displayed
on the website and updated on a fortnightly basis. All media releases are also to be displayed.

» Community consultation — a copy of any media release is to be provided to any interested Loddon
Environmental Water Advisory Group members to ensure they are informed and have up to date
information that can be passed on to their local networks.
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11.

Environmental Flow Schedule — Environmental Reserve BE

Appendix 1. Environmental Reserve Bulk Entitlement

River - Duration Frequency
Reach Section Clause Storage Volume ML/day Type Notes Timing (days) (per year)
1.1 (a) Not applicable 20ML or natural M';}mm Whichever is less Nov to April Continuous -
>60,000ML combined storage -
Lg?\;jeorn 1.1 (b) (i) | volume of Cairn Curran and 35ML or natural M';}mm Whichever is less May to Oct Continuous -
Tullaroop
1 Cairn Curran | <or= 60,000ML com_bined - . . .
Reservoirto | 11 (b) (ii) | storage volume of Cairn Curran 20ML or natural Ml;llgcvum Whichever is less May to Oct Continuous -
Laanecoorie and Tullaroop _
Reservoir ln'CIiurrS1|l\Jlr?1 (f)lfows and
. min :
1.2 Not applicable 35ML Fresh only if inflows are Nov to April 7 3
sufficient
TiETeer 21 10ML or natural Minimum Whichever is less All year Continuous
Creek flow
2 Tullaroop Not applicable Inclusive ?If .
Reservoirto | 2.2 13.5ML Fresh minimum TIows an Nov to April 7 4
L - only if inflows are
aanecoorie sufficient
Reservoir
; Minimum . . .
3.1(a) Not applicable 15ML or natural flow Whichever is less Nov to July Continuous -
>60,000ML combined storage -
L;?\;jec;n 3.1 (b) (i) | volume of Cairn Curran and 52ML or natural Ml?lgwm Whichever is less Aug to Oct Continuous -
Tullaroop
3a Laanecoorie | <or= 60,000ML com_bined . . _ .
: 3.1 (b) (ii) | storage volume of Cairn Curran 15ML or natural Minimum Whichever is less Aug to Oct Continuous -
Reservoir to d Tull flow
Serpentine and 1uflaroop i
Weir In_chsnve ?If .
. minimum flows an .
3.2 Not applicable 52ML Fresh only if inflows are Nov to April 13 3
sufficient
Cont.
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River

Duration

Frequency

Reach Section Clause Storage Volume ML/day Type Notes Timing (days) (per year)
4.1 (a) Not applicable 19ML or natural ﬂNcI)lcvlmum Whichever is less Nov to April Continuous -
>60,000ML combined storage Minimum
Loddon 4.1 (b) (i) | volume of Cairn Curran and 61ML or natural flow Whichever is less May to Oct Continuous -
River Tullaroop
3b ] < or = 60,000ML combined Minimum
Ser_pentme 4.1 (b) (ii) | storage volume of Cairn Curran 19ML or natural fl Whichever is less May to Oct Continuous -
Weirto and Tullaroop ow
Loddon Weir Inclusive of
4.2 Not applicable 61ML Fresh minimum s E Nov to April 11 3
only if inflows are
sufficient
' Minimum Varied as slow rise . .
5.1(a) Not applicable 7-12ML flow and fall where Nov to April Continuous -
possible
>60,000ML combined storage 61ML Minimum ln:FI::Jrzll\J/ri ?Ifows and
Loddon 5.1 (b) (i) | volume of Cairn Curran and fl v if infl May to Oct Continuous -
River Tullaroop ow only if inflows are
sufficient, plus loss
4 Loddon Weir < or = 60,000ML combined Mini Inclusive ?If g
to Kerang 5.1 (b) (ii) | storage volume of Cairn Curran 10ML fl inimum mlrlr_r;qn;l OWS an May to Oct Continuous -
Weir and Tullaroop ow only if inflows are
sufficient, plus loss
nclusive of minimum
5.2 Not applicable 50ML Fresh flows and only if Jan to Feb 14 1

inflows are

sufficient, plus loss
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12. Appendix 2: Boort District Wetlands Flooding History

Wetland 1990 1991 1991 1992 1992 1993 1993 1994 1994 1995 1995 1996 1996 1997 1997 1998 1998 1999 1999
(Jul-Dec) [(Jan-Jun)|(Jul-Dec) [(Jan-Jun)|(Jul-Dec) |(Jan-Jun)|(Jul-Dec) |(Jan-Jun)|(Jul-Dec) |(Jan-Jun)|(Jul-Dec) |(Jan-Jun)|(Jul-Dec) [(Jan-Jun)|(Jul-Dec) [(Jan-Jun)|(Jul-Dec) |(Jan-Jun)|(Jul-Dec)
Boort District Wetlands (Listed in Environmental BE)
Wetland | Wetland | Wetland | Wetland Wetland Wetland | Wetland | Wetland Wetland Wetland | Wetland Wi Wetland | Wetland | Wetland
Lake Boort less than
full half full full full full full full full half full half full | half full half full dry dry dry
Lake Yando Wetland | Wetland | Wetland | Wetland Wetland Wetland | Wetland | Wetland Wetland Wetland I\gs iﬂtir;?] Wetland | Wetland | Wetland | Wetland
half full dry half full | half full half full half full full half full full half full half full dry dry dry dry
Wetland | Wetland | Wetland | Wetland | Wetland | Wetland Wetland [ Wetland | Wetland Wetland Wetland | Wetland Wit || Weii] | WS || WEling
Lake Leaghur less than | less than | less than | less than
full full full full full full full full half full full half full | half full
half full | half full | half full | half full
Wetland | Wetland
Wetland | Wetland Wetland Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland Wetland | Wetland | Wetland | Wetland
Lake Meran less than | less than
full full full full full full full half full full full full half full | half full | half full
half full | half full
. Wetland | Wetland Wetland | Wetland Wetland | Wetland | Wetland Wetland | Wetland Wetland | Wetland | Wetland | Wetland WY Wetland
Little Lake Meran less than
full full full full full full full full full full full half full | half full half full dry
Other sites
Little Lake Boort Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland
full full full full full full half full full full full full half full full full full full full full full
\Wetland 2000 2000 2001 2001 2002 2002 2003 2003 2004 2004 2005 2005 2006 2006 2007 2007 2008 2008 2009 2009 2010
(Jan-Jun)|(Jul-Dec) |(Jan-Jun)|(Jul-Dec) |(Jan-Jun)|(Jul-Dec) |(Jan-Jun)|(Jul-Dec) | (Jan-Jun)| (Jul-Dec)](Jan-Jun)]| (Jul-Dec)|(Jan-Jun)|(Jul-Dec) |(Jan-Jun)|(Jul-Dec) |(Jan-Jun)|(Jul-Dec) |(Jan-Jun)|(Jul-Dec) [(Jan-Jun)
Boort District Wetlands (Listed in Environmental BE)
Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland
Lake Boort
dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry
Wetland | Wetland | Wetland | Wetland [ Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland [ Wetland | Wetland | Wetland | Wetland W
Lake Yando less than
dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry full half full
W) || Wi || WYEHENT || Wik Wetland [ Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland
Lake Leaghur less than | less than | less than | less than d d ob d b ob d ok d d ob d d d d b half full
half full | half full | half full | half full i i Y i y Y i y Y Y Y i i Y Y y
WEHEE] || WEIENG || YNGR | WEdEE || WeiknG || ek Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland
Lake Meran less than | less than | less than | less than | less than | less than dn d i o o dn d dn dn d d o o dn dn
half full | half full | half full | half full | half full | half full Y i Y Y Y Y v Y Y i i Y Y Y Y
Li Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland
ittle Lake Meran
dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry dry
|
Other sites
Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland | Wetland Wetland | Wetland | Wetland | Wetland
Little Lake Boort W?ﬂﬁnd W?ﬂﬁnd W?Hﬁmd V:;??a? less than | less than | less than | less than | less than | less than | less than | less than W?ﬂﬁnd V'Y;??J? W?I:ﬁnd VX;;'?&? VX;;I?;? less than | less than | less than | less than
half full | half full [ half full | half full | half full [ half full | half full | half full half full half full half full half full
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1.0 Background

-

The Adaptive Environmental Water Plan for the Murray Valley 2010/11, hereafter refer to as ‘the
Plan’, outlines the proposed use of Adaptive Environmental Water (AEW) in the NSW Murray
Valley for the 2010-2011 season. The Plan identifies a number of wetland sites, or assets,
(private and public) that would benefit through receiving an allocation of AEW. Volumes of AEW
required for each asset has been estimated and included in the Plan.

The Department of Environment, Climate Change and Water (DECCW) currently manages up to
32,027 megalitres (ML) of Adaptive Environmental Water within the Murray Valley on behalf of
the Minister for Environment and Climate Change. The water is held in two AEW licences — a
conveyance licence which has a maximum share of 30,000 ML and a high security licence
whichv has a,maximum share of 2,027 ML (Table 1). In addition to the AEW licences DECCW
also facilitates the management of Commonwealth Environmental Water Holdings (CEWH) on
behalf of the federal Department of Environment, Water, Heritage and the Arts (DEWHA), water
allocated for The Living Murray (TLM) icon sites and any water donations made by the public.

Table 1. Summary of Adaptive Environmental Water licences held in
the NSW Murray Valley and managed by DECCW.

: - Maximum
Licence Type Licence Number Capacity (ML)
AEW Conveyance WAL 9422 / 50AL503537 30,000
AEW High Security WAL 9423 / 50AL503538 2,027

Several wetland assets located in NSW State Forests (currently managed by Forests NSW) are
watered using a combination of TLM water allocations and AEW. These assets are monitored
by DECCW in conjunction with Forests NSW.

This Plan has been developed in conjunction with, and is supported by, the Murray Lower
Darling Environmental Water Advisory Group.

1.1 Primary Objectives for AEW Use

The primary objectives for the provision of AEW to wetland habitats within the NSW Murray
Valley are:

1. To improve and/or maintain the condition of a diversity of wetland types within the
NSW Murray Valley;

2. To prevent the further decline in stressed wetland vegetation communities, in
particular River Red Gum, Black Box and Lignum communities;

3. To increase and/or maintain the abundance and diversity of understorey wetland
vegetation communities (in both wet and dry phases);

4. To reinstate a wetting/drying cycle for natural ephemeral floodplain wetlands that
have been negatively impacted by river regulation and/or severe drought conditions,
and

5. To provide habitat for wetland-dependant fauna including endangered species such
as the Southern Bell Frog (Litoria raniformis) and Regent Parrot (Polytelis
anthopeplus).
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1.2 Wetland asset selection

All wetland sites, or assets, are assessed prior to being listed to receive AEW in the NSW
Murray Valley. The site selection process looks at a number of aspects under four main
headings — Ecological Considerations, Management of Wetland, Landholder Interest /
Community Values and Logistics/Feasibility.

i. Ecological Considerations:

e Site condition (current) — vegetation, fauna, groundwater issues, adjacent land
practices, hydrological regime, impacts;

e Vegetation — overall community diversity, abundance and structure; presence of
any rare, threatened or endangered species;

e Fauna - overall community diversity, abundance; presence of any rare,
threatened or endangered species;

e Hydrology — natural hydrological regime, past watering/flooding history, last
inundation event (artificial/natural), connectivity to main water source/other
wetlands, volume of water required;

e Ecological or conservation values — at local and/or regional scales, includes
national or international agreements, and

e Impacts / Risks- that may be encountered if watering was to proceed, or not
proceed.

ii. Management of Wetland:

e Stock management — stock are typically excluded during watering projects and
for specified period after surface waters have dried, by agreement with
landholders, to maximise ecological response;

e Management plans — desirable but not essential;

e Long-term management aims of site.

iii.  Landholder Interest/ Community Values:
e Landholders are to be supportive of the watering activities and permission
granted for watering to proceed,
e Aim to develop a collaborative approach with landholders, in particular private
landholders, to provide a sense of ownership to the watering projects;
¢ Significance of wetland to the local community.

iv.  Logistics / Feasibility:
e Approvals — includes required licences and/or work approvals from relevant state
authority(ies);
Preparatory works;
o Feasibility — water delivery method, distance from main water source and
infrastructure required;
o Cost effectiveness.

2.0 Summary of AEW Use in 2009/2010

In 2009/10 a total of 28,828.1 ML of environmental water was available for use in the NSW
Murray Valley. General security allocations peaked at 27% (01/04/10) which resulted in 18,145
ML available in the AEW conveyance licence. High security allocations peaked at 97%
(01/04/10) equating to 1,966.2 ML available in the AEW high security licence (Figure 1).
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Carry-over volumes equalled 960.8 ML' of AEW. In addition to these volumes DECCW
managed 7,745 ML of Commonwealth Environmental Water Holdings (CEWH) and 11.1 ML of

donated water, both of which were transferred onto the AEW conveyance licence (Figure 1,
Table 2). "

L]

Throughout the 2009/10 season the Murray and Lower Darling Water Sharing Plan continued-to
be suspended.
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Figure 1. Allocation increases for the AEW conveyance and high security licences
during the 2009/2010 season.

Table 2. Summary of environmental water allocations in the
NSW Murray Valley during'200912010.

Water Soufce . | . Volume Available (ML)

AEW Conveyance 19,070
(WAL 9422 / 50AL503537)

(includes 925 ML carry-over)
AEW High Security 2,002
(WAL 9423 / 50AL503538)

(includes 35.8 ML carry-over)
CEWH (general security) 7,745
Donated water 11.1

TOTAL 28,828.1

! Due to the suspension of the Murray and Lower Darling Water Sharing Plan, carryover from 2008/2009
was allowed for both AEW licences. Carryover volumes were comprised of 925 ML (600 ML of which was
directly transferred to the Wee Wee Ck and Andruco Lagoon projects) on the AEW conveyance licence,
whilst the AEW high security licence carried over 35.8 ML which was transferred from a TLM licence.
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Of the 28,828.1 ML of environmental water available a total of 15,561.6 ML was diverted into 56
wetlands covering approximately 1,487 Ha (Table 3). All CEWH and donated water was used,
in addition to 7,816.6 ML? of AEW (conveyance and high security allocations). The remaining,
or unallocated, 13,266.5 ML of AEW will be carried into the 2010/11 season on the AEW
conveyance licence.

Monitoring of watered sites was conducted by DECCW staff, with the exception of some State
Forest areas which were monitored by Forests NSW staff on behalf of DECCW. Only one site
(Werai State Forest) required additional monitoring assistance from a contractor.

Overall, sites showed a positive response to the environmental water illustrated through:

¢ Increased foliage cover on riparian trees;

¢ Presence of wetland understorey species, dominated by natives;

e Presence of up to 7 different frog species, with some species recruiting, including the
endangered Southern Bell Frog (Litoria raniformis);

e Three wetlands within the LMD region recorded the presence and recruitment of
Southern Bell Frogs. It was estimated that at least 30 individuals were present at each
of the three sites;

e Presence of various bird species, with some species breeding, including cormorants,
grebes, ibis, ducks, swans;

¢ Water quality readings stayed within ANZECC guidelines for the majority of sites.

These results suggest that the objectives for the provision of environmental water had been met.

Further details on individual sites watered and monitoring results will be incorporated in the
Murray Lower Darling AEW Annual Report 2009/2010 (in preparation).

? Includes 368 ML, used for Pollack Swamp, which was carried-over on the Bringnan Irrigation Trust's
licence.
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3.0 2010/2011 Adaptive Environmental Water Plan

3.1  Predicted Rainfall for 2010/2011 (May to July)

Weather conditions across the River Murray system from February to April 2010, in general,
were warm and dry. In late March light to moderate rain fell, especially in the upper Murray
catchments, however this made little change to the inflows (excluding Snowy River releases
and Menindee Lakes inflows) which averaged 3.5 GL/day (Figure 2). Inflows during the first
9 days of June, averaged 7 GL/day, compared to a June long term average of approximately
23 GL/day (River Murray Weekly Report, MDBA, 09/06/2010).

Murray Systemn Manthly inflows (exel. Snowy & Darling Inflows)
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Figure 2. Monthly inflows for the River Murray system from June
2009 to May 2010 (Source: River Murray Weekly report, MDBA, 09-06-
2010).

Rainfall predictions for June to August 2010 show that there is a 40% chance of exceeding
the median rainfall along the majority of the River Murray (Australian Bureau of Meteorology
website, http://bom.gov.au, June 2010) (Figure 3).
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Figure 3. s;edicted chance of exceeding rainfall averages across
Australia for June to August 2010 (Source: Australian Bureau of
Meteorology, http:// www.bom.qov.au 15/06/2010).
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3.2 Predicted Volumes of Environmental Water Available in the Murray
Valley 2010/11

As of the 16/06/10 storage capacities along the Murray and Lower Darling Rivers are as |
follows: Hume Dam had 24% storage capacity (719 GL), Dartmouth Dam had 32% capacity °
(1,251 GL), Menindee Lakes had approximately 86% capacity (1,494 GL) and Lake Victorja
was at approximately 55% capacity (375 GL).

The NSW Office of Water (NOW) has released predictions of achieving differing
percentages for high and general security allocations in the NSW Murray Valley by 1 July
and 1 October, 2010 (Table 4: Critical water planning for the Murray Valley and Lower
Darling, NOW, Issue 34).

Table 4. Chances of achieving high and general security allocations by 1 July and 1
October, 2010 in the Murray Valley.

e T o b ertentor ety
50% high security 1 chance in 4 19 chances in 20
97% high security 1 chance in 6 9 chances in 10
5% general security 1 chance in 10 5 chance in 6
25% general security negligible 1 chance in 3

All critical human needs and carryover water in the NSW Murray Valley will be available on 1
July 2010. Therefore the 13,266.5 ML of AEW carried over will be available for use on 1
July 2010 (Table 5). Other sources of water which DECCW could potentially facilitate the
management of include: a portion of CEWH (on behalf of DEWHA) and the NSW Murray
Adaptive Environment Allocation (Murray AEA) — details on volumes available and sites for
use are still to be confirmed.

The NSW Office of Water has indicated that it is unlikely that the Murray and Lower Darling
Water Sharing Plan (WSP) will recommence in the immediate future. The WSP will remain
suspended until such time that sufficient water is available for full urban, stock and domestic
and high security use through the worst drought conditions over a two year period (Critical
water planning for the Murray Valley and Lower Darling, NOW, Issue 34).

Table 5. Summary of adaptive environmental water availability in the Murray Valley
as of 10/05/10.

Account Maximum Capacity (ML) Avaﬂ::a;(;)l;:)lt;ﬁf)as of
Conveyance 30.000 13,266.5
(WAL 9422 / 50AL503537) ' (carryover)
High security
(WAL 9423 / 50AL503538) 2,027 Currently unknown

A 37,000 (available, VIC)
f\ﬁ‘g’;“aaﬁg r':"'“ewa Forest 700,000 (94,000 - loaned VIC
181,000 - loaned NSW)
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The Commonwealth Environmental Water Holder (CEWH) currently has holdings equal to
203.3 ML of high security and 161,349 ML of general security from NSW. A portion of this
volume is likely to be available for use within the NSW Murray Valley during the 2010-2011
season.

The combination of below average to average rainfall experienced across the Murray Valley
from February to May 2010, a prediction of below average rainfall for June to August and the
likelihood of achieving 5% general security being a 1 in 10 chance, it is therefore anticipated
that the 2010/2011 season will commence under ‘Dry’ conditions. However due to the
availability of carryover volumes this will provide a good starting point for the commencement
of the 2010/2011 watering season.

3.3 Wetland Site Identification and Prioritisation

A total of 41 wetland sites along the Murray Valley have been identified and prioritised to
receive AEW during the 2010/11 season (Appendix 1).

To assist with AEW planning and prioritising of use, three condition scenarios i.e. Dry,
Moderate and Wet have been used. These are defined in Table 6.

Table 6. Condition scenarios used to assist with prioritising
of wetland sites.

AEW volume General Security

Condition Scenario | . jjanle (ML) | availability (%)°

Dry 0-10,000 0
Moderate 10,001 — 25,000 0-75
Wet 25,001 - 32,027 >75

Sites have been listed into the three scenarios based primarily on ecological needs.
However other aspects such as logistical ease, approvals in place, works required etc. have
also been used in prioritising.

It should be noted that due to the unpredictable nature of water allocations there is a need
for a flexible and adaptive approach for watering of the wetlands. The order in which
wetlands have been listed in the Plan is to be used as a guide rather than being rigidly
adhered to.

3 When the Murray and Lower Darling Water Sharing Plan is in operation, general security allocation
availability has a bearing on the volume of AEW available in the conveyance licence i.e. when
general security is 1% a total of 15.12 GL of AEW is available. Availability is scaled until the full
30,000 ML is reached at 100% general security.

Adaptive Environmental Watering Plan, 2010-2011. NSW Murray Valley. Page 11
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A. Dry Scenario (< 10,000 ML of AEW available)

Under the Dry Scenario thirteen sites (see Appendix 1 for site information) have be&n given
priority for environmental watering and include:
e Wee Wee Creek
Bingara and Bungaree Creeks
Grand Junction
Speewa Creek
Bengallow Creek
Brechin
Billa Downs
Koondrook-Perricoota State Forest sites - Horseshoe Lagoon, Swan Lagoon,

» Blackbox Lagoon, 390 Mile Lagoon, Thule Creek and Unnamed Creek (near Clarkes
Lagoon Road junction).

Reason:

The use of AEW for the above listed sites will fuffil all five of the AEW Objectives (see
Section 1.1). All of these sites are dominated by River Red Gums which have dramatically
declined in condition due to the severe drought conditions experienced over the past decade.
Consequently their condition is considered to range from critical to poor.

All sites, with exception of Speewa Creek, Bengallow Creek system and the Koondrook-
Perricoota State Forest sites received some environmental water in 2009/2010 and therefore
have the required approvals in place. To maximise on the biological response observed to-
date it is recommended that these sites receive a follow-up watering in 2010/2011. It is
recommended that these projects not start until mid-late August to be in keeping with natural
flooding times and therefore maximise on the capacity of faunal and floral responses.

Speewa Creek, located ~ 30 Km north of Swan Hill, is a 15 km creek line that connects with
the Murray River. The creek is fringed by River Red Gums which are showing signs of stress
due to the lack of flooding within the creek since 2001. The vegetation is considered to be in
a poor to moderate condition and would benefit from an environmental watering. The project
would be looking to inundate 10 Km of the creek and traverses over 5 properties. The local
landholders are very supportive of the proposal, and are willing to provide in-kind
contributions by managing the delivery of the AEW using their private pumping infrastructure
as well as conduct required preparatory works. [t is recommended that once works are

completed and if required volumes (1,000 ML) are available that the project be conducted in
mid-late August.

Bengallow Creek, located ~ 30 km north of Euston, is an extensive network of creeks,
floodrunners and oxbow wetlands that cover approximately 100 km. The creek is part of the
soon to be formed Kemendoc National Park and is of significant importance to a number of
protected and threatened flora and fauna species, including the Regent Parrot (Polytelis
anthopeplus. The importance of this system to local fish populations is currently unknown
and poorly documented. Many of the deep-waterholes throughout the system are
considered near to permanent by local landholders. The system received environmental
water in 2005 as part of the ‘Red Gum Rescue Project’ conducted by the then NSW
Department of Natural Resources. However since then, due to low river flows and water
allocations the system has not been inundated since. It is therefore recommended that
appropriate watering approvals be sought and the site be given a high priority for watering in
the 2010/2011 season.

Adaptive Environmental Watering Plan, 2010-2011. NSW Murray Valley. Page 12
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Billa Downs is located south-west of the Euston Lakes. River Red Gums dominate the
vegetation of two wetlands that cover ~ 50 Ha. The condition of the vegetation is considered
to in poor health due to the lack of over bank flooding since 1995. All approvals are in place
to enable the pumping of an AEW allocation into the wetland. The landholder is strongly
supportive of the project. It is recommended that if the appropriate volume (600 ML) of AEW
is available that the project be conducted.

The Koondrook-Perricoota State Forest sites are semi-permanent wetlands that are
dominated by River Red Gums. For the lagoons (Horseshoe, Blackbox, Swan and 390 Mile)
the objective of the watering is to maintain basic wetland function and improve the ecological
health of approximately 80% of the floodplain and wetland. For Thule and Unnamed Creek
the objective is to avoid irretrievable loss of key environmental assets within the forest and
improve the condition of up to 30% of River Red Gums and 80% of the floodplain and
wetlands. These sites have also been listed to receive TLM allocations in 2010/2011 under
the TLM Environmental Watering Plan, approved by the Murray Darling Basin Ministerial
Council. The listing in the AEW Plan is to ensure that these sites receive some
environmental allocation if TLM process has insufficient volumes of water.

B. Moderate Scenario ( 10,000 — 25,000 ML of AEW available)

Under the Moderate Scenario (includes dry/moderate) 29 wetland assets have been given

priority for environmental watering (see Appendix 1 for site information). The sites include:
¢ MIL wetlands*

Werai Forest *

Thegoa Lagoon *

Boomanoomana *

Boeill Creek Floodplain *

Lucerne Day *

Hooper

Billamein

Hume to Yarrawonga*

Duck Lagoon (via Warrick Creek)

Toupna Creek *°

Walthours Swamp / Deadwood *

Douglas Swamp *

St. Helena Swamp *

Black Swamp

Clay Island

Cars, Cappitts and Bunberoo Creeks

Billa Downs

Maine Creek

Norman’s Lagoon

Banyena

Lower Wakool wetlands

Puckawidgee

Koondrook-Perricoota State Forest sites (see Dry Conditions scenario)

* indicates sites which received an environmental allocation and/or regulated water in 2009/2010.

Reason:

Sites listed under the ‘Moderate Conditions’ scenario range in condition from poor to
moderate and in some instances require larger volumes of water or higher regulated river
flow rates to be conducted.
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Eleven of the above listed sites (indicated by *) received an environmental allocation and/or
regulated water in 2009/2010 and therefore have appropriate approvals in place. As for the
Dry scenario sites, it is recommended that follow-up watering events be conducted in
2010/2011 to maximise on the biological response of the wetlands. -

Collectively, the sites will fulfil all five AEW Objectives. Some sites are known to be*
important breeding and/or foraging habitat for threatened and vulnerable fauna species

(Appendix 1, Watering Objective column for more information) including the Bush Stone-

Curlew (Burhinus grallarius) Southern Pygmy Perch (Nannoperca australis), Southern Bell

Frog (Litoria raniformis) and Brolga (Grus rubicundus).

Murray Irrigation Limited (MIL) Wetlands is a project which was postponed from 2005 until
late 2009/2010 due to insufficient volumes of AEW being available. Only a small number of
sites (19) were watered artificially during the 2009/2010 season. All wetlands are located on
private properties distributed over the MIL Area of Operation. The dominant vegetation
communities are Black Box, Lignum and River Red Gum. The wetlands provide critical
habitat for a wide variety of flora and fauna species including threatened and vulnerable
species such as Bush Stone-Curlews and Brolgas (respectively). The project is strongly
supported by landholders, many of which have expressed their interest to participate in the
2010/2011 season. Due to past successes, the project has been recognised as one of
Australasia's Top 25 Ecological Restoration Projects by the Global Restoration Network. It is
anticipated that 30+ sites could be watered during the 2010/2011 season. The project is a
resource and cost-effective way of watering a large number of sites simultaneously. It is
recommended that this project be conducted if the required volume of water (~6,000 ML) is
available and appropriate triggers are met.

Werai Forest received an environmental allocation (CEWH) of 4,500ML in 2009/2010 and
inundated 360 Ha. The forest is part of the Ramsar-listed Central Murray Forests and is
dominated by River Red Gum. Remnant stands of Phragmites are also present which
provide important habitat for a variety of species. The watering in 2009/2010 initiated the
growth of many native wetland plant species, the breeding of a number of bird, fish and frog
species, improved the condition of River Red Gums (which were in the vicinity of the
watering) and attracted a number of waterbirds to the forest (Webster, 2010). It is therefore
recommended that this project be repeated in 2010/2011 if the required volume of water
(5,000 ML) is available and appropriate triggers are met to maximise on the biological
response recorded during the 2009/2010 watering event.

Between Hume to Yarrawonga on the Murray River there are approximately 771 wetlands.
With a flow rate of 25,000 ML/day up to 62% of mapped wetland area (244 wetlands) in this
reach can be inundated. Due to low rainfall and river flows, such flow rates have not been
possible resulting in a large number of wetlands not being inundated since March 2006.
Consequently the vegetation communities within these wetlands are showing signs of
drought stress. The Hume to Yarrawonga project looks at piggy-backing onto higher
regulated flows to enable the watering of lower benched wetlands within the reach. In
2009/2010 flows peaked at 15,400 ML/day at Doctor’s Point resulting in approximately 170
wetlands (with commence-to-flow levels of less than 15,000 ML/day) being inundated. The
ability to piggy-back onto higher regulated flows makes this a resource and cost-effective
approach to watering a large number of wetlands. The use of AEW (6,000+ ML) would be to
cover additional river losses if peaked releases are varied and last for 3-4 days. It is
therefore recommended that this project be conducted if the likelihood of getting regulated
flows of 18,000 — 25,000 ML/day is small, if appropriate triggers are met and the required
volumes of water (6,000+ ML) are available.

Fifteen of the former State Forest sites listed (Duck Lagoon, Toupna Creek, Walthours
Swamp/Deadwood, Douglas Swamp, St. Helena Swamp, Black Swamp, Clay Island and
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Koondrook-Perricoota sites) have also been listed to receive TLM allocations in 2010/2011
under the TLM Environmental Watering Plan. If sufficient volumes are available the following
sites should be watered and managed as one unit to maximise on ecological responses:
Toupna Creek, Walthours Swamp/Deadwood and Douglas Swamp. [f sufficient volumes are
available the allocations for the Koondrook-Perricoota sites will be increased on the Dry
Scenario volumes.

Maine Creek is an ephemeral, narrow flood runner creek system located ~ 20 Km west of the
Murrumbidgee and Murray Rivers junction. The system includes examples of healthy mature
River Red Gums as well as Black Box and Lignum country. Approximately a third of this
system is drought stressed from lack of over bank flows. The system was last flooded in
1993, with several deeper remnant pools drying up 3 - 5 years ago. There is approximately
~40 Ha or ~15 Km of wetlands that would greatly benefit from an AEW allocation. The
significance of this system to local fish populations is poorly documented but is thought to be
a site of importance acting as a corridor for populations between the Murrumbidgee and
Murray systems during times of flood flows. Approvals would be required to pump into the
system. The project has strong landholder support. It is recommended that the project be
considered once approvals are in place and the required volume (500 ML) is available.

Norman's Lagoon, located near Albury is a permanent to semi-permanent wetland which
typically receives higher regulated flows. Due to low rainfall and low river flows, limited water
volumes have entered the wetland since 2006. The wetland supports a community of
Watershield (Brasenia schreberi) a native wetland plant that is listed as threatened in NSW.
Historically the site also supported populations of Southern Pygmy Perch and Flatheaded
Galaxia (Galaxias rostratus); however recent fish sampling (January 2010 — April, 2010) did
not record either of these species (L. Beesley. pers comms.). The site received 80 ML of
AEW in 2009/2010 and should be considered to receive an environmental allocation (~ 80
ML) in 2010/2011, via pumping, to maintain appropriate conditions to support the
Watershield population if higher regulated flows are unlikely and/or the Hume to Yarrawonga
project cannot be conducted.

Lower Wakool wetlands have been not been inundated for a number of years and as a
consequence their vegetation communities are showing signs of stress. However, prior to a
final decision being made on which wetlands should receive an allocation of AEW (if any) a
field-based risk assessment is required, in particular to consider logistical information (what
wetlands can be watered under different flow scenarios), the occurrence of high salinities
within the Wakool River, and the presence of Acid Sulphate Soils (ASS) in some areas.
Watering of wetlands with AEW should not occur during periods of high salinity (>1,500 EC)
within the Wakool River or where ASS are detected.

C. Wet Scenario (> 25,000 ML of AEW available)

Under the Wet Scenario (includes moderate/wet) thirteen sites (see Appendix 1 for site
information) have been given priority for environmental watering and include:

Pollacks Swamp

Kennaugh

Boeill Creek Lands Reserve

Lake Victoria Station

Murray Eden

Wanganella

Cliffhouse

Koondrook-Perricoota State Forest sites (see Dry Conditions scenario)
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Pollack Swamp is part of the Koondrook State Forest and is dominated by River Red Gums
(RRG). The wetland received environmental water in 2008/09 and 2009/2010 to improve
fringing vegetation but to also drown out RRG regeneration which has grown in opén-water
areas during dry periods. Historically the site was a pied cormorant breeding area, the
encroachment of RRG into the open-water areas will discourage pied cormorants from using
this site for breeding in the future. If sufficient volumes of water are available this site should
be allocated 1,500 ML to help drown out the RRG regeneration and restore open-water
habitat.

In the 2008/09 the Kennaugh wetland supported a pair of breeding Brolgas that successfully
fledged their chick. Water was provided in 2009/2010 for the Brolgas, however they failed to
breed. It is recommended that if the Brolgas are present during the early part of the

2010/2011 season, an allocation (~20 ML) should be made available for the wetland.

! »

The Boeill Creek Lands Reserve and Lake Victoria Station wetland are two sites within the
Lower Murray Darling catchment. Both sites support lignum communities which are in very
poor condition due to lack of flooding for more than 10 - 15 years. If sufficient volumes of
AEW are available (~ 400 ML) it is recommended that these sites receive an allocation of
AEW to help improve the condition of the lignum communities. It should be noted, however,
that it is uncertain as to how well these communities will respond to a watering.

The Murray Eden wetland, a RRG dominated floodrunner, was listed to receive AEW in
2006, however because of limited water resource availability, the watering of this site has
been postponed. This site has not been watered since the 1990’s. The floodrunner
traverses at least two properties. It would therefore be preferable to water the entire system
rather than isolated sections of the wetland. The RRG are considered to be in moderate to
good condition, but would benefit from a watering to prevent a decline in the community and
maintain the integrity of the wetland.

Wanganella Swamp, located near Deniliquin, is a site of national importance as listed in the
Directory of Important Wetlands of Australia. It is a known breeding site for various species
of ibis as well as other wetland bird species such as the NSW vulnerable listed Brolga and
Australasian Bittern (Botaurus poiciloptilus) and migratory species such as Latham’s Snipe
(Gallinago hardwickii) and Sharp-tailed Sandpipers (Calidris acuminata). The wetland is
connected to the Forest Creek system which receives water from both the Murray and
Murrumbidgee Rivers. The site was last watered in 2005. It is recommended that the site be
watered if sufficient volumes of AEW are available (2,200 ML).

The two Cliffhouse wetlands support Southern Bell Frog (SBF) populations. The wetlands,
combined with the Murray River, provide a larger scale habitat and connectivity for the
SBF’'s to move across the landscape. These sites have been watered in 2005/2006,
2008/09 and 2009/2010. Wetland plant species have responded strongly in the past two
watering events, with new species being recorded in 2009/2010. The Cliffhouse wetlands
would benefit from a follow-up watering to ensure the replenishment of the seedbank.

If sufficient volumes are available the allocations for the Koondrook-Perricoota sites will be
increased on the Moderate Scenario volumes.

Adaptive Environmental Watering Plan, 2010-2011. NSW Murray valley. Page 16
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3.4 Supplementary Water,
Volumes

Contingency Allocations and Unallocated

NSW Office of Water (NOW) is responsible for declaring supplementary access within the
Murray Valley. As required under the Water Sharing Plan (WSP) NOW is to consider
wetland/ecological needs prior to the declaration of supplementary access, in the event of
this occurring NOW could use this Plan to help guide their decision-making process. Other
wetlands that are not listed in the Plan should be assessed using the same selection criteria
(see Section 1.2) as used for listed sites.

In the event that a bird (or other fauna species) breeding event is triggered, consideration for
the provision of AEW and/or additional AEW should be made to ensure that the breeding
event is successfully completed.

If in the event that there are unallocated volumes of AEW, considerations for the
management of the water should include:
« potential use in complimenting other watering events, inciuding events not
considered in this Plan, and /or
» trading on the temporary water market to generate funds that can support future
implementation and on-ground delivery of environmental watering projects.

4.0 Risk and Mitigating Strategies

Using the Risk Assessment matrix (see Appendix 2) a number of risks have been identified
in association with the proposed management of AEW (Table 7). Responses on how best to
manage the potential risk have also been listed.

Table 7. Identified risks associated with the management of AEW.

Risk

Rating

Response

Unpredictable weather — turns
drier than expected.

High
(likely & major)

Review asset condition and
future priorities for watering.
Consult with EWAG.

Unpredictable weather — turns
wetter than expected.

Medium
(unlikely & major)

Additional wetting options
possible — continually assess
volumes available. Consult
with EWAG.

not in place and/or linked to
licences.

Unpredictable weather — turns High Review timing for watering.
hotter than expected early. (likely & major) Consult with EWAG.

Flow management is Medium Early communication with State
uncoordinated (possible & moderate) Water and River Murray Water.
Water use and works approvals High Confirm status with NOW and

(possible & major)

SWC. Seek discretionary one-
off approval if necessary.

Estimated allocation volumes are
substantially wrong.

Medium
(unlikely & moderate)

Monitor flow delivery and area
of inundation closely. Seek
adjustments; revise targets for
future attempts

Unforeseen physical impediments
to flow delivery e.g. low river
levels which prohibit pumping
activities.

Medium
(rare & major)

Early communication with River
Murray Water (RMW),
Landholders and State Water,
where appropriate. Alert NOW
if illegal obstructions identified.

Adaptive Environmental Watering Plan, 2010-2011. NSW Murray Valley.
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Liaise with DEWHA for
possibility of acquiring
additional water. Liaise with
RMW and State Water todook
at flow delivery options.

Insufficient water available to
complete colonial waterbird
breeding, if initiated.

Medium
(unlikely & severe)

Water delivery infrastructure (i.e.
pump or regulator) faulty or not
adequate.

