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culture and lifestyle.

We recognise Traditional Owners as the first managers of Country.
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the region is a significant step towards closing the gap.
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focus to a Country-centred approach; respecting, recognising and
empowering cultural and traditional Aboriginal knowledge in water
management processes at a strategic level.

We show our respect for Elders past and present through thoughtful and
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that if we care for Country, it will care for us.
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Executive Summary

The NSW Government is developing 13 regional water strategies that bring together the best
and latest climate evidence, with a wide range of tools and solutions to plan and manage each

region’s water needs over the next 20 to 40 years.

The draft Murray Regional Water Strategy (DPIE 2022a) and an extensive list of options were
released in April 2022 (DPIE 2022b).

This report provides the outcomes of hydrological assessment that was undertaken to
understand the impact of options on existing water supply risks to water users in the

catchment, as well as to feed into the economic and ecological assessments of the options.

We assessed water security and changes in flow regimes in the Murray River system for 3

plausible climate scenarios:

1 aninstrumental historical climate (hereafter referred to as ‘historical climate’). Thisis
based on observed meteorological recordings and simulated flow at headwater gauges
and mainstream residual catchments from 1890-2020. We obtained the simulated flow
at those gauges from calibrated rainfall runoff models, which are used to extend and

replicate observed data.

1 along-term historical climate. This scenario assumes our future climate will be similar
to what science indicates our long-term paleoclimate was like and is based on a 10,000-

year data set.

9 adry future climate. This assumes a future worst-case dry climate change scenario. The
dry future climate scenario was developed by adjusting the long-term historical climate
scenario rainfall, temperature, and evapotranspiration data according to regionally
downscaled factors generated from the Dry future (NARCIiM 1.0) project.

We modelled a base case and 2 options. One option was assessed by modelling several
variations. All hydrologic and water supply assessment modelling was done using the Murray
River system model, which was built using the eWater Source modelling platform. This model
was developed by MDBA as a tool to plan and evaluate water resource management policies at
ariver-system scale. It can be applied to regulated and unregulated streams and can address

water quality and environmental issues as well as water quantity issues (Welsh et al, 2012).
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Glossary

AHD (Australian Height Datum) is the first and only national height reference in Australia.

ASY (active storage volume) is the volume of storage that can be regulated from a dam, or the

volume of water that is stored above dead storage volume.
airspace is a volume in a water storage that is kept empty for the purpose of flood mitigation.

allocations are given though an announcement that specifies the volume of water allocated to
water access entitlements. An announcement could increase, decrease, or leave unchanged

the quantity of water allocated.

annual permitted take has the same meaning as it has in section 6.10 of the Basin Plan which
is the maximum quantity of water for a water accounting period permitted to be taken by each
form of take for consumptive use from the SDL resource unit using a specific methodology set
out in the Water Sharing Plan for the New South Wales Murray and Lower Darling Regulated
Rivers Water Source 2016.

available water means the water that is available in that area or water source in accordance

with an available water determination that is in force.
available water determination is an order in writing that is a determination:

M to the availability of water for one or more categories or subcategories of access
licences in relation to one or more specified water management areas or water

sources and/or

1 while an order is in force during severe water shortages (suspension of WSP) or
suspension of Basin management plans during extreme events as to the availability of
water for one or more individual access licences in relation to one or more specified

water management areas or water sources.

Barmah-Millewa Allowance (B-MA) is the NSW contribution to the Barmah-Millewa forest and
is described in section 27 of the Water Sharing Plan for the New South Wales Murray and Lower

Darling Regulated Rivers Water Source 2016.

Basin Plan means the Basin Plan 2012 made under section 44 (3) (b) (i) of the Water Act 2007

of the Commonwealth.

BDL (baseline diversion limit) means the baseline limit of take from an SDL resource unit. This
baseline limit for a surface water SDL resource unit, which for the regulated Murray and
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Lower Darling River is the quantity of water calculated in accordance with item 14, column 2
of the table in Schedule 2 of the 2012 Basin Plan.

Cap is the average annual volume of water extraction for consumptive purposes
corresponding to river system infrastructure, and user infrastructure and behaviour, at

1993/94. This is an upper bound on diversions for valleys in the Murray-Darling system.

Carryover is an arrangement that allows a water access licence holder to retain water
allocations not taken in a water accounting period for possible take in the next water
accounting period. It gives the water entitlement holder a right to a share of space in storage
dams and the right to retain any unused water for use in a later year. There are several carry

over arrangements in the Murray River water sharing plan:
1 General security, regulated Murray river: 0.5 ML/unit share.

1 General security, regulated Lower Darling river: 0.5 ML/unit share plus the storage
volume of on-farm storages supplied by works nominated on the access licence less

the volume of water contained in the on-farm storages at the end of the water year.