Poor water quality in the main
water source (e.g. high salinities,
black water, low dissolved oxygen
etc.) or from wetlands flowing
back into main creeks/rivers.

Medium Liaise with contractor,
(possible & moderate) landholder to resolve issue.

High

(possible & major) Monitor water quality closely.

Liaise with NSW | & | in relation

Poor water quality threatening High to timing of water delivery and
aquatic fauna. {possible & major) cooperation on monitoring
response.

5.0 Monitoring

All wetland sites will have some level of monitoring conducted. Some sites will have more
intensive monitoring determined by the site’s watering objectives. The majority of monitoring
will be conducted by DECCW project officers. In National Park and Indigenous Protected
Areas monitoring responsibilities will be shared with NSW Parks and Wildlife staff (where
possible). The services of contractors may be engaged for larger-scaled projects eg: Werai
Forest and/or where DECCW staff resources are limited.

Methods used are consistent with Natural Resource Council (NRC) and state-wide
standards. The ecological and environmental monitoring that will be conducted at each site
is listed in Table 8.

Adaptive Environmental Watering Plan, 2010-2011. NSW Murray Valley. Page 18
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Table 8. Proposed monitoring for identified sites.

© Wetland Site | Ecological monitoring | Environmental monitoring
e MIL
o Boeill Ck Floodplain e Volume of AEW
e Hoopers delivered (ML)
e Billamein e Understorey e Timing of water delivery
e Duck Lagoon vegetation (days)
11° St.Helena Swamp response e Duration of inundation
e Black Swamp ¢ River Red Gum (days)
¢ Clay Island /Black Box/Lignum | e Area and extent of
¢ Puckawidgee response inundation mapped
e Pollacks Swamp using GIS (Ha)
e Normans Lagoon ¢  Photo-points
e Murray Eden
o Wee Wee Creek
e Lucerne Day
e Brechin
¢ Bingara & Bungaree Cks
e Grand Junction
e Speewa Ck
2 | e Bengallow Ck system : é‘s ab;ve (1't) e Asabove (1)
o Billa Downs rog diverstty
¢ Maine Creek
e Banyandah
¢ Boeill Ck Lands Reserve
o Lake Victoria Station
o (Cliffhouse
e As above (2) e As above (1)
3 | ¢ Thegoa Lagoon e Birds” e  Water Quality
e Typha mapping e Groundwater
 Boomanoomana e As above (1)
4 s Kennaugh e Brolgas ¢ Asabove (1)
As above (1)
5 | ¢ Lower Wakool wetlands e Asabove (1) Water Quality
As above (1)
As above (2) e Area of inundation
6 | e Werai Forest e Birds* mapping — via satellite
Fish* imagery/ground truthing*
o Water Quality
e Walthours Swamp/Deadwood
e Douglas Swamp
7 | e Carrs, Cappitts, Bunberoo Cks | e As above (1) e As above (6)
¢ Koondrook Perricoota State
Forests sites
8 | e ToupnaCk ?s aPove(1) e As above (6)
ish
9 | ¢ Wanganella : gisr:stlovem e As above (6)

A monitoring by Sunraysia Bird Observers (volunteers)
# potential monitoring partnership with Murray CMA
* monitoring to be contracted out

Adaptive Environmental Watering Plan, 2010-2011. NSW Murray Valley. Page 19
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Fish maybe monitored at other sites where specific benefits are targeted or risks are evident.
For such projects DECCW would liaise with and seek cooperation from NSW | & | in relation
to any watering specifically targeted for fish and conduct appropriate monitoring.

~

6.0 Approvals, Access Licences and Associated Works

All wetland sites require appropriate approvals and licences to be in place prior to the
watering event commencing. Water use and work approvals are granted by the NSW Office
of Water (NOW). Table 9 shows which listed sites have approvals in place and which require
approvals to be sought.

Preparatory works required to compliment the environmental watering in some instances
also require permits and/or approvals which are sought from NOW (Table 9).

Table 9. Approvals status for identified wetland sites.

Wetland Asset Work"'&},Us'e Approvals in 'p[aée.

+ Wee Wee Ck
Grand Junction
Brechin

Boen GK Fraaniain Yes (10 year approval)
Lucerne Day
Cliffhouse
Billa Downs

Bingara & Bungaree Cks
Speewa Ck

Werai Forest
Boomanoomana

Duck Lagoon

Toupna Ck

Walthours Swamp/Deadwood Yes
Douglas Swamp
St. Helena Swamp
Black Swamp
Clay Island
Pollacks Swamp
Kennaugh

e MIL

¢ Hume to Yarrawonga None required

« Carrs, Capitts, Bunberoo
» Lower Wakool wetlands Unsure — need clarification
» Koondrook-Perricoota SF sites

Adaptive Environmental Watering Plan, 2010-2011. NSW Murray Valley. Page 20
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Bengallow Ck system
Hooper

Billamein

Banyandah
Puckawidgee
Normans Lagoon
Boeill Ck Lands Reserve
Lake Victoria Station
Murray Eden
Wanganella Swamp
Maine Creek

No - to be sought

7.0 Reporting

Reporting to:
» Director, Waters, Wetlands and Coast, DECCW — monthly update on conditions

(climate, available environmental water) and weekly update during flow delivery
events.

This plan is to be revised when conditions dictate. Good communication with MLD EWAG,
State Water, NOW, Forests NSW and landholders will help clarify the timing and scale of

revision.

Prepared by: Paula D'Santos
Position: Senior Wetlands and Rivers Conservation Officer, Waters, Wetlands and Coast

Division

Date: 13 July, 2010

Approved by: Derek Rutherford

Position: Director, Waters,

Sign:

Date:

u@s and Coast

(3110

Adaptive Environmental Watering Plan, 2010-2011. NSW Murray Valley.
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Appendix 1: List of identified and prioritised wetland sites for the Murray Valley
2010 - 2011.

Refer to attached spreadshest.
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Appendix 2: Risk assessment matrix (adopted from Environmental Water
Management Manual 2009-2010, DECCW).

Risk is a measure of the likelihood that some external factor will reduce the ability to achieve a desired
outcome. In natural resource management risk can be associated with, for example, biophysical,
socio-economic, institutional, technical, financial, temporal and cultural factors. Risks associated with
occupational health and safety need also be considered at the appropriate time (as part of operational
planning for flow delivery).

Impacts are the positive and negative consequences of management actions and may be
environmental, economic, social and/or cultural.

It is important to assess risk properly and manage it appropriately. High risk does not necessarily
preclude an action but rather dictates the need for a management strategy and appropriately focused
monitoring and evaluation.

Possible steps to achieve this outcome include:
¢ Determine key environmental, economic, social, cultural and institutional risk

Assess all risks on the basis of potential scale, probability, severity and frequency of identified
impacts

Develop prevention and management strategies for risks of all types commensurate with the
significance of investment

Be aware of all potential impacts and manage or mitigate their effects
Regularly review risk management strategies and update when necessary

Incorporate the consideration of risks and impacts and any relevant management strategies
into monitoring and evaluation activities.

POSSIBLE APPROACH

The following standard risk assessment matrix could be used to produce a risk rating for each risk,
summarised in a table (e.g. below).

~ LIKELIHOOD _
Rare Unlikely Possible | Likely Almost
w certain
o :
- Severe Medium
8 Major Medium Medium
w ST
2 Moderate | o 2 H‘f-‘_.'- Medium Medium
8 | Minor ©oLlow. | Le Medium | Medium
Negligible | it 1% Medium | Medium
Where:
Risk level Response R e s ; et
Very high Emergency action necessary. Very high risks have the potential to stop the
risk programme or project.
High risk Immediate action necessary.
Medium risk | Action necessary as soon as practicable.
Low risk Business as usual. No need to take action to address / manage / mitigate
these risks.

Adaptive Environmental Watering Plan, 2010-2011. NSW Murray Valley.

Page 23



Page 177

Z1L0Z-1L0Z UBld 8s[) Jo)eM [eluswiuoaug fenuuy Buobebpny-elenboeyy

‘(weq Buopusung wouy
J19]em Junoooe JoAoALIED Jo abe|ids BuIMOjjo) JUNOSOE B} O} PaJIPaIo-81 SeM UDIYMm 0 A 9/€°09) YMI Wod A LOL'6EL PUB Sjunodde M3V
MSN WOl T 028°1€ ‘HMID 2U) woly TN 000°GZ 40 dn spew N L26'GEL Sem |1/0L0Z Ul suenboey sy} uj abesn Jajem |BJUSLILIoIAUS [ej0 L

0.8°LE |99/1°Ly | LOL‘6EL [000°09L {0 001

Liv'se |ozelz |0 foe8Gl [sOz bk [0
0  Jo  Jeos/y [0 o |e66'6S)

v fooez 0o |

_ ‘SBUIPIOH Jo1B M [BIUSWIUOIIAUT L)|BaMUOWIWOD JO TN LBE'LS
pue (M3y) Jo1em [ejusiiuosaue aAldepe MSN 4O TN 99721 Pue (VAT) 99UBMO|e Jajem [eJusiuoIiAUS JO TN 000°091 JO dn spew isjem
JUNOOSE [BJUSLILIOIIAUS JO SaljieBaw 2G| ‘coz Buipinoid ‘JaquBAON | oy} uo abelo)s woyy pajiids sem JOAOALIED [[& UBUM %Q0| O} 1953l alam
SJUNo20E puE /| J9qO00 PUe 97 AN Usamjeq apew sem (QMY) uoneululsie 491 SIG8IIBAY %00} JO [BI0] V JUNOIJE [BUSWUOIIAUS
U} Ul S|GE|IBAR JOJEM OU SEM 9Ioy) Jeak Jajem auy) JO JUSWSOUSWIWOD 8y} Jy 'SWOISAS Yoelo jusnjye pejeloosse pue JoAly auenboepy
aU} JO SBUOBa. JOMO| PUE SIpPILL OU} ‘Saysieyy alienboepy 8y} Ul BUIPOO] SAISUSIX® Ul pajnsal yolym weq Buopusung woyy seses|al uolebniw
pooj pue smojy Aieinguy jueouiubis yum uopounfuos ul pabeuew |L/0LOZ Ul SOSES9) J91eM [BJUSWIUOIIAUS OIpOside [BI9ASS BloM aieyl

s sisrie, koot s o it s Ll : /OkUC ST i s e A P GHOUAD S

711102 ASI[EA 91ENDOEy oyj 10} Ue|d DULISJE/\ [EJUSUIUOCIIAUT



Page 178

ZL0Z-1LOZ Ue|ld 8s(] J81e [ejuBWwUAUT fenuuy Buobabpns-suenboeyy

*T66T woly Suiddew yyum uosizedwod e apinoad pue Suiddew uoneladaa 600zZ/800z U0 paseq aJe suopdiuosap asayl .
‘Wwliuod pinoys Suiddew jeul} ‘uoIleAIaSGO [BIISE PUB PUNOJS-UO WO pajewnsy,

‘wing pad JaAld pue [Bunguind ‘past UoWWOD .__m‘_mE paxiw ‘yanod Jajem sapn|oul :gpez Ul paddew uoneladsa uo paseq - Bale PUBjIIA JUSUBLLIDG- _Emm .
SE3JE 19SSE JO UOIIED0] 10} V¥ XIpuaddy 1e dew a9s

Ajelewixosddy ‘seaJd) peap Jo Ajuolew B yum uonipuc?d Jood AlaA

ul si uoeyaban uieidpooyy LINoBIA awos suleal uoneyaboa ueedry | HHOZ UMIBA | 6S 8y 147 auenboely pio
‘Aenuep :

pue Jaquiaoed YBnoiy) papoo]) SEeMm JSpUIeWal au) SjIyM ‘18qoj00 _

wouy papooly sem ‘wnb pas Ajoble] ‘MdS JO Bale SIY} JO yyi-auo | i dwemsg yoegq

Ajerewixolddy "seale pajeAlnd UYlIM pejeIoosse SyJom uoposiold LL0Z UIEN | 96 e ke hwwm 9 9)6unp ey

pooyj} 0} pajejed Ajqissod ‘uonelabaa passalls Jo sayojed jjews Ajuo |
yum uoiipuod poob ajinb ul s| auoz siy} ul uopelebaa Apoom ey

‘Alenuep pue Jaquwaeoseg
ybnoiy; papooy} sem Jepulewal ay) 9|Iym ‘I8golo0 WOl pspoo)) _ q
sem ‘wnb pai Agbie] ‘MdS Jo eale siy) Jo jey Alewixolddy : _ X urejapoo|d
‘uoljipuod poob 0} ajesepow ur S| JeYyl SUOZ BY) JO Sayoeal LLOZT WBN | /6 ev €892 ebesabing
a|pplw 8y} ul puejpoom uie|dpool} JO Bale Ue SI 2I9Y| ‘9u0Z
uenedu ay) o} pajolysal Ajjelsusb si auoz siyy ul uonelebaa Apoopa

*SMOJ} pooy4 Jueaijiubis aydsep ‘Azenuep ul papooys ucielaban
(MdS) puepem jusueuuad-iwes Jjo abeyusoiad mo| Ajpanelal
8y} WOJj JUapIAa S| SIU) ‘SEOJE SWOS Ul UOHBAND YUM PJBIOOSSE
sylom uoposjosd poop 0} pajejas eq 0} sieadde yoym ‘uolpuoo
Jood Asan up uonesboa uiejdpoo)) jo sesle obie| ase aiey)
‘uonipuod pooB u) Ajelsusb si suoz sy} ul uonelebaa ueuediy

L0z Yol | 98 82 9vel suenboep ynog

Jbulislem [ ueruijem [ 300 uijem (ey) _seale }Jossy

| Siesse juopuadap J8jem Jo UOHIPUOD JuaLIND

0861
Ul suogalely Je peouswwod Buibneb JoAl souls papiodal Jeak mopul 1saybiy paiy) ey} )l Sexew Mopul [ejo) ay | mommo_& auoz, uonebyiw pooyy
pue smojy Alenguy wo.ly payddns Jsiem Jo }INg 8y YuM T\ 000° L S6 JO SSeoxe Ul paj[ejo) Jeak ay) Buunp saysiepy auenboeyy ayj 0} SMOjul [Bjo ]



= Page 179

Z10Z-1L0Z uBld 8sn Jaje [ejuawuoiiAug [enuuy Buobabpny-suenboeyy

"L1/0L0C
fuunp seuoj02 siq pue JaiBs JojBWS |BISASS PUB S8JUO|0D
10165 obie; Alon omy pesuoddns esie eyl "paysiuiwip AjodAjol
Jo seaJe yum Buipoojy pabuojoid woly payjauaqg aAey o} sieadde
osje Aelojsiepun 8y] JUBUILIOP SJB S98J] pPESp SJoym Sseale
asoy) ydaoxe puejpoom wnb pal ay) jo sued |je u) saijisusp Adoues
ul A1anooal jo assibap e sajesipul |1L/0L0Z Buunp uoneAlssqo
leuay 600z Jeqweoe@ ur 3 ybnoiyy pauwing Ajgie|dwod
1BY) 2JypiiMm 8yl WOLL PaloA0Dal SBY paqg peosl uew syl pousd
papusixe Ue JO} | 1/0L0Z Ul PapOo)) SBM BSIE JOSSE USiew yuou
ay) Jo ebejuaotad abie| v "go0Z Ul uoiseaul podousys Ag pajoeduwl
Buieq se paddew useq aAey 8AIBSE. UIBYLOU 8Y) Jo seaue abieT
'seale }sallp 8y} Ul paq peal Jounxs A|eoo| pue puejpoom wnb
pal peap jo seale afie| 0} pue|poom wnb pas pue paal Jo seale
Jepam Ul poob AJaA woly SBlBA USJBWw YHou Sy} JO UolIpuod syl

Loz ey

66

G8 LE6'YL ysielN YHON

‘seale
Buibeloy paigisiem se pasn ||am OS|e aiam pue | L/0L0zZ Ul jeligey
BoJy se Auapnonposd jo ssibep ybly siey Joy pajou Auenoned
asijom sease uoobBe ‘seipads ysiew psxiw pue Bunguno
‘yonoo Jelem Jo seate Buipnjoul juswysigeiss juejd openbe jo
seale }sepow pue paaowsls Ajod Ajos yum ‘swashAs uoobe; ay; ul
abueyo Jo subis salisod pue seywbesyd jo eale ayy ul seseasoul
paAISsqo Yim ‘[lom Aiaa papuodsal pmdS rlewwns aje| o) ybnoayy
Buudg Aues woly LL/0L0oZ Ul Buipoojy pooB psaedes esie ay)
jo Auolew ayy “Ajod Ajol qoelq yum pajssjul Aj@1sjdwos osje aiem
yoIym ‘yslew ynos ay) jo swajsAs uoobe| sy sepnjoul Bale Josse
S|y "SeaJe poaJ JueuwSl pue wnb pal ueuyedy papnjoul saeds
MdS Buiureway "gooz ul se10ads podouays aalseAul Aq pajoedwil
Alaesy Buleqg se paddew sem YN oul JO UONOSS |BJjUSD BYL

102 udieiN

G6

MBSy aInjeN

¢L 84 uIByInNog [esjuan

"SYIUOLW [BISNBS
Jo} peisisied Buipooly aleym ssi0ads AGS JO  Juswiysigelse
-01 9WO0S Usaq aAey 0} sieadde aisy) ybnouy pue| gniys podousyd
se paddew Ajessuab sle pue ssioads puepem jusuewsod-jwes
MWoddns 1a6uo] ou sealse asay) ‘Alenuer-18qo}oQ Wolj AjeAISusIxs
popool} asom Aemedessg oy} JO Wesssumop pue jusoelpe
seale |ejueisqng ‘Alenuep-12qojoQ ybnodyy poued [epueisqgns
B JoJ papoo)} sem eate sy} w {(wnbB pas Ajsow) pdS eyl ey




Page 180

Z2L02-1 L0Z ueld @sf 481ep [ejusuiuciiaug fenuuy Buobabpny-suenbaeyy

01/600Z 'S1Sel0j wnb peJ Jepun pue seeie jom Ajsnolreid ojul
spodousyo JO UOISBAUI PUB YSJe| S|Oj UO YSJew paxiul jo esle
3y} ul uononpal Jofew e usaq sey aey) ssjeolpul Buiddew gooz

Loz Ae

c6

g8

969

ysJey |0\

"SpagaJoys
pue (seys Bupsau Buipnjoul) sseab aidbew ‘ebjoiq Honp peposd)
se yons sajoads pausjeady) Buipnjoul spaigieiem jo abuel peouq
e Joj seale Buibeio} pagieyem juepodun pspiaocid pue |L/0L0Z
up Auojod siqr abie| A1en e psuoddns esse siyj ‘sesse ysiew
paxiw pue yanod Jajem jo (uoisuedxa K)oy pue) ymolb snolobia
pue |Bunqwno pue spsal jo uoisuedxa 9|qeiapISUOd Ul pPayNsal
sey a)s siuy) jo Buipooyy pabuojold "peq peal pue spjaly Yonoo
ay) Jo uonipuod sy} parcidwl 0L/600Z PUB 8OOZ Ul A1sAlep Jojem
jejuswuosaug ‘spuejsself Bulpunoins Jo uolseaul podousyo
pue Bale Yonoo Jajem a8yl JO UOIIOBIIUOD B pUB pPal UoWWOoD
JO BaJe U} Ul 9SESI0Sp padJeW B pawlyuod gooz w Buiddep

L1L0Z Aew

VAS)

68

[RA"

spuepem
JebBAayuop

‘sesJe }sow ul Ayisusp Adoues wnb pal
uj Juswsaaoidwi poob e pue sajoads ysiew paxiw pue yonoo Jajem
ur Aieaooal |eiuaiod Jsepow 1sebbns suonjealasqo jelee ‘Jsasmoy
‘alqissod usaq 1ou sey eale syl Jo HIO Ag uoneasasqo punolb
-uQ "pouad [enuelsqns e 10} papooyl} osje alam uonelabaa puejem
Jusuewsad-jwas Bupoddns Jsebuo) ou sease UM ‘L L/0LOZ
ur Buipoo)} sewwns pue Buuds psbuojold wolp pajouUag AADS
10 seale Jueuway ‘spodousyos Buipeaur Aq pajeulllop ale ‘seale
wnb pad Buipnjoul ‘Ap\dS Jueuwel jo ses.e ebie 'goog ul Buiddew
0} Buipioooe eale J9SSE SIU} Ul PSS UOWWOD PUE UIoNod JoJem
JO UOIIIPUOD puE JuaIXa 8y} Ul UCONPaL [BJNO B Usaq Sey 8Jay |

1102 My

16

v.

el

Ldwemg Aaxuop

“L1/010Z Ul s81Uoj02
sigl ||lewsS pue sajuoloo joube pezis poob |eienses papoddns
wayshs ayy "wnb pai soAl ul Aususp Adoued uil Juswanosdwi ue
pue saioads ysiew psxiul pue yonos Jajem ul asuodsal Buoljs e
pajeoipul suoneAlasqQ ‘buibelo) pagisiem pue juswiinioss Bouy 10}
1enqey BuiBeloy sjgenjea papircid pue Jswwns pue Buuds ybnoayy
L1/01L0Z Ul papoo)} A|aAisuaixe sem eale siy] Aalojsiepun ay) ul
spodouays smoys Buiddew gooz ybnoy; ‘uonipuod poob ul aq 0}
sieadde puejpoom pue }sa40) Wnb pal ay| ‘spue|sselb pajeulwop
podousyo Aq paoejdal ussq oABYy UONOo JO SEAlE DAISUSIXT

Loz Aen

00}

€e

2819

|jebus |
B |eMoD) Wno




Page 181

g

ZL02-1L0Z UBld 8SN J8jeM [ejusiiuoiiaug [enuuy buobabpny-suenboepy

8y ‘wnb pai iaAl Ajuejnoijed ‘uonejabaa adA)-puejjem Eucm:tma
-lwas Ag paidnooo seale UEW By} 8Je Seale wealsul pue
uenedry smoj} mo| jusjsisied Aq pejoedull AjosiaApe s jesse siyL

jusueuliad

e

pessasse
1ION

paddew JoN

yeeasD yong

*UJa2U09 JO S| spueipoom ueledL JUBUWSL UIYJIM
aimonys ebe asiaAlp e Jo aouasqe ay) Jejnoned u| ‘uojejuswipes
Ag peosye Apeq usaq eaAey sjood weansu| ymoltbal
Apoom pue 1BuUNqQIN? Ypm pPadoyod pue umoiBiono S| [suueyd
ey ‘wnb pas oAl Auenoiued ‘uonelsban adAl-puejiam Jusuewlsad
-lwes AQq paidnooo seale ulew 8y} dJe Seale WeeJdjsul pue

Jusuewlad

v

passasse
10N

paddew JON

NEETg)
JegBuiuung

ueledry 'smoj) mo| Jugjsissad Ag paroedw Ajaslaape s| }8sse siy|

_ 'sy@aM 9-f 10} pajsisiad Ay
1sow Buipooy}) ure|dpoo)) pue Mueq JaAQ "SYIUOUI |BISASS Joj isisiad
0} PaAI9SGO 218M J|8S)l [BMOD 8U} UIYIIM SMO)} JSASMOH "UCiieInp
1Se9| 9y} Jo uaaq aaey 0} Aj9yl| st ystew sy} jo Jed siy; ul Buipool4
‘1 1/0L0Z jo Buipools auy o} Joud uopipuod Jood AIoA ul siem eale
1osse siyl u wnb paJ jo sease Jueoubis ruonelsbon puejjem se
paddew Ajsnoiasid seale se [[am se seale pue|sselb ui aoueuwop
podouayo uj aseaoul dAISUIXe ue suobiepun sey eale Jasse siy |

Li0Z yale

001

0l

3424

+[EMOD
uield Buon

"seaJe YSJell paxiw pue yonoo Jajem jo (uoisuedxa
Aley| pue) ymoib snoloBia pue 1Bunguino pue spasi Jo uoisuedxs
9|qeJepIsuod Ul paynsal sey | 1/0L0z Buunp jesse siy} jo Buipool;
pabuojoid 8y ‘peq poes pue yslew poaxiw ‘spy Yysnod Jo
(uoisuedxa Ajay)| pue) UoIPUOD 8y} paroidul Jajem |BJUSLIUOIIAUS
01/600z "Wybioy pue ease U) pajoBHUOD SBY Paq paal |esusd ay)
aliym ‘spodousyo pue ysiew paxiw Aq paoejdas ussq aAey yonod
Jo]em JOo seale aAIsuaxe jeyy pajeaipul Buiddew uonelebon 800z

1102 Aen

c6

A

6.l

dwemg
AnBuipjong

_ "seloads
jo ebuel peouq e Joj jeygey Buibelo} puqueiem pasn-jjam Buipiroid
se jam se ‘L1/0Log Ul Bupseu esesb eidbew pue ssiU0jOD
siq1 ||lews pauoddns sey pue sBoly 10) aaonpoud Aybiy ussq osje
sey ays siy| “Aysuap Adoued uj 9seaIoU] 9|GBAISSAO U Y)M Seale
wnb psaJ peyyeuaq ose sey Buipoold seale pagpaas pue ysiew
pexiw ‘yonoo Jelem Jo (uoisuedxe Ay pue) ymoib snosobia
Ul psjnsal Sey pue JoWWNS 8je| Ol Jayuim 8le| wou) palsisied
L1/010Z Ul eaJe josse siuy ul Buipooly aAIsusixe ay] ‘paq pesd jo
eale [[ewsS ay} pue splal} Yyanoo Jo uopipuod ay} pascidwi Buusjem




Page 182

ZL02Z-1 L0Z UBld 8S Jaje [ejualiuoiiaug fenuuy Buobabpno-auenbaepy

"JuswNIoal pue
uoneulwsab so} paiinbas smojj pooy) Jo ¥oe| B 0} anp ysu jueoliubis
je 8q 0} pajou sem puejpoom ueuedry ‘Aouenbayy Buipooy)
Ul uoyonpal Jo }nsal B se uonipuod Jood AJeA ul 8q 0} papodal
os|e sem UCO jleHd pue ebje] je puepem uiejdpooj) jusuewiaed
-lwes Jo (ey (0SZ~) Eele [eRUBISqNS Y '800Z Ul UOHIPUOD
Jood u; Bujeq se passasse sem uoljeiabana uie|dpoo) pue ueledry

L 102 Udley

e

passasse
ION

paddew JoN

ML)
Pa30017) JBMOT]

‘1ejiqey ebnyas poob sepinoid pue swe)sAs uomieg pue alenboepy
ay} uesmiaq >uj juepdodw] ue SB S9AI9S BULB 9l "SWa)sAs
juaniye Jayjo ay} Jo' uonejusawipas 1o uonelaban Bupjoyo weassul
Jo swajgoud oy} Inoynm ‘uonipuoo poob AjaAieal ul st yeal) elep

L10C Udley

v

pessesse
1ON

paddew joN

3oou) eliep

"UIBDUO0D JO S| SPURIPOOM UelRdll JUBULUSL UIUIM 8INjonas
abe asianp B Jo 9oussqe ay) Jenoded ul *LL/0L0Z Jo Buipooyy
ay} 0} Joud uopipuod Jood B ul aq 0} pauodal usaq sey wnb
pas JeAu ayl "AnBeyuep pue ybealspisen ‘uomieg ‘suenboepy
ay} usamiaq sAemuyied pue suoioauuoo Joy Juepodwi Allejnonsed s
eale Syl ‘0L0Z pPue 100z usemiaq suopuod ybnoip papus)xs
ay) Buunp pejosye A|asieApe usaq sey alenboepy JemoT 8yl

Liog sunr

A4

passasse
1ON

paddew joN

auenboepy JamoT

"UI92U02 JO SI Spue|poom ueledll JUBUWASL UIYIM
ainjonus effe asiaAp B JO 9ouasge 8y} Jenonded U] "uonejuSWIpas
Ag peyaye Apeq useq saAey sjood wesalnsu| sayoeal
awos woy 16unqund paJses|d sey pooy Jusesas ayl ymolbal
Apoom pue [Bunqwind yim paxoyo pue umolbiono S| |puueyo
ay) ‘wnb pas saal Apenoued ‘uonejebana adAy-puepem jusuewsad
-lwas Agq peidnooo sesle ulew 8y} 8l SesJe Weassul pue
uenedry ‘smojy moj Jualsisiad Aq payoedw Ajasianpe s] jJosse SIy]

jusueulIad

v

passasse
10N

paddew joN

%8810 PeyooID

‘UJ@2UOD JO S| SPUB|POOM Ueliedll JUBUWSL UIyIiM
ainonyis abe asiaAp B Jo 9ouasqe ay) JejnonJed uj "uonejuSWIPSS
Aq pejosye Ajpeq usaq sAey sjood weansu| ‘seyoeas SWOS
wouy 1Bunquino paJes|d sey pooj usdal syl ‘ymmolbas Apoom
pue 1Bunquno yim pexoyos pue umoiBioAo Usaq SBY [suuByD




Page 183

ZL0Z-1 LOZ UBld 8S1] J9JB/M [BjUBLUUOIIAUS [enuUY BuoBabpnn-sienboey

[ SSUIp[oy/Mas/sWeg0id-A31j0d,/1a1em/Ne Aog JUSWUUCIIAUS 7AMM//-d13Y WoJj 3|gejieAe S| Y1|SaMUOWLIO] S Ag apew saseyoind JajeM UO UORRULIO] |
. ‘JusA? Aseruawiddng e jo uolesedsp uo spuadap Alljige|ieay

Areyuswa|ddng ul A $°8881 PUE SJUN0DOE JSACALIEO WO Al LBE'ZE O} SS9008 SE [|9M Se Z1/L 10T Ul JUSWSRius Aunoss |eseuab Jo TN SL'LL
o1 dn aABY (M (HAMID) JOPIOH I91BAA [BIUSWLONIAUT Y}EOMUOWIWOD 8y} MIY POUMO-Sle)s pue J9Jep) [BJUSWUOIIAUTY PaUUB|d O} UORIPPE U]

TN 2R L AN 28l Sseooy Areyjuswa|ddng

A 968G 2 M3V 10 1or0ALeD
(QMY %82) TN €8Y'EL TN PSL'8Y (M3v) Je1e [BjUBWILOIAUT BAldEDY
TN S22°)L8 - M3d 0 Janokied
(QmY %82) T 008'vy TN 000094 (A3 d) 1918\ [BIUSLUUOIIAUT pPOUUE|d
¢L1L0/10 SlqelleAy WnNWixep Junoady

T 000'00L ‘L 40 %06~ = Buopus.ing

w3 . A 000°291 10 %G~ = SISWEPUIM
:aJe | L0z Anr jo Buiuuibeq ay) 1e swep Ajddns sy Ul S|9Ad)| Jajem 8l | ‘sjuswalinbas A|ddns Jajem umoj
pue 0)SSWop PUEB %901S JeswW 0} palnbal Jey) Jo SSa0Xa Ul SMOJ} Aeingu) JO Jeys e 0} PafJijus S| JUSWUCIIAUS 8L "J8jEm [BlUSWIUOIIAUS BAlldepe
JO TN 06€'0Z PUE dOUBMOJ[E JSJeM [eJUSWUOIIAUS JO TN G/Z'dL1 Jo dn epew SN G99'8E) SI JUNOOOE JBJeM [BJUSWUOIIAUS 8Y) JO @dueeq syl
S o : : ~ 9|gE[iBAE J9JEM |BJUSWUIUOIIAUS JO SWIN|OA

_ _ *90UEBMO|[B-NS SAIJOE 3y} O}
SOSIRJORIEYD JBJILIS SEY JOPIOH JOIBM [EJUSWUOIIAUS UIESMUOWWOD IO 81BlS 8l Jauye Aq pjay seousol| Jejem 0} PanJOOE JBJEM |BjUSLULO.ALS
‘JIoJe M [BIUSWUOIAUT pauueld o) Ajuo seiidde uopnquisip SIUL "€1/2L0Z 40} pabueyoun sulewal siy} JUN0dJE SAIE 8y} JO INOABY Ul 0%:09 JE
UOINGLISIP B} 10S Sey D4 8y} WOl SJIAPR SNOIABId "SJUNCODE 9SOy} Usamiaq uonnquisip euoiodold 8L uo UojepusILIcoa. (9¥43) dnoio
20UBJ9j9Y SMO| [BJUSWUOIIAUT 8Y) pUE SUOISINOId dSAA UlIM SOUBPIOOOE Ul SSOUBMOJ[E-GNS SAOB puUE juddnjsuel) au) usemisq peinguisip &q
1SNW 184 Z1/110Z 2Y} UBNOIY) LUOHBUILLISISA JSIB M IGRIIBAY JOpUN S|elieAR SPBW Jajem SlIUM ‘JUNodde SAIOE BU} Ul UIBWSI [|Im Jejem JoA0ALIED
Iy "80UBMO|[e-GNS SANOE BU} JO Sa|nI 8y} Jepun pabeuew aq Jobuo| ou UED Jsjem [BJUSWUOIIAUS (& ey} UESW [IM dSM 84} 4O uoneAnoeas ayl

_ "Z1/1 LOZ Ul Jo1em JoA0ALIED 0} SS800B %00L Pue (dMY) uoneulwssiaq J81e M S(qeJIBAY %8BT © @ounouue 0} pajosdxe
S| J3JeAN 10} JBISIUIN BU) | LOZ AINF gL BU} UO "LLOZ AINM 5L BU3 UO Pyl &g |IM (dSM) UBld Bueys Jele euj jo uoisuadsns (9 Uondas 8YL
_ : Z1/110Z 10} sjuswabuey Juswabeuepy 1238\



Page 184

Z102-110Z ueld osf] Jajep [ejuswuoliaug renuuy Buobabpny-suenboeyy

0699l 685'L.C 095'621 199'Ly L0/L°/€ | €92'2€ 2ZS'Se | 00Z2'L0L 008'v8 | %0S [29'¢q)
uep 120 (sjunoooe ||e) uep 120 uep 120 uep - 190 | Aujgqeqouad | ueipaw
V10l Janokue) HM3D M3V 2le1g VM3

"Arenuer Ul TN 069°9LE pue Jaqojo0 Ul A 68S° L.z O} 8Se8IoUl [|IM OLIBUSOS UBIpaW 8U} J8pun Jajem a|qe|ieA. ‘JaA0ALIED JO uonippe
8y} Ui “Arenuer jo pue ey Aq % .9 Je pue 18goloQ JO PUS 8UJ [IUN %ES e 84 0} A|aXl] S| UOESO|[E Z1/L L0Z B} SUOKIPUOD UBIPaW JBPUM 'S

¥9.°202  $9.'102 096'62} lZ6'6L  1z6'6L | €8¥'EL  €£8F'El | 008'vy 008'vv | %08 [8z'8z]
uep 190 (sjunoaoe |e) uep 190 uep 120 uep 120 | Aungeqoad Mg
V1Ol Janofiien HM3D M3V 9)e18 Y3

"9|qe|ieA. oq [M N 9/°20Z JO SWNJOA B OLIBUSDS AIp 8Y] Jopun JoJem o|qe|leA. ‘ISAOAIIED JO
uonIppE 8y} YN “Aienuer jo pus ey Aq %8¢ e PUE J8qojoQ JO PuS By} [HUN %8Z Je 8q 0} Ajei| SI UOREOO]IE ZL/LLOZ U} :SUORIPU0D AIp Jepun g

¥9.°L02 ¥9.°102 095°621 L2661l LZ6'6L [ €8¥'CL  €8Y'EL | 008'PF 008'%PF | %00L [8z'8z]
uep 120 (syunoooe |je) uep 120 uer - 190 uep 190 | Aqeqoad | 3ybnoip
V.10l Janohuey HM3D M3V 93e18 VM3

‘a|qe|ieA. aq ||IM TN 92202 JO SWN|OA B oLieuads Jybnoip sy} Jepun ‘JaAoALIed Jo uoippe sy}
.._.,._>> "Alenuer Jo pus ey} Aq 98¢ Je Ulewal pue JogqojoQ) JO pua ay} |jun %8z Je aq o} Ajayi| st uoliedo|ie Z1/1 L0Z 8y} :suoiipuod ybnoup Jspun |

"SWie(] aJoWepuip) pue
Buopua.ing 0} SmOjul [BOIISHEIS [BOLIO}SIY UO paseq ale (Juslissasse Aepy) Jele ) 81e1S Aq pepiroid soLBUSS JUBWISSaSSE 921n0sal Buimoijo) ay |

ZL/1L10Z 40} AyijiqejieAe Jajem pajewnsy
suonipuod Buleiem [ejuswiuoliAuL AjX1T

._o L/ Jo sBuipjoy HAMID Juaund uo paseq ale suone|nojes Buimojjoy
ay} — jsnbny Ag 19 001 Al@lewixoidde o} dn pue >_3. Ag 19 /6 0} dn ypm ‘wus) POUS 8y} ul enuode 0} pejoadxs .ete sbuipjoy [euonippe jey; -
pasinpe sey HAATD SUL "ZL/LL0Z W selAnoe Buusiem julol eyepspun [|im yjeomuowiwo)) pue ajels ay} ‘Jualsisuod ale Bulisjem [ejuswuoiirue
Jo seAnoalqo ayj sieym jeyy pajedionue st ji pue HAJD oYl yim juswesbeuew Jajem [ejuswuoliAue jo welsbosd aAijeloge||0o e sunl pASN

~Jejem [eluswiuodinue pauueld ypm uonounfuod ul paebeuew aq |jim SSjBAA YINOS MBN AQ JUSWIUOJIAUS 8U} 10} paseyoind JaJep) "S9ouUsol] SSe00y



Page 185

ZL0Z-L LOZ Ueld 95 19)eM [BjuBlIUOIAUT [BnuUY buobabpny-auenbaepy

‘1eah J19)eM mau ay} Jo Buuuibaq sy) je

pejedionue aq Aew oleuads ueipaw 0} AIp e jey) mr._:momm:m 1snbny-sunp poued ay) Buunp jlejules uelpaw ueyy Jaybly Bunenwnooe jo asueyo
9%09-GG B 1580810} Siojeolpul ajewlo ABojoioala|y Jo Neaing ejiym ‘Jequieds souls Aip useq eAey Juswydled auenboepy 8y} Ul SUOHIPUCD

¥ ¥ *
66880 658'80Y 095°621 Gvl'L.  SPLLL| PS8y vSL'8Y | 000°09L  000°09) | %02 [oo1'00L]
uep 120 (sjunoooe ||e) uep 190 uepr 120 uep 00 Ajgeqold 19M
V1ol Janohued HM3O M3V 9ie1s © yM3

"IN 66Z'6.¢ O} %0eq $8dUE[Eq JUNCOOE
Buibuq ‘SJUNCooE WOLj PaYIGap Uaaq aaey 0} Afeyi| S JoAoALRD ||e 19qojoQ JO pus 8y} Aq pue [jids |im Buopusling jey) Ajoxi| @ow Si JI OLBUSDS
SIU} Ul JSE02.0} SUCIIPUOD oM U} Japun ‘JoABMOH "18qoJoQ Ul T 6880 0} 8SeaIoul [|IM OUBUIOS J18M BU} Japun Jajem S|qe|lene ‘JanoAued Jo
UORIPPE Y} YN “Alenuer 1o pus ay) Aq %001 & PUE J8qojoQ JO pus ay} Je %001 18 8q 0} Aj@yI| S Uoijeoole Z|/1 L 0Z dU) :SUORIPUOD JoM Japun



Page 186

0l

ZL0Z-1 LOZ ueld 8s[] J8jep [ejusuiuoiiaug fenuuy buobebpny-suenbaeyy

"AdBIN20E 191E3I3 Y1IM SEBJE 359Y] DUIULI9IDP 0} UNJRLIBPUN 3G [|IM HJOM [BUORIPPY 'Sasodind juswiaSeueiu Jalem [BJUSWUOIIAUD IO} SPELU S31BW|IS3 95180 JJe 3say]
'siedh Og Jano Aouanbayy uonepunui 3yl pue sadueyd uoneladen Jo sease paddew uo paseq aJe sa3ewilsa asay) “A108a1ed yijeay uaalg ayj Ul puejIam Jo seale patewnnss
: "SIIPUNLULWLOD Paat uowwaod pue yonod
J21eMm ‘Wwng paJ JaAlY se ue|d Bulieys Ja1ep 2yl ul uaaig st puejiam jusuewlad-1was Jo uoniuyap ayl :gN “Suiddew Q66T 01 aAe[R JUSIXS JO adA} ‘Uijeay uonelasaa ul
23ueyd Jofew e paousadxa sey puejiem Ayjenb Jood ‘a8ueyd Jolew suoSiapun jou sey 1nqg Suiddew Q6T Yl 03 3A11RI3S Y33y UOIIEIaSaA Ul uolloNPal e paoualadxa sey
puepzam Ayjenb Jiey ‘SBuiddew Q66T 9y} 03 SRR UONIPUOD pooS U uoneladan sey puepam Alljenb pood :se paulap Ajjeiauss s) puejiem uonIpuod Jood pue Jie) ‘pood N
gunas0 uopuoa jo Aljigeqousd [eansiiels ([AX] Ajpaidadsal Alenuer pue 12qo3aQ je uonedojie Ay (218 Ap ‘1y8no.p) sweu oleusIS 4

< sjeble} jeuueyd |esiadsip Swa)sAsoo9 %01
au OMM.@E e “ gwwomwmezsmmww:owwﬂm s -U] pue AJAIDSUUOD {puejjam ysi ‘SpJigiaiem Jo ysij JO Juswiinios) jusijisal )
DN 00GH-000Z | -6~ 18A0 5618156 060°08< Jusuewlad-1Wwes ‘uonipuos Jood a|eos-eble| ‘puejiem jusuewlad pue Ayijeay pueixe | [00} ‘00L]
: pue Je} ‘poob ‘Ajiond jo uopepunul -|Was JO 90UBUSJUIBW JBIgeY pue aaoidw JIBMA
1O S]osse ysiew s1able} [euueyo-ul |esiadsip Swo)sAs0da %02
Siibsten e -UOU 0} SMOJ} JUBWIYSaLS] | pue AJIAIBO9UUOD ‘UoneIND Pasealoul | YsH ‘SPJIGIe}em JO Usi) JO Juaw)inioal juaisal ,
GedEiN SYJUoW G-g J9A0 MdS ‘puejjom JusuewIad-1Wses ‘UCIPUOD | e|eoS-wnipaw ‘puejjem jusuewlad pue Ayyesy pusixe | [00} ‘001]
P/TN 000€-0002 JO sate}oay 000'05-000'0% Jie} pue poob ‘AQjuoud jo uonepunul -|Was jJo aoueUSlUIEW jBYIgReY pue aaoidwi om
S]9SSE USIELU-UOU 0} |esiadsip %0G
& o.__m>> SMOJ} JUsWysaLjal Japisuod | |, _ Aungosuuco ysi ‘spigialem Jo Ysiy JO JuaLinioal Selislisel
galel 1e ; ‘puepem JusueuLed-|Wes UORIPUOD i ; d pue yjeay [79'c5]
P/ 0002-0001 -SYUowl ¢ S0 MdS Jre} pue poob ‘Ayuoud Jo uonepunu SIEOS-[EWIS .pUE|IOM JUSUBULIS |1eo1Boj022 ulejuiew
Jo saJeoay 000'0£-000'02 i i i . i -1lW3S JO sguBUSIUEW JB)iqey : R ueipaw
19M , b_>_uomc:n.vo . |estadsip %08
o~ on.m BN 1 SUJUOW € JBAO ‘uoneJnp paseaJoul ‘eibnjel pue ysi ‘spaigiarem Jo Ysi JO JUSLL}INIOaL Alonooal .
MdS 10 s8Je199Y 00061 puejiem juouewad-1LWas uonRIpuod a|eos-|lews ‘puepem yusuew.ad 10y Ajioedes sunsus | [82°82]
P/IN 0051-000} poob ‘Ayiond jo uopepunui -ILWSS JO BoUBUSUIBW JB)iqey fp
eibnjos pue puejjem jusuewJad-jwes %001
Lu_wﬁ.who%om m.wm,, Md mm w_wcmo w%mwo%_ﬁ 00'6 puejiam jJusuewad-|was UoIpuod spuadep Bunsyem Aouanbauy ybiy abewep pioAy [8z'82]
. poob ‘Ajioud jo uopepunul pue jejigey (el JO aouBUSIUBW ybBnoap
jobue) jouueyd _ dSM @Anoalqo aAnoeiqo
il pessniew | JJabie) puepjem pajewnse _Juonoe juswsbeuew JuoweBeuew oiorcas ,OLIBUSOS

..ﬂm@ﬂ. pue suoijoe ‘saAioalqo Juswabeuew yym saAoalqo [eo160j0oe pue soueuads Ajljiqe|ieAe Jajem syull a|qe) Bumoiioy ey
Z1/11.0Z 10} @SN J8jeM [BJUSIUOIIAUL 10} S9AID3IGO




Page 187

Ll Z10Z-1 10T UBld 9S[1 J9JE/M [eJusiuoAUT [enuuy Buobabpnn-auenboepy

pue aseasoul Aew spiigiajem pue sboyj ‘ysy Jo Juswyinioal 8jeos able| Jo pooyijai| 8y} ‘SUOHIPUOD YdoNns Jopun .:o:&omm_; puejiam jusuewlad
-1Was Jo} sewoono [eo1fojoos JUBnos ey} eAsiyoe 0} JoJeM [BJUSWIUOIIAUS JO Aianljep Joj pasu ay) sjefau Jo Aejep Aew pouad sy} Buunp
SUOIIPUOD Jalem Jo @ousblows ay| ‘Buuds pue Jejuim ybnosyy Bupsisied suoRIpuUOd fup Ajjeseusb sawnsse uojoe Buuejem pasodoid syl

Jeak 8y} Jo 9s.n0o ay} Buunp Ajpandepe passasse
aq |im jJuswalinbal siy] "eunej juspuadap Jo juswyniosls poddns 0} ‘siesh ainnj Joj 8pIsE J9s TO09 8u} JO ped swos Buisiin Japisuoo
1M ©¥43 2y} pasnbal 8q )l PINOYS "UMOUS| 8W098q SUOIIPUOD Se sisjewe.ed [euolelado olj10ads JO UOIeUIWILISP 8y} Ul JUNCOOE Ojul UdXE] 8]
M SBIIUNWIWOD 8SaY]} JO sjuawalnbal 8y "SpiGisjem [Bluojoo pue spligielem ‘sboyy ‘ysy Jo Buipsalq ul jnsel o} A@y1] S| Buueiem Jo ajeos sy

‘SaIUNWWOD uonejeban puejjem jusueusd-|wes ul aoual|isal
anolduwi 0} eARY8[qo Juswsbeuew Alewwd sy} Jeye Jou AjjeleuaB (iIm Jajem Jo SeWN|oA pasealdul Jo Ajljiqeliene 8y Jeu) pabesiAua s| }I Janamoy
‘ueld BULSIEM SIU) U)IM 9OUBPICOOE Ul POMSIASI 8q [IM Suoljepuswwodal asesjel Jeahk ey} Buunp Apaxiew Jeje Aljige|ieae Jayem pinoys

"IN000 JusAs Buebbly m_nE_Jw e pjnoys pJemioy }ybnouq eq Aew asesjel 8yl ybnoys ‘1 1/010Z J0 Buusjem [ejusiuoliAue
pue Buipooyy ay) Buunp psniooe sueusq 8y} uo pjing o} (snbny) Jejuim 8je| Ul SOUSWIWOD 0) PaNPaYds &q (M Z1/LL0C 104 Buueiem syl

‘sleal ainjny Joj
apise 19s a4 [IM Jey} 9 09 JO 8ouejeq & SeAes| sy} Buiisjem wnb pal 0} 19 0§ JO JuSW)IWOD [eniul ue UIM "SL/vL0Z PUe €1/210C U seale
4onod pue paal Jajem-al 0) Jajem Juslyns piemio) BulAlied spuswiwodal DY 43 sy} aJ0jelsy] "UoHIpuod poob ul seale pugjjem JO 80ud)|isal
Buinosdwi Jojpue Buiuiglulew sjiym seale papelbap ul A1enodel Bujowoid Joj AGejels punos e eq 0} sieadde sieak aniss920ns Ul Buusjepn

"sjuswalinbas Bupsiem ainnj
A8)]] JO UOIIBIBPISUOD PUB JSjem [BJUSLIUOIIAUS JO SSN SAI0SHS UJIM JUS)SISUOD “yobuo| sdeylad pue syjuow ¥ ises)| je Bunse| Jusns ue jebie}
[IIM ©Y-4T 8U} ‘MOjje SUOHIPUOd JI aiojelay] "esuodsal [eo1B0jooe sy} Jeyeq 8y} swalsAs papeiBop ul paulejulew aq ued uopepunul sebuoj su)
‘puodsau 0} Jebuoj aye} Aj|eoidA) seale pspeibep sy "L 1/0L0Z JO Bulidjem [EJUSWUOIIAUS pue Buipooy} ay} Buunp psnJooe sjyauaq 8y} uo piing o}
(1se9 pue yNos ‘Yuou) saysiew ay} Jnoybnouy) seale yonoo J9jem pue padl UOWWOD Jejem-al pue seale wnb paijebie) 0} Z|/L L0Z ul Bulsiem
0] PaIWWOD 8q JOHOS] JO WNWUiW B SpUaWwodal 943 8y} sesodind Buiuue|d Joj palepisuoo 9 0LZ 4O dwnjoA Buipels [eniul ue UM

. ‘sieak aimyny Ui (YONOD J8jem pue Paal UoWWOoD se yons) saioads
Juspuadap-1e1em Ajybly uieisns o} AJjiGejieA. Jojem ainsus 0} JanoAuleo |ejueisgns e abeuew o} peaibe ©Y43 8y} UOIIPPE U| "SPUB|POOM
swnb pai Jonu Buipnpou; ‘uonelebaa puepem jusuewled-iwes Jo saieay 000°0S O dn uo Buissnooy Auenoiued ‘swashs puejjam pepelbap
jo Aienooal Bupowold pue swalsAsooe jo aousl|isal Buirosdwi uo sndooj PINOM Z1/110¢ Ul auenboey\ 8y} ul Juswebeuew Jajem [BJUSLLUOIIAUS
jey] peeisbe pue siojedipul 9jewi|O pue SOLeUBdS J9jem 9d|de[leAe 8y} palapisuod (9443) dnoi eousisjoy SMO|4 [ejuslUOIAUT BYL

soA329lqQ saysiep auenboep



Page 188

zl CL0Z-L1L0Z uBld 8s( J8jep [ejusWiuoiIAug [enuly Buobabpnoy-auenboeyy

:Z1/110Z Ul J9}em JUNOJOE [BJUSWIUOIIAUS Jo sjuaidioal [ejuajod se pesodold ale seuaAlep Buimojjol sy |

"ISJE M 9JEIS Uim :ozﬂ_:m:oo Ul paulwialep aq ||IM Siu} pue
sesn Bupadwos Jo spasu ay} L_mgwcoo 0] pesu OS[e [|IM Kion||ep ‘Jonamoy ‘Jjeuaq isejealb ay) aAey o} A8y Si Jswuwins Aues pue Buuds Buunp
juswiysalyal alojalay} ‘seysie|y auenboepy syl ul pejsbie) jey) 0] Jejlwis Si 3840 Juan|ye ay) 0} SMO|) [BlusWUolAUS pasodold woly Jsusq
0} Ajejl| seioads jo ebues sy] "SUOIIPUOD [einjeu Japun Jesh ay) Jo swil) AUe Je Paunod0 aAey O} AjoY| 8Je S)88l0 Jusn|ye syl oJul Saysal

"SuoIsIoep [euoesado Jo sjoedwi pue sawoo)no oivads Jojuow o} Ajoedes pue Bulules)
wnwixew einsus 0} Z1/L10g 4o} suondo jwi| o} pasodoid s Ji Jyouaq [eJUSWUCIIAUS 10} SHBBI0 Juan|ye ay} o} Jejem jJo Aisalep jo Ayanrou
8yl UaAI9 “sljeuaq [enuajod asijeals o} pasn si Bupew-uolsiosp aadepe awi-leal jeyl pue ainjeu Ul [eluswuedxe pelepisuoo aq Asyl jeu
[2O)IIO S ) ‘alojeq syeald jusn|ye ay) ul pejdwalie usaq Jou SABY ainjeu S|y JO SSUSAIRP JoJeM [BJUSWIUOIIAUS SY 'PApIOAR 9( UBD Salioono
papusjuiun Jey} ainsue 0) siepjoypue| Yim palsinbal aq osfe |[im UOlJBIOge|j0D 9SOJD "S39JD JudNn|ye 8y} O} Jajem |BJUSWUOIIAUS JO AUaAlep
Joj seniunuoddo jeuonelsado UO SSIAPR |[IM OUM ‘I9JeAN S1BIS PUB Y43 8U} UM uoljeioqe|od ul sjuswalinbal mojy 39210 jusnyys Buissesse
Jo} padojsnep sejdiound ay) o} Bulpioooe ‘siseq ased AQ 9SED B UO Jajem [BJusWUOliAUS JO asn aeudoidde jsow ay) aujuuelep [M HIO @yl

(wnB paJ pue IBUNnguNo se yons) uonelebaa wealisul sAISeAUl JO Uoissaiddns pue podsuel) Juswipas 0} uonelal
ul syjeueq aaey osje Aew seysel) yons Jo uononposul ay| ‘sedA) uonejeban puepem jusueuad-iwes auoz ueledl JOJeM pue JUSWSAOW Ysl
o} sapiunpoddo epinoid ‘Buljoho-jusuinu saosdwi 0} 8q pinom swisisAs esay) ul Bupsiem jo aAoalqo sy Jayies ‘uoiieleban uiejdpooys jo sesle
Jueayiubls pooyjj 0} o|qejieA. a4 [|IM J3JEM JUaIoINs pajoadxa jou si )| 'sauoz awos ul Buipooy; [eloysuaq awos apinold Aew yoiym ‘euenboepy
JaMOT 8Y) pue s)98.0 Juan|ye sy 0} seysaly, [enueisqns apinoid o} s|ge|jieAe spew aq pinog Jajem [ejuawuoliaug Jusoiyns ‘Bupjeads Ajelsusg

‘pesijeal 8q Aew sjesse asay) 0} Jajem
[BJUSWILOAAUS JOAIIRP 0} sapiunpoddo jey) pesepisuod si )l ‘ZL/L L0Z Ul SJunodoe [BJUSWUOIIAUS SNOLIBA Ul 8|ge[ieAR J8JeM JO SLUN|OA [eljueIsqns
8U] USAIS) "JOJEM [BJUSWIUOIIAUS JO} SWS)SAS PUBJIOM PUEB JBALI USIEW-UOU JO Spasu 8y} 9)epOLIWOIOE 0} }S8Q MOY Paiepisuod sey 9¥-43 syl

saysiely auenboejy oY) Jo eale ay} apisino sjasse uiejdpoo|q pue auLBAly

- ‘paoueyue aJe sanunuoddo Bulisjem [BJUSWIUOIIAUS Jel) 8INsue
0} JOPJOH JBJBAA |BJUSWIUOIIAUT U)[ESMUOWILWIOD BU} YJIM SJBIOJE[[0D 0} SNujjU0D ___3 obejlie| pue JUSWUOIIAUT JO 820 U} pue Y43 8yl

"POUILEXS 9q OS[e [|IM XOq YOB|q/YEQI009 PUE ||eAW SB YONS Sajiuntiwod [eo160j009
nEmmcm_ucm JO yjeay ay) sAaoidwi 0} Jojem [ejuswWuoIAUL JaAllep 0} seniunuoddo pue ‘uonelafen uiejdpool) juspuadep-pooy JO yjesy ay)
0] UaAIb 8q OS[e [|IM UONBISPISUOYD) "SJUSAS JUSW]INIOSL Yons JO uopa|dwod [nSsaoons sy} Uo aq (M AISAIiSp Jojem |eJusWUOIIAUS JO SNO0) aU}



Page 189

Z1L0Z-1 LOZ UBld 851 JaJB/M [BjuBLUUOIAUT [enuuY mcommm_cno.mtm:gmﬁ

€l

ay) puE JoJeM SBIS “Jole 10 80O MSN UlM 8Jeiodefjod IM HIO “uBld 8sM JoleA BY} UIM S0UBpiodde Ul JBjeA [EJuSWIUOIAUL.
aAndepy auj JO 9SeD 8yl Ul pue dSAA Ul JO S8jNI BU UIIM @JUBPIOOOE Ul SH98J0 juenjye ey} ojul pejoalip 8q osje Rew (HM3ID
pUE M3V MSN Se 9A0ge 0} paliejel) Jojep [ejuswuolAuT aAndepy pue (YA Se SA0Ge O} Paliajel) JSjeA| [EJUSWUOIIAUT pauUeld
J9JE)\\ |BJUSWIUOIIAUT PJOH pUe J8jJeA\ [BjUsWUOIIAUg pauueld

" _ _ "$)j98.0 JuUaN|ie dy}

JO 2JOW JO BUO 0} Jajem yons BunoalIp O} MBIA € UM SJUSAS UINS [[e JO SJeys S,JUSWUOIIAUS 8U} I0j Jopio ue Buioejd Jepisuoo Jebfeuew
19JeM [EJUSLILOJIAUS B Jey} PepuswWwooal si )l Z1L/LL0Z U] "palejosp aie sjuers Atejuswis|ddns usym s80ULd| yoNs Jo Juswabeuew
oy} 0} USAIB USSQ Sey UONEJOpISUCD SWOS ‘JUBWIUCIAUS 8Y) JO Jleysq Uuo seousdll Jojem Asejuswselddns spjoy JuswiuIanob sy

"paI0BLIP BIB SMOJ} AIBINGL) SSBOX8 8J8UM JSAO [0UOD SUIOS LaXe UBD Joje A\ 81els “Jles)i Ule|dpooj) 8y} OJUO IO S)8al0 urejdpooy; ol
yBnoua abie| si JuaAe 8y} o yead ay} Jl Jo saysJejy auenboey 8y} 03 ybnoiyy moyy sjuswalinbal Jo ss99Xa Ul S8leINgL) Sy} Wol) J8Jepn

"S20U82I7 $5090Y Jele M Atejuswalddng JO s1ep|oy 0} 8|qe|ieAe Spew S| Jajem
pue sjuans Aleyuswa|ddng paJejosp ale ualep 1 P/1N 000G PeedXe ey} sjusAe Aeinguy ueld Buueys Jojepn 8yl Jepun JUSWUOIIAUS
sy} 0} a|qejieAe Ajjesousb sie Spesu SAlOBIXS JO SS30Xe Ul smojy Aseinqu) ‘selddns uonebiul pue Jsjem umo} ‘ofjsewop “00ls
JOAlIOp 0} smoy Aseinguy Juswbne seses|al we( "ojqissod aisym spssu SAlOBIIXS Ajsies O} SMOy) Aeynguy asn AjjeoidA) Jejepn eels

“USLIB A\ JB Sjuewslinbal Jo $s89X%8 Ul P/IN 0005 UBY) Jejeall smold g
pue uaiep\ Je sjuswalinbal Jo ss99x8 Ul p/TN 000§ UBY) SS8] SMO|H "L

:seuobajed

OM] OJUI POPIAIP 84 SMOJ} AJeIngli| "SJUSAS [[ejulel 0) asuodsel ul Smojy Atejngu} Wolj SasUe JUSWUOIIAUS 8U} 10} I9jem [EUOHIPPY
smo|} Areynqui L

lajep\ Jo s92Inog

uawiysius|dai
Pooor | ep oz jnns | wewsouisy | spupoyeter | oo
pUE %00}s Se P o (TW) 006-05 | oo RO s b | o} euogejquniy Pa00I0
2)elopo ‘ploH % pauueld | Buiysnj juswipas
pajunoooe Ajeed euowalddng | “JUSAS UOHBUIULIDD JO wealsumoq Jamon
aq Jyb1w) N 0005 =
awinjoA uoneinp yead lajem JO 321nosg 1ebie} yoeal




Page 190

- Z1L0Z-LL0Z ueld 8sn 418]e/ [elUBWIUCIALT jenuuy Buobabpno-auenboeyy

 "dSM 8y} Ag pamolie wnuue/\ 000°0) HNeep sy} uey) Jayjel z1.0z/L Loz U TN 00S°'G L
[BJO} O} SI8WEBPUIAA WO SOSES[S) [EJUSWUOIIAUS 9]gIssod wnwixXew ay} asealou [im Juswalinbai siy| Jow ale s1abbuy ases|al usym ‘paiinbal

IS aie teak )se| Buobabpny sy} ul seses|al [BjUBWUOIIAUS JO uoisuadsns Alelodwa) Jo Jnsal e se sasesjal dn a)ew jey) sajou H¥ 43 ayL

"Jeak Ja1em z10z/1 L0Z @Y1 Joj uonisod jnejap ay) 0} uoljessle ou pasodoid sey 943 oy "JesAh Jo swi Aue je spew
a2q Aew yowym ‘p/1IN 00S1L-0GL Jo abuel Jobue) e sasodwi ueld Buueys Jeiepn @yl Aq paquosap uopisod ynegep eyl "9|qissod se Apuanbaly
Se apew aJe Sasedjal Jey) aINsus PiNoYS SJoWBPUINL WOL) Seses|al [ejuswiuoliAue 10} sjuswabuelle ay) jeyy peaibe Aisnoinald sey 9443
ay] -ueld Buueys Jsjem 8y} Jo SOINJ BY} JopuUn 2|qISSOd MOU a1e SaSEes|al [BJUSWIUOIIAUS Pue (%EE) T 000°0L L 4940 BullO}s MOU SI SI18WEPUIAA

Buobabpno

"$39910 JUSN|YS By} O} JOJE A [BIUSLUUOIIAUT
anljdepy pue Jsjep\ [BIUSWUOIIAUTY pauue|d JeAljep 0] seijunupoddo sulwis}ep O] JSP|OH JeleA) [BJUSWUOIAUT Yjeamuowwo))



Page 191

Z102-1L0Z UBld 8sn JejeM [ejuawuoliaug [enuuy buobabpn)-alienboeyy

Gl

uoiEdIUNWWOD Jejnbal pue aaisuayaidwos yim suonejoadxe abeuew :awodno
aanebau ploAejuans 9)9|dwo2 o} suoleoo|ie Jejem Aeiodws) jo aseyoind

aly} JepISU0D ‘$5850NS JO pooyjal] @Acidw 0} s1ebie) pue sajel Mo)j JopIsucdsl
‘SoWoo}No Ao JO JUBISSSSE pUB SjuswWalinbal Jajem Jo uonesyiuap; Ajes

abewep |EJUBLLIUCIIAUD BI8A3S
(Jolew pue ajqissod) ybiH

{S)dA[eona esuep Jo uoneuluLIab Spaom

Jo peauds pue uopeujuuab ‘pajeniul yi ‘Buipsaiq
pliqis}em [ejUOj0D 9)8|dWod 0} S|ge|ieAe Jajem
jusioiynsul ‘Ba) sawoono [eoibojeds pepusiuiun

MON pue Jejep alelg
ypm uoneynsuoo ul ABejens Auanijap o) n@_mano sjunoooe Jo ypne Jejnfay

joeduwl [BjUSWIUOIIAUS BWOS
(Jouiw pue Af@xun) Mo

spouyjew BuBUNOIoER Ul SUOISSILLO JO SIOLT

paJinbal se

IMA PUB JS1BAA S1BIS Unm saunpaoold Bugunoode sjewsyje sjejobsu i(ynoyip
aq Aew asesjes Buunp ssao0e J) Algnonued) ejeinaoe pue SAloe ale SUOKE)S
1By} uonewyUo? }senbal pue ases|al Ajoyl| JO siaiddns ouISWOIPAY UIEMBI0S

10edW} [BJUSWUOIIAUS PAUIBIUOD
(syesopow pue 9|qissod) ajelapop

Aoeinooeul Jo ainjiey uopels Buibnes

AjBuipioooe sjable) asiaal isjuswsnipe jaes pue Ajiep Auaaijap MOl JOJIUOW

Toeduw] [EJUSIIUOIIAUS PAUIBIUOD
(ere19pOW pue o|qissod) SjeIspop

sjeInooeul Ajjenueisgns
aJe sajel Jo sawn|oA J9b1e) mojj pajewnsy

) sjuswabuewue Buleys Ayoeded [puueyo
o} Jpadsal yum Buiiny pAON 1senbal 1sjepn 21.)S Yiim uoljediunwiwod Apeg

sbeuiep [BjusLlUUOIIAUS SI9A3S
(Jolew pue siel) sjesopO

(Buneys Ayoedes anjen/Ajoedeo jeuueyd) Aisalap
Jsjem 0} sjuswipadwi jeuonelado usssalojun

peuueld s| @ouejaAINs pajabie) ‘paynuap!
SUOHONASYO jI @ouBldWOD ANON HBJE e/ 91B1S YlIM UOleoIuNwIWoD Apes

10eduwl [BJUSLWLUOIIAUS 2I9A3S
(Jolew pue a.eJ) ajetapop

fisnjep Jajem o) sjuswipadw [eoisAyd ussesaiopn

"pasiwIuILl S| Sbeliep bulse| o

3SU 2y} Jey} 0s Auan|op Jajem Jo )l au) Jojpue Buusiem Jo JUSIBoUBLILIOD B}
10 Buiwy sy} @auanpul Aew Syom 1oy sjuswaiinbal sy) (Buusiem o} Joud sxpom
uonESIIGeIS 8)euapun pue s)s ay) ssasse o) paaibe aAey Jajep\ 91B)S pue HI0

obewep |BjUSLLILONIAUS BI8ASS
(Jofews pue sjgissod) ubiH

[puuBEyD
ssedAg YsIe|y YUON U3 Jo AjUIoIA 8y} Ul peq
a8 ulaypou ay} Ul uoisoss pue sbewep Jayun4

aseyd Aiaaljep J91ef

SUOISIDBP YJIM POJRIDOSSE SHO-0pERl} JUBWNS0oQg

1oedWw] [BJUBWUOCIIAUS BWOS
(Jouiw pue a|gissod) ajelapop

pasiwoidwod sapunpoddo Bunsiem aining

SOWO09)N0 papus)UILN 0} sAISUodsal aq ued Juawabeuew awi-|es)
QINsus 0] DMS Yum osiel] ‘Bunjew-uoIs|oap anjnj Wojul 0} SSWO2IN0 JUBWNo0QJ

1oeduwl [BjuSWUOIIAUS paulelu0D)
(ejesopow pue a|qIssod) sjeiopoly

pajewI}Se-1oA0/1apun ale
seAalqo [e01601098 J88W 0} sjuswalinbal JSIe AN

sapuoud suwexs Aljeonews)sis

0} pasn 9443 pue HIO Ag padojeasp syiomswel) Bumes Auoud pue g3

~obelep [ejUsLIUCIIAUS 81oA3S
(Jofew pue Axyun) ubiH

spasu (20160008 [eoNUD SHoopaA0 Bumes-Aoud

aseyd bupjew-uoisioag

asuodsay |

Buney |

ASiy

seibajelys Bunebniw pue sysiy




Page 192

ZL0Z-LLOZ Ueld 9sM 4818/ [ejuswuolaug jenuuy Buobebpno-suenbaeyy

9l

*JaOIO UOIJBAISSUOD
SIBAIY pue spueiap Joiues DO3IQ Yim sisas ueld siy} 0} suoisiAal 4oy saniunyuoddo Buipodas pue Buifuspl Joy Aujiqisuodsas Alewid

"UOISIAG JO
ajeos pue Buiwy ey Apuepo disy |Iim seaiejussaldal ANUNWILWOD [B00] pUB JOJeAA 8BS UM UOREDIUNWWOD POOL) "SaleIngu) ul Smoj Juesyiubis
seonpoud 1ey} [[ejuiel pasiiedo] JO JUSWYDIED paulelsns 8 [IM UOoIsIAS 10} sieBBli] ‘sjeiolp SuolIpuOS usym PasiAal aq o) si ueid siy|

"soses|al ssoud ‘Jeyi9Ismau Jajem-3 ul ajepdn Ajunwwod Japeoig
‘sBunesw Je ajepdn Jejnbai :9aILIWIO) SOIAISS Jawoisny alenboeyy s .uonelodio) Jsjep) 81eIS
sanpeussaldal 9443 ybnouyy WD 1S9 [Baus)
*In220 ueld sy} 0} sabueyd Joj s1abBu) Ji payNsuod aq 0} HY4T "s|ielep AlaAljep MO[} pUB SUOIIPUOD Uo ajepdn ApybBiupoyApieem Oy -3
_ 'sjuana AsAlep moy Buunp .

sjepdn Apjeam pue (19]em |BJUSLLUCIIAUS S|ge|ieAR ‘9]ewl[d) SUORIPUOD Uo a1epdn Alyjuow :HIO JUBWUOHAUT BU) o} JaJep) Jojoana <«
0} Buoday

A A A A

"$804N0sal JO AJljiqejieAe 8y} pue esesjal 8yj JO s8Al0alqo uo Juspuadsp aq AjRrewin [IIM JNg ‘}seIsiul JO SeNnss| Se payljuspl ussq sAey
JuswsAow ysiy Jo Buuojuow pue SaiNonss Wealis-Ul JO S|SA8| INO-UMOIP ‘AJIAIIOBUUOD JO uojeInp ‘SWwa)sAs ¥eald jusniye ul seale 19bie} ui
pajjam eale JO JusWaINSeaLl/uoljeAlasqQ) "SWa)SAsS 9SOy} Ojul PaJaAl|ap 84 O} S| JaJeM [eJUSWUOIIAUS JI A1eSSa0auU aq [|IM SWaSAS asoy) uiyum
SJUIelISUOD pue sjjsuaq sy} suiwisjep o} weibosd Buuojuow ouwads B ‘syesld juaniue ayl ot Jsjem Buipinold jo A)eAou sy} Jo esnedsq

‘Buipasuq pJigiaiem jo ssaibouid ayy Jo uoioadsu| ‘Bsa ‘pasnbal eq Aew ases|al ay} JO saAI}08[qo oyoads ay}
0} paJojie} Buliojuow |euolippy @suodsal Jo aouspiae olydelbojoyd pue uoiepunuy JO uoljelnp ‘seale uolepunul yjnlj-punolf o} seale puejjem
Jo uonoadsu; punosb-uo Ajyuow Jo Apybiupoy ‘seyis Buipesiq pliq [BIUOJ0D JB AJIAIIOR PUB SUOISIBAIP pue AJOAISp J8)em 3Oayod 0} adue|jieAIns
auloguie 39310 ElE\ pue ‘syesl) payoolt) pue ong ‘Jeqbuiuung ‘ebpug sjleg pue elejiy pue euusemedl|ld ‘ASIXQ ‘|emo) wno
‘suogase je ejep olydeiboipAy ejge|ieAe Jo sisAjeue ‘uoljepunul Jo jusixe ainsesw o) sisAjeue Aiefew ayjj@jes sepnjoul BuLIojuOW WNWIUI

"J9]em [eluswiuolIAuS aAndepe Jo) ABajelis Buliojiuow yueglaary 8y} Jed se pajonpuod a4 |[Im Buliojiuoy

_ Buisiaaa pue Buipodaa ‘Buriojiuop



Page 193

Ll

Z10Z-1LL0Z Ueld 89S Ja1eM jejuswuosaus [enuuy Buobabpn)-suenboeyy

~)Lige

obeaH pue JUBLILOIIAUT JO 9910 MSN ‘SISE0D pue Spueie “Iejep Jojaia

piopayIny aieq

abejlaH pue JUSWUOJIAUT JO 80O MSN ‘youelg IS8 M-UHON ODYeMS
dnoio) sousiajey SMO|S [EJUBLIUOIIAUT SY) YIIM UOIBYNSUOD Ul 9A0T 3lqgeq

:e1eq
:uonisod
:aunjeubis

:Aq penouddy

:21eQ
:uonisod
:Aq paJedaid



Page 194

. 81

Z102-1L0Z ueld asn J81ep) jejusiuoliaug jenuuy Buobalbipny-suenboepy

SaljaLUO|y| EE T WHE
gL 0oL & 0

e T e

sy o s ] S S 4 e

- dwemg yoeg § sjlunp sy l
ooy weunos I
syienhaeyy yiog [N
spenboe pio [
yssepy yuop '

spuciian lebhequoly

duemg Aeyuopy FEE

pueyugy FE
o) AnGeyyeyy JIE

tebuwey. - peog wog [
uedpood Aspers I
joerg Asng

woaip sbeisng [
duserag Anbuppng ©
awep

SYWM

pusba

| 0Z uoepunui Jesk y-¢ Ul |
Msealy 19SSy seysiely

ysaepi so N

dwemg yong ¢ sBunp sy TN
snszey wayinos [N

‘ aenboe ynog [

7 : suenbosyy mo. [N
A yssop yuory I

sputa sehhoyuop

jemog ujeld Juoq [0
pebjuey - fewag wng [T
werdpooiy Aebpeso [N

A9 isng

oo eseseting [

SYWM
puaban

9B/ puejjem Jusueuad-iwas
SBoly 19SSy SaUSIE




Page 195

Interim Environmental Watering (AEW) Plan for the Murray Valley
2009/10*

Background

This plan outlines the wetland assets and water volumes required to enable Adaptive
Environmental Water (AEW) to be delivered to wetlands within the Murray Valley of NSW in
2009/10. Up to 32,027 Megalitres (ML) of AEW allocation is currently managed by the
Department of Environment, Climate Change and Water (DECCW) on behalf of the Minister
for Climate Change and the Environment. NSW is also involved in the delivery of
environmental water recovered under The Living Murray (TLM) initiative and cooperates with
the Commonwealth Environmental Water Holder (CEWH) in the delivery of environmental
water recovered by the CEWH.

Several wetland assets located in NSW State Forest (managed by Forests NSW) have been
watered recently using a combination of The Living Murray (TLM) water and AEW. These
assets are monitored in conjunction by DECCW and Forests NSW and include Pollack’s
Swamp and Reed Beds Swamp (Gulpa Creek).

Summary of AEW releases in 2008/09

The Water Sharing Plan for the Murray and Lower Darling Regulated River Water Sources
remained suspended for the whole of 2008/09. Allocations continued to accrue to AEW
licences, however, in accordance with available water determinations made by the Office of
Water (then Department of Water and Energy) and 11,027 ML of AEW was available for use
in the Murray Valley as of May 2008.

Thirteen wetlands (private, Forests NSW) were watered mainly between September 2008
and December 2008, with Andruco Lagoon and Wee Wee Creek watered in May and June
2009 respectively. In total, approximately 5,000 ML of AEW was used to inundate 610
hectares of wetland area within the Murray Valley of NSW. 6,000 ML was traded on the
temporary water market, with revenue from this transaction proposed to be used to fund
further water savings works in 2009/10.

Reed Beds Swamp (Gulpa Creek) has received AEW on several occasions (2003, 2004 and
2008) and is listed as part of the Barmah-Millewa TLM Significant Ecological Asset. The
project partners of Reed Beds Swamp (Gulpa Creek) include: Forests NSW (project
managers), State Water, River Murray Water, Murray Darling Basin Authority and DECCW.
1,600 ML was allocated to Reed Beds Swamp (Gulpa Creek) from The Living Murray (TLM)
and from AEW in 2008/09 (approximately 800ML each) with the delivery of water managed
by DECCW and monitored by Forests NSW and DECCW. Water was allocated because key
water bird roosting sites were at risk due to the collapse of Giant rushes (Juncus ingens) in
response to prolonged drying. The AEW allocation has previously facilitated bird breeding
events at Reed Beds Swamp and the 2008/09 AEW has allowed vegetation to complete its
reproductive cycle and subsequently maintain the health of these important water bird
breeding habitats.