Combined Menindee Lakes is a combination of Copi Hollow, Lake Cawndilla, Lake Menindee,
Lake Pamamaroo, Lake Speculation and Lake Wetherell water storages that have the same
meaning as set out in Part Xlll paragraph 137 of the Act.

Conveyance is an access licence type in the regulated Murray River system. It is described in
section 23 and 47 of the Water Sharing Plan for the New South Wales Murray and Lower Darling
Regulated Rivers Water Source 2016.

Dartmouth Dam water storage as detailed in Schedule A of the Act.

Domestic and stock is an access licence type in the regulated Murray and Lower Darling River
system. It is described in section 18, 20 and 44 of the Water Sharing Plan for the New South
Wales Murray and Lower Darling Regulated Rivers Water Source 2016.

DSV (dead storage volume) is water storage that is stored below the level of the lowest outlet

(the minimum supply level). This water cannot be accessed under normal operating conditions.

environmental flows are regulated water supplied for specific environmental outcomes at

identified locations in the Muray and Lower Darling River system.

environmental water refers to a portfolio of water access licences used to achieve
environmental outcomes. In the Murray and Lower Darling River regulated system this

includes general security, regulated river conveyance, high security.

flow regimes mean (collectively) the magnitude, duration, frequency, and pattern of flows that

characterise a river or water source.
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FSV (full storage volume) is the maximum volume of water that can be held in a storage with
an ungated spillway without an uncontrolled spill, or for a storage with a gated spillway, the

volume at desighated maximum operating level.

general security effective allocation is the sum of available water determinations made for
regulated river (general security) access licences in the water year and the water carried over
in the regulated river (general security) access licence water allocation account from the
previous water year, divided by total regulated river (general security) access licences unit

shares.
GL means gigalitres (10° litres, or 1,000 megalitres).

GS (general security) is a type of access licence in the regulated Murray and Lower Darling
River system. It is described in section 23 and 41 of the Water Sharing Plan for the New South
Wales Murray and Lower Darling Regulated Rivers Water Source 2016.

HEW (held environmental water) is generally taken or permitted to be taken under a licence. It

can be high security or general security or conveyance.

HS (high security) is an access licence type in the regulated Murray and Lower Darling River
system. It is described in section 24 and 48 of the Water Sharing Plan for the New South Wales
Murray and Lower Darling Regulated Rivers Water Source 2016.

Hume Dam water storage as detailed in Schedule A of the Act.

hydrological modelling is the characterisation of hydrologic features and systems as
described by mathematical analogues and computer simulations. It simplifies real-world

systems to support our understanding, predictions, and management of water resources.

inflows are water flowing into a storage (dam, reservoir, or lake) or river system. Inflows can
result from natural catchment rain or snow that runs off into tributary creeks and rivers or
regulated (where releases from storages or other infrastructure such as pipes or power
stations upstream of or outside the system or storage influence or control arriving flow).
Inflows are measured by gauges deployed just upstream of their junction point or connection
into the system or storage. Inflows to storages can also be estimate mass balance -

considering change in storage volume, evaporation, and releases.

IPO (Interdecadal Pacific Oscillation) is a large-scale, long-period oscillation that influences
climate variability over the Pacific Basin. The IPO is multi-decadal, with phases lasting around
20-30 years.

IVT (Murrumbidgee inter-valley transfer) is an account of the net trade from the
Murrumbidgee River system. The Murray-Darling Basin Authority draws water from the

Murrumbidgee when required for Murray River system operations, and the IVT account is
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debited accordingly. The maximum balance of the IVT account is 100 GL. For modelling
purposes there is a node below Balranald that orders IVT to be transferred to the Murray River

system.
Lake Victoria water storage as detailed in Schedule A of the Act

LTAAEL (long-term average annual extractive limit) is a limit on average annual extractions
from a water source over a defined assessment period. In water sharing plans for inland
regulated river surface water, LTAAELSs are the lesser of long-term annual extractions under
Cap conditions (which reflect irrigation development, operation, and management rules in
1993/94, or irrigation development, and management rules in the early 2000s). Each type of

water source —regulated, unregulated and groundwater — has its own LTAAEL.

LWU (local water utility) is a water supply authority that is usually a local government council
or county council exercising water supply functions under Division 2 of Part 3 of Chapter 6 of
the Local Government Act 1993 or a licensed network operator within the meaning of the Water
Industry Competition Act 2006. It is an access licence type in the regulated Murray and Lower
Darling river systems. It is described in section 21 and 45 of the Water Sharing Plan for the New

South Wales Murray and Lower Darling Regulated Rivers Water Source 2016.