Several species of water birds have also been observed at Pollack’s Swamp, although no
breeding has been observed. Pollack’'s Swamp received 1,000ML of TLM water in the
2008/09 water season and is to receive a top up of 500ML of AEW in 2009/10 water season.
If the top up triggers a water bird breeding event, further water will be prioritised from TLM

! DECCW intends convening a Murray and Lower Darling Environmental Water Advisory Group during 2009 to
advise on the management of adaptive environmental water in the Murray and Lower Darling valleys. It is
expected that this group will review and may revise this interim Plan.

Draft Adaptive Environmental Watering Plan, 2009/10. NSW Murray Valley. Page 1
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and/or AEW allocation to assist and maintain a water bird breeding event in order to
minimise the risk of nest abandonment.

In general, all wetland assets responded positively to AEW allocations. The results from
monitoring indicated an increase in plant diversity and the recruitment of wetland flora. New
growth, denser crowns and improved canopy extent was observed in River Red Gums and
frog breeding habitat was enhanced, evidenced by breeding activities such as male calling,
the presence of egg masses, tadpoles and metamorphs. The ongoing monitoring of sites will
determine how well the primary objectives have been satisfied.

Primary Objectives include:

1. To prevent the further decline in stressed wetland vegetation communities, in particular,
River Red Gums, Black Box and Lignum communities;

2. To improve the condition of a broad and representative selection of indigenous wetland
vegetation types including River Red Gum, Black Box, River Cooba, Lignum, Common
Reed (Phragmites australis) and Spike rush (Eleocharis sp);

3. To increase (maintain) the abundance and diversity of understorey wetland vegetation
communities;

4. To reinstate a wetting/drying cycle for natural ephemeral floodplain wetlands that have
been negatively impacted by river regulation and/or severe drought conditions; and

5. To provide habitat for the endangered and Southern Bell Frog (Litoria raniformis) and
other wetland dependant fauna and flora and to improve River Red Gum habitat for the
endangered Regent Parrot (Polytelis anthopeplus ) (LMD).

Area Asset Condition
Wetland Required | Watered
Asset AEW (ML) (ha) Last time watered
Andruco ~2000 (natural event) Critical
Lagoon 250 20 AEW May 2009
AEW Feb 2006 Critical
Grand Junction 1000 40
Nampoo AEW Sept 2006 Good
Station 240 15,5 AEW Oct 2008
Boeill Ck ~1995 (natural event) Poor
Floodplain 100 10 AEW October 2008
Wee Wee 1000 - ~1998 (natural event) Critical
Creek 1500 140 AEW June 2009
Thegoa AEW Sept 2005 Poor - Good
Lagoon 1280 80 AEW Sept 2008
AEW Sept 2005 Good
Lucerne Day 150 8.1 AEW Sept 2008
AEW Sept 2006 Good
Cliffhouse 50 5.13 AEW Sept 2008
AEW May 2005 Good
Clifthouse 50 5.5 AEW Sept 2008
Speewa Creek | 1000-1500 185ha 2001 Poor
Toroga 2000 Poor
Wetland 72 12
Reed Beds Good
Swamp (Gulpa AEW summer 2005/06
Ck) 800 300 AEW summer 2008/09
Kennaugh'’s 10-50 2 AEW summer 2008/09 n/a

Draft Adaptive Environmental Watering Plan, 2009/10. NSW Murray Valley.

Page 2



Page 197

Wetland
Pollack’s AEW Nov 2006 Good
Swamp 500 75 AEW May 2009

~1990's Good
Brechin 170 30 AEW Oct 2008
MIL sites 7500 1065 various Poor

Volumes of Environmental Water Available in the Murray Valley

Account Maximum Capacity | Available 01/08/0¢
(ML) (ML)

Conveyance (WAL 9422/50AL503537) (conveyance) | 32,000 900 (carryover)

High Security (WAL 9423/50A1503538) (high security) | 2,027 198

Commonwealth Environmental Water Holder 12,000 TBC

Barmah-Millawa Allocation 100,000 TBC

* carried over on Murrumbidgee licences and to be transferred back to the Murray.

Likely environmental watering scenario

o As at 13 July 2009 Hume Dam was at approximately 14% capacity (416 GL),
Dartmouth Dam was at approximately 22% capacity (860 GL), Menindee Lakes was at
approximately 14% capacity (239 GL) and Lake Victoria was at approximately 38% capacity
(255 GL).

o A small volume of carryover (900ML) is fully available but currently ‘parked’ on TLM
licences (with the agreement of the MDBA) and will require a transfer at the first available
opportunity.

o Rainfall for the up coming months has been predicted to be average or below
average, with the potential for an El Nino developing.
o High security allocations currently stand at 8% availability, general security

allocations currently stand at zero percent availability.
Objectives for environmental water use for 2009/10

A. Under dry conditions

1. Wetland assets including Wee Wee Creek, Andruco Lagoon and Grand Junction
should receive priority as they are considered critical in terms of requiring drought relief and
fulfilling primary objectives 1,2,3,4 and potentially 5. Nampoo Station, a Cliffhouse site and
Kennaugh's Wetland, should be considered as they provide breeding habitat for endangered
and vulnerable fauna (respectively), fulfilling primary objective 5. In the event that a bird
breeding event is triggered by the 500 ML of AEW top up at Pollack’s Swamp, a contingency
of extra allocation sourced from TLM and or AEW may be necessary to ensure a successful,
uninterrupted breeding event.

Reason:

The AEW is intended to provide drought relief and improve wetland environments within the
NSW Murray Valley. Both Wee Wee Creek and Andruco lagoon were watered in winter 2009
and would greatly benefit from a spring top up using up to 1,750 ML of AEW (1000-1500 ML
and 100-250 ML respectively). The RRG’s that surround both wetland assets were displaying
severe drought stress, thus greater ecological outcomes could be achieved by providing
extended inundation duration, thus a longer opportunity for wetland fauna and flora to recruit.
It is widely recognised that multiple watering events can also greatly benefit vegetation

Draft Adaptive Environmental Watering Plan, 2009/10. NSW Murray Valley. Page 3
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communities. Additionally, significant landholder involvement (via pump maintenance,
refuelling and temporary block bank construction) has made these AEW projects achievable.

It has been recommended that the Grand Junction wetland assets, which are currently
exhibiting severe drought stress, be watered one in every four years, thus should receive
AEW this water season (up to 1,000 ML with appropriate approvals processed and in place
in a timely fashion). Nampoo Station wetland(s) and a Cliffhouse wetland(s) require small
amounts of water (up to 240 ML and 50 ML respectively) and are close to the river, thus are
logistically easy to wet via pumping. The locality of these wetlands to the river (which is used
as refuge habitat by the Southern Bell Frog (SBF) (Litoria raniformis)), also enables this
species to use the wetlands (when inundated) to breed and maintain populations. SBF have
been recorded at these wetland assets since 2006. In the 2008/09 water season,
Kennaugh’'s Wetland asset supported a pair of breeding Brolgas (Grus rubicunda) that
successfully fledged their chick. This asset also requires a small amount of AEW (10-50 ML)
and will provide habitat for another Brolga breeding event if the birds return. The above
mentioned wetland assets combined, require the delivery of between 2,400 ML and 2,940
ML and would achieve the highest ecological benefits and outcomes this 2009/10 water
season.

2. If further allocation announcements are made by NOW, it is recommended that other
wetland assets be selected based on the above stated primary objectives and the
condition of the wetland asset.

Both Cliffhouse and Nampoo Station wetland assets (four wetlands in total) support SBF
populations and exist within approximately 10 kilometres of each other. The wetlands,
combined with the Murray River, provide a larger scale habitat which provides a level of
connectivity for the SBF's to move across the landscape between sites. In total, these SBF
sites use only up to 340 ML of AEW and used only 325 ML in the 2008/09 water season.

3. The Brechin wetland asset requires approximately 170 ML and was watered in
October 2008. The wetland displayed positive responses in terms of vegetation and the
occurrence of the migratory bird, the Latham’s Snipe (Gallinago hardwickii). As the Brechin
wetland asset meets the outlined primary objectives, and was historically SBF habitat
(though none have been recorded in the 2008/09 water season), it should be prioritized to
receive an AEW allocation if the relevant approvals associated with the Grand Junction
wetland assets are not processed in a timely fashion for the 2009/10 water season. Reed
Beds Swamp (Gulpa Creek) has 1,600 ML allocated to the project. The Giant Rush in the
Gulpa Creek wetlands positively responded to the 2008/09 AEW event. AEW and TLM
allocations at Reed Beds Swamp (Gulpa Creek) has previously facilitated bird breeding
events and allowed vegetation to complete its reproductive cycle. Several water birds have
also been observed at Pollack’s Swamp, although no breeding has been observed during the
2008/09 watering, water may be needed to ensure a successful, uninterrupted breeding
event should nesting commence. This additional water should be prioritised over other
watering events to minimise the risk of abandonment of nest sites if water levels drop.
Ultimately, greater ecological outcomes could be achieved by providing extended inundation
duration, thus a longer opportunity for wetland flora and fauna to recruit. It is widely
recognised that multiple watering events can also greatly benefit vegetation communities.

The incorporation of these wetland assets will utilise approximately an additional 2,610 ML
on top of the Al wetland asset scenario presented (1,400 ML and 1,940 ML), thus up 5,550
ML of AEW in the 2009/10 water season.

B. Under average to slightly wet conditions

Draft Adaptive Environmental Watering Plan, 2009/10. NSW Murray Valley. Page 4
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1. Consider capacity to support Wakool system environmental flow, in cooperation
with NOW and CEWH

Reason:

To avoid critical loss of remnant fish communities from poor water quality that may be
experienced over summer months under minimum flow conditions. In 2006/2007 a
replenishment flow of approximately 30GL was supplemented with 6GL of TLM
environmental water to assist in sustaining residual deep pools which provide refuge habitat
for native fish. In 2009 a similar replenishment flow was provided but because of the
prevailing hot weather conditions the flow resulted in poor water quality and subsequent fish
kills. A management protocol to provide water to this system under current resource
constraints is currently being developed by NOW.

2. Inundate other wetland assets including Thegoa Lagoon, Boeill Creek Floodplain,
Lucerne Day, Speewa Creek and Toroga Wetland that meet the primary objectives
outlined on above (page one).

Reason:

The AEW is intended to provide drought relief and improve wetland environments within the
NSW Murray Valley. In 2008/09 Thegoa Lagoon received approximately 1,700 ML (and
water is still present in the wetland). A top up of 1,280 ML has been recommended for
Thegoa Lagoon in the 2009/10 water season. This wetland asset is logistically easy to
deliver water into as it has regulator structure managed and operated by the Wentworth
Shire Council in place (thus requires no pumping). This wetland supports a high diversity of
water birds and has enabled the recruitment of several widespread frog species. The Thegoa
Lagoon Management Plan (2003) recommends that the wetland be inundated seven out of
every ten years, hence the AEW allocation would be in keeping with the plan.

Boeill Creek Floodplain and Lucerne Day were recent recipients of an AEW allocation
(approximately 103 ML) in 2008/09. Speewa Creek hasn’t received an overbank flow since
2001. The condition of these wetlands ranges between poor to good. These wetland assets
cannot be watered naturally without high river levels, thus pumping would be required. All
sites are logistically feasible. Flooding is essential to retain the ecological character, River
Red Gum health and aquatic plant seed-bank production.

C. Under very wet conditions

1. Divert water into MIL Wetlands (7.5 GL)

Reason: Water has not been received for several years and Brolgas have been observed
utilising several MIL sites in the past and as recently as 2008/09. Flooding is essential to
retain the ecological character, tree health and aquatic plant seed-bank production.

2. Ensure the “Junction wetlands” are satisfactorily watered.

Reason: The condition of these wetlands is critical and this system cannot be watered
without high rivers (ie no weirs for diversions). Flooding is essential to retain live River
Red Gums, aquatic plant seed-bank and ecological character. Some sections have
not filled for 12 years. Requires the delivery of approximately 5,000 ML/Day or
greater @ d/s of Redbank Weir for several weeks plus a Murray River flow u/s of the
junction of >10,000ML/day for the same period. This would involve managing high
Murrumbidgee flows to co-inside with high Murray Flows. This could require a period
of reduced diversions into the Lowbidgee to create higher downstream river heights.

Draft Adaptive Environmental Watering Plan, 2009/10. NSW Murray Valley. Page 5
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3. Divert water into Billamein Wetland asset (126 ML).

Reason: Watering is essential to maintain and potentially improve the Black Box vegetation
community of this wetland. This wetland has not received water since 2000.

4. Boomanoomana State Forest Wetlands (520 ML)

Reason: In spring 2004 Boomanoomana received an AEW allocation and demonstrated a
positive response such as high wetland plant diversity. The site also provides foraging and
breeding habitat for several water birds including the Brolga which was observed in the site
during the 2004 flooding event.

5. Werai Forest Wetlands (3,200 ML)

Reason: To maintain vegetation health and diversity and maintain water bird rookery sites.

This wetland last received an AEW allocation in 2001 and the wetland showed a positive
response to the artificial flooding event.

D. Other potential opportunities

1. Divert water to Lake Gol Gol (9 GL) (LMD CMA initiative)
Reason: Previously recognised as JAMBA, CAMBA site. Hasn't been inundated since the
early 1990's.

2. Divert water in to Lake Caringay (7 GL) a long term MWWG Flagship project
Reason: Hasn't been inundated since the 1960’s.

3. Divert water into Murray Eden wetland (100 ML)

Reason: In 2006, The Murray Eden Wetland was recommended to receive water, however
because of limited water resource availability, the watering of this site was suspended. This
site has not been watered since the 1990’s.

4, Tally’s Lake (400 ML)

Reason: Tally’s Lake was historically used as a breeding site for water birds including Ibis.
The lake typically filled annually, however due to the very low flows down the Wakool River
System, Tally’s Lake has not filled since 2003.

Risk and mitigating strategies:

Risk Rating Response

Unpredictable weather — turns | High  (likely & | Review asset condition and future

drier than expected major) priorities for watering.

Unpredictable weather — turns | Medium (unlikely & | Additional wetting options possible

wetter than expected major) — continually assess volumes
available

Flow management is | Medium (possible & | Establish EWAG,; early

uncoordinated moderate) communication with State Water
and CSC

Water use and works approvals | High (possible & | Confirm status with NOW; seek

not linked to licences major) discretionary one-off approval if
necessary

Draft Adaptive Environmental Watering Plan, 2009/10. NSW Murray Valley. Page 6
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Estimated flow target volumes | Medium (unlikely & | Monitor flow delivery daily and seek

are substantially wrong moderate) adjustments; revise targets for
future attempts

Unforeseen physical | Medium (rare & | Early communication with

impediments to flow delivery | major) Landholders and State Water; alert

e.g. low river levels which NOW if illegal  obstructions

prohibit pumping activities. identified

Insufficient water available to | Medium (unlikely &
complete colonial waterbird | severe)

breeding, if initiated

River levels too low to pump (as
may be the case for the Wakool
and Murray Rivers in parts)
Pump infrastructure faulty or
not adequate

Poor water quality in the | High (possible & | Monitor water quality
Wakool System (e.g. high salts, | major)
black water and low dissolved
oxygen

Monitoring:

The monitoring of all wetland asset sites will be conducted or overseen by DECCW project
officers (and in the case of sites within State forest, in conjunction with Forests NSW) using
methods that are consistent with Natural Resource Council (NRC) and state-wide standards.

Wetland Asset Ecological monitoring Environmental
monitoring
Lucerne Day e Vegetation response e Water quality
Cliffhouse (2 wetland assets) e River Red Gum response e Inundation area
e Frog diversity and extent
e Fish# e Inundation
duration
e Volumes used
e Photo points
Nampoo Station (2 wetland e Vegetation response e Asabove
assets) e River Red Gum response
Andruco Lagoon e Frog diversity
Brechin
Boeill Creek Floodplain e Vegetation response e Asabove
Wee Wee Creek ¢ River Red Gum response
e Frog diversity
e Macroinvertebrate
diversity
Thegoa Lagoon e Vegetation response e Asabove
e River Red Gum response e Ground water
e Typha sp mapping
e Frog diversity
e Bird diversity*
Reedbeds Swamp  (Gulpa e Vegetation response e As above
Creek) e Flow rates (no
Pollack’s Swamp ground water)
Kennaugh's Wetland e Brolga activity e Inundation
duration
e Volumes used

# monitoring conducted by Dr Leah Beasley from the Arthur Rylah Institute
* monitoring conducted by Sunraysia Bird Observers (volunteers)

Draft Adaptive Environmental Watering Plan, 2009/10. NSW Murray Valley. Page 7
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Approvals, Access Licences and Associated Works:

All wetland sites require approvals and licences granted by NOW.

Wetland Asset

Work & Use
Approvals in place.

Andruco Lagoon

Yes (up to 10 years)

Grand Junction

no

Nampoo Station

Yes (up to 10 years)

Boeill Ck Floodplain

Yes (up to 10 years)

Wee Wee Creek

Yes (temporary until the 31/10/09)

Thegoa Lagoon

Yes (up to 10 years)

Lucerne Day

Yes (up to 10 years)

Clifthouse Yes (up to 10 years)
Cliffhouse Yes (up to 10 years)
Speewa Creek no
Toroga Wetland no
Reed Beds Swamp (Gulpa Ck) Yes
Kennaugh's Wetland Yes (up to 10 years)
Pollack's Swamp Yes
Brechin Yes (up to 10 years)
MIL sites None required

Billamein Wetland

No

Reporting to:

» Director, Water for the Environment, DECCW - monthly update on conditions
(climate, available environmental water) and weekly update during flow delivery
events.

This plan is to be revised when conditions dictate. Good communication with PWG, State
Water, DWE, Forests NSW and landholders will help clarify the timing and scale of revision.

List of Abbreviations

AEW - Adaptive Environmental Water

CAMBA - China-Australia Migratory Bird Agreement

DECCW - Department of Climate Change and Water

DWE - Department of Water and Energy (now NSW Office of Water)
EWAG - Environmental Water Advisory Group

GL - Gigalitre

JAMBA - Japan-Australia Migratory Bird Agreement

LMD - Lower Murray Darling

LMDCMA - Lower Murray Darling Catchment Management Authority
MIDMUR - Middle Murray

ML- Megalitre

MWWG - Murray Wetlands Working Group

NRC - Natural Resource Council

NOW - NSW Office of Water

PWG - Parks and Wildlife Group

RRG - River Red Gum

SBF - Southern Bell Frog
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SWC - State Water Corporation
TLM -The Living Murray

Prepared by: Sascha Healy (in consultation with Trish Alexander and Emma Wilson)
Position: Project Officer Water, Water for the Environment, DECCW

Date: 13 August 2009

Approved by: Derek Rutherford

Position: Director, Water for the Environment, DECCW

Sign:

Date:
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Interim Environmental Watering Plan for the Murrumbidgee Valley
2009/10%

Summary of Environmental water releases in 2008/09

The Murrumbidgee Regulated Water Sharing Plan remained suspended for the whole of
2008/09. Over spring and summer 2,500 ML of Environmental Water Allowance (EWA) was
used to assist the endangered Southern Bell Frog (Litoria raniformis) populations in key
“Lowbidgee” wetlands. The EWA was used in two separate events which were three months
apart. The first diversion was just 500 ML and was due to a small surplus flow being
identified by State Water which came from a catchment rainfall event. The second diversion
was 2,000 ML and was made available following improvements in resources/allocations in
the Murrumbidgee and Murray Valleys.

In between these events, 812 ML of Adaptive Environmental Water (AEW) was used for the
same purpose in Yanga National Park wetlands. This was the first usage of AEW water in the
Murrumbidgee Catchment and despite the small volume it was crucial to maintaining the
necessary hydrology in the Yanga wetlands, when EWA was not available.

Overall the wetland watering project was successful in promoting the survival of the Southern

Bell Frog. Significant recruitment was also detected at some sites, although carp appear to be

having an effect on recruitment success.
“Carp control at Warwaegae Swamp appears to have been effective in
increasing recruitment by L. raniformis. No tadpoles or metamorphs were
recorded in 2007/2008 prior to carp control despite persistent calling activity,
this increased to 118 tadpoles and metamorphs in 2008/2009”". (Responses of
frogs, fish & waterbirds to environmental flows in the Lowbidgee wetlands in
2008-09 -Wassens & Spencer, 2009)

Monitoring of the Southern Bell frogs response to the flooding indicates that “The long-term
persistence of this species depends on regular flooding events to promote recruitment. At this
stage annual flooding over a number of years may be required in order to re-establish
population numbers”’ (Wassens et al, 2008 - draft).

The EWA volume used for the wetland watering in 08/09 was deducted from the recognised
‘loaned’ volume of EWA (approximately 104 GL at the start of 2008/09) nominally held in
Burrinjuck Dam.

In mid-January, as the final Southern Bell Frog diversions were coming to an end, the then
Department of Water and Energy approved the repayment of 25 GL of the “loaned” EWA.
An independent wetland watering prioritisation panel was assembled to advise the then
Department of Environment and Climate Change on watering priorities in the Lowbidgee.
The Panel advised that water be held over until the cooler months and agreed on a number of
priority sites both on private property and within Yanga National Park.

In late May, June and early July the 25 GL was released into 4 wetland systems (Attachment
A). A total of approximately 8,000 ha of floodplain wetlands have been inundated, with above
average rainfall during the diversions aiding the spread of water significantly. The watering
was completed on the 13" July and ongoing monitoring will determine how well it has
achieved the following primary goals:-

! DECCW intends reactivating the Murrumbidgee Environmental Water Allowance Reference
Group during 2009 and expects that this group will review, and may revise, this interim plan.
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1.) Achieve large scale hydrological connectivity between Lowbidgee wetland complexes
which contain a diversity of habitat types, including significant waterbird rookeries and can
realistically be maintained into the future with minimal delivery losses.

2.) Improve the condition of a broad and representative selection of native wetland vegetation
types eg red gum, black box, river cooba, lignum, phragmites (native reed) and spike rush.

3.) Increase habitat for threatened species including the threatened Fishing Bat (Myotis
macropus) and the Southern Bell Frog (Litoria raniformis) along with a broad spectrum of
more common waterbirds and other wetland dependant fauna.

Current condition of water dependent assets

Asset! Last watering® Condition
Core SBF wetlands - North Yanga Summer 2009 Good

Core SBF wetlands — Nimmie-Caira Summer 2009 Good
Remainder of North Yanga Redgum | Summer 2005 Good

forest

South Yanga Red Gum forest 2000 Critical
Black Swamp 1993 Poor
Mid-Murrumbidgee Wetlands - DIWA 2000 Poor-Critical
Dams to Narrandera Wetlands Spring 2005 or 2000 Good -Poor
Carrathool to Maude Weir Wetlands 1996 or 2000 Poor-Critical
Fivebough Swamp (Ramsar) EWA 2005, other 2008 Poor
Tuckerbil Swamp (Ramsar) EWA 2005 then dry Good

! |dentified in RiverBank Water Use Plan, Yanga National Park wetland management plan or Murrumbidgee

Regulated Water Sharing Plan
2By any means — natural or managed

Volumes of environmental water available

Account

Maximum (ML)

Available 01/07/09 (ML)

EWA (payback of suspended
account water )

Approx 75,000

Surplus flow dependant,
until 20% GS is reached.

Translucency

26,328 (State Water

Nil, while WSP suspended

Figure)
Other EWA * SW to confirm Nil, while WSP suspended
Adaptive Environmental Water | 6,634 1,214 ML**
held by DECCW (General
Security)
Adaptive Environmental Water | 5,679 5,679 ML (availability is
held by DECCW dependant on the
(Supplementary Access) declaration of a

Supplementary event)

Commonwealth 48GL GS; 21GL |tha
Environmental Water Supp

Holder

*the volume of EWA accrued prior to the WSP being suspended and after the September 2006 DNR Resource
Assessment quoted the “recognised volume” of 113GL.

** to be confirmed with State Water Corporation
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Likely environmental watering context 2009/10

e Burrinjuck Dam was at approximately 38% capacity (390 GL) and Blowering Dam 36%
(605,000 ML) as at 01/07/09.

e The repayment of “loaned EWA” to a storage account will occur once GS reaches 20% with
storage inflows shared 1:1 with GS users until full repayment has occurred.

e The EWA substitution arrangements that applied in 2008/09 will continue, whereby the
environment gets access to the first portion of any surplus flow with the volume accesed
accounted as EWA payback. Until 20% GS is announced the availability of EWA is
therefore dependant on rainfall/tributary flows and State Waters re-regulation capacity
along the Murrumbidgee River.

o Presently all weir pools are partially or completely full and there is only approximately 10%
of full re-regulation capacity. A significant rainfall event could therefore provide water for
environmental use at short notice.

o Presently close to average rainfall conditions are predicted for the Murrumbidgee
Catchment during August and September, however below average rainfall is forecast for
October.

o Average rainfall for the next 2 months would most likely generate a number of surplus flow
events increasing from small to moderate as the catchment becomes wetter.

o The WSP will not be turned back on until the EWA is repaid in full and all HS needs for the
current and forward year are fully accounted for.

e The Murrumbidgee Environmental Water Allowance Reference Group (EWARG) has not
met for 3 years. However, it is likely that DECC will re-convene this group in the next 6
months.

e In summary, for the 3 month period up to the 31% October 2009:

» Low probability of WSP being switched back on
» Low probability of GS allocation reaching the 20% payback trigger
» High probability of EWA water (surplus flows) becoming available

Objectives for environmental water use for 2009/10

A. Under dry conditions

1. During late spring and summer, use limited surplus flows, as identified by State
Water, to inundate Warwaegae Swamp on the property “Torry Plains”,
Mercedes Swamp in Yanga National Park (these 2 sites are the highest priority
Southern Bell Frog (SBF) wetlands identified from the ongoing CSU frog
monitoring) and other wetlands which are considered to be important for the
population maintenance of this threatened species.

If surplus flows do not arise during this period or are insufficient, use Adaptive
Environmental Water to inundate these and other identified key sites. At least one
top-up flow will be required, to produce the necessary hydrology for the SBFs
(minimum of four months inundation)
Reason: preserve the Southern Bell Frog population in their priority habitat areas and
provide for limited recruitment. Requires the delivery of approximately 1-3 GL and could
be achieved using small surpluses under EWA payback arrangements.
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2. If surplus flows come about outside of the SBF breeding season it is
recommended that sites are selected using criteria similar to goals 1-3 used in
2008/09 listed in the watering summary for 2008/09 (see page 1).

B. Under average to slightly wet conditions

Flood larger SBF wetlands in the Lowbidgee (Maude and Redbank systems) to

enable a significant distribution of the population

Eulimbah Swamp 6,000 ML and Twin Bridges 4,000 ML

Reason: recent severe population decline of this endangered species. Flooding is
essential to provide drought refuge and breeding habitat for the recovering
population. Requires delivery of approximately 10 GL and could be achieved
using small to moderate surpluses under EWA payback arrangements.

2a. To flood the southern section of red gum forest in Yanga National Park (South

of Tala Lake) using the channel systems from Maude Weir for greatest efficiency.

Reason: forest condition currently critical and declining. Flooding is essential to retain
some of the river red gums alive and provide best chance of preventing loss of
ecological character. Requires delivery of approximately 50-60 GL and could
be achieved using moderate surpluses under EWA payback arrangements

2b. To flood sections of privately owned red gum forest in the Lowbidgee from both
Redbank and Maude Weirs. Target sites would be prioritised for watering using an
independent wetland assessment process which would inform the Murrumbidgee
EWARG and the DECC decision making process.

Reason: forest condition currently critical and declining. Flooding is essential to retain
some of the river red gums alive and provide best chance of preventing loss of ecological
character. Requires delivery of approximately 50-60 GL and could be achieved using
moderate surpluses under EWA payback arrangements

3. To flood the Northern Section of red gum forest in Yanga National Park (above
Tala Lake)
Reason: condition good (compared with the southern section). Flooding would allow
for Southern Bell Frog dispersal into historical habitat, waterbird breeding in
significant rookery and wetland areas including Piggery Lake and maintenance of
red gum forest health. Requires delivery of approximately 60 GL and could be
achieved using moderate surpluses under EWA payback arrangements.

4. To inundate the Nimmie-Caira system of Lowbidgee wetlands creating and

sustaining a waterbird breeding event of a similar extent to that of 2005 (30,000

pairs, mainly Ibis and Cormorants)

Reason: condition good, but waterbird numbers are declining nationally and this would
boost numbers of a variety of species affected by a series of very dry years.
Requires delivery of approximately 60-70 GL and could be achieved using
moderate surpluses under EWA payback arrangements or availability of
Lowbidgee diversions under Water Sharing Plan arrangements.

5. Use infrastructure to flood prioritised mid-catchment wetlands in the
Murrumbidgee Irrigation Area eg. Coonancoocabil Swamps and MIA State
Forest wetlands.
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Reason: condition varies from good to poor, up to 8 years since last flooding, create
drought refuge and potential habitat for threatened waterbird species, could be
achieved using small surpluses under EWA payback arrangements. Requires
delivery of approximately 0.2-10 GL and could be achieved using small to
moderate surpluses under EWA payback arrangement. This would be a
substitute for filling river fed wetlands with large scale dam releases, and
would be attempted if piggybacking opportunities (option C,1. below) did not
arise or stand alone releases were not possible.

C. Under very wet conditions

1. Piggyback EWA releases onto significant tributary fresh/s inundating the

majority of river fed wetlands from Gundagai to Maude Weir.

Reason: condition currently critical and declining (condition gets progressively worse
downstream). Flooding is essential to retain live fringing river red gum,
aquatic plant seed-bank and ecological character. Some sites have not filled in
12 years Requires delivery of approximately 45,000 ML/Day or greater @
Wagga for 2-3 days ( See the Murrumbidgee Environmental Water Delivery
Guidelines DNR 2006)

2. Maintain and complete any colonial waterbird breeding event initiated by natural
flood event or environmental flows.

Reason: waterbird numbers are declining nationally and this would boost numbers of a
variety of species whose numbers have been affected by a series of very dry years. This
could require anything between 2-50 GL depending on a number of variables

3. Inundate the Lowbidgee wetlands and red gum forest north of Redbank Weir to
Balranald.

Reason: condition currently poor and declining. Flooding is essential to retain live river
red gum aquatic plant seed-bank and ecological character. Significant
waterbird breeding sites are located in this system. Some sites have not filled
in 8 years. Requires delivery of approximately 100 GL and would require
access to sustained periods of surplus flows

4. Inundate extensive areas of the Yanga Nature Reserve and other significant
wetlands located outside of the Lowbidgee Flood Control and Irrigation District
(LFCID)

Reason: condition currently critical and declining. Flooding is essential to retain live
river red gum, black box, river cooba, aquatic plant seed-bank and ecological
character. Some sites have not filled in 12 years. Requires delivery of
approximately 100 GL and would require access to sustained periods of
surplus flows

D. Other potential opportunities (may be considered depending on circumstances)

1. Divert water to Fivebough and Tuckerbil Swamps. Under dry conditions in the
catchment of Fivebough Swamp (MI drainage network around Leeton) there could be a
need to provide environmental water to this site. Alternatively, under wet conditions if the
site was partially flooded already, the complete flooding with environmental water could
be requested to provide maximum inundation. The later also applies to Tuckerbil Swamp.
(See Management Plans)
Reason: Ramsar sites, condition currently poor due to no major flood of entire swamp basin
for many years, would provide habitat for JAMBA- CAMBA bird species and
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preserve ecological character. Requires the delivery of approximately 0.5 GL for
Fivebough and 0.4GL for Tuckerbil Swamp.

2. Pump water into 1 to 3 high conservation value, nationally significant mid-
Murrumbidgee wetlands (DIWA). These sites have been identified under the Integrated
Monitoring of Environmental Flows (IMEF) Program eg. McKenna’s, Sunshower and
Yarradda Lagoons.

Reason: This would be primarily to preserve the highly diverse aquatic plant seed-bank at the
targeted sites, which have not been inundated for 9 years. It would enable the later, natural
or managed, dispersal of aquatic plants throughout the other Murrumbidgee wetlands. This
would require between 1-3 GL of water depending on the number of sites

3. Divert water to Wanganella Swamp.

Reason: Wanganella Swamp is a nationally significant site (DIWA) and due to the drought
and water savings measures has remained dry since 2007. Previously the site was watered
annually in association with irrigation flows down the Billabong/Forest Creek system.

Up until 2007 the swamp was an annual Brolga breeding site and historically a breeding site
for the Australasian Bittern. It provided habitat for a number of threatened waterbirds
including the Freckled Duck, Blue Billed Duck, Australian Painted Snipe and other JAMBA -
CAMBA bird species.

4. Pump water into selected Lower Murrumbidgee wetlands (below Balranald).

Reason: This would be primarily to preserve the aquatic plant seed-bank within a selection of
these sites. Logistically only something in the range of 1-4 sites could be achieved using an
estimated 1-2 GL

5. Ensure the “Junction wetlands” below the Lowbidgee are satisfactorily watered. This
would involve managing high Murrumbidgee flows to coincide with high Murray Flows. This
could require a period of reduced diversions into the Lowbidgee to create higher downstream
river heights. Delivering TLM or Commonwealth Environmental Water Holder water from
the Murrumbidgee system to target the lower Murray icon sites while the Murray river was
already predicted to be above the 10,000ML/day for some period could assist in achieving
this.

Reason: the condition of these wetlands is critical and this system cannot be watered without
high rivers (ie no weirs for diversions) Flooding is essential to retain live river red gums,
aquatic plant seed-bank and ecological character. Some sections have not filled for 12 years.
Requires the delivery of approximately 5,000 ML/Day or greater @ d/s of Redbank Weir for
several weeks plus a Murray River flow u/s of the junction of >10,000ML/day for the same
period

Risks and mitigating strategies

Risk Rating Response

Unpredictable weather — turns drier than | High (likely & major) Review asset condition and future priorities
expected for watering.

Unpredictable weather — turns wetter | Medium (unlikely & | Additional wetting options possible -
than expected major) continually assess volumes available

Flow management is uncoordinated Medium (possible & | Establish EWARG; early communication

moderate) with State Water and CSC
Water use and works approvals not | High  (possible & | Confirm status with NOW; seek
linked to licences major) discretionary one-off approval if necessary
Estimated flow target volumes are | Medium (unlikely & | Monitor flow delivery daily and seek
substantially wrong moderate) adjustments; revise targets for future
attempts
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Unforeseen physical impediments to | Medium (rare & major) | Early communication with Lowbidgee
flow delivery Landholders and State Water; alert NOW if
illegal obstructions identified

Water use plan not amended in time to | Medium (possible & | Seek urgent approval from NOW
take advantage of other opportunities moderate)

Insufficient water available to complete | Medium (unlikely & | “Borrow” of EWA 2 ahead of later accrual;
colonial waterbird breeding, if initiated severe) purchase GS allocation

Murrumbidgee water resources used to | Medium (unlikely & | Review asset condition and future priorities
supply traditional Murray requirements | major) for watering, arrange “payback’ conditions
resulting in  Murrumbidgee EWA
reduction or loss of surplus flow
arrangements etc

Monitoring, reporting and revising

Monitoring as per Rivers Environmental Restoration SPII, RiverBank monitoring plan for
adaptive environmental water, and IMEF style wetland monitoring program for mid and
lower murrumbidgee wetlands - DECCW.

Reporting to

» Director, Water for the Environment, DECCW - monthly update on conditions
(climate, available environmental water) and weekly update during flow delivery
events.

» Environmental Water Allowance Reference Group when formed — monthly update on
conditions and weekly update during flow delivery events.

» Murrumbidgee Customer Services Committee — regular update at meetings.

» Broader community — updates in Riverbank Newsletter.

This plan is to be revised when conditions dictate. Triggers will be sustained catchment or
localised rainfall that produces significant flows into storages or tributaries. Good
communication with PWG, State Water, NOW, Murrumbidgee EWARG and Lowbidgee
landholders will help clarify the timing and scale of revision.

DECCW intends reactivating the Murrumbidgee EWARG during 2009/10 and expects that
this committee will review this interim plan.

Prepared by: James Maguire (in consultation with Justen Simpson)

Position: Senior Wetlands and Rivers Conservation Officer, South; Principal Project Officer
Water, Water for the Environment, DECCW

Date: 24™ July 2009

Approved by: Derek Rutherford

Position: Director, Water for the Environment, DECCW

Sign:

Date: 19/08/2009
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ATTACHMENT A — Summary Table of 2008-2009 Environmental watering.

Area Ve
(Ha)
Daily Inunda
Volume flow | ted
Current Estimated/Used rate Flow
Wetland Name | Status Watering/Monitoring history (ML) ML Timing
Last watered in 2005, one of the 400 Red Gi
Nap Nap significant Maude system rookeries, Start Rive
Rookery with potentially the best vegetation 3,000/2,250 100- 22 Lignul
Swamp Full diversity. Depth logger installed Rainfall assisted | 200 May
Last filled in 2005, one of the 4,000 River 1
Twin Bridges - System largest and most significant witk
Piggery Lake is full wetlands on Yanga National Park. 12,000/15,350 undel
Complex, with Historical Southern Bell Frog site Under use at lignu
including water and hydrologically connected to other sites Naro
Tarwillie slowly current sites as well as Fishing bat allowed for
Swamp - reaching | sites. Significant waterbird rookery addition
Yanga National Breer site. DECC depth loggers installed watering in 500- 15"
Park Swamp in numerous wetland sites Yanga 1000 June
Last filled in 2005, Waugorah Lake 150 F
Shaws Swamp, is ideal habitat for the threatened
Waugorah Fishing Bat (Myotis macropus) 1500/780 rainfall | 50 -
Lake complex Full Depth logger installed assisted 100
1,500 Red g
s
Paika — Significant Egret rookery site, unde
Narwhie (Steam Engine Swamp) last n
Complex watered in 2005. Top up flow of Phr:
(Steam engine approximately 500ML running Start Elec
Swamp currently to upper section of this 10,000/7,000 1° swan
Rookery) Full complex rainfall assisted | 500 June | Steam
Total ML 25,380

Note :

exact volumes are yet to be confirmed by State Water.
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Summary

The Macquarie Marshes are a large, diverse wetland system on the lower Macquarie River in
north-western New South Wales. The marshes have supported some of the largest waterbird
breeding events in Australia and provide essential habitat for hundreds of species of animals
and plants. They are an important refuge for wildlife during dry times. The values of the
marshes are recognised at all levels of Australian government. The Macquarie catchment
comprises some of the more agriculturally diverse rural landscapes of central NSW, and
includes a wide range of intensively farmed and broad-acre crops. It also includes a relatively
large range of urban centres as well as many smaller, traditional rural service centres.

In the Macquarie Marshes Adaptive Environmental Management Plan (MM AEMP or ‘the
plan’) and its supporting documents, knowledge about the marshes has been gathered and
analysed. The intention of the plan is to inform land and water management, and to guide
strategies, projects and tasks for restoring and maintaining critical ecological functions and
habitats in the Macquarie Marshes.

The marshes are described in terms of their assets and values, and on the basis of water
supply, management and geomorphological boundaries. The water needed to maintain the
values of semi-permanent wetlands has been identified. The extent of inundation has been
calculated using water and vegetation signatures for October each year from 1979 to 2006.
These maps have been used to produce an index of the frequency of inundation of different
parts of the marshes. Since 1979, the area of the marshes that receives the flood frequency
and duration necessary for maintaining the values of identified semi-permanent wetland
assets has declined. This decline has accelerated during the very dry period since 2001 until
the present time.

Much of the 72,000 hectares of semi-permanent wetland mapped in the marshes in the early
1990s no longer supports wetland vegetation. Less than half of this area is now in fair or
better condition, and many areas are still in decline. According to CSIRQ, it is likely that future
rainfall will be less than that experienced during the 1970s, 80s and 90s. Four scenarios of
water availability and area of wetland that can be sustained are outlined. While considerable
uncertainty exists under each scenario — particularly in relation to the volume of unregulated
flow that may benefit the marshes - the scenarios provide context for water planning,
environmental water recovery and environmental water management.

Prioritising the delivery of environmental water will involve an annual planning process; the
Macquarie-Cudgegong Environmental Flows Reference Group will be integral to this process.
This plan includes information that will inform planning and management actions in the
context of the actual climatic circumstances and environmental condition of the ecological
assets at that time. The primary objective for the Macquarie Marshes for the duration of this
plan is to support the ecological functions and processes necessary to sustain the diversity of
type, and extent of, the ecological assets described within the plan. As further progress is
made in recovering water for the environment, and depending on the climatic conditions
experienced, enhanced ecological function and condition should begin to restore resilience
to the marshes ecosystem. Objectives and priorities for restoring former wetlands areas that
no longer support wetland values may then be possible.
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1 Introduction

1.1 The purpose of the Macquarie Marshes Adaptive
Environmental Management Plan

Compelling evidence exists that the resilience of the Macquarie Marshes — the capacity of its
ecological and social systems to adapt to and shape change - is declining. In some parts it
has already been lost. If this trend is not reversed, the marshes will almost certainly cease to
exist as a large, diverse and complex wetland system. The challenges are both ecological and
social. According to the information gathered and analysed for this plan, much of the
knowledge needed to restore and maintain critical ecological functions and habitats of the
marshes exists. There is a reasonable understanding of the ecological aspects of these
problems, and their solutions, but understanding of the social aspects is not as strong. The
over-arching challenge is to apply this knowledge to the complex and closely linked
ecological and social systems of the marshes to protect this important wetland.

The plan describes the marshes and the conditions under which management decisions will
be made. It aims to guide actions - strategies, projects and tasks — for restoring and
maintaining critical ecological functions and habitats in the Macquarie Marshes. People are
an integral part of the system that includes the Macquarie Marshes and the Macquarie River
— the future of communities in the Macquarie Valley is tied to the health of the river and the
marshes.

The Macquarie Marshes Adaptive Environmental Management Plan (MM AEMP or ‘the plan’)
is not a guide to returning the marshes to some past and inevitably disputed condition or to
managing them to maintain a fixed state. It is a guide to restoring ecological structure and
function in agreed priority areas. In the broadest sense, the plan is a guide to restoring
resilience. Before resilience can be restored, the trajectory of decline must be halted and the
condition of the wetlands stabilised.

1.2 The context for the plan

A number of policies and Acts exist at the local, state, national and international levels which
support and complement the AEMP. Internationally the Ramsar Convention provides an
outline for the conservation and wise use of wetlands and their resources. The Convention on
Wetlands of International Importance, generally known as the Ramsar Convention, refers to
an intergovernmental treaty made during a wetlands convention held in Ramsar, Iran, in 1971.
About 19,000 hectares of private and public land are collectively listed as the Macquarie
Marshes Ramsar site and Australia is responsible for maintaining the ecological character of
this site. Under the Ramsar Convention, Australia is also obliged to develop national water
and land use policy to achieve wetland conservation. Nationally, the Commonwealth
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) provides protection
for matters of national environmental significance, including the ecological character of
declared Ramsar wetlands. The EPBC Act also establishes a framework for managing Ramsar
wetlands.

The Wetlands Policy of the Commonwealth Government of Australia was developed in 1997.
The goal of the policy is ‘to conserve, repair and manage wetlands wisely. The NSW Wetlands
Management Policy 2010 also identifies the ‘active restoration’ of degraded wetlands and
their habitats as a key principle. The AEMP is consistent with both these policies as it
highlights the current degradation of the marshes but at the same time identifies the
continuing values and provides an objective baseline for restoration activities.

1 Introduction 1
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At a basin scale, the Commonwealth Water Act 2007 provides for the Murray—Darling Basin
Authority to develop a Basin Plan which will establish sustainable diversion limits for each of
the basin’s water sources, including the Macquarie River. The definition of assets and their
watering needs within the AEMP will inform the Basin Plan. The Basin Plan will include an
environmental watering plan to guide the management of environmental water.

The Water Act 2007 also established the Commonwealth Environmental Water Holder to
manage the Commonwealth’s environmental water to protect or restore the environmental
assets of the Basin so as to give affect to international agreements.

At a statewide scale, the Water Sharing Plan for the Macquarie-Cudgegong Regulated Rivers
Water Source (2003) is the legal document made under the Water Management Act 2000,
which provides for water for the environment and directs how the available water for
extraction in the Macquarie-Cudgegong is to be shared. Other state legislation assists in the
protection of elements of the marshes including the Native Vegetation Act 2003 which
signalled an end to broadscale clearing. This Act has importance in conserving vegetation
throughout the greater marshes area, including the semi-permanent wetland vegetation
listed within the AEMP.

The Threatened Species Conservation Act 1995 (TSC Act) aims to protect threatened species,
populations and ecological communities and their habitats. A number of threatened species
are mentioned within the AEMP, including coolibah-black box woodlands and myall
woodlands, and their protection under the TSC Act is outlined. The Fisheries Management
Act 1994 (FMA) has relevance to aquatic species, aiming to conserve threatened species,
populations and ecological communities of fish and marine vegetation. Silver perch and the
aquatic ecological community of the natural drainage system of the lowland catchment of
the Darling River are listed under the FMA and are included as assets in the AEMP.

At a regional level, the Central West Catchment Management Authority’s catchment action
plan identifies 12 broad catchment targets for natural resource management. Actions within
the AEMP complement these targets, and the Central West CMA will assist DECCW to review
the implementation of the AEMP on an annual basis.

The NSW Wetland Recovery Program (NSW WRP) is funded by the NSW and Australian
governments to deliver permanent benefits to the Macquarie Marshes and Gwydir Wetlands
by restoring and protecting critical ecological functions and habitats. This AEMP for the
Macquarie Marshes has been developed under this program and is complemented by the
NSW RiverBank Program and the Rivers Environment Restoration Program (RERP) funded by
the NSW and Australian governments. Collectively, NSW WRP, RiverBank and RERP include
significant planning, water purchase, research, infrastructure development and land
management projects.

The AEMP is not a statutory document, and will require support from the NSW and Australian
governments, and local people, for its implementation. The Department of Environment,
Climate Change and Water is the lead agency for implementing the plan within NSW. The
Central West CMA’s catchment action plan will be responsive to much of the information and
many of the recommendations in the plan.
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1.3 The plan: expectations and structure

The NSW and Australian governments have the following 10 clear expectations for the plan:

1. Define the ecological assets and values to be protected and establish condition
benchmarks.

2. Define desired ecological outcomes.

3. Identify water requirements (volume, timing, duration, frequency and security) for
meeting ecological outcomes.

4. Identify activities to address the effects of land- and water-management practices on
the wetlands.

5. Identify methods to enable stakeholders to be included in managing the river and
wetlands.

6. Recognise Aboriginal cultural values in managing and planning for the Macquarie
Marshes and Macquarie River, and provide recommendations to enable Aboriginal
people to reconnect with Country.

7. Integrate different disciplines of study and sources of knowledge to start developing an
understanding of the entire system.

8. Provide advice about how to build community ownership of scientific research and
knowledge.

9. Provide advice about monitoring, evaluating and reporting management activities and
the system’s condition.

10. Identify requirements for adaptive management.

The plan identifies ecological assets and values defined from a review of the ecological
system, ecological outcomes and the water requirements to achieve them. It lists ecological
and social issues, includes a brief description of water-management infrastructure, policies
and procedures, refers to natural climatic variability and how climate change affects

water availability, and provides details of Aboriginal cultural values. Finally, in providing
implementation guidelines, it identifies who has to be informed and involved and who is
responsible for administering and implementing the plan.

1 Introduction 3



Page 224

1.4 The Macquarie Marshes

The Macquarie River is a large, regulated river in the Murray-Darling Basin with a catchment
of about 75,000 square kilometres. The river rises on the western side of the Great Dividing
Range, south-east of Bathurst, and flows for about 500 kilometres north-west and north
before joining the Barwon-Darling River in northern New South Wales, as shown in the map

in Figure 1.1.
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Figure 1.1 Location of the Macquarie catchment in the Murray-Darling Basin.
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The Macquarie River's main tributaries enter the river upstream of Narromine, and most are
upstream of Burrendong Dam, the river’s largest water storage (DWR 1991). As the Macquarie
River flows on to the Darling Riverine Plain, downstream of Narromine, it develops
distributary streams and extensive floodplain wetlands (WRC undated). These streams flow
north and north-west and join the Bogan and Barwon-Darling rivers. The main Macquarie
River channel forms the Macquarie Marshes about 50 kilometres north of Warren. The
marshes extend for about 120 kilometres to near Carinda, as shown in the map in Figure 1.2.

The Macquarie Marshes are a large and diverse wetland system that is the core of the
traditional country of the Wailwan people. They marshes were an important location for
traditional Aboriginal settlement in this dry region because they contained rich and reliable
resources. The wetlands, and the specific places and the plants and animals that the wetlands
supported, held an important place in the Aboriginal cultural world. Since European
settlement, the marshes have continued to be important for Wailwan and other Aboriginal
people.

In 1882, the NSW Government declared parts of the marshes a water reserve, and in 1900, the
government gazetted a reserve for game preservation in the marshes (NSW Government
1900). In 1902, landholders on the lower Macquarie River formally expressed their concerns
about the effects of development on the marshes (Royal Commission 1902; Sinclair Knight
and Partners 1984). In the 1940s, the NSW Government established the Macquarie Marshes
Investigation Committee to plan for the protection of the marshes after Burrendong Dam was
built (Cooper 1949; MMIC 1951; Johnson 2005).

The values of the marshes are now recognised formally at all levels of government in
Australia, including in the Coonamble Local Environmental Plan and the Ramsar Convention.
Parts of the marshes are listed as a nature reserve under the NSW National Parks and Wildlife
Act 1974. They are included in the Directory of Important Wetlands in Australia (Australian
Nature Conservation Agency 1996) and as areas of conservation importance by the National
Trust of Australia and the Australian Heritage Commission (NPWS 1993). The floodplain
wetlands are recognised in the migratory bird agreements that Australia has made with
Japan, China and Korea (Kingsford & Auld 2005).

For the purpose of this plan a wetland is defined as under the Ramsar Convention as:

‘Areas of marsh, fen, peatland or water, whether natural or artificial, permanent or
temporary with water that is static or flowing, fresh, brackish or salt, including areas of
marine water the depth of which at low tide does not exceed six metres’

(Ramsar Convention 1971).

These marshes include a variety of wetland types, ranging from semi-permanent marshes
and lagoons to ephemeral wetlands that are inundated by only the largest floods (Keyte &
Johnson 1999). The core areas of semi-permanent wetland are typified by river red gum forest
and woodland and large areas of common reed (reedbeds), tall grassland and water couch
low-grassland, which are inundated by overbank and overland flooding from many small
channels.

Ephemeral wetlands include coolibah and black box woodlands (Paijmans 1981; DLWC &
NPWS 1996). The marshes have supported some of Australia’s largest waterbird breeding
events and provide essential habitat for hundreds of species of animals and plants (Kingsford
& Johnson 1998; Jenkins & Wolfenden 2006). Their role in absorbing, recycling and releasing
nutrients and in trapping sediment is especially valuable. The marshes are an important
refuge for wildlife during dry times.
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Figure 1.2 The Macquarie River catchment.
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1.5 Ecological systems

An ecosystem is a basic functional unit of nature. It comprises both organisms and their
non-living environment and is linked by a variety of biological, chemical and physical
processes. A general definition of an ecological system, or ecosystem, is a dynamic system of
local ecological relationships, including relationships between organisms and between
organisms and their environment. An ecosystem includes humans if they are present in the
system (Barnhart 1986; Meffe et al 2002).

The Macquarie Marshes ecosystems include the plants and animals, places, the processes or
relationships between the different parts of the system, and functions such as flooding,
drying and nutrient cycling that are the foundations of the marshes and contribute to their
ecological character. The river system outside the marshes must also be considered.
Managing the marshes requires consideration not only of the defined ecosystem but of the
Macquarie catchment and the hydrology and geomorphology of the river and the floodplain.

Much is known about the key ecological components of the marshes, their structure,
including their biological, physical and chemical make-up, what they look like, where they are
and the nature of different parts of the overall system. However, there is much less detail
about their ecological processes and functions, and how the different parts interact and
change in time. Knowledge of both structure and function is necessary for adaptive
management.

Like most other major rivers in the Murray-Darling Basin, the Macquarie has been highly
regulated since the mid-20th century (Mussared 1997; Young 2001). The valley’s social
systems depend on the regulated river and the relatively reliable water supply it provides
(DWR 1991). Managing the marshes and river requires sound information about their social
systems and their ecosystems.

1.6 Aboriginal cultural values

Aboriginal cultural values are related to the history of Aboriginal interaction with the
marshes, and to the values, interests and aspirations of contemporary Aboriginal
communities that have a custodial relationship with the marshes. Aboriginal cultural values
are related to specific places, plants and animals, and to the landscape as a whole. The
Aboriginal ethos of ‘caring for Country’ can assist with sustainably managing wetlands
through its emphasis on the connections between people and the natural world and the
sense of responsibility of caring for the natural world.

The NSW Government is committed to protecting Aboriginal cultural values of wetlands and

to working in partnership with Aboriginal communities in managing and conserving the

environment (DAA 2003; DECC 2006). The three main elements of protecting and

strengthening cultural values in the Macquarie Marshes are:

1. Acknowledging Aboriginal connection to Country.

2. Protecting Country by maintaining the health of the wetlands, protecting sites of
Aboriginal cultural heritage, and protecting plants and animals that have cultural values.

3. Improving access to Country for cultural activities, facilitating working on Country, and
increasing participation of Aboriginal people in managing the environment.

1 Introduction 7
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Figure 1.3 Streams, locations and water management divisions in the marshes.
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1.7 Economic activity

The Macquarie catchment comprises some of the more agriculturally diverse rural landscapes
in central NSW, and includes cultivation of a wide range of intensively farmed and broad-acre
crops. The catchment also encompasses a relatively large range of urban centres as well as
many smaller traditional rural service centres (Argent et al 2007).

Consistent with regional areas throughout Australia, the catchment has shown signs of
demographic decline relative to the rest of NSW. Population has not grown at the same rate,
and youth out-migration has led to a faster rate of ageing of the catchment’s population.
According to economic indicators, compared with NSW as a whole, the catchment has a
stronger dependence on agriculture for employment, higher rates of unemployment and
lower income levels (Hassall & Associates 2007a).

These trends are not uniform throughout the catchment. Compared with its more accessible
communities in the higher rainfall areas to the east, its more remote communities have a
much greater dependence on agriculture. Larger regional centres in more accessible areas
tend to have a broader economic base that includes more people in professional and
managerial occupations and fewer people in more vulnerable, less skilled occupations, so the
larger centres are less dependent on agriculture. Also, compared with smaller, more remote
settlements, larger centres have higher individual incomes and are less affected by youth
out-migration (Argent et al 2007).

1.7.1 Agriculture and other industries

In 2005-06, the total agricultural output for the Macquarie catchment was worth

$400 million, 57 per cent of which was attributable to crops and 43 per cent to livestock.

In the same financial year, fruit and vegetables contributed an extra $17 million (ABS 2006a).’
In 1996-1997, the manufacturing sector had a turnover of $355 million (based on figures
reported for the Dubbo, Wellington and Mudgee LGAs). Tourism also made a significant
contribution: in the June 2006 quarter, accommodation takings (for Dubbo, Narromine and
Mid-Western Regional LGAs) were $8.5 million (Hassall & Associates 2007a).?

In relation to employment, in 2006 the retail trade sector was the largest employer,
accounting for 12.3 per cent of total employment, followed by agriculture, forestry and
fishing (12 per cent); health care and social assistance (11.4 per cent); education and training
(8.4 per cent) and manufacturing (7.1 per cent). Over time, the importance of agriculture has
declined both absolutely and relatively. Between 1996 and 2006, although the number of
people employed in the catchment increased, the number of people employed in the
agriculture, forestry and fishing sector declined. That sector’s share of total employment also
declined, from 15 to 12 per cent - the largest decline of any sector. The largest gains in the
share of employment were in health care and social assistance (1.7 per cent), public
administration and safety (1.4 per cent) and construction (1.2 per cent) (ABS 1996, 2006b).

1. This section of the Macquarie catchment comprises the Brewarrina, Dubbo, Mid-Western Regional,
Narromine, Warren and Wellington LGAs, which essentially run down the centre of the catchment along the
Macquarie River and include most of the area of irrigated agriculture. This area is smaller than the official
Macquarie catchment area. Unfortunately, the LGA boundaries do not match the official catchment
boundaries. Comparable statistics have been compiled for a larger area that comprises a number of other
LGAs, which are only partially included in the official Macquarie catchment boundary.

2. Data for other LGAs was not available from ABS (2007) NSW Regional Statistics.
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1.7.2 The irrigation industry

Cotton is the dominant irrigation enterprise in the lower catchment. Cereal, pulse and oilseed
cropping also occurs. These crops can be watered on a limited scale, especially cereals (such
as wheat) and chickpeas. However, there are few alternatives to irrigated cropping that
generate the gross income associated with cotton (Hassall & Associates 2007b).

Irrigated enterprises are highly spatially concentrated in the catchment.? In 2000-01, irrigated
agriculture was worth $255 million and accounted for slightly less than half the total value of
agricultural production in the catchment (Hassall & Associates 2007a).

1.7.3 Cotton production

Although the irrigated cotton industry grew significantly during the 1980s and 1990s, the
momentum of the growth has slowed as a result of recent dry climatic conditions and
relatively more favourable price movements for other commodities. According to ABS figures
for 1996-1997, almost 60,000 hectares were irrigated each year from all sources of water, that
is, groundwater, regulated and unregulated supplies, farm dams and supplies of reticulated
water.

In 2000-01, cotton accounted for 69 per cent of all irrigated agriculture in the catchment. By
2005-06, cotton’s share of the irrigated area had declined to 38 per cent. This decline
corresponded to a reduction in the area of cotton from 50,760 hectares in 2000-01 to 15,125
hectares by 2005-06 (ABS 2001, 2006a). Commensurate declines in water use by the cotton
industry have also occurred since 2000, and reflect dry conditions and reduced irrigation
allocations. Despite this, per-hectare yields have been increasing. Possible reasons for this
increase include an increased emphasis on management when the industry is facing limited
water availability and technological change in the industry (Hassall & Associates 2007b).

Cotton processing also contributes to the regional economy. Four cotton gins operate in the
Macquarie catchment. Each is reported to employ 30 people on average during the cotton
ginning season, which lasts three months a year (Australian Government 2007; Hassall &
Associates 2007a). A fifth gin was built near Carinda, although it has not operated since the
early 2000s.

Australia’s cotton production is forecast to increase to 374,000 tonnes in 2009-2010, up from
the low 2007-08 harvest of 132,000 tonnes, which was the smallest since 1982-1983. The
world cotton indicator price (the Cotlook ‘A’ Index) continues its slight rising trend over the
last five years with prices up from US41.8 cents per pound in 2001-2002 to a forecast price of
US74 cents per pound in 2009-2010. (ABARE 2009).

Cotton could be substituted for other crops if prices change significantly. Recent dry times
have led to other crops being identified as options during times of low water availability and
high prices for feed grains. These options include the development of grain-based (sorghum
or corn) ethanol production in Australia, which has lower per-hectare water requirements.
Any shift would depend on factors such as commodity prices, management expertise, and
infrastructure and equipment exchangeability (Hassall & Associates 2007b). To date, there has
been little evidence that a long-term change will occur in the cropping patterns in the
catchment.

3. Forexample, irrigated cotton is produced in only the Warren and Narromine LGAs.
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1.74 The grazing industry

Agricultural land in the marsh region is also valuable for livestock grazing, especially in areas
where pastures are more frequently flooded. The Dubbo, Brewarrina, Wellington and Mid-
Western regional LGAs all differ from Warren and Narromine in that they have much less crop
production and higher levels of livestock production.

In 2005-06, the catchment’s livestock slaughterings and products were worth $173 million
(ABS 2006a).* Compared with earnings from cropping - both irrigated and dryland, but
especially compared with irrigated agriculture — these earnings are spread more evenly
throughout the catchment. Cattle and calves provided the largest number of livestock
slaughterings (571 million), followed by sheep and lambs ($36 million). Wool provided by far
the largest contribution to livestock products (553 million).

1.8 The past and present condition of the marshes

Because the Macquarie Marshes are changeable, it is difficult to decide on a date for a
baseline condition to compare with the existing condition. The marshes have been in their
present location and maintained their general wetland state for the past 6000 to 8000 years,
and evidence of landscape change is available for both pre-European and post-European
periods (Yonge & Hesse 2007; Ralph 2008).

The Macquarie Marshes were an important focus of settlement for Aboriginal people in
traditional times. The Wailwan people had a relatively small country compared to the larger
nations that surrounded them - the richness of the marshes as a resource base might account
for this. The marshes provided rich and reliable wetlands, floodplains with riverine forests and
grasslands, and elevated sandy ridges. Given the richness offered by these resources, the
Wailwan would have held an important place in the overall region, between the arid Darling
river country to the north and west and the slopes and ranges to the south and east.

Grazing of domestic animals and establishment of cattle stations began in the 1830s.
Although irrigated agriculture began in the South Marsh in the 1840s, it was not until
Burrendong Dam was completed in 1967 that large-scale irrigation began. By the 1990s,
irrigated agriculture on the lower Macquarie floodplain had reached its peak in both area and
water use (MRAC 1994).

In 1986 the Macquarie Marshes Nature Reserve was listed as a Ramsar site. In passing the
Environment Protection and Biodiversity Conservation Act 1999, the Australian Government
established a framework for managing Ramsar wetlands. The framework includes an
ecological character description and a report about the area’s condition at the time of listing.
For the period 1981-91, reliable information exists about waterbird breeding, vegetation,
geomorphology and hydrology, from studies undertaken in the marshes (Paijmans 1981;
Wilson 1992; Kingsford & Johnson 1998), and we can use the information to assess the
baseline condition at the time of Ramsar listing of the nature reserve.

4. Again, this area comprises the Brewarrina, Dubbo, Mid-Western Regional, Narromine, Warren and Wellington
LGAs, which essentially lie down the centre of the catchment along the Macquarie River and include most of
the area of irrigated agriculture. This is a smaller area than the official Macquarie catchment area.
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The Macquarie Marshes Water Management Plan (DLWC & NPWS 1996) uses flood patterns
and vegetation types to define the marshes and included areas inundated by flows from the
Macquarie River and its streams and anabranches, specifically the Macquarie River, Marebone
Break, Bulgeraraga Creek, Buckiinguy Creek, Monkeygar Creek, the Old Macquarie River, the
Bora Channel, the Ginghet, Mullins Swamp, the Gum Cowal-Terrigal Creek to its confluence
with Marthaguy Creek, Long Plain Cowal and Dusty Swamp (DLWC & NPWS 1996). The water
management plan gives a figure of approximately 150,000 hectares for the study area,
consisting of 72,000 hectares of semi-permanent wetland, 59,000 hectares of ephemeral
wetland and 23,000 hectares of dryland vegetation within the boundary (Wilson 1992).

The ecological condition of the marshes has declined since the Ramsar listing in 1986, and
since 2000 the decline has been accelerating (Bacon 1996, 2004; Summerell 2004). Similarly,
much of the semi-permanent wetland identified in the 1996 management plan is in poor
condition, or no longer present (Bowen & Simpson 2010). The specific decline in condition at
the Macquarie Marshes Ramsar site was acknowledged in July 2009 when the Australian
Government submitted a notification of likely change in ecological character at the site in
accordance with Article 3.2 of the Ramsar Convention. In order to stabilise the condition of
the marshes under both existing and predicted climatic conditions, their existing condition
must be used as the base to work from. This will need a precise and systematic approach to
managing water, including improved delivery, measurement and reporting on managing
environmental and extractive water. This plan, by identifying ecological values and assets and
the water needs of those assets, will guide priority setting for managing water in the marshes.
The plan will also provide the broader catchment scale context for the development of the
Macquarie Marshes Ramsar site 3.2 Notification Response Strategy. When completed, the
response strategy will set out actions aimed at responding to the change in ecological at the
Ramsar site.
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2 The ecological assets and
values of the marshes

2 PIS— N ———

The ecological assets and values of the marshes are defined in this plan as the ecological
components, processes, functions and sites of significance known to contribute to the
essential character of the Macquarie Marshes. The assets selected serve as indicators for the
health of the whole ecosystem. When semi-permanent wetlands and waterbirds are
flourishing, it is because ecological functions and processes are in place. The animals, plants
and wetland ecosystems noted here also hold important Aboriginal cultural values.

The ecological assets defined in the plan are as follows:

1. Waterbirds and waterbird habitat: the marshes are renowned for large-scale waterbird
breeding with many tens of thousands of birds breeding throughout the whole system.

2. Semi-permanent wetland vegetation: this vegetation is typified by river red gum forest
and woodland and by common reed and water couch grasslands.

3.  Species and communities of special significance: these species and communities include
threatened species; endangered ecological communities and species of conservation
concern, including the aquatic ecological community; silver perch; coolibah, black box
and myall woodlands; woodland birds and red-bellied black snakes.

Assets are described in each of these three categories. The marshes are then described in
terms of the assets and values on the basis of their water supply and their geomorphological
and management boundaries — the North Marsh, South Marsh and East Marsh, as shown in
the maps in Figure 1.3.

Water is sometimes defined as an asset as well as the driver and supporter of other assets
(Torrible et al 2008). In this plan water is treated separately as the unifying element of the
Macquarie River’s ecological and social systems. Water supports, organises and drives the
functions and processes of the marshes, as well as the Macquarie Valley’s agricultural and
social systems. The frequency, duration, extent of inundation and quality of the water
determine the character of the marshes (Poff et al 1997; Puckridge et al 1998).

Wetland processes and functions are not described specifically in this plan. Ecological
processes are dynamic forces within ecosystems. They include all the changes or reactions
that occur between organisms, and within and between populations and communities,
including interactions with the non-living environment that shape ecosystems. They may be
physical, chemical or biological (Ramsar Convention 1996; Australian Heritage Commission
2002). Ecological functions are activities or actions that occur naturally in wetlands as a
product of the interactions between ecosystem structure and processes. Functions include
flood control, connections between river channels and floodplains, nutrient, sediment and
contaminant retention and dispersal, erosion control, habitat provision, food web support,
water quality maintenance and improvement, erosion control and stabilisation of local
climatic conditions, particularly rainfall and temperature (Ramsar Convention 1996).

Wetland functions and processes and their interactions are poorly understood. Expanding
our understanding from knowledge of structure to knowledge of function and processes is
important work. Research into carbon metabolism and nutrients is underway in the marshes
and will be finalised in late 2010. It will help determine indicators and thresholds for functions
and processes.
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2.1 Waterbirds and waterbird habitat

The Macquarie Marshes are recognised as a refuge for waterbirds during dry times and for
supporting some of Australia’s largest recorded waterbird breeding colonies (MMIC 1951;
Marchant & Higgins 1990; Kingsford & Auld 2005). Seventy-six waterbird species have been
recorded in the marshes, and 44 of these species have been recorded breeding (Kingsford &
Auld 2003). Included are species listed as being threatened both in NSW and nationally, and
the only NSW breeding record for the pied heron.

The ecological requirements of breeding waterbirds in the marshes are known at a structural
level. Information exists about the wetland vegetation and the materials required for most
species’ nesting sites. The flow size, timing and duration are known for different sized
breeding events. Food required by breeding waterbirds is known, and there is some
information about what happens to both adult and young birds after breeding (Kingsford &
Auld 2005).

Of the waterbirds that breed in the marshes, colonial nesting species are prominent, and have
been the most studied. Sixteen species have been recorded breeding, with the great egret,
intermediate egret, little egret, nankeen night heron, glossy ibis, Australian white ibis, straw-
necked ibis, little pied cormorant and little black cormorant occurring in the largest numbers
(Kingsford & Thomas 1995; Kingsford & Auld 2005; Jones 2009).

Between 1986 and 2001, colonially nesting species bred in 10 years at 14 sites throughout the
marshes (Kingsford & Auld 2003). By 2008 several of the known breeding locations were
considered to be in poor condition due to both lack of water and grazing pressure. Since
2001, only one breeding event of colonially nesting waterbirds has occurred in the marshes.
In 2008, a relatively small flood supported a successful nesting of about 2000 pairs of egrets
in river red gum forest on the Bora Channel. This nesting was unpredicted because flows
were lower than the threshold previously
considered necessary to stimulate breeding, and
it was the first record of colonially nesting
waterbirds breeding at only one location in the
marshes (Jones 2009). Environmental water was
delivered to the site of this colony to ensure water
levels were maintained at a sufficient level to
sustain the breeding event.

The Macquarie Marshes were long known for
providing waterbird habitat that served as a
refuge during dry times (MMIC 1951). Waterbird
habitat components include preferred locations
and vegetation for shelter and nest sites, the
water needed to flood breeding sites and feeding
areas, and the availability of preferred food items.
Most sites are located in semi-permanent wetland
vegetation types, requiring regular, frequent and
prolonged flooding (Kingsford & Auld 2005).
Managed environmental flows will be critical for
their maintenance and, in some cases, their
restoration.

Photo 1 An intermediate egret steps onto a nest in a river
red gum in the Bora Creek colony of the
northern nature reserve (W. Johnson).
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Large-scale waterbird breeding events in the marshes — more than 40,000 nests - indicate
the whole ecological system is functioning. Numerous management issues are affecting the
ecological system'’s ability to support large waterbird breeding events. Most of these issues
are related to the flow regime, but others include the effects of grazing, clearing, fire, pests
and a limited understanding of the complexity of a system such as the marshes.

The minimum requirement for colonially nesting waterbirds to breed successfully is flooding
of a sufficient volume and duration for colony sites and feeding areas to be inundated for a
minimum of four to five months between August and March (DECCW unpublished reports).
These flows are also critical both for maintaining wetland vegetation and for completing the
life cycles of aquatic invertebrates (Jenkins & Wolfenden 2006). Although smaller flows do not
generally support successful colonially nesting waterbird breeding, they do enable other
flood-dependent waterbird species to breed (Marchant & Higgins 1990; Jones 2009).

2.2 Semi-permanent wetland vegetation

Semi-permanent wetland vegetation in the marshes requires regular, frequent and prolonged
flooding. Some species and communities have specific legislative protection, and some
plants — such as river red gum, river cooba, cumbungi and nardoo — have iconic Aboriginal
cultural values. The extent and condition of semi-permanent wetland vegetation in the
Macquarie Marshes have been declining since the 1930s (Paijmans 1981; Brander 1987;
Goodrick et al 1991; Bowen & Simpson 2010) with many communities recently being
colonised by chenopod shrubs Sclerolaena muricate and Salsola kali (black roly poly and soft
roly poly or buck bush).

2.2.1 River red gum forest and woodland

River red gum forests and woodlands are widespread in Australia and occur most commonly
in narrow bands fringing watercourses. About 50 per cent of their pre-European extent
remains in western NSW (Benson 2006). They support critical ecological functions and
provide waterbird nesting sites and habitat for many animals, including woodland birds.

River red gum forest and woodland is a distinctive part of the character of the marshes. The
river red gum forest community has a denser canopy and occurs mostly in the channel
country of the North Marsh. It usually has a wetland understorey that includes aquatic
species, reed, rushes and sedges; it is described as inland riverine forest (Paijmans 1981; Keith
2004). The river red gum woodland community is less dense in canopy and occurs between
the main channels in less frequently flooded areas. It has mostly grass and forb species in the
understorey (Paijmans 1981). About 40,000 hectares of river red gum forest and woodland
were mapped in the marshes in 1991 (Wilson 1992). Some areas were under stress at the time,
mainly due to lack of flooding (Bacon 1996).

Although the extent of river red gum forest and woodland has remained relatively constant
since 1991 (38,428 hectares in 2008), the condition of large areas has changed due to
insufficient flooding. Most areas of river red gum woodland now have an understorey
dominated by the chenopod shrubs (Bowen & Simpson 2010). By 2004, up to 30 per cent of
trees that had been listed as stressed in 1996 had died (Bacon 1996, 2004).

The general water requirements of river red gum forest and woodland are that they be
inundated in winter, spring or summer every one to three years (Robertson et al 2001) and
that inundation lasts for a minimum of four to seven months but for no longer than 24
months. The key requirement is cycles of flooding and drying that enable soil aeration and
water penetration into the root zone.
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Photo 2 River red gum woodland in Bora Creek, northern marsh nature reserve, including aquatic plants in
the foreground and water couch, cumbungi and common reed in the background (W. Johnson).

Photo 3 River red gum in the northern marsh nature reserve (W. Johnson).
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2.2.2 Common reed tall grassland

Extensive stands of common reed (reedbeds) are a distinctive part of the Macquarie Marshes'’
character. The area of common reed mapped in 1991 was 4780 hectares (Wilson 1992). By
2008 this area had declined to 2202 hectares (Bowen & Simpson 2010). Common reed
tolerates a range of flood frequencies, from permanent to infrequent inundation. To maintain
vigour, surface flooding is required every one to two years (Roberts & Marston 2000).
Expansion and regeneration for common reed is more effective from rhizomes than from
seed (Weisner et al 1993; Roberts & Marston 2000). Germination and seedling requirements
for common reed in Australia are mostly unknown but seed germination is better in moist
rather than waterlogged conditions. If large stands are lost they could be difficult to restore
due to the relatively low success of recruitment from seed. In the marshes, common reed is a
habitat for many waterbirds and provides nest platforms for large breeding colonies of ibis as
well as for Australasian bitterns.

2.2.3 Water couch grassland

Extensive water couch grasslands have been mapped in the marshes (Paijmans 1981). Wilson
(1992) mapped 5500 hectares. These marsh grasslands have declined in area and condition,
such that some have been colonised by roly poly and buck bush or are now mapped as
‘mixed marsh’. The area of water couch mapped in the marshes in 2008 covered 420 hectares
with only 53 hectares (12 per cent) of this being in good condition. The remaining 367
hectares was invaded by chenopod shrubs (Bowen & Simpson 2010). Water couch is a prolific
seeder but the success of seed germination is limited and it can regenerate more successfully
from fragments or buried nodes (Middleton 1999). If this is the case, loss of water couch from
large areas might lead to its failure to recover quickly, because its regeneration depends on
the presence of mature, healthy plants that have trailing stems. Water couch marsh grassland
is considered by Benson to be an endangered community (Benson 2006).

To maintain vigour, water couch generally needs flooding in spring or summer at least once a
year (Bennett & Green 1993). Flooding can be continuous for four to six months or longer, or
can come in two or three separate, shorter events (Blanch et al 1999). Water couch can recover
from a one- to three-year dry spell but cannot tolerate extended or frequently repeated dry
periods. Spring and summer flooding is important (Roberts & Marston 2000).

When water couch is water stressed - that is, when it is dry — it does not tolerate grazing well.
When it is underwater, it does not tolerate persistent grazing. However, according to recent
research, under suitable flow conditions, grazing can be a contributing factor in maintaining
water couch’s dominance in grassy wetland communities (Wilson et al 2008).

In the summer and autumn of 2007 and 2008, widespread rain and some flows into the marsh
that maintained inundation for more than three months in the summer and autumn of 2007
and 2008 supported a rejuvenation of water couch grassland in Willancorah Swamp, River
Paddock in the North Marsh, and parts of the Gum Cowal-Terrigal Creek system (R. Jones
pers.comm.).

2 The ecological assets and values of the marshes 17
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2.2.4 Lignum shrubland

Lignum occurs throughout the marshes as an understorey plant but exists as a shrubland in
only a few areas. Lignum provides valuable habitat for waterbird breeding, especially for ibis.
Approximately 2800 hectares of lignum shrubland were mapped in 1991 (Wilson 1992). About
1000 hectares of lignum shrubland were cleared between 1991 and 2008, with about 300
hectares remaining in the marsh in 2008 (Bowen & Simpson 2010). Lignum shrubland is
considered by Benson to be vulnerable (Benson 2006).

Lignum shrubland occurs in areas flooded at frequencies of once in two to ten years for
durations of three to 12 months. The optimal flood times for growth and recruitment are
spring and summer so as to maintain soil moisture (Young et al 2003). Lignum responds
rapidly to flooding by producing an abundance of shoots, leaves, flowers and seeds. Seeds
ripen quickly, disperse on floodwaters and germinate under moist soil conditions. To
maximise seed germination, seeds settle in moist, but not flooded, soil within approximately
eight weeks of flower development (Chong & Walker 2005).

Photo 4 (Top to bottom): Common reed, river red gum forest and woodland, lignum shrubland, and
coolibah woodland in the northern marsh nature reserve (W. Johnson).

2.2.5 River cooba

Little is known about the ecology of river cooba. In the marshes it is found in the Marebone
area, parts of the North Marsh and along the Gum Cowal-Terrigal Creek, often in association
with river red gum or lignum. It provides valuable nesting habitat, especially for colonially
nesting species (Kingsford & Johnson 1998; Kingsford & Auld 2005). Most of the remaining
river cooba community is in poor condition. In 2008, 2614 hectares of river cooba was
mapped in the Macquarie Marshes and many areas were invaded by chenopod shrubs
(Bowen & Simpson, 2010).
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2.3 Species and communities of special significance

This category contains threatened species, endangered ecological communities and species
of conservation concern, including the aquatic ecological community; silver perch; coolibah,
black box and weeping myall woodlands; woodland birds; and red-bellied black snakes.

2.3.1 The aquatic ecological community

The aquatic ecological community of the Macquarie Marshes, which is part of the natural
drainage system of the lowland catchment of the Darling River, is listed under the NSW
Fisheries Management Act 1994 as an endangered ecological community (NSW Government
2005). This community includes all the area’s
native fish and aquatic invertebrates as well as
the natural rivers, creeks, lagoons, billabongs,
wetlands, lakes, tributaries and anabranches in
which they live. The need exists both ecologically
and legislatively to protect and restore the
community.

Under the NSW Fisheries Management Act 1994,
the key threatening processes or issues listed that
affect the Macquarie Marshes aquatic ecological
community are in-stream structures and other
factors that alter natural flow, degrade native
riparian vegetation and favour exotic species.

— - B Iil ;tﬂ o :I :
Photo 5 Wavy marshwort (W. Johnson).

2.3.2 Silver perch

Silver perch is listed as a vulnerable species in NSW under the NSW Fisheries Management Act
1994. This species inhabits warm, sluggish, standing waters with cover provided by woody
debris and reeds as well as fast-flowing, turbid waters (Koehn & O’Connor 1990). Little is
known about silver perch’s ecological requirements in the wild, although some information is
available from breeding in captivity. Recruitment of silver perch seems to be localised and
opportunistic (Morris et al 2001). Although spawning can occur during non-flood conditions,
spawning activity and recruitment success can be significantly increased during floods and
higher flows. The larvae and juveniles use floodplain habitats. The adults and juveniles feed
on small aquatic insects, molluscs, earthworms and green algae, and the larvae feed on
zooplankton (Merrick 1996). In a formal survey undertaken in 2008, silver perch was recorded
in the marshes for the first time since 1989 (S. Davis pers. comm.).

All native fish species in the Macquarie Marshes and lower Macquarie River typically recruit
during spring and early summer. During this critical time, appropriate flows are needed for
spawning so that eggs can be protected and larval and juvenile fish survival can be
promoted. For most species, warmer temperatures are important during this period.

It is vital that flow conditions be suitable during these critical larvae rearing stages and that
the summer irrigation flows which follow be reduced so that larvae and prey are not washed
out from nursery habitats (Humphries et al 2002). If late winter and spring floods were
restored, conditions would be optimal for adult fish to feed and grow before they spawned
(Humphries et al 2002) and floodplain habitats would have a rich supply of food for larval and
juvenile fish (Gehrke et al 1995).
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Many changes to the condition of the river have contributed to the degradation of native fish
habitat. River regulation has changed the flow conditions that many native fish depend on.
Changing flow patterns and degraded riparian zones increase bank erosion, turbidity and
sedimentation within channels, filling pools and smothering habitats that include
macrophytes, woody debris and gravel substrates (MDBC 2003). Constant low flows reduce
ecosystem productivity by removing the boom (wet) and bust (dry) cues that trigger and
sustain aquatic cycles (Poff et al 1997; Ward 1998). Other threats include increased
contaminant runoff, competition with introduced species and structures in the river that act
as barriers to movement (MVDBC 2003).

Some structures are a direct threat to fish. Fish larvae are usually poor swimmers, and they
travel with currents. Larval and juvenile fish are directly extracted from the river when water
is pumped for irrigation and town water supply. Collaborative research is being undertaken
between NSW DPI, the Australian Cotton CRC and Murrumbidgee Irrigation to investigate this
(DPI 2005). Marebone Weir has an undershot design that is now known to cause high
mortality among larval and juvenile fish; for example, 95 per cent of larval and juvenile
golden perch (Baumgartner et al 2006; DPI 2007). Releases of cold, poor-quality water from
the bottom of Burrendong Dam affect aquatic habitat adversely for many kilometres
downstream. Habitat degradation has to be tackled at the whole-of-river scale and
controlling introduced fish, especially carp, also has to be attempted at this scale
(Humphries et al 2002).

Many parts of the marshes are potential habitat for fish, as evidenced by the number of
mussel shells found in various areas. Freshwater mussels spend their early life as a small
obligate parasite on the gills of fish (Baker et al 2003). Australian smelt, catfish and silver perch
have been documented as being native fish hosts for mussel larvae. Provided that some
mussel larvae parasitise on fish successfully, patterns of genetic distribution of mussels and
fish hosts are likely to be closely linked (S. Davis pers. comm.).

Because the marshes are located in the lower end
of the catchment, the fish communities are a
blend of those found in adjacent main channel
habitats; that is, directly upstream and
downstream, but also in systems such as
Marthaguy Creek. During flow events, fish are
likely to move from these areas into the marshes.
More specifically, the composition — the richness,
relative abundance and biomass of pest species

- of a fish community found at one of the
marshes’ specific sites or specific creeks is likely to
be regulated due to a combination of local
habitat characteristics; recent and historical flows;
and the extent of longitudinal and lateral
connectivity to habitats, including the floodplain
(Jenkins et al 2004; Rayner et al 2009).

Reversing the decline of native fish communities in the Macquarie River and Macquarie
Marshes will require finely calculated delivery of environmental flows, as well as the
protection of riparian and instream habitat, particularly refuge areas (Rayner et al 2009). This
will need a high level of cooperation between environmental flow managers, researchers and
land managers.

=¥ =

Photo 6 Silver perch (I& NSW).
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2.3.3 Red-bellied black snake

The number of red-bellied black snakes in the
Macquarie Marshes was once one of the highest
in Australia, but over the past 20 years, both the
number and the condition of the snakes have
declined dramatically (Johnson 2005). Although
the snakes are not listed as threatened, they are a
significant feature of the Macquarie Marshes.
Their diet includes fish, tadpoles, frogs, lizards,
snakes, mammals and aquatic invertebrates. They

feed both on land and underwater (Greer 2006). il =,
The reason for the decline in the number and Photo 7 A red-bellied black snake swimming through
condition of red-bellied black snakes in the ribbon weed (Grenville Turner).

marshes is mostly unknown. However, frogs are a

mainstay of this snake’s diet (Cogger 1996) and

declining frog populations are believed to be one of the major causes (Johnson 2005). The
most important management issue for this species is to find out more about its needs.

2.34 Frogs

There is little information about the current
health and status of frog populations or about
how flows might be managed to ensure the
populations’ survival. The most recent surveys of
frogs in the marshes were undertaken in the early
1990s and in 2009 (Metcalfe et al 1993; T. Rayner
pers. comm.). The 2009 surveys found 8 of 14

frog species expected to occur in the marshes

(J. Ocock pers. comm. 2010). Research is
underway to determine the abundance,
composition, richness and diversity of frog
communities and the factors that influence
populations, such as the amount of time since the
most recent flood, inundation frequency, the
dependencies of different frog species on
environmental flows, habitat structure, water
quality and the presence of chytridiomycosis.

2.3.5 Coolibah, black box and myall woodlands

2.3.5.1 Coolibah woodland

Coolibah is found in association with river red gum in some of the wetter parts of the
marshes, although it is more commonly found in areas that are less frequently flooded, where
it forms coolibah and coolibah-black box woodlands. In the marshes, coolibah is found along
a gradient of decreasing flood frequency and duration between river red gum and black box
woodlands. This contrasts with the generally accepted view of the water requirements of
coolibahs, which suggests black box requires wetter conditions than does coolibah (Roberts
& Marston 2000).
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Coolibah requires flooding for regeneration. Although its broad ecological requirements are
not well known, according to experience in the marshes — especially in the northern nature
reserve after the North Marsh Bypass Channel was constructed in the early 1970s and on
Terrigal Creek between 1998 and 2000 - coolibahs will die if they are inundated for too long.
It is recommended that inundation of coolibah woodland in the marshes last no longer than
six to eight months.

Kidson found that since 1949 distribution of coolibah woodland has declined by at least 12
per cent (Kidson et al 2000). In 1991, Wilson mapped 7800 hectares of coolibah woodland
(Wilson 1992). Bowen and Simpson found the area of coolibah woodland has changed little
since then but the condition of these woodlands has changed, with most now mapped as
coolibah woodland-chenopod shrubland (Bowen & Simpson 2010). Coolibah woodland is
part of the coolibah—black box woodland endangered ecological community listed under the
NSW Threatened Species Conservation Act 1995. Coolibah open woodland is considered by
Benson to be an endangered community (Benson 2006).

The Wailwan people considered coolibah woodlands to be especially important because the
floodplain trees were the source of materials for implements, such as coolamons, and for
shelter. The remaining scarred trees are especially important because few of the wooden
implements have survived (Biosis Research 2008).

2.3.5.2 Black box woodland

In the marshes, black box is found at the drier end of a gradient of decreasing flood
frequency and duration from river red gum to black box woodlands, where it forms black box
and coolibah-black box woodlands. Both these communities are part of the coolibah-black
box woodland endangered ecological community that is listed under the NSW Threatened

Photo 9 Coolibah and river red gum woodland in the northern nature reserve (W.Johnson).
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Species Conservation Act 1995. Since 1949, distribution of black box woodland has declined by
at least 38 per cent (Kidson 2000) due mostly to clearing. Wilson (1992) mapped 16,600
hectares of black box. Bowen and Simpson (2010) found that the area of black box woodlands
have remained fairly constant since then, however, the condition of black box woodlands has
changed, and most is now mapped as black box woodland-chenopod shrubland. Black box
requires summer flooding for regeneration. It occurs most commonly in the ephemeral
wetland vegetation zone of the marshes.

2.3.5.3 Myall woodland

Myall, or weeping myall, woodland is listed as an endangered ecological community under
the NSW Threatened Species Conservation Act 1995. Only 14 per cent of its original area remains
in NSW (Benson 2006). Bowen and Simpson (2010) found there was 7997 hectares of weeping
myall woodland in the marshes in 2008. Despite its endangered status, little is known about
myall’s ecological requirements. In the marshes, it occurs on the outer floodplain, on the
edge of ephemeral wetland vegetation and is inundated in large floods. About 680 hectares
of myall woodland was cleared in the Macquarie Marshes between 1991 and 2008.

e o @

Photo 10 Myall woodland inundated in a large flood on the property Stanley, East Marsh (W. Johnson).

2.3.6 Woodland birds

In south-eastern Australia, many woodland bird species that were once common are now
declining. Of 20 woodland bird species whose numbers have declined significantly since the
1980s (Reid 1999), 18 are found in the marshes. Four species — the brown treecreeper,
diamond firetail, hooded robin and grey-crowned babbler - are listed as vulnerable under
the NSW Threatened Species Conservation Act 1995.
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In the NSW central Murray catchment, woodland
bird abundance and species richness were
highest in woodlands with an area greater than
100 hectares that were located less than a
kilometre from other patches of woodland that
had high habitat complexity — canopy cover,
shrubs, groundcover, litter and logs — and good
tree health (Oliver & Parker 2006). When
compared with woodlands and forests of white
cypress pine, black box, yellow box, grey box,
buloke and myall (boree) and with tree planting
sites, river red gum woodlands and forests had
the highest total bird abundance and species
richness.

Photo 11 Diamond firetail (Nevil Lazarus).
The main reasons for a decline in woodland bird

species are loss of habitat, fragmentation of

woodland vegetation and simplification or degradation of the remaining woodland
vegetation. In south-eastern Australia, large intact woodlands containing native shrubs and
groundcover plants are now extremely rare, especially on fertile soils. The Macquarie Marshes
are an important area where woodlands remain on fertile soils. In the marshes, river red gum
woodlands and forests and coolibah and black box woodlands are important and extensive
plant communities. More information is needed about the relationship between these plant
communities and woodland birds.

2.4 Locations in the marshes, based on landform and
water management boundaries

The values and assets identified are found throughout the marshes. In the following section,
the North Marsh, South Marsh and East Marsh are described on the basis of their water source
and location, as shown in Figure 1.3. This section includes descriptions of past and present
condition, and change in condition.

2.4.1 The North Marsh

The North Marsh includes the Bora Channel, the Ginghet, the River Paddock, Pillicawarrina,
the Zoo Paddock, Louden’s Lagoon, Hunt's Woodland, the confluence of Monkeygar and
Bulgeraga creeks, and the Macquarie Channel. It supports river red gum forest and woodland,
extensive marshy grasslands of common reed and water couch, lignum shrubland, river
cooba and cumbungi. The North Marsh contains relatively deep and protected open water
lagoons. It provides habitat for important breeding colony sites and feeding habitat for
colonially nesting species — egret, heron, cormorant, spoonbill, ibis and darter — and many
other waterbird species. It provides habitat for threatened species — brolga, magpie goose,
Australian painted snipe, Australasian bittern and blue-billed duck - and species included in
migratory bird agreements between Australia and Japan, China and the Republic of Korea
(JAMBA, CAMBA and ROKAMBA, respectively). The North Marsh includes the northern part of
the Macquarie Marshes Nature Reserve portion of the Ramsar site.
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Figure 2.1 Localities within the North Marsh.
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Photo 12 River red gum forest in the northern nature reserve (W. Johnson).

Colonially nesting waterbirds have been recorded breeding in eight locations in the North
Marsh (Kingsford & Auld 2003). In 2000, when the most recent large flood and breeding event
occurred, colonially nesting waterbirds used six locations. They did not use two known sites:
Hunt's Woodland, a river red gum breeding site last used in 1990 and Louden’s Lagoon, a
common reed and marsh club-rush site last used in 1998 (Jones unpublished reports). Bowen
and Simpson (2010) found that the river red gums in Hunts Woodland are showing signs of
stress and demographic decline and that the understorey has been colonised by chenopod
shrubs, (S. muricata and S. kali). It has been mapped as ‘intermediate’ condition (10-40 per
cent dead trees). The vegetation in Louden’s Lagoon is in poor condition probably due to lack
of water and the presence of pigs and kangaroos (DNR 2007; Bowen & Simpson 2010). In 2008,
an egret colony of 2000 pairs nested successfully in river red gum forest on the Bora Channel
(R. Jones pers. comm.).

The North Marsh supports the most extensive area of river red gum forest and woodland in
the Macquarie Marshes. Bowen and Simpson (2010) found that since 1991 the overall area of
river red gum woodland has remained relatively stable, although the condition of red gum
woodlands has declined in both overstorey condition — tree health (Bacon 1996; Nairn 2008),
and understorey composition — species richness and type (Bowen & Simpson 2010). The river
red gum woodland understorey is now dominated by chenopod shrub species that are more
indicative of dryland communities. The area of river red gum forest that has a wetland
understorey declined by 20 per cent in the period 1991-2008 (from 1860 hectares to 1486
hectares) (Bowen & Simpson 2010).

In the northern nature reserve in 2008, Bowen and Simpson (2010) found that 23 per cent
of the 6130 hectares of river red gum communities were in ‘good’ condition (< 10 per cent
dead canopy). All of this was river red gum forest occurring along the Bora channel. Of the
remainder, 57 per cent was classed as ‘poor’ condition (80-100 per cent dead canopy),

19 per cent ‘intermediate’ (10-40 per cent dead canopy) and 1 per cent ‘intermediate/poor’
(40-80 per cent dead canopy).
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In the northern nature reserve the majority of river red gum communities on the interfluves
between the channels no longer receive adequate flooding and are composed of older trees
which are stressed, dead or dying. There are often thickets of juvenile trees which are dead or
dying, and the understorey is dominated by invasive chenopod shrubs or supported nothing
at all in 2008 (Bowen & Simpson 2010).

Nairn (2008) surveyed tree health and population structure and found that 73 per cent of the
sites surveyed in the northern nature reserve were under extreme water stress and that only
8 per cent of the sites had a profile that indicated ‘fair’ regenerative potential - none were
found to be ‘good".

North of the nature reserve is a large area of river red gum forest and woodland (about 4000
hectares). The forest community is confined to narrow bands along channels and has an
understorey of aquatic and semi-aquatic species when wet. River red gum woodland occurs
between the main channels and was found to be stressed and dying, having a chenopod
understorey (roly poly) that increases in density with distance from channels and on higher
ground (Bowen & Simpson 2010). Of these river red gum communities, none is in good
condition and 80 per cent are in intermediate condition (10-40 per cent dead canopy)
(Bowen & Simpson 2010). The intermediate condition river red gums occur along the Bora and
Ginghet in areas which receive some flooding.

Photo 13 Dead river red gum woodland in the northern nature reserve (W. Johnson).
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Photo 14 Foreground: dead river red gum woodland; top centre: dry reedbeds; top right background: healthy
river red gum forest and woodland, in the northern nature reserve (Grenville Turner).

The death of river red gums in the woodlands of the North Marsh has been attributed to lack
of flooding (Bacon 2004). River red gums in the marshes need floods every one to two years,
and Bacon found that trees receiving a flood in 2000 but not in 2003 were either under severe
stress or dead. It is likely that in 2009 as much as 75 per cent of the woodlands had not been
receiving the inundation frequency they needed in order to survive in the long term.

In the northern nature reserve there has been a 41 per cent reduction in the area of common
reed, cumbungi and water couch marsh. In 1991 a total of 3314 hectares were mapped, of
which 1946 hectares remained in 2008. Much of this area is in poor condition, and the area is
continuing to contract. The area of common reed has declined by 17 per cent (2147 hectares
were mapped in 1991, 1774 hectares remain in 2008), cumbungi has declined by 100 per cent
(259 hectares were mapped in 1991, 0 hectares were mapped in 2008) and the area of water
couch marsh has declined by 95 per cent (908 hectares were mapped in 1991, 49 hectares in
2008) (Wilson 1992; Bowen & Simpson 2009). Areas mapped as these communities in 1991 are
now invaded by chenopod shrubs (S. kali and S.muricata) (328 hectares), or mapped as mixed
marsh (123 hectares) (Bowen & Simpson 2010).

Widespread rain and some flows into the marsh maintained inundation for more than three
months in the summer and autumn of 2007-2008, and supported an apparent rejuvenation
of water couch grassland in the River Paddock. Even so, parts of the water couch grassland in
the River Paddock are infested with black roly poly and soft roly poly (buck bush) (Bowen &
Simpson 2010).
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In 1986 and 1987, marsh club-rush was recorded in the North Marsh in Louden’s Lagoon,
where it provided nesting material for an ibis colony. Several stands have been recorded on
the Bora Channel (R. Jones pers. comm.). Marsh club-rush sedgeland is considered by Benson
to be critically endangered (Benson 2006) and is nominated as an endangered ecological
community under the Threatened Species Conservation Act 1995.

Lignum occurs in many areas of the marshes as an understorey plant and occurs as
shrublands in some areas of the North Marsh. According to the area of lignum shrubland
mapped by Paijmans in 1981 and Wilson in 1991, there has been little change in the extent of
lignum shrubland in the North Marsh other than in about 200 hectares near the confluence of
Monkeygar and Bulgeraga creeks. Lignum shrubland in the Zoo Paddock, which is a critical
nesting habitat for straw-necked ibis, is now in poor condition and is invaded by chenopod
shrubs. Bowen and Simpson (2010) found that lignum shrubland had declined by 41 per cent
from 17 to 10 hectares in the northern nature reserve and that 97 per cent of the 216 hectares
of lignum mapped in the Pillicawarrina area had been cleared in the period 1991-2008.

Declining condition of wetland vegetation is the most significant ecological issue for the
North Marsh, as shown in the maps in Figure 2.2. The ‘hatching’ pattern in the vegetation
maps represents areas in which chenopods such as black roly poly and soft roly poly (buck
bush) have colonised wetland areas in the North Marsh.

o —~ =

Photo 15 A narrow band of healthy river red gum forest and woodland located on the western side of the
northern nature reserve, including the extent of green vegetation as an indication of the
effect and boundary of inundation (W. Johnson).
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Figure 2.2 Changes in vegetation communities in the northern nature reserve and surrounding areas
between 1991 and 2008 (Bowen & Simpson 2010).
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2.4.2 The South Marsh

The South Marsh includes Mole Marsh, Willancorah Swamp, Monkey Swamp, the southern
nature reserve, Buckiinguy Swamp and the Marebone area. It supports river red gum
woodland, river cooba, water couch marsh and common reed, and contains large, relatively
deep and protected open-water lagoons.

These communities provide important breeding and feeding habitat for colonially-nesting
species, especially ibis and spoonbill. They support threatened species including the brolga,
magpie goose, Australian painted snipe, Australasian bittern and blue-billed duck, as well as
species included in the migratory bird agreements between Australia and Japan, China and
the Republic of Korea (JAMBA, CAMBA and ROKAMBA, respectively). Willancorah Swamp
provides important habitat for magpie geese.

The Macquarie River, Bulgeraga Creek and Monkeygar Creek provide important riparian
habitats between Marebone Weir and the North Marsh, although the Old Macquarie River on
the western side of the southern nature reserve is in very poor condition because of reduced
flows. Bulgeraga Creek provides especially important fish habitat in the marshes. The lagoons
in Buckiinguy Swamp and the eastern side of the southern nature reserve provide important
wader habitat. The South Marsh includes the southern Macquarie Marshes Nature Reserve
part of the Ramsar site.

Three breeding locations for colonially nesting waterbirds have been recorded in the South
Marsh. Two of these locations have not been used since the 1960s. The only site used in the
2000 flood was Willancorah Swamp (R. Jones pers. comm.).

Evidence of change includes a significant reduction of common reed (reedbeds). Extensive
stands of common reed are a distinctive part of the character of the Macquarie Marshes.
Common reed provides habitat for many waterbirds and nest platforms for large breeding
colonies of ibis. In 1981, Paijmans mapped about 2000 hectares of reedbeds in the South
Marsh. In 1991 Wilson mapped a similar area (Wilson 1992). By 2006, areas of the South Marsh
that had previously been mapped as having extensive reedbeds were supporting only a few
clumps of reed remaining near channels (DNR 2007; Figure 2.3).

In the southern nature reserve, Bowen and Simpson found there has been a 96 per cent
reduction in the area of semi—permanent wetland communities. The area went from 1446
hectares in 1991 to 63 hectares of intermediate condition wetland in 2008, which by then
comprised 56 hectares of common reed/chenopod shrubland and 7 hectares of mixed
marsh/chenopod shrubland. According to the same study, the area of common reed at
Willancorah Swamp has been reduced by 40 per cent — from 571 hectares to 326 hectares.
The remaining wetland in 2008 consisted of water couch/chenopod shrubland (100 hectares)
and mixed marsh/chenopod shrubland (372 hectares) in poor condition. The area of mixed
marsh and reed vegetation at Mole Marsh had been reduced by 98 per cent — from 1458
hectares to 17 hectares (Bowen & Simpson 2010; figures 2.3, 2.4, 2.5).

Although cumbungi was widespread in the marshes, it formed large stands or rushlands in
only a few areas. In 1981, Paijmans mapped about 500 hectares of cumbungi rushland at
several locations in the South Marsh, including the Mole Marsh, Willancorah Swamp, Monkey
Swamp and Buckiinguy Swamp. He noted that at the Mole Marsh and Buckiinguy Swamp it
seemed to be dying. In 1991, cumbungi rushland was mapped along Monkey Creek and in
Buckiinguy Swamp only. In 2006, cumbungi was found in only one location in the South
Marsh, at Buckiinguy Lagoon (DNR 2007).
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Water couch forms extensive grasslands in the South Marsh and is an important understorey
plant in woodland areas. In 1981, Paijmans mapped about 300 hectares of water couch in the
Mole Marsh, 300 hectares in Willancorah Swamp, 2000 hectares in Monkey Swamp and
Monkey Creek, and 200 hectares at Buckiinguy Swamp and Buckiinguy Lagoon. In 2006, the
only water couch marsh remaining in the South Marsh was at Willancorah Swamp and
Buckiinguy Lagoon, and the area of water couch in each area had been much reduced (DNR
2007). In 2008, in the southern nature reserve, no water couch grassland remained - a loss of
220 hectares from 1991-2008 (Bowen & Simpson 2010). The area of water couch grassland at
Willancorah Swamp has been reduced by 65 per cent. As a result of widespread rain and
some flows into the marsh, inundation was maintained for more than three months in the
summer and autumn of 2007 and 2008 and supported a rejuvenation of water couch
grassland in Willancorah Swamp.

The change in the southern nature reserve since 1991 is described as catastrophic (Bowen &
Simpson 2010), with the loss of 96 per cent of semi-permanent wetland vegetation, a decline
in the condition of river red gum, coolibah and black box communities and a 100 per cent loss
of grassland communities. Eighty per cent of the southern nature reserve is now covered by
chenopod shrubland. Extensive areas of Monkey Swamp and Buckiinguy Swamp are now
covered by black and soft roly poly shrubland and are in very poor condition (Bowen &
Simpson 2010).

Changes to vegetation in the southern nature reserve, Monkey Swamp, Buckiinguy Swamp,
Willancorah Swamp and Mole Marsh are shown in the maps in figures 2.3 2.4 and 2.5. As is
the case in other areas of the marshes, much of the area identified in the early 1990s as
wetland or grassland has since been colonised by chenopods. This change has been due not
only to lack of water but river regulation and major geomorphological changes in this part of
the system.

The South Marsh is upstream of the North Marsh and therefore acts as a natural sediment
filter for the lower Macquarie River. As a result, sediment accumulation is greater in and
around the main distributary channels in the southern part of the system, causing channels in
the South Marsh to evolve and shift across the floodplain more rapidly than those further
downstream. In particular, the main channel running into the southern section of the nature
reserve in the South Marsh — Monkeygar Creek — has become enlarged and incised since the
1960s, and excessively so since the 1990s. Another channel known as the Breakaway also
formed through erosion in the early 1990s. Despite attempts at erosion control using rock-
rubble structures since 2002, the Breakaway continues to allow water entering the nature
reserve to flow through without flooding parts of the floodplain that were inundated at times
before this channel formed.

As a result of the overall increase in the size of the channels in the South Marsh, larger inflows
are needed to cause overbank flooding throughout the entire southern section of the nature
reserve. It is believed that the great and apparently rapid increase in channel depth and width
in the South Marsh, particularly that related to bed lowering and bank undercutting, has been
exacerbated by the predominantly regulated flow conditions in the system since the late
1960s. It is unknown what effect grazing by native animals and domestic livestock has had on
channels in the nature reserve, but bank erosion is typically exacerbated by animals gathering
at water access points.
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Figure 2.3 Changes in vegetation communities in the southern nature reserve and surrounding areas
between 1991 and 2008 (Bowen & Simpson 2010).
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Figure 2.4 Changes in vegetation communities in Buckiinguy Swamp and Monkey Swamp in the
South Marsh between 1991 and 2008 (Bowen & Simpson 2010).
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Figure 2.5 Changes in vegetation communities in Mole Marsh and Willancorah Swamp in the South
Marsh between 1991 and 2008 (Bowen & Simpson 2010).
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The North Marsh is currently shielded to a great extent from these severe sedimentation and
erosion problems thanks to its position downstream of South Marsh. However, some
indications of the adverse effects of these geomorphic processes is evident in discrete areas
of the North Marsh, where sediments have begun to infill and block marsh channels, and
where small erosion points have started to form in places where water can run from high
points to low points on the floodplain or in channels. These recent observations in the North
Marsh may be related to the increasingly poor infiltration role played by the much diminished
and structurally altered South Marsh (Ralph 2008; T. Ralph pers. comm.).

Many areas of the South Marsh no longer support wetland vegetation. The remaining
wetlands in this system are critical to the integrity of the system as a whole, including Back
Swamp and the Jungle in the Marebone area. Most of the remaining wetlands in the South
Marsh - including Mole Marsh, Willancorah, Buckiinguy Swamp, Monkey Swamp and
wetlands on Mundooie - are there only because of banks and regulators designed to control
erosion and stabilise these systems. Substantial structural work, including maintenance and
modification of existing structures to control erosion, manage or respond to deposition,
improve the capacity to distribute water, and restore fish passage, will be necessary for
maintaining wetland values of the South Marsh. The swamps and marshes within the South
Marsh depend on several streams, and are connected closely with one another. A strategic
approach to restoration and maintenance work in the South Marsh and the marshes as a
whole is essential.

2.4.3 The East Marsh

The East Marsh includes Gum Cowal-Terrigal Creek, Long Plain Cowal and Dusty Swamp.

It supports river red gum forest and woodland, river cooba, water couch marsh and lignum
shrubland. It has relatively deep and protected open water lagoons and supports important
breeding colony sites and feeding habitat for colonially nesting species, including egret,
heron, cormorant, spoonbill, ibis and darter. It supports threatened species including brolga,
magpie goose, Australian painted snipe, Australasian bittern and blue-billed duck as well as
species that are included in the migratory bird agreements between Australia and Japan,
China and the Republic of Korea (JAMBA, CAMBA and ROKAMBA, respectively). The only
recorded breeding of pied herons outside northern Australia occurred during the most recent
major breeding event in 2000 (Jones unpublished reports). The East Marsh includes the
Wilgara portion of the Macquarie Marshes Ramsar site.

According to vegetation mapping of the Wilgara portion of the Ramsar site, some change
occurred in the extent of the vegetation communities between 1991 and 2008 and the
condition of some vegetation types has declined (Bowen & Simpson 2010; Figure 2.6). Water
couch marsh now has dryland chenopod shrubs occurring as a secondary species in the
community. Widespread rain and some flows into the marsh maintained inundation for more
than three months in the summer and autumn of 2007-2008 and supported a rejuvenation of
water couch grassland in the Gum Cowal-Terrigal system in the East Marsh.

According to recent surveys of tree health in the river red gum community of Wilgara,
condition ranged from ‘fair’ to ‘stressed’ and all trees were considered to be ‘vulnerable’in
terms of their regenerative potential. The largest — and probably therefore the oldest — trees
tended to be relatively healthy; however, signs of stress were evident in some large trees and
most of the younger ones. The understorey at these sites included water couch and lignum,
indicating that Wilgara has not progressed as far towards the dryland state noted in some
other parts of the marshes (L. Nairn pers. comm). The river red gum woodlands of the Wilgara
portion of the Ramsar site were in ‘intermediate’ (10-40 per cent dead canopy) condition
(Bowen & Simpson 2010). River cooba, a tree most often found in association with river red
gum and lignum and often used by nesting waterbirds, including pied heron, is stressed and
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dying in parts of East Marsh. The reason for this
has not been investigated but likely causes
include lack of water, grazing of seedlings and old
age accompanied by little or no recruitment. The
areas of the Gum Cowal-Terrigal system that were
mapped as mixed marsh and water couch in 1991
(Wilson 1992) have now been mostly replaced by
chenopod shrubland of black and soft roly poly
(buck bush) (Bowen & Simpson 2010).

Long Plain Cowal and Dusty Swamp are
inundated only in medium to large floods and
under existing conditions providing such floods is
beyond the scope of most managed
environmental flows. They support river red gum

woodland along channel margins, lignum Photo 16 Intermediate egret chicks in a nest in river red
shrubland, river cooba, coolibah, black box and gum located in the Wilgara colony of Gum
myall woodlands, grassland and chenopods. Cowal-Terrigal Creek (W. Johnson).

When inundated, they support mixed semi-

aquatic species. These areas provide important habitat for colonially nesting and other waterbird species,
waders, and threatened species including brolga, magpie goose and Australasian bittern. In 1991 the Long
Plain Cowal supported approximately 365 hectares of lignum shrubland, 1278 hectares of mixed marsh/
grassland and 3961 hectares of river red gum in a mosaic of river red gum, river cooba, coolibah
woodlands and myall woodland (Wilson 1992). In 2008, chenopod shrubland had replaced all areas of
lignum and mixed marsh, and invasive chenopod shrubs had colonised understorey of the river red gum
woodlands, river cooba shrublands and coolibah and myall woodlands (Bowen & Simpson 2010).

Because the Wilgara Wetland has Ramsar status, legal as well as ecological reasons exist for ensuring
maintenance of the site's wetland value. According to the results of recent work, the condition of river red
gum woodlands located on the property Wilgara is better than that of river red gum woodlands located in
many other parts of the marshes (Nairn 2008 and pers. comm.; Bowen & Simpson 2010).

Photo 17 Coolibah woodland in Long Plain Cowal (W. Johnson).
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Figure 2.6 Changes in vegetation communities around the Gum Cowal-Terrigal Creek and the
Wilgara portion of the Ramsar site in the East Marsh between 1991 and 2008
(Bowen & Simpson 2010).
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Figure 2.7 Vegetation communities in the Macquarie Marshes 2008 (Bowen & Simpson 2010).
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2.5 Ecological objectives, priorities and targets

The desired ecological outcomes from managing the marshes are restoration and
maintenance of critical ecological processes and functions, especially habitats.

The primary objective for the Macquarie Marshes for the duration of this plan is to support
the ecological functions and processes necessary to sustain the diversity of type, and extent,
of the ecological assets described within the plan. As further progress is made in recovering
water for the environment, and depending on the climatic conditions experienced, enhanced
ecological function and condition should begin to restore resilience to the marshes
ecosystem. Objectives and priorities for restoring former wetlands areas that no longer
support wetland values may then be possible.

The AEMP clarifies the broad management context within which water and land
management decisions will be made. It also includes information that will inform actions in
the context of the actual climatic circumstances and the environmental condition of the
ecological assets at the time. Determining priorities for delivering environmental water will
involve an annual planning process; the Macquarie-Cudgegong Environmental Flow
Reference Group will be integral to this process. The Central West CMA will inform and
facilitate land management investment and actions through its catchment action plan.
Implementing the Macquarie Marshes Nature Reserve plan of management and on-ground
actions within the Macquarie Marshes Ramsar site will be informed by the contents and
objectives of this plan. 1& NSW (Fisheries) will lead the restoration of fish habitat.

The general water requirements of the ecological components contributing to the character
and values of the marshes are already known. It is possible to give a reasonable assessment of
the volume of water needed to maintain wetland functions and processes that support the
assets identified in this plan, for a given area (tables 8.1, 8.2 and 8.3). It is also possible to
assess the area and location of marsh that can be maintained with an available volume of
water. Water availability and its implications for the marshes are discussed in the following
sections of the plan.

Macquarie Marshes Adaptive Environmental Management Plan
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3.1 Flow regime

Flow regime organises, drives and defines the ecological systems of rivers and wetlands (Poff
et al 1997; Puckridge et al 1998). A river’s natural flow regime is driven by climate and runoff
from the upstream catchment. The main components of flow regime are size, frequency,
duration, timing and rate of change of flows (Poff et al 1997; Puckridge et al 1998). In the
Macquarie Marshes, extent and duration of surface flows are crucial drivers of presence, type
and vigour of wetland vegetation. The nature of flows depends on water from the river (the
current flow), water stored in the soil (a result of recent years’ flow history) and local rainfall.
River regulation changes the hydrology, geomorphology and ecology of rivers by changing
the size, duration, frequency and timing of flows. It often causes water quality to decline.
These changes have a profound effect on riverine and wetland ecosystems (Johnson 2005).

According to several studies using both measured and modelled flow data, changes to flow
regime in the Macquarie River have occurred, particularly since the construction of
Burrendong Dam in 1967. They include:

a significant reduction in moderate to high flows in the Macquarie River and
end-of-system flows (CSIRO 2008)

an increase in the average period between large flows and a reduction in the average
volume of these events (CSIRO 2008)

a reduction in the number of small flows likely to cause flooding passing the Oxley
gauge (greater than 1000 megalitres per day) since construction of Burrendong Dam
(Jenkins et al 2006)

establishment of permanent low flows in previously intermittent streams (Grimes 2001)

a significant reduction in frequency of floods in the marshes and the area inundated
(Thomas et al in press).

3.2 Inundation mapping

The extent of inundation in the marshes, calculated using water and vegetation signatures,
has been mapped for October each year from 1979 (the first year for which Landsat imagery
is available) to 2006 using Landsat MSS and TM data (Thomas et al in press). Twenty-eight
individual maps have been combined to produce an index of inundation frequency for
different parts of the marshes, as shown in the map in Figure 3.1. The response of vegetation
to recent inundation is included in the index because when only surface-water distribution is
mapped, the effects of flow history are underestimated. There is a good relationship between
the index of water distribution given for October each year and flows in the marshes during
the six months before the date of the satellite image capture (Thomas et al in press).

The frequency and duration of inundation are indicators of the location of different wetland
vegetation types (Figure 2.7). In the maps in figures 3.1, 3.2 and 3.3, areas of higher inundation
frequency are coloured blue, mauve and pink, and represent areas that either sustain or have
sustained semi-permanent wetland vegetation. This vegetation includes river red gum forest
and woodland, water couch and common reed grasslands, cumbungi and lignum. Areas of
lower inundation frequency are coloured pink, orange or yellow and represent larger floods
that support ephemeral wetland vegetation. Coolibah, black box and myall woodland are
more likely to occur in these areas.

In the three maps in Figure 3.2, inundation frequency is shown for three periods: 1979-87,
1988-97 and 1998-2006. During these periods, the area in the marshes that received high
inundation frequency declined. This decline is closely related to water availability and flow
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Figure 3.1 An index for the extent and frequency of inundation in the Macquarie Marshes from
1979-2006.
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Figure 3.3 Extent and frequency of Macquarie Marshes inundation from 2001-06. Note the lack of large
floods (yellow) and the small area of high inundation frequency (blue, mauve or pink).
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size and is reflected in declining general security water allocations. Average allocations for
comparable periods are:

1980-81 to 1987-88: 90 per cent

1988-89 to 1997-98: 83 per cent

1998-99 to 2006-07: 46.7 per cent.

There has been a decline in the area of the marshes that receives the flood frequency and
duration necessary to maintain the values of identified semi-permanent wetland assets. In
the maps, this area is represented in blue and mauve. The years from 1998-2007 (which had
an average allocation of 47 per cent) began with three very wet years. Since 2001, conditions
have been much drier and the average allocation between 2002-03 and 2008-09 was 12.7
per cent (figures 3.5, 3.6). It has been since 2001 that the decline of the marshes has been
especially rapid.

3.3 Water allocation and availability

Until 1979, most irrigation in the Macquarie Valley was based on an individual entitlement to
irrigate 162 hectares of land, although the volume of water that could be applied to the land
was not specified (Sinclair Knight & Partners 1984). Entitlements to a set volume of water were
introduced in 1979 (WRC 1979).

The Water Sharing Plan for the Macquarie-Cudgegong Regulated Water Source 2003
now provides the framework for water allocation in the regulated rivers of the Macquarie
Valley. Under this water sharing plan, the total share component of access licences plus
the environmental water allowance are now about 899,453 megalitres. This consists of
14,265 megalitres for domestic and stock access licences; 22,681 megalitres for local water
utility access licences; 19,419 megalitres for regulated river (high security) access licences;
632,428 megalitres for regulated river (general security) access licences; 50,000 megalitres
for regulated river (supplementary water) access’ licences and 160,000 megalitres for

the environment (NSW Government 2003). The accounting rules for the environmental
water allowance are the same as for general security entitlement (NSW Government 2003;
column graph in Figure 3.4). In 2007, an additional 660 megalitres was granted to Nyngan'’s
town water supply. These volumes do not include extraction from groundwater, from the
unregulated tributaries of the Macquarie River or access to be licensed under the NSW
Floodplain Harvesting Policy.

The water sharing plan also allows access licences to be purchased and dedicated to
environmental purposes. As at 30 April 2010, 46,275 megalitres of general security and 1,442
megalitres of supplementary access water entitlements had been purchased by the NSW
Government to manage as environmental water. At 30 April 2010 the Commonwealth
Environmental Water holder held 55,873 megalitres of general security and 1,888 megalitres
of supplementary access water entitlements in the Macquarie-Cudgegong.

The available water determination and allocation of shares to general security access licences
determines the amount of water available from regulated flows for the irrigation industry and
the environment.

Measurements of water availability and use are often given as averages. For example, the
average surface water availability in the Water Sharing Plan for the Macquarie-Cudgegong
Regulated Rivers Water Source 2003 is 1,448,000 megalitres per year, and average total
diversions are 391,900 megalitres per year (NSW Government 2003). The long-term average
annual flow to the Macquarie Marshes is 440,000 megalitres per year (Macquarie-Cudgegong
RMC 2001). However, long-term averages, especially in a highly variable system such as the
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Allocation of water in the Macquarie Valley
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Figure 3.4 Distribution of the share components of access licences in the Macquarie River Regulated
Water Source (NSW Government 2003).

Note: ‘Total annual regulated yield of the Macquarie River in a normal year’ was first
calculated during the early 1970s by the Water Conservation and Irrigation Commission as
being 406,000 megalitres (Sinclair Knight & Partners 1984) and was subsequently increased
to 475,000 megalitres in 1979 by the Water Resources Commission. By that time, the
estimated total requirement downstream of Burrendong Dam was 497,500 megalitres
(WRC 1979, 1981, 1985).

Macquarie, can be misleading when managing at the shorter time scales relevant to
agricultural and ecological systems.

The variability of the Macquarie River is demonstrated by the three measures of water
distribution mentioned above:

1. Total system flows, calculated as surface water flow into storages and from tributaries
downstream of Burrendong Dam.

2. Extractive use of licensed surface water shares in the regulated river.

3. Flows to the marshes at Marebone Weir, as shown in the column graph in Figure 3.5.
A large proportion of total flow occurs in a relatively small number of years, and many
years have extremely low flows. It is when low flows occur for several years in a row that
the risk of managing according to long-term averages becomes evident.

Since 2001, the Macquarie’s flows have been low by historical standards and surface runoff
has been similar to that of the 1930s (State Water unpublished data). For the semi-permanent
wetlands of the marshes, the sustained lack of flows has been especially damaging. However,
between 1930 and 1950 at least seven moderate to large floods were recorded in the area
now included in the northern nature reserve: in 1934, 1937, 1940, 1941, 1943 and 1948. More
than half the area now included in the Macquarie Marshes Nature Reserve was classified as
‘flooded channel country’, ‘swampy plain’ or ‘usually inundated’ (Department of Lands 1941;
circa 1950). The system is now under the additional pressure of Burrendong Dam harvesting
flows from the largest and historically most reliable water supply in the catchment. Also, the
river now supports a large irrigation industry as well as many other industries and larger
urban populations. For the irrigation industry, which between 1980 and 2001 had an average
of 88 per cent allocation to general security shares, a sudden shift to seven years of low flows
and an average allocation of less than 13 per cent is equally serious.
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Use of water in the Macquarie Valley
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Figure 3.5 Assessed and estimated water distribution and use in the Macquarie Valley,
1980-2008 (State Water).

Note: Extractive use includes licensed surface water extraction from the regulated river.

It does not include extractions from unregulated tributaries, groundwater extractions from
aquifers linked directly to the river, or floodplain harvesting. Total system flows are greater
than the combined total of extractions and flows to the marshes because of operational
losses and extensive floodplain and distributary system flows during high flows.

3.4 Climate variability and climate change,
and the Macquarie Valley

According to modelling by the CSIRO, the recent climate average (1997-2006) was similar to
the long-term average conditions (CSIRO 2008). Also, future runoff in the Macquarie Valley is
more likely to decrease than increase in response to climate change. CSIRO has considered
climate scenarios for 2030 ranging from extreme wet to extreme dry, and a mid-range ‘best
estimate’ are as follows:

extreme wet: 25 per cent increase in surface water availability, 12 per cent increase in total
diversions, and 41 per cent increase in end of system flows

extreme dry: 25 per cent decrease in surface water availability, 16 per cent decrease in total
diversions, and 28 per cent decrease in end of system flows

best estimate: 8 per cent decrease in surface water availability, 4 per cent decrease in total
diversions, and 9 per cent decrease in end of system flows

Water-resource development has already increased the average period between important
inundation events for the Macquarie Marshes (200 gigalitres past Oxley between 1 June and
30 November), from 2.2 years to 4.7 years, and has reduced the average volume of these
events from 328 gigalitres to 278 gigalitres per event (CSIRO 2008). Under the best estimate
for climate in 2030, the average period between important inundation events in the
Macquarie Marshes would increase by a further 10 per cent from the current level. The
number of flood events would be 5 per cent smaller, and average annual flood volume would
be reduced by 16 per cent. The scale of waterbird breeding events is expected to be reduced.
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According to the ‘extreme dry’ estimate for climate in 2030, the average period between
events would be increased by 24 per cent and the average annual flood volume would be
reduced by 38 per cent. The changes that have already been experienced have had serious
consequences for all aspects of wetland ecology. Under projected drier conditions, these
consequences are expected to increase (CSIRO 2008).

3.4.1 Future water availability

Wetter or drier climatic conditions do not have the same relative effect on the availability of
environmental water that they have on extractive water. Under wet conditions, the
environment receives proportionally more of the available surface water than it does under
dry conditions. Under dry conditions, the environment receives proportionally less water - a
smaller proportion of a smaller total volume (CSIRO 2008) — due to reduced unregulated flows
from tributaries and fewer dam spills (both of which benefit the environment). For the
purposes of this plan, allocations to general security are used as a surrogate for general
surface water availability. This probably underestimates the effects of a drying climate on the
environment due to the greater proportional impact on the environment during dry periods
described above.

In Figure 3.6, the annual allocation to general security since 1980 is shown, with averages
calculated for decades as well as for the periods that correspond to the inundation maps at
Figure 3.2. The graph also includes the average allocation since 2002-03, the beginning of the
current dry period in terms of water allocations. Examining water availability for periods of a
decade or less makes sense at both social and ecological scales: a period of water shortage
such as the one experienced since 2002 is damaging for both river-dependent ecosystems
and the irrigation industry.

Macquarie Valley General Security allocation history
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Figure 3.6 Allocations to general security shares expressed by decade, by inundation mapping
periods and since 2002.
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Climate change predictions for the Macquarie Valley
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Figure 3.7 A comparison between the CSIRO forecasts for 2030 with surface water availability
(represented by general security shares) in the Macquarie Valley since 1980.
The variability experienced since 1980 exceeds the forecasts for 2030, on both
the high side and the low side.

* GS AWDs = general security available water determinations

It is unlikely that rainfall conditions will return to the ones experienced during the 1970s,
1980s and 1990s (CSIRO 2008). Planning and management for the future of the Macquarie
Marshes should take into account a range of possibilities, from a return to somewhat wetter
conditions (which are nevertheless likely to be drier than the period from 1980-2000) to a
continuation of existing or drier conditions. The scenarios provided by the CSIRO, represented
in Figure 3.7, can inform water planning.

3.5 Water requirements of ecological assets

Scientific and technical studies now underway will help develop a better idea of the area of
semi-permanent wetland that needs to be protected to maintain critical ecological functions
and habitats in the marshes. Already, studies of vegetation extent, type and condition as well
as waterbirds, native fish, microinvertebrates, soil nutrients, organic matter, flood patterns
and groundwater levels show a declining trend and a major shift in the state of the system
(Kingsford & Auld 2005; Jenkins et al 2004, 2009; Bacon 2004; Bowen & Simpson 2010; DECCW
unpublished data). Large areas of semi-permanent wetland vegetation are being colonised,
or have already been replaced, by dryland species (Bowen & Simpson 2010). This change in
vegetation type indicates that most of the ecosystems of the marshes need more water, more
regularly, than they have received since 2001.
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Microinvertebrates underpin the food web, and their densities in recently inundated
floodplain habitats in the marshes are among the highest in the world. They are eaten by all
native fish species after hatching as well as by macroinvertebrates and some waterbirds, such
as pink-eared ducks (Jenkins & Wolfenden 2006). Food availability both before and during
nesting and egg laying is critical for successful waterbird breeding. The high densities of
invertebrates and aquatic plants help to explain the ability of the marshes to support such
large waterbird breeding events. Regular inundation is an important ecological requirement
to maintain microinvertebrate diversity and density. Samples taken in 2005 demonstrate that
the longer the period between flooding events, the greater the loss of organic matter and
microinvertebrate diversity and density (Jenkins & Wolfenden 2006). Lack of regular
inundation is a threat to maintenance of the high densities of microinvertebrates required

to sustain large numbers of breeding waterbirds (Jenkins & Wolfenden 2006).

The locations and water requirements of the assets and values that contribute to the
character of the marshes are known. The best knowledge available indicates that restoring
and maintaining critical ecological functions and habitats of semi-permanent wetland assets
identified in this plan will require inundation for a minimum of four months, and preferably
six months, between July and April, at least seven and preferably eight years in 10 (Roberts &
Marston 2000; Jenkins & Wolfenden 2006). Inundation every year would be beneficial for
some parts of the system (Roberts & Marston 2000).

The volume of water from regulated sources needed to inundate a specific area of the
marshes for a given time varies. It depends on many factors, including the location of the area
receiving water, time of year, recent rainfall in the marshes, volume of unregulated flows, soil
type, vegetation cover and flow history. Estimates of required volumes are based on the
assumption that some flows to the marshes will be available as relatively high flows, for
several consecutive months, to ensure that water is distributed to designated areas and to
provide the required duration of inundation.

The soils of the marshes are estimated to have the capacity to hold at least 10 megalitres per
hectare and up to 15 megalitres per hectare (P. Bacon pers. comm.). Once the soil profile in
the marshes becomes very dry, a large volume of water is needed to replenish it before
surface flows can be maintained.

The wetter areas of the marshes need a lower volume per area to maintain an appropriate
wetland condition than the increasingly large, and increasingly dry, areas beyond them. For
example, in 2008, an environmental flow release targeted a small area in the wetter part of
the North Marsh, taking particular care to avoid spreading water over a large area of dry
marsh and achieved a volume to area ratio of about 5 megalitres per hectare. The
environmental release in 2005, made in combination with tributary flows, had generally
higher inflow rates and targeted a larger area of dry marsh. Overall, this release achieved a
volume to area ratio of about 9 megalitres per hectare. Figure 3.8 shows volume to area ratios
up to 12 megalitres per hectare. During the 2009 environmental flow, almost 20 megalitres
per hectare was required to inundate about 1000 hectares for three months. According to
CSIRO forecasts, drying will probably increase (CSIRO 2008). It is likely that the drying will
result in longer periods without water, drier conditions in the marshes and a higher volume-
to-area ratio.

An important part of operational planning will be to obtain accurate information about the
volumes required to provide suitable flow regimes in different parts of the marshes under a
range of climatic conditions. Digital elevation and hydrodynamic models will assist
environmental flow managers to narrow the range of volumes for any known set of
antecedent conditions. These are currently being developed by DECCW.
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Indicative inflow: inundation relationship
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Figure 3.8 The relationship between inflows and area inundated. The volume is total flows for six
months before the mapping of the inundated area.

3.6 Managing water in the marshes

One approach to managing water in the marshes is to identify an area to be maintained and
calculate the volume needed to achieve it. Another approach is to calculate the amount of
water likely to be available under different climate scenarios and identify how many hectares
of wetland can be maintained for the given volume. In prioritising wetland areas for water
delivery, consideration will be given to the ecological importance of each area and its
importance for the character of the marshes, land management practices, legislative status,
ease of water delivery and overall likelihood of achieving ecological outcomes and objectives.

3.6.1 Managing for an identified area of wetland (area based)

The area of semi-permanent wetland vegetation in the marshes in the early 1990s was
mapped as about 72,000 hectares (Wilson 1992). The condition of most of this vegetation is
declining (Nairn 2008; Bowen & Simpson 2010). It will be difficult to arrest this decline under
the climatic conditions that have been experienced since 2000, or those predicted (CSIRO
2008). For example, restoring and maintaining functions and habitats in 30,000 hectares of
semi-permanent wetland vegetation will require flows to the marshes of between 200,000-
300,000 megalitres over six months, at least seven years out of 10. The marshes have not
received this volume in a six-month period since early 2002.
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3.6.2 Managing by availability of water (volume based)

The second approach is to calculate how many hectares of the identified assets and values of
the marsh can be maintained to protect critical ecological functions and habitats, using a
nominated amount of water. The amount of water available cannot be predicted accurately,
although current trends and forecasts suggest that it will be less than the long-term average
(CSIRO 2008).

The amount of water needed from regulated supply for the marshes will depend on climatic
conditions. In the line graph in Figure 3.8, the broad relationship between inflows to the
marshes and area inundated is shown. The wetter the climate, the less precise the relationship
between inflows to the marshes and area inundated. During wet times, flows are higher;
unregulated flows and rainfall in the wetlands provide more water; floods are longer and
more extensive, and water flows through the marshes to the Barwon-Darling River. The
relationship is more precise during drier climatic conditions, which are forecast for the
Macquarie Valley. These are the conditions under which environmental flow management will
be most significant.

3.7 Scenarios of water availability

Four scenarios of water availability have been selected to estimate the area of semi-
permanent wetland that could be maintained under different conditions. The scenarios use
allocation to general security and the environmental water allowance as an indicator of water
availability, and are based on CSIRO’s Murray-Darling Sustainable Yields Project, long-term
average conditions, and allocations to general security shares since 2002. The total regulated
environmental share at the time of publication of the plan is 262,148 megalitres, consisting of
160,000 megalitres provided in the water sharing plan. As at 30 April 2010, 46,275 megalitres
of general security entitlement has been purchased by the NSW Government, and 55,873
megalitres of general security entitlement is held by the Commonwealth Environmental
Water Holder.

Table 3.1 The area of semi-permanent wetland estimated to be supported under various scenarios
for water availability.

Percentage | Megalitres | Regulated Number of Number of hectares

allocated per hectare | environmental | hectares estimated to be maintained

to general share (ML)* estimated to be with unregulated flow

security maintained with | double (for scenario 1) or

shares no unregulated equal to the volume of
flow regulated flow

60 7 157,289 22,470 44,940-67,410

40 8 104,859 13,107 26,215

25 9 65,537 7282 14,564

13 10 34,079 3408 6816

* assuming 262,148 ML total
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The first three scenarios are for available water determinations allowing general security
allocations of 60 per cent, 40 per cent and 25 per cent. The figure of 25 per cent strikes a
middle line between the CSIRO driest case and allocations since 2001-02. This assumes that
water availability will increase from recent low allocations. To account for the possibility that
they will not, a fourth scenario — 13 per cent — using average general security allocations
between 2001-02 and 2007-08 has been included. These scenarios assume a period of
allocation at this level for 10 years, chosen as being a socially and ecologically relevant period.
It is expected that some unregulated flows will also reach the marshes, although a great deal
of uncertainty surrounds this figure. Estimates are provided for two unregulated flow
scenarios: (1) volumes equal to the amount of regulated flow, and (2) no unregulated flow, as
shown in Table 3.1.

3.7.1 Scenario 1: 60 per cent allocation to general security access
licences and the environmental allowance

This percentage is near the upper estimate for water availability in the CSIRO forecasts. Under
these conditions, the existing regulated environmental share of 262,148 megalitres will
provide about 157,289 megalitres of available regulated water. Assuming that about 7
megalitres per hectare are needed under these conditions, and that no unregulated flows
occur, it is possible that functions and habitats will be able to be maintained in an area of
about 22,000 hectares of semi-permanent wetland vegetation. With the addition of twice the
volume of unregulated flow, it is possible that functions and habitats will be able to be
maintained in an area of about 67,000 hectares of semi-permanent wetland vegetation.

3.7.2 Scenario 2: 40 per cent allocation to general security access
licences and the environmental allowance

Under these conditions, the existing regulated environmental share of 262,148 megalitres will
provide about 104,859 megalitres of available regulated water. Assuming that about 8
megalitres per hectare are needed under these conditions, and that no unregulated flows
occur, it is possible that functions and habitats will be able to be maintained in an area of
about 13,000 hectares of semi-permanent wetland vegetation. With the addition of an
equivalent volume of unregulated flow, it is possible that functions and habitats will be able
to be maintained in an area of about 26,000 hectares of semi-permanent wetland vegetation.

3.7.3 Scenario 3: 25 per cent allocation to general security access
licences and the environmental allowance

Under these conditions, the existing regulated environmental share of 262,148 megalitres will
provide about 65,537 megalitres of available regulated water. Assuming that about 9
megalitres per hectare are needed under these conditions, and that no unregulated flows
occur, it is possible that functions and habitats will be able to be maintained in an area of
about 7000 hectares of semi-permanent wetland vegetation. With the addition of an
equivalent volume of unregulated flow, it is possible that functions and habitats will be able
to be maintained in an area of about 14,000 hectares of semi-permanent wetland vegetation.
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3.74 Scenario 4: 13 per cent allocation to general security
access licences and the environmental allowance
(from 2001-02 to 2007-08)

If conditions continue as they have since 2001-02, with general security allocations of about
13 per cent, the current regulated environmental share of 262,148 megalitres will provide
about 34,079 megalitres of environmental water. Assuming that about 10 megalitres per
hectare are needed under these conditions, it is possible that functions and habitats will be
able to be maintained in an area of about 3400 hectares of semi-permanent wetland
vegetation. With the addition of an equivalent volume of unregulated flow it is possible that
functions and habitats will be able to be maintained in an area of about 6800 hectares of
semi-permanent wetland vegetation.

It is important to note that the four scenarios outlined above are indicative only, and are in
the context of the regulated environmental water share at the time of writing of this plan.
Additional water recovered under existing government initiatives will add to the
environmental share, and increase the area able to be maintained under each scenario.
The scenarios are also sensitive to the assumed volume of unregulated flow which may be
much greater than the volume of regulated flow (and therefore greater than assumed in
these scenarios), particularly in wetter years.

While the scenarios are indicative only, they demonstrate the necessity of prioritising assets
for restoration, maintenance and protection. Duration and frequency are critical parts of the
flow regime (Puckridge et al 1998). Long flows that are too infrequent are no more effective in
maintaining important wetland values than frequent flows that are too short. Both duration
and frequency can be important to ensure that seedbanks and eggbanks are maintained,
which is critical to long term sustainability of wetland values.

Ephemeral wetland vegetation communities, except for areas on the fringes of semi-
permanent wetlands, will rarely receive managed flows from allocated shares. In most cases,
inundation of these communities will come from unregulated flows.
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4 Water supply and management

—

4.1 Environmental water

The Macquarie-Cudgegong water sharing plan provides an environmental water allowance
of 160,000 megalitres (NSW Government 2003). At the time of writing the plan, 102,148
megalitres of general security share and 3330 megalitres of supplementary share had been
purchased and registered to the holdings of the NSW and Australian governments. Additional
water may also be returned to the environment as a result of modernisation of the irrigation
industry and river operations underway in some parts of the Macquarie Valley, although it is
unclear how much water will be returned. The Basin Plan, in setting the new sustainable
diversion limits for the basin and the Macquarie catchment, will influence the amount of
water available for environmental purposes.

4.2 The available water determination

The process of allocating water for extraction and the environment is called the available
water determination (AWD) and is undertaken by the NSW Office of Water (NOW) after a
resource assessment. Under the process, the agency manages the system so that allocations
of 100 per cent for domestic and stock, town water supplies and high-security shares are
maintained throughout a repeat of the worst period of low inflows - ‘drought of record’ - in
this water source. The ‘drought of record’ period is about two years in the Macquarie and
seven years in the Cudgegong, based on 110 years of inflow records, from 1890-2000.

The available water resource is calculated by adding the volume of water stored in
Burrendong and Windamere dams and the likely future minimum inflows, equal to the worst
period of low inflows. From the available resources, NOW provides for essential requirements
- which include basic rights; full allocations for stock and domestic, town water and high
security shares; delivery and storage losses; and any water allocations remaining from
previous available water determinations - before allocating to the environmental water
allowance and general security shares.

—~

Photo 18 Burrendong Dam, at less than 5 per cent capacity, in February 2007 (Grenville Turner).
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This process differs from the available water determination that NOW undertakes in the
Gwydir and Namoi valleys. There, the agency considers for allocation only water held in the
dam at the time of the assessment, but is consistent with the resource assessment processes
in southern NSW regulated rivers. Some anticipated future inflows are indirectly included in
the assessment by discounting the budget for the essential requirements. This approach
means that when inflows are less than or equal to the lowest on record (which has been the
case in Burrendong Dam at times since 2002), essential requirements can be met, and often
some general security water is available from new inflows. In 2007 the Macquarie-
Cudgegong regulated rivers water sharing plan was suspended because insufficient reserves
in storage meant that the ability to deliver full essential requirements was not assured. Access
to the environmental and extractive carryover accounts was suspended, although later
allowed as the resource availability improved, while high security users and town water
supplies experienced restricted allocations.

Future reviews of the water sharing plan will need to consider the implications of the resource
assessment method in dry-flow sequences not previously experienced and will need to be
consistent with sustainable diversion limits to be established under the Basin Plan
(Commonwealth Water Act 2007). The water sharing plan is to be reviewed in 2014.

4.3 Capacity of the Burrendong Dam outlet

Burrendong Dam has insufficient outlet valve capacity to meet high simultaneous demand
for extractive and environmental water. The maximum rate of release from the dam is 8200
megalitres per day at full supply level, and peak summer extractive demand is typically
between 4000 and 7000 megalitres per day. In the past, extractive requirements have been
given priority for valve space (Keyte & Johnson 1997, 1998, 1999, 2000). Operational sharing of
valve capacity might have to be specified in similar terms to channel capacity where this is
constraining environmental or other operational releases, or the capacity of the valves might
have to be increased.

Photo 19 A view downstream at the Burrendong Dam outlet (Grenville Turner).
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4.4 Water quality, including cold water pollution

Although release of cold water low in oxygen from the bottom of Burrendong Dam does not
affect the river’s temperature as far downstream as the marshes, it has a significant effect on
the aquatic ecological community for some distance downstream of Burrendong Dam. State
Water is investigating options to manage this.

Water quality guidelines, objectives and targets are provided in the National Water Quality
Management Strategy, the Natural Resources Commission Statewide Targets, and the Central
West CMA's catchment action plan (CAP). Specific targets and objectives for the catchment
within the CAP include having water temperature maintained or restored to within 2 degrees
Celsius of median levels (ANZECC & ARMCANZ 2000), reducing the duration of blue-green
algal blooms above high alert level, no detection of hazardous chemicals (ANZECC &
ARMCANZ 2000) and reducing faecal coliforms to below primary contact levels at key sites
located in the catchment (Central West CMA 2007). Meeting these targets is consistent with
restoring critical ecological functions and habitats in the Macquarie Marshes.

4.5 The flood mitigation zone of Burrendong Dam

Burrendong Dam can store an additional 489,000 megalitres (42 per cent) of its capacity
above the spillway. This is known as the flood mitigation zone (FMZ). The combined total of
the conservation storage below the spillway (1,189,000 megalitres) and the FMZ storage is
about 1,678,000 megalitres. The rules governing the FMZ are called air space operations. Using
these rules, when the dam is between 100 and 120 per cent capacity, water releases are
calculated to achieve a flow rate of 5000 megalitres per day at Warren. Between 120 and 130
per cent capacity, the target flow is 12,000 megalitres per day, and between 130 and 142 per
cent capacity, the target flow is 18,000 megalitres per day, both at Gin Gin. If the dam is in the
FMZ and is endangered as a result of more inflows that cannot be contained in the air space
created by gate operation, then flood operations allow for the water to be released in a way
that maintains the safety of the dam. The spillway’s capacity is 1,200,000 megalitres per day.

Water stored in the FMZ cannot be allocated to extractive use, except for stock and domestic
replenishment and opportunistic supplementary water extractions for irrigation. The water
temporarily stored in the FMZ is for the environment. Historically, the storage has been
returned to 100 per cent as soon as practicable and water from the FMZ has been released to
the environment regardless of antecedent conditions, a practice that the agency developed
during the 1980s after successive wet years. There is an opportunity to review management
of the FMZ if increased flexibility of releases was considered to provide benefits to the
environment.

4.6 The Marebone Choke

The Marebone Choke is a reference to impediments downstream of Marebone Weir that
constrict flows in the river and on the floodplain. Prolonged flows of more than about 4000
megalitres per day at Marebone Weir cause flooding of Gradgery Lane (Johnson 2005). High
priority is given to keeping environmental flow rates lower than would otherwise be the case
in order to keep Gradgery Lane free of flooding, typically resulting in flows of less than 4000
megalitres per day at Marebone Weir. The range of flows that can be delivered to the
Macquarie Marshes is thereby limited. The NSW Wetland Recovery Program has completed
works to improve the hydraulic efficiency of the Macquarie River in the Marebone area by
removing willows that block the channel. Gradgery Lane has also been upgraded under the
program to allow regulated flows of up to 12,000 megalitres per day without impeding the
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road. A floodplain management plan made under the Water Management Act 2000 now
governs the regulation of structures within an identified floodway, allowing their impact on
flood flows to be addressed.

4.7 The effects of weirs and pumps on fish

Reasons for the decline in native fish in the Macquarie River, as in other highly regulated
rivers, include flow regulation; habitat degradation; reduced water quality; pest species;
over-fishing; disease; loss of genetic integrity through stocking; and structures such as dams,
weirs, culverts and river crossings forming barriers that prevent fish moving throughout the
river (MDBC 2003). Fish attempting to migrate upstream become easy prey for birds as they
gather downstream of barriers.

Weirs can also cause physical injury to fish attempting to migrate downstream. The weirs are
of two designs: (1) overshot, whereby the water passes over a crest, and (2) undershot,
whereby the water passes under a gate (DPI 2007). Fish can be injured as they pass over the
crest and fall to the bottom of the weir, and by turbulence and pressure changes as water
passes under the gate. Marebone Weir has an undershot design that is known to cause high
mortality among larval and juvenile fish; for example, 95 per cent among golden perch
(Baumgartner et al 2006). A fishway is currently being constructed on the Marebone Weir to
deal with this issue.

Most irrigation occurs during the warmer months and coincides with spawning and
migration, and it is highly likely that fish are being extracted from the river through channels
or pumps. Even if the fish are not injured, it is very unlikely that they will be able to return to
the river (MDBC undated). The NSW DPI, the Australian Cotton CRC and Murrumbidgee
Irrigation are undertaking collaborative research in order to investigate this (DPI 2005).

Photo 20 A view downstream at Marebone Weir. Left: irrigation supply channel; centre: the Macquarie
River; right: Marebone Break (Grenville Turner).
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4.8 Structures for managing water in the marshes

Structures including banks, weirs, regulators and diversion channels in the marshes from
Marebone Weir to North Marsh are a subject of much discussion and some controversy
(Hogendyk 2008; Steinfeld & Kingsford 2008). These works are used for flood protection,
erosion control, wetland stabilisation, and to provide stock and domestic and irrigation water.
During 2008 and 2009, the NSW Office of Water led a strategic compliance project to assess
the role, effectiveness and status of the structures and determine their effect on flows
destined for the marshes. During the project, 119 structures were investigated and regulatory
action was taken on 28 of them. A number of the structures identified and investigated had
been constructed by, or on the advice of, the former Department of Land and Water
Conservation to prevent erosion (NSW Office of Water 2009).

Photo 21 Banks located in South Marsh (W. Johnson).

Photo 22 Irrigation development in the Marebone area, showing the Macquarie River in the middle
distance (Grenville Turner).
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Photo 23 Development in the marshes located in the Marebone area. An identified floodway in
centre has been cleared, and natural drainage patterns remain evident (W. Johnson).

4.9 Measurement of water extraction

Measurement of water extractions, including the reliability of meters, has been a matter of
concern since volumetric allocations were introduced (Minister for Water Resources 1986;
DLWC 1995). Measurement of all water extractions, including regulated river allocations,
groundwater use, unregulated flows and floodplain harvesting, must be as accurate and
reliable as possible. The Australian Government has developed a draft national metering
standard framework (NMSF), and aims to provide an acceptable level of confidence whereby
non-urban metering throughout Australia has a ‘'maximum permissible error’ limit, in the
field, of plus or minus five per cent.

The Australian Government has made an in-principle agreement to allocate $90 million to
State Water under the Water for the Future program to replace existing customer-owned
meters with State Water-owned meters, to be connected by telemetry. Water savings that the
project may generate will accrue to a water access licence to be held by the Australian
Government.
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5 Land management
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Within the context of sustainable development, the ‘wise use’ of wetlands encourages their
beneficial use by people to provide services and benefits for present and future generations
and maintain the wetlands’ ecological character. However, some land management practices
may not be sustainable and are causing damage to, or have the potential to cause damage to,
the ecological value of the marshes. The causes of the damage can be diversion banks and
channels, clearing, fire, cultivation, grazing and floodway obstruction.

5.1 Managing grazing

A grazing and landuse study of the Macquarie Marshes and Gwydir Wetlands investigated the
ways grazing may be affecting the ecological processes in these systems. The study
investigated vegetation composition, soil seed banks, soil chemistry, water quality and
aquatic invertebrates (Wilson et al 2008).

Results indicated that the major driver of vegetation change is flow regime, and that grazing
has a relatively small effect on wetland plant communities. Grazing by cattle appears to be
important in maintaining the dominance of species such as water couch in grassy wetlands.
The decline of water couch grassland in the nature reserve and its persistence on adjoining
land grazed by domestic livestock lends support to this. By contrast, grazing disturbance
appears to create openings for other species in marsh club-rush wetland, resulting in higher
species diversity (Wilson et al 2008).

Photo 24 The boundary between the nature reserve and private land located in the North Marsh.
Top left: river red gum, watered. Left foreground and centre: water couch, watered
and grazed. Right foreground and centre: common reed, watered and ungrazed.
Right background: chenopod shrubland, lack of water and ungrazed. Centre background
and right centre: common reed, light brown and under stress from lack of water; ungrazed
(W. Johnson).
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There is evidence that river red gums germinate more successfully in grassy conditions but
that tree establishment benefits from removal of grass by cattle grazing. Water couch
tolerates neither sustained grazing when stressed from lack of water nor persistent grazing
when underwater.

Common reed (reedbeds) can be damaged by grazing when it is dry or when new shoots are
emerging. Lignum also seems to be damaged by sustained grazing when dry conditions are
extended. Conditions of grazing leases that the Department of Lands issued for land that now
lies within an area inside the nature reserve excluded livestock from all reed regrowth until it
has attained a height of not less than 3 feet (Department of Lands no date).

Sustained, very dry conditions have led to increased grazing pressure from both domestic
livestock and kangaroos. This is affecting lignum shrubland, common reed and water couch
marsh in the North Marsh. A species-rich and abundant soil seed bank is vital if a wetland
plant community is going to cope with variable environmental conditions and inundation
patterns. It is important to balance the benefits to landholders of grazing cattle in the
wetlands against the needs of plant species to reach maturity and set seed to allow species to
maintain a long-term presence in the wetlands (Wilson et al 2008).

In consultation with marsh landholders, Industry and Investment NSW (1& NSW) prepared
guidelines for grazing (DPI 2009). Use of environmental water on wetland pasture, when
grazed sensitively, can have both productive and ecological benefits.

—~

Photo 25 Clearing and cultivation in the North Marsh. DECCW has since acquired this land on
‘Pillicawarrina’ for its estate. Foreground: the access road and bank. Left: the Macquarie
River (W. Johnson).
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5.2 Clearing

Clearing of floodplain and dryland vegetation communities has taken place in the marshes
for many years, and the most affected species have been black box and coolibah woodland,
river red gum woodland and lignum shrublands. Because the inundation frequency in the
marshes has been reduced, pressure has been placed on the grazing industry, and
landholders sometimes turn to cropping for an alternative income. The possibility of
changing rainfall patterns (particularly higher summer rainfall) may make cropping more
viable, and it is possible that clearing pressures will continue. DECCW and the CW CMA are
undertaking regulatory activities, vegetation mapping, awareness campaigns and incentive
programs.

5.3 Fire

For many years, it has been a normal part of grazing management to burn common reed, and
this method is used by DECCW Parks and Wildlife Group (PWG) as a way to reduce fire hazard
in the nature reserve (NPWS 1993). Fire is known to damage some wetland species and can kill
river red gums. It is especially damaging when the marshes are dry, and any increased drying
of the marshes will increase the threats from fire. PWG prepares fire management plans for
the nature reserve and works closely with local bushfire brigades and the Rural Fire Service.

—

Photo 26 Fire in common reed in the northern nature reserve (W. Johnson).
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5.4 Managing pests

Pest species in the marshes include pigs, foxes, feral fish and lippia. PWG, Livestock Health
and Pest Authorities, and landholders have longstanding programs for controlling the
numbers of pigs and foxes in the marshes. A carp-reduction strategy is being prepared for
the Lower Macquarie region that will outline the current and future activities to stop the
further spread of carp, control the size of the carp populations and increase the community’s
understanding and involvement in controlling carp.

Lippia, Phyla canescens, poses a considerable risk to the ecological and agricultural values of
the marshes. Lippia was declared a target for biological control in November 2006 and in
September 2009 was listed as a Class 4 Weed, requiring active management by councils for
control. The Central West CMA is an active member of the National Lippia Working Group and
has collaborated in the development of research work and the development of a best
management guide for lippa.

The CMA's ‘Warren to the Barwon’ project is focusing on land management issues in
floodplain and wetland areas along the Macquarie River and adjacent areas downstream of
Warren. Trials of management practices to address issues of invasive plant species common to
floodplains and wetlands of the area, such as lippia, black roly poly and bushy groundsell, are
occurring.

5.5 Salinity

The Macquarie Marshes occupy a natural sump in the landscape where they have
accumulated large amounts of salt over a long period of time. This salt is bound in saline clays
and dissolved in saline groundwater in the quaternary aquifers and in the underlying regolith.
Mapping of ground water shows a thin resistive layer only a few metres thick, with fresh pore
water overlying this very large salt store throughout the marshes (BRS 2009).

Typically, the water table in these marshes rises and falls with floods and droughts (Brereton
1993). Salinity has been proposed as causing the loss of semi-permanent wetland in the North
Marsh, particularly river red gum woodland and forest (Bacon 1996; Hogendyk 2007). The
Australian Nuclear Science and Technology Organisation was commissioned to provide
insight into groundwater-surface water interactions in the marshes and to identify sources

of water used by riparian vegetation, to provide an improved understanding of wetland
responses to water stresses (Hollis et al 2009). The report concluded that due to the high
electrical conductivity (EC) values of the saline groundwater it is not likely to be a source

of water for transpiration. The report goes on to say that:

The original hypothesis that trees may access groundwater during drought thereby lowering
the water table would likely be untrue in those areas of the Macquarie Marshes where we
have identified high salinity, shallow groundwater bodies — preliminary data suggest that in
these areas, trees only access fresher soil waters from the unsaturated zone. When this
source of water is less available (during periods of extended drought or when the extent of
upstream diversions substantially reduces the frequency and degree of overbank flow) the
trees become stressed. This is important to management considerations of which areas of
the Macquarie Marshes to target with limited environmental flow allocations during periods
of drought (Hollis et al 2009).

On-ground works that increase the permanence of water bodies within the marsh are also
likely to have local impacts on groundwater. Maintaining the marshes over the long term
depends on providing enough fresh water to maintain a thin layer of freshwater for plants to
utilise (BRS 2009).
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6 Aboriginal cultural values of the
Macquarie Marshes

e S ke R

6.1 Introduction

The Macquarie Marshes are an iconic natural area with significant Aboriginal cultural values.
The marshes lie within the traditional country of the Wailwan people and are the core of
Wailwan Country. Aboriginal cultural values are related to both the long history of Aboriginal
interaction with the marshes and the interests and aspirations of contemporary Aboriginal
communities that have a custodial relationship with the area. Wailwan and other Aboriginal
communities maintain a custodial relationship with the marshes — a connectedness to the
landscape and a sense of responsibility to care for this important part of their Country.

Over the past two centuries, however, white settlement has made it increasingly difficult, and
sometimes impossible, for Aboriginal people to exercise their custodial duties. Enhancing
Aboriginal cultural values involves strengthening Aboriginal communities’ relationships with
the marshes.

Protecting the wetlands’ cultural and natural values is aligned, although differences exist,
including differences in emphasis for on-ground protection. For example, the elevated sandy
ridges in the marshes are an important part of the Aboriginal cultural landscape, because
they contain culturally important vegetation communities and important cultural heritage
sites. These areas are a conservation priority.

Photo 27 A grinding stone from Macquarie Marshes. These were used for grinding seed from grasses
which grow around the wetlands (Damian Lucas/DECCW).
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6.2 The history of Aboriginal settlement and
occupation of the marshes

6.2.1 Traditional settlement of the marshes

In traditional times, the Macquarie Marshes’ wetlands and river channels were an important
focus of settlement for Aboriginal people. The Wailwan people had a relatively small country
compared to the larger Aboriginal nations that surrounded them - the richness of the
marshes as a resource base may account for this difference. The marshes provided a range of
favourable conditions for settlement in this dry area: rich and reliable wetlands, floodplains
covered with riverine forests and grasslands, and elevated sandy ridges. Mt Foster and Mt
Harris were two of the region’s only quarries for obtaining stone for manufacturing axes and
flaked implements. Given the richness of resources in the marshes, the Wailwan would have
held an important place in the overall region, between the arid and river country to the north
and west, and the slopes and ranges to the south and east.

The marshes were not only a resource base for Aboriginal people; the wetlands landscape
was at the centre of Aboriginal culture and spirituality. Aboriginal people were connected to
the natural world through totem and kinship relationships, which established relationships of
mutual care and responsibility. The landscape, specific places and specific plants and animals
were all animated through events in the Dreamtime. The creation spirits continued to inhabit
the landscape and often rested in large waterholes or in the form of animals, such as Mullian
the eagle hawk, one of the Wailwan'’s totems (Masman & Johnstone 2000). The landscape of
the marshes was a ‘nourishing terrain’ for the Wailwan traditional owners and other groups
who had relationships with this place (Rose 1996).

When the wetlands were flooded, they would have been a larder in the floodplain country.
During flood times, waterbirds would have been greatly abundant and the people living on
the wetlands would have used both the birds and the birds’ eggs. When the wetlands were
not in flood, the large river channels and semi-permanent areas of water would also have
been a major feature of the cultural landscape, as the source of water and associated
resources. Aboriginal people harvested food, tools, shelter and medicinal items from plant
and animal resources. The plants and animals were also a cultural and material contribution
to the social and ceremonial aspects of the region’s Aboriginal life. Aboriginal people adapted
and developed sophisticated technologies in order to live in the wetland environment, such
as using fire to modify the landscape and setting fish traps (Sturt 1833; Mitchell et al 1999).

A key aspect of living on the wetlands would have been moving between the ‘red country’
(elevated ridges) and the ‘black country’ (the floodplain and wetlands). During floods, the
black country was uninhabitable, but as the flood waters dried up, people would have
focused on the main river channels and core wetland areas (Witter 2004). Today, elevated red
ridges contain the physical remains of many campsites and hearths. The black soil floodplains,
characterised by self-mulching alluvial soils and periodic floods, have poor conditions for
preserving stone artefacts (Biosis 2008).

Core wetland areas provided the important and iconic wetland plants, including cumbungi
(bulrush) and nardoo. The riverine forests, woodlands and grasslands would have contained
another suite of important plants, including river cooba, river red gum, coolibah, Mitchell
grass and native millet. Today, scarred trees, typically coolibah, located throughout the
marshes indicate that the people used floodplain trees for implements — such as coolamons
- and shelter. These scarred trees have added importance because few of the actual wooden
implements have survived. A large number of surviving grinding stones and mullers indicate
the importance of grasses and seeds in the marshes (Biosis 2008).
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The elevated ridges also provided important resources, and some of the important species
were wilga; bumble, or wild orange; belah; leopardwood; quinine bush; nepine; quandong;
and western boobialla.

The marshes were a focus for large ceremonies. The Bora (initiation) ceremonies recorded at a
Macquarie Marshes site in 1893 and 1898 (Mathews 1901; Miller 1999) were modern examples
of long-running Bora ceremonies at the site. The ecologically rich and dependable wetland
environment of the marshes would have provided the reliable setting and quality of
resources necessary for Bora ceremonies (Bowdler 2005). After almost 200 years of white
settlement, most of the country has been radically changed, explaining the Aboriginal
concern for the remnants that have survived in a relative natural condition.

6.2.2 Post-contact history

Colonisation of the Macquarie Marshes from the 1820s onwards caused radical changes for
Aboriginal people in the marshes, and more broadly across western NSW. Aboriginal people
were usurped from their lands, and their social, cultural and spiritual ways of being were
severely disrupted.

However, even though invasion occurred, Aboriginal people were not dispossessed (Goodall
1996, 2001; Hope 2004). In the colonial situation, Aboriginal people maintained a connection
with the wetland area. Although physical ‘openings’ into the landscape were constrained,
Aboriginal people used a range of strategies in order to maintain a connection with the
Macquarie Marshes under greatly changed circumstances (Byrne & Nugent 2004).

Throughout the nineteenth century and into the early twentieth century, Aboriginal people
were valued workers on the region’s pastoral properties and worked on stations that included
Pillicawarrina, Wallumgambone, Buckiinguy, Sandy Camp, Oxley and Buttabone. Aboriginal
people lived in communal camps on pastoral stations, in camps located on riverbanks, and on
reserves created by the Aboriginal Protection Board (Masman & Johnstone 2000).

During the 1930s, scrutiny of Wailwan and other Aboriginal people living in the marshes
radically increased. The Aborigines Protection Board actively instituted a policy of
concentrating Aboriginal people on a small number of board-run reserves (Goodall 1996;
Hope 2004). In 1935, people from Quambone were forcibly moved to the reserve at
Brewarrina, and people were also moved to Pilliga and other missions (Goodall 1996). A key
point is that this active removal from Country occurred only relatively recently, and for older
people, within the period of living memory.

In order to escape the board’s control and seek education for their children, Aboriginal
people moved from the marshes to informal camps outside towns, which were located
throughout the region. By the 1960s, few Aboriginal families were permanently living on
properties located in the marshes. However, from the base of surrounding towns, many
Aboriginal people continued to work in the marshes as shearers, stock workers and fencers.
The movement to centralised reserves and town camps affected identification of all
traditional Aboriginal groups but had especially negative implications for smaller groups such
as the Wailwan.

By the late 1960s, a pattern of limited physical access to the marshes had developed, and this
pattern has continued to today. Significant Aboriginal communities live in the towns
surrounding the marshes: Quambone, Coonamble, Warren, Narromine, Walgett and
Brewarrina; however, few Aboriginal people actually reside in the marshes area.
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In this situation, physical access to the marshes depends on maintaining good relations with
private landholders, but because the amount of work on marsh properties decreased, these
relationships were more difficult to maintain. Many Aboriginal people have reported that in
trying to access favoured areas of the marshes, for fishing or simply for visiting places, they
encountered fences and locked gates. Since the 1970s, Aboriginal people have experienced
the ecological decline of the marshes as another form of loss, not by way of barriers to
physical access but because Country itself is rapidly declining.

Restriction of physical access has led to loss of detailed knowledge of areas of Country.
However, Aboriginal people have sustained detailed knowledge of the areas of Country that
they continued to be able to access in the colonial situation. For example, Aboriginal people
have sustained knowledge of land surrounding the reserves they lived on, places they could
access through work, or public land such as riverbanks. In this situation of restricted access,
land continued to be at the centre of culture, identity and spirituality for the region’s
Aboriginal people. Although detailed knowledge of Country has been lost, Aboriginal people
continue to have broad knowledge of Country and a distinctive set of cultural and ecological
goals for Country (Goodall 2001).

Since the 1970s, Aboriginal rights in relation to land have been re-asserted and Aboriginal
people have become increasingly confident in seeking access to land, protection of cultural
heritage sites and involvement in managing the environment. The practice of managing the
environment has also slowly changed, whereby Aboriginal people’s involvement in
conserving and managing the environment has increased incrementally, slowly creating new
‘openings’ into the landscape of the marshes.

6.3 Values, interests and aspirations of contemporary
Aboriginal communities

The interests and priorities noted below were documented in community consultation
activities conducted in 2007 and 2008, including ‘back to Country’ events held at the
Macquarie Marshes. This section also draws on interviews conducted with community
members (Peckham & Molsher 2005; Dykes et al 2006; Waters Consulting 2008).

6.3.1 Wailwan traditional descendants: key priorities

As traditional owners of Country, the Wailwan people have a special role in planning for
Country. Wailwan traditional descendents have identified the following six key priorities for
the Macquarie Marshes:

Cultural flows to Country.

Access to Country in order to conduct cultural activities.

Inclusion in management of Country.

Training and working for Country.

Cultural continuity and heritage protection on Country.

Caring for Country: enacting cultural and ecological responsibility for Country.

S e o

As first people, the Wailwan have inherent rights in Country. Wailwan people, along with
other Aboriginal people, have never given up sovereignty over or connection to their lands
and water. They have a specific interest in re-engaging with Country in order to enhance their
spiritual connection to Country, and to revive their cultural practice and expressions on
Country.
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The Wailwan have a holistic view of land management and aspire to be involved in all aspects
of processes for cultural, environmental, economic and social management. They hold a
vision for a healthy, living river system that has natural flows and cycles. They share this vision
with other Aboriginal peoples of the Macquarie Valley and the Barwon-Darling River. Today,
Wailwan descendants and other Aboriginal people aspire to be equal participants in
protecting and regenerating the Macquarie Marshes’ ecology and in protecting Aboriginal
culture and heritage. Also, the members of the contemporary Wailwan community want to
ensure a sustainable economic base for current Wailwan and future generations.

Although the Wailwan have a special position as descendents of the area’s traditional people,
other Aboriginal communities have important associations with the Macquarie Marshes.
Other Aboriginal groups that have a strong association with the marshes are:

¢ traditional owner groups from upstream and downstream of the marshes

* traditional owner groups who used to gather on Wailwan Country for ceremonial
purposes

* Aboriginal people who have a historical connection with the marshes, especially through
working in the pastoral and agricultural industry

* Aboriginal people who reside on Wailwan Country.

6.3.2 Values, interests and priorities: Wailwan and
other Aboriginal people

During the community consultations conducted with community members from the Wailwan
and other Aboriginal people, the following values, interests and priorities arose.
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Photo 28 Ruby saltbush fruit, an important food plant, grows on the dry areas fringing the wetlands
(Damian Lucas/DECCW).
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6.3.2.1 Recognising custodianship

An overarching issue raised during the community consultations was the need to
acknowledge and strengthen Aboriginal custodianship. Contemporary custodianship could
be acknowledged by maintaining Aboriginal place names and renaming places so that they
have Aboriginal place names, by welcoming people to Country at the beginning of events
and by increasing Aboriginal people’s participation in managing the environment.

6.3.2.2 Protecting Country

During the consultations, specific aspects of Country were considered to be especially
important by members of the Aboriginal community and in need of conservation and
protection. The priorities were as follows:

to restore core wetlands

to protect other areas and ecosystems, riverine forests, woodlands and grasslands, and
elevated sandy ridges

to institute a cultural allocation of water and take Aboriginal cultural values into account
when managing environmental water

to protect cultural heritage sites
to take a holistic approach to managing Country
to introduce additional land in conservation reserves.

6.3.2.3 Undertaking activities on Country

Aboriginal people described the activities they want to be able to undertake on Country:
having access to Country in order to conduct cultural activities
having work, training and economic opportunities on Country
being involved in managing Country, especially in managing environmental water
forming partnerships with the NPWS in managing conservation reserves
establishing an Aboriginal cultural flow of water.

6.4 ldentifying and protecting Aboriginal
cultural values

6.4.1 Protecting Country

6.4.1.1 Aboriginal cultural values and ecological health

The Aboriginal cultural values of the wetlands are strongly associated with the wetlands’
ecological health. Protecting the wetlands’ natural values enhances their cultural values.
However, there are differences of emphasis that exist. For example, Aboriginal communities
have a strong interest in protecting wetland plants that have iconic cultural value, such as
nardoo, cumbungi, river cooba, coolibah and river red gum. Also, Aboriginal people are
strongly interested in being involved in managing and restoring their Country.

Along with the core wetland areas, other ecosystems and vegetation communities in the
marshes are highly significant in relation to Aboriginal cultural values. Riverine forests,
woodlands and grassland and the elevated ridge country (‘red country’, often associated with
poplar box woodland) are the support systems for significant plants and animals that have
cultural values and are important in the preservation of cultural heritage sites.
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6.4.1.2 Aboriginal cultural values and management of environmental water:
a cultural flow of water

Water is a key factor in sustaining wetland plants and animals that have cultural values and is
important for sustaining the health of the cultural landscape in general. The Aboriginal
community strongly aspires to having a dedicated cultural allocation of water for the
Macquarie Marshes. Cultural flows are allocations of water that Aboriginal people control in
order to improve the spiritual, cultural, environmental, social and economic conditions of
Country (Morgan et al 2004). A cultural allocation of water is a way for Aboriginal community
members to enact their custodial responsibilities for the Macquarie Marshes and to protect
the health of the environment. The primary focus of these flows would be to provide water
for important aspects of the cultural landscape - plants, animals, sites and the broader
landscape - that depend on water. In practice, cultural flows could be used in conjunction
with environmental flows.

Bringing about broader recognition of Aboriginal cultural values in managing environmental
water involves other steps, including having Aboriginal representatives on committees that
manage environmental flows and including Aboriginal cultural values as criteria in managing
environmental water.

6.4.1.3 Aboriginal cultural heritage sites

The Macquarie Marshes contain a range of significant Aboriginal cultural heritage sites. More
than 500 sites have been recorded in the wetland area (Biosis 2008). These places are
important indicators of the long history of Aboriginal peoples’ interaction with the Macquarie
Marshes and show how Aboriginal people adapted to and used the wetlands’ resources.
Cultural heritage sites in the Macquarie Marshes include:

carved trees, and historically documented ceremonial and Dreaming sites and stone
arrangements

Aboriginal ancestral remains
an assemblage of earth mounds that are the most northerly examples of a site type

very large assemblages of grinding stones and scarred trees, which are evidence of how
important plant foods and tree resources are in the wetland environment

stone artefacts

a range of places related to the region’s post-contact (post 1788) history: sites of frontier

violence, ceremonial sites, living places — missions, reserves and camps — and working
places - pastoral properties (Biosis 2008).

According to predictive mapping of cultural heritage sites, important areas for potential sites
include:
within 250 metres of river channels and margins of inundation
elevated sandy country within the marshes, which usually corresponds to box vegetation
communities (Biosis 2008).

Cultural heritage sites are subject to a range of threats, which include land clearing, and
tramping and erosion from livestock. In the marshes, cultural heritage sites occur across a
range of tenures: private land, conservation reserves, travelling stock reserves and state
forests.
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6.4.2 Cultural activities on Country

6.4.2.1 Access to Country for cultural purposes

The ability to easily gain access to the wetlands for a range of cultural activities is a key
interest for Aboriginal communities. Access to Country is a fundamental contributor to
cultural renewal, creating opportunities for Aboriginal people to reconnect with their
Country, conduct cultural practices and pass on their knowledge. Restoring access to Country
addresses the long history of Aboriginal people’s exclusion from the wetland area.

Activities that Aboriginal communities want to conduct on Country include:

® conducting family camps, back-to-Country camps and camps for conducting cultural
practices

* undertaking education and cultural awareness activities
® collecting bush foods and wild resources - including sedges and reeds for weaving
* conducting men’s and women's specific activities and specific activities for young people.

Public conservation reserves are a key focus for increased access to Country. Partnership
arrangements with DECCW Parks and Wildlife Group are an important way to facilitate
increased public access, as is expanding conservation reserves in the marshes. It is also
important that Aboriginal communities have access to private land.
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Photo 29 Fruit of the quandong tree, an important food plant that grows on the raised ridges
surrounding Macquarie Marshes (Damian Lucas/DECCW).
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Aboriginal cultural resources use is supported under the NSW Government’s Aboriginal
Cultural Resource Use Framework. The Central West CMA, as part of its cultural heritage
activities, supports negotiated access to private lands located in the catchment. Furthermore,
the NSW Government recognises that a key element in enhancing contemporary Aboriginal
resilience is restoration of mechanisms for exercising connection with Country (DAA 2003;
NSW Government 2006).

6.4.2.2 Working on Country: increasing employment, training and economic
opportunities on the wetlands

Employment and training in conservation and management of natural resources are
important ways for Aboriginal people to restore connections with Country (for the benefits of
Working on Country programs in northern Australia, see Altman & Whitehead 2003, Garnett &
Stilhole 2007). Opportunities for employment of Aboriginal people in the marshes could be
created in a range of areas. This objective could be achieved by forming partnerships with the
NPWS or undertaking activities for conserving and managing natural resources and the
environment on private land in the marshes, supported by CMA projects. In the longer term,
opportunities could be developed for Aboriginal-owned businesses or Aboriginal contractors
to undertake contract work in conservation and management of natural resources.

6.4.3 Participation in managing the wetlands

It is important that environmental management agencies engage with Aboriginal
communities early and on an ongoing basis so Aboriginal communities have the best
opportunities to be involved in managing the Macquarie Marshes environment. Aboriginal
communities would thereby be able to be involved in making decisions that affect them and
to fully enact their custodial responsibilities to Country and its resources (DAA 2003; DECC
2006, 2007).

In the context of the marshes, which is a natural area with strong cultural values, it is
important that Aboriginal communities participate in the overall environmental management
of the marshes as well as in management of cultural heritage. Key forums for Aboriginal
communities to participate in include the environmental flows reference group (EFRG) and
management of the Macquarie Marshes Nature Reserve.

There are other important ways for Aboriginal people to be involved. Formation of an
Aboriginal community reference group would be a key avenue for increasing Aboriginal
people’s engagement in managing the environment, especially in managing environmental
water. The reference group would be a forum for Aboriginal communities to develop and
advocate perspectives on managing the marshes environment. The Central West CMA and
agencies could support the reference group by providing resources for the group to meet on
Country a number of times a year.

Given that Aboriginal people’s involvement in environmental management forums is
relatively new, it is important that management agencies provide ongoing support and
training for Aboriginal community representatives. In order to assist Aboriginal
representatives on these forumes, it is also important that cultural awareness training be
available to non-Aboriginal committee members.
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7 Integrating social and
ecological systems

2 PS— NI ——

7.1 Adaptive management and adaptive governance

An aim of this plan is to guide adaptive management and adaptive governance of the
Macquarie Marshes, to restore resilience and maintain critical ecological functions and
habitats. Adaptive management provides structured links between science, policy and
management, addressing two major concerns when managing social and ecological systems:
(1) the need to have relevant knowledge of the systems and (2) ensuring that knowledge is
included in decision making. Adaptive management uses available information to highlight
management opportunities and choices, guide learning, and improve management (Holling
1978; Walters 1986, 1997).

An important definition of adaptive management is that it is a structured process of ‘learning
by doing’ (Walters & Holling 1990; Walters 1997) that begins by applying existing knowledge,
from different sources, to management. Management is adaptive when decision makers
continuously monitor and integrate appropriate ecological, social and economic information
into management and policy, and when uncertainty is acknowledged as always present
(Berkes et al 2003; Johnson 2005).

Adaptive management includes social and technical processes. Objectives and actions must
suit the time and place and must be at the right scale for it to be successful. Adaptive
managers are aware that knowledge is always incomplete, that decisions are based on the
values of the society they are made in, and that decision making is consequently a social and
political responsibility (Johnson 2005; Resilience Alliance 2009). Adaptive governance goes
beyond adaptive management to address the broad social contexts of management. It
focuses on developing new institutional arrangements and organisational structures just as
much as on scientific methods (Scholz & Stiftel 2005; Resilience Alliance 2009).

7.2 Resilience and adaptive capacity

Resilience is generally defined as the ability to recover from or adjust easily to misfortune or
change. It applies to social and ecological systems and is a system'’s capacity to absorb
disturbance and retain its basic structure and function. Resilience can also be defined as the
distance from a threshold. A resilient ecosystem can withstand shocks or changed conditions
and rebuild itself when necessary. Resilience in social systems includes the capacity of
humans to anticipate and plan for the future (Walker & Salt 2006; Resilience Alliance 2009).

Adaptive capacity, or adaptability, is the ability to adapt to and shape change. It is the
capacity of the parts of a system to influence resilience. In a social-ecological system, it is the
capacity of humans to manage resilience. Systems that have a high adaptive capacity are able
to adjust to changing conditions without undergoing significant declines in their crucial
functions. A consequence of loss of resilience and therefore of adaptive capacity is loss of
opportunity that limits choices for action during periods of change - an inability of parts of
the system to do things differently, or to do different things (Resilience Alliance 2007, 2009).

7.3 Social systems

In this plan, social systems or social structures are defined as being the people, community
groups or organisations that have some involvement in, interaction with or influence on, the
Macquarie Marshes and its related ecological system. In this context, the term ‘social’ includes
cultural, political and economic functions and structures. It also includes the organisational
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arrangements, needs, values and interests of various individuals and groups within a specific,
distinct area. Area can be defined in terms of geography, issue or problem, or subject of
interest.

This plan acknowledges the strong cultural and historical links that groups and individuals
have with the marshes. These groups and individuals include government agencies, non-

government organisations, rural industry organisations, environmental groups, individual

landholders, and people who have cultural and historical connections and interests.

So that either the effects can be reduced or some of the costs associated with change can be
negated, the following principles are proposed for guiding integration of community
priorities, values, needs and interests into management and planning:

negotiations will be held before actions are taken

negotiated actions to reduce the stress associated with change must be possible and
practical in terms of cost, personnel and time

actions should be monitored and reported against specific ecological objectives and
management responses

actions should be valued by the parties for whom they are intended

actions can draw on the experiences and skills of individuals and groups in the community
as well as existing infrastructure and resources.

7.4 Research, monitoring, evaluation and reporting

Knowledge comes from different sources. Managers and researchers in many different fields
have learnt from experience in the marshes, responding to the behaviour and condition of
the systems they manage and study (Fazey et al 2006). An important part of managing the
marshes adaptively will be effective use of different sources and types of information,
including the knowledge of landholders and Aboriginal people. Community ownership of
scientific research will be more likely if people are involved in the conception and
implementation, and at the completion of research. Information is sometimes not available,
and sometimes it is simply the case that science cannot answer the questions that managers
and policy makers ask. Strong links and effective communication between researchers,
managers and policy makers must be developed and fostered. A research plan will be
developed as part of the plan’s implementation.

Monitoring, evaluation and reporting of the effectiveness of policies and management are
essential for adaptive management. The NSW Wetlands MER Rapid Assessment technique is
just one example of a system for reporting wetland condition quickly. However, on its own, it
is not comprehensive enough for monitoring and evaluating the success of management in
the Macquarie Marshes. Water delivery must be monitored to ensure that it reaches identified
assets, and the distribution of water in the assets must be measured. The effectiveness of
environmental flow management in meeting specific objectives is of special interest,
particularly in relation to:

changes in the extent of semi-permanent wetland vegetation

the proportions of healthy and stressed semi-permanent wetland vegetation
the diversity and density of aquatic invertebrates

the diversity and density of waterbird species.
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Scientific research and monitoring activities themselves should also be evaluated for their
contribution to a broader understanding of wetland processes and functions and the uptake
of information into management actions.

DECCW is working with the University of New South Wales to develop a strategic adaptive
management and research framework for the Macquarie Marshes Nature Reserve. A goal of
this project is to address the perennial difficulty of linking management, policy and science
(Walters & Holling 1990; Rogers 1998; Johnson 2005). This process will be reviewed and
evaluated with a view to applying it to the whole of the marshes.

7.5 Regulation, enforcement and compliance

The objectives of plans or activities aimed at protecting and maintaining complex social-
ecological systems such as the Macquarie River and the Macquarie Marshes will be achieved
only if the legislation, policy and guidelines are regulated and enforced consistently, credibly
and effectively (Scholz & Stiftel 2005).

There is no shortage of responsibility or legislation for regulation and enforcement; 1& NSW,
NOW, State Water, DECCW and the Australian Government have responsibilities and powers
under legislation. However, programs for strengthening and improving coordination of the
approaches to implementation will have to continue if the full benefits of the legislation are
to be realised.

7.6 Cooperation and community participation in
management

The centrepiece of community participation in managing the marshes is the Macquarie-
Cudgegong Environmental Flows Reference Group. This group has been operating since 2002
and has become very skilled, including the critical skill of operating effectively as a group.

Its membership has grown in recent years and now includes representatives of the regional
Aboriginal community and a representative of the Australian Government as an observer.

Nevertheless, for community participation in managing the Macquarie Marshes to remain
effective, the following five key challenges should be kept in mind.

1. Striving for genuine representation by:
(@) ensuring key people and groups are involved
(b) creating an explicit statement of roles, responsibilities and expectations and
(c) providing leadership and support so the stated roles can be undertaken effectively

Designing workable and useful processes.
Including scientific, expert and local knowledge in decision making.
Developing a common understanding of the system and the challenges that it faces.

AR L

Evaluating whether decisions are effective and whether they achieve management
objectives (Scholz & Stiftel 2005).

Effective communication will be an essential part of undertaking the plan. Credible, trusted
knowledge will not be developed without strong links and communication between relevant
stakeholders.
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8 Change and management in the
Macquarie Marshes

Action is needed to arrest the decline of the marshes and ensure their ecological functions
and processes are maintained. Most of the actions required for bringing about change are not
new and many are already being implemented or planned under existing funding programs,
policy or legislation.

DECCW and the Central West CMA will carry out an annual review of implementing the AEMP
and ensure that other agencies, interest groups and individuals are involved both in the
review and implementation of the AEMP. DEWHA, 1& NSW, NOW, State Water, Aboriginal
communities and marshes landholders will be critical participants in this process.

8.1 Projects and actions identified in the plan

For the Macquarie Marshes to have a sustainable future, communities and government must
establish a shared view of the condition and the trajectory of condition of the marshes,

the causes, and useful management, research and policy responses. At the time of writing
of the plan, agreement had been negotiated for many projects and actions. Most are
uncontroversial, and some are already underway, as shown in tables 8.1-8.8 in section 8.4 of
this plan. Examples include:

1. Modifying weirs and other barriers to improve conditions for native fish.

2. Increasing the release capacity of Burrendong Dam to increase the size range of
managed flows.

3. Improvingirrigation efficiency and purchasing water from willing sellers to return water
to the environment.

4. Developing guidelines for grazing management to ensure the best outcomes from
environmental water management.

5. Establishing processes for ensuring that community members participate effectively in
river and wetland management.

For some issues, such as the regulation of floodplain harvesting, while policy directions have
been generally agreed, specific actions to implement the policy are still to be developed or
applied.

DECCW and the Central West CMA will review progress against the projects and actions in
section 8.4 and the actions necessary for delivering them, in the context of the ongoing
review and implementation of the AEMP.

8.2 Determining priorities for delivering water

Water from the Macquarie River drives the systems of the Macquarie Marshes and irrigated
agriculture, and there is not enough to meet all existing needs. It is clear that much of the
72,000 hectares of semi-permanent wetland mapped in the marshes in the early 1990s no
longer supports wetland vegetation and that most of the rest is in poor and declining
condition.

The minimum duration and frequency of inundation identified as necessary to maintain the
values of semi-permanent wetlands in the marshes is four months, in at least seven years out
of ten, requiring about seven to 10 megalitres per hectare for the long term. Watering
requirements for specific assets are defined in section 8.4. Delivering this duration and
frequency of flooding to areas of wetland under both existing and forecast conditions of
surface water availability will mean that a smaller area than has been historically mapped can
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be sustained in good condition. The policy, management and research implication is that
some areas of the marshes will need to be given priority for water.

Determining priorities for watering environmental assets is an ongoing task undertaken at a
regional level through an annual planning cycle in the context of the climatic circumstances,
water availability and environmental conditions as they evolve. The Environmental Flows
Reference Group (EFRG) is a key forum for this process.

Priorities may also be determined on a longer term basis if it becomes apparent that all areas
of the marshes cannot be sustained in the long term. This will depend on the success of water
recovery programs, the sustainable diversion limit established under the Basin Plan and
medium-term climatic circumstances that are experienced.

Priorities for delivering environmental water are determined by DECCW taking into account
the advice of the EFRG.

Establishing priorities for environmental watering on an annual and medium-term basis
will include:

1. Considering the ecological assets and values of the marshes and their water needs as
identified in this plan.

2. Anannual review of the progress with the implementation of this plan (DECCW and the
Central West CMA).

3. Reaching agreement on the condition and trajectory of condition of the marshes and
appropriate management responses (DECCW, CW CMA and EFRG).

4. ldentifying flow paths and means of delivering water to identified areas (EFRG).

5. Determining priority areas for water delivery to sustain the assets, values and character
of the marshes (DECCW, CW CMA, EFRG and affected stakeholders).

Other factors that will influence medium-term priorities identified in water-management
planning will include:

1. The ecological, social and cultural assets and values that are threatened as a result of
recent and forecast climatic conditions.

2. The capacity to support complexity and diversity within the marshes, as well as within
specific assets or areas.

3. Legislative and policy responsibilities.

4. The nature of land- and water-management activities within or along flow paths to
ecological assets, including the number and role of banks, channels, regulators and
other structures; management practices; and any formal management agreements.

5. The likelihood that identified management activities will lead to achievement of land
and water management objectives.

6. The capacity to deliver water to different areas, including existing or potential works for
directing, holding or otherwise managing water.

8.3 Delivering and managing water in the marshes

DECCW is responsible for managing environmental water allocations established under water
sharing plans and water access licences held by the NSW Government for an environmental
purpose. The EFRG established under the Water Sharing Plan for the regulated Macquarie and
Cudgegong Rivers Water Source 2003 advises DECCW about managing this water and helps
DECCW prepare an annual watering plan. NOW is responsible for developing and
implementing water sharing plans and water licensing, including enforcement and
compliance.
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Under the Commonwealth Water Act 2007, the Australian Government has established a
Commonwealth Environmental Water Holder (CEWH) to hold and manage water access
licences for environmental purposes in accordance with the environmental watering plan
which will be part of the Basin Plan to be prepared by the Murray-Darling Basin Authority
(MDBA). The Basin Plan will also establish Sustainable Diversion Limits for water sources
within the basin which are expected to be lower than existing diversion levels. The
Commonwealth Environmental Water Holder is already a substantial and important holder of
environmental water in the Macquarie Valley.

Governments, through the Murray-Darling Basin reform intergovernmental agreement,
signed in 2008, have agreed to cooperate on environmental water management. In early
2009, DECC (now DECCW) and the CEWH signed a memorandum of understanding to ensure
close cooperation on Commonwealth, state and territory environmental water planning and
management.

Extensive public and private works have been built to manage water; to direct, control,
harvest and store flows, and to control channel erosion, from Marebone Weir to the northern
nature reserve (DNR 2006; Hogendyk 2008; Steinfeld & Kingsford 2008). Although many of
these works are essential for managing the marshes, some are of either limited or of no
benefit to the marshes and some may have to be modified or removed to protect assets.

In some cases, new works will be needed.

An environmental allocation has existed in the Macquarie Valley since 1967 and has been
actively delivered to the marshes since 1980. Many members of the Macquarie community have
considerable expertise in managing environmental flows and will contribute to operational
plans either at a site or on a broader wetland scale. Vegetation mapping and digital elevation
and hydrodynamic models currently being developed will be especially useful when priorities
for watering are being developed and annual watering plans are being prepared.

8.4 Tables of project and actions

The aim of this plan is to guide restoration of ecological structure and function of the
Macquarie Marshes. In the plan, assets and their water needs are identified. It provides a
broad context for a number of projects and actions that, when undertaken, will make an
important contribution to a sustainable future for the Macquarie Marshes and the Macquarie
River (see tables 8.1-8.9). This plan does not include directions for how the projects will be
undertaken; it simply identifies them and explains why they are important. The projects

and actions can be viewed as modules of the AEMP. Modules of particular importance, and
necessary to achieve its objectives, include:

1. Areview of the Macquarie Marshes Nature Reserve plan of management.
2. The Pillicawarrina restoration project.

3. An ecological character description of Ramsar site and review of the Ramsar information
sheet.

Projects for managing water and land in the north, south and east marshes.
Guidelines for managing breeding of colonially nesting waterbirds.

4
5

6. Guidelines for grazing management.

7. Aproject for restoring fish habitat in the Macquarie River and Macquarie Marshes.
8. A strategic research plan for the Macquarie Marshes.

9. A monitoring and evaluation program for the Macquarie Marshes.

10. A strategic compliance project for the Macquarie Marshes.

11. A communication plan for the Macquarie Marshes.

8 Change and management in the Macquaries Marshes 79
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1.0 Background

The Murray Valley Annual Environmental Water Plan for 2011-2012, hereafter referred to as ‘the
Plan’, outlines the proposed use of Adaptive Environmental Water (AEW) and the Murray
Regulated River Water Sources Additional Environmental Allowance (Murray AEA) in the NSW
Murray Valley for the 2011-2012 season. The Plan identifies a number of wetland sites (private
and public) that would benefit through receiving an allocation of AEW or AEA. Volumes of water
required for each asset has been estimated and included in the Plan.

The Office of Environment and Heritage (OEH) currently manages up to 32,027 megalitres (ML)
of Adaptive Environmental Water within the Murray Valley on behalf of the Minister for
Environment. The water is held in two AEW licences — a river conveyance licence which has a
maximum share of 30,000 ML and a high security licence which has a maximum share of 2,027
ML (Table 1). The OEH can also call upon the use of the Murray AEA, which is linked with high
security licence allocations. In addition the OEH facilitates the management of water held by the
Commonwealth Environmental Water Holder (CEWH) on behalf of the Commonwealth
Department of Sustainability, Environment, Water, Populations and Communities (SEWPaC),
water allocated for The Living Murray (TLM) icon sites located in NSW and any water donations
made by the public.

Table 1. Summary of Adaptive Environmental Water licences held in the

AEW River Conveyance WAL 9422 / 50AL503537 30,000

AEW High Security WAL 9423/ 50AL503538 2,027

Several wetland sites located in NSW National Parks (currently managed by National Parks and
Wildlife Service (NPWS)) are watered using a combination of TLM water allocations,
Commonwealth allocations and/or AEW. These assets are monitored by NPWS staff and/or
contractors commissioned by NPWS.

This Plan has been developed in conjunction with, and is supported by, the Murray Lower
Darling Environmental Water Advisory Group.

1.1  Primary Objectives for AEW Use

The primary objectives for the provision of AEW to wetland habitats within the NSW Murray
Valley are:

1. To improve and/or maintain the condition of a diversity of wetland types within the
NSW Murray Valley;

2. To prevent the further decline in stressed wetland vegetation communities, in
particular River Red Gum, Black Box and Lignum communities;

3. To increase and/or maintain the abundance and diversity of understorey wetland
vegetation communities (in both wet and dry phases),

4. To reinstate a wetting/drying cycle for natural ephemeral floodplain wetlands that
have been negatively impacted by river regulation and/or severe drought conditions;
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5. To provide habitat for wetland-dependant fauna including endangered species such -
as the Southern Bell Frog (Litoria raniformis) and Regent Parrot (Polytelis
anthopeplus);

6. To compliment naturally occurring high river flows that provide a benefit to
wetland/floodplain dependant fauna and flora communities by increasing duration
and/or extent of inundation;

7. To minimise adverse impacts that highly fluctuating flow rates may have on naturally
triggered breeding events, in particular for colonial nesting waterbirds and/or native
fish populations, and;

8. To assist in furthering management understanding of biological processes and
functions within wetland/riverine habitats that will inform future management of
environmental water allocations.

1.2 Wetland asset selection

All wetland sites are assessed prior to being listed to receive AEW in the NSW Murray Valley.
The site selection process looks at a number of aspects under four main headings — Ecological
Considerations, Management of Wetland, Landholder Interest / Community Values and
Logistics/Feasibility.

i.  Ecological Considerations:

e Site condition (current) — vegetation, fauna, groundwater issues, adjacent land
practices, hydrological regime, impacts;

¢ Vegetation — overall community diversity, abundance and structure; presence of
any rare, threatened or endangered species;

e Fauna - overall community diversity, abundance; presence of any rare,
threatened or endangered species;

e Hydrology — natural hydrological regime, past watering/flooding history, last
inundation event (artificial/natural), connectivity to main water source/other
wetlands, volume of water required;

e FEcological or conservation values — at local and/or regional scales, includes
national or international agreements, and

e Impacts / Risks- that may be encountered if watering was to proceed, or not
proceed.

ii. Management of Wetland:

e Stock management — stock are typically excluded during watering projects and
for specified period after surface waters have dried, by agreement with
landholders, to maximise ecological response;

e Management plans — desirable but not essential;

e Long-term management aims of site.

ii.  Landholder Interest / Community Values:
o lLandholders are to be supportive of the watering activities and permission