MIL (Murray Irrigation Limited) is a bulk water entitlement owned by a not-for-profit company
that delivers water and services to landholdings and the environment via gravity fed earthen
channels within the NSW Murray Regulated River Water Source across the southern Riverina

(https://www.murrayirrigation.com.au).
ML means megalitres (10° litres, or 1,000,000 litres).

Murray and Lower Darling water sharing plan is the Water Sharing Plan for the New South
Wales Murray and Lower Darling Regulated Rivers Water Source 2016.
(https://legislation.nsw.gov.au/view/html/inforce/current/sl-2016-0366).

physical constraint means a natural formation or a physical structure (for example, a pipe,

bridge, or channel) that limits the volume of water that can pass a given location.

RAR (required annual release) is a volume of water that must be released by Snowy Hydro
Limited (SHL) each Snowy water year. It is described in section 12.2 of the Snowy Water

Licence, amended 18 November 2020.

RWS (regional water strategies) are part of DCCEEW’s program of work to identify the critical
challenges we must address over the coming decades and outline how we will respond to

these challenges.

regulated river is a river that has been declared (in accordance with the Water Management
Act 2000 and by the Minister, by order published in the Gazette) to be a regulated river.
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Generally, it is a gazetted length of a watercourse containing water delivered by the operator
of a state-owned storage. For the purposes of the Basin Plan, the river must have been

declared regulated before the Basin Plan commenced.

regulated system means a surface water system in which water in a watercourse can be
stored, or flow levels controlled, through the use of structures such as dams, weirs, and

diversion infrastructure.

return flows are water returned to the river from floodplains and wetlands and (for diverted

surface water) water trickling back into the river through channels, drains and creeks.

reliability refers to the frequency with which water allocated under a water access

entitlement is able to be supplied.

river system is the larger network of streams, storages, rivers, and water users that are part

of a larger river’'s network of water use, infrastructure, tributaries, and distributaries.

river system model is a computer software tool that simulates the flow and behaviour of
water in a river system, and how water moves through and controlled in the river channel and
associated floodplains, wetlands, and anabranches. Models consider extraction from the river,
and losses and gains as water moves through the landscape.

SCS (Southern Connected System) is a network of rivers that feed into the Murray River. The
network includes outflows from the Snowy scheme, the Kiewa, Ovens, Goulburn, Campaspe,
and Loddon rivers in Victoria, and the Murrumbidgee River, Edward-Wakool rivers, and Darling

River below Menindee.

SDL (sustainable diversion limit) is a limit on the amount of water that can be used by Basin
towns, communities, farmers, and industries long term, while leaving enough water in the river

system to sustain natural ecosystems. SDLs are set at catchment level.

SDL compliance is assessed at the end of every water year. Assessment involves calculating
the maximum volume of water permitted to be taken, and the volume actually taken, each
year. The difference between these 2 volumes is recorded in a register of take as a credit or
debit, depending on whether actual take is less than or greater than permitted take. A
cumulative balance is established that varies according to each year’s credit or debit. An SDL
resource unit is considered to be noncompliant when the cumulative balance is in debit by any

amount equal to or greater than 20% of the SDL for that unit.
security refers to how often water under a water entitlement is able to be allocated in full.

Sleepers are completely inactive entitlement licences —that is, they do not consume or take

water. Where less water is taken than the entitlement allows, we refer to them as ‘dozers.’
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SHL (Snowy Hydro Limited) is the company that manages the Snowy scheme
Snowy scheme (the) is the Snowy Mountains Scheme.

Stochastic refers to a statistical method of creating artificial data records with the same
characteristics as the original historical record, but with different sequences and durations of
events such as droughts and floods. Stochastic data are useful for testing system
performance against possible future climate as likely to occur as the past climate, but with
different sequences. They also allow better estimates of economic impacts of climate

(including current climate).

Supplementary water event means a period during which the taking of water under
supplementary water access licences or supplementary (Lowbidgee) access licence is
permitted in all or part of the water source. These are effectively surplus flows that cannot be

captured or ‘re-regulated’ into storage. These were previously known as off-allocation events.

Supplementary water access licence is an access licence type that entitles its holder to
shares of water from a regulated river after an event has been declared. It is described in
Division 2 section 54, Part 5 division 25 and 49 of the Water Sharing Plan for the New South
Wales Murray and Lower Darling Regulated Rivers Water Source 2016.

SWIOID is the Snowy Water Inquiry Outcomes Implementation Deed.

underutilisation occurs when a water entitlement or allocation is not completely used. It is
often cited as an issue arising from complicated trading rules. Historically, irrigators in the
Murray-Darling Basin have only used around 70% of their water allocations. Increased
utilisation of permanent water entitlements leads to both less water in storages and rivers
and has an impact on future water allocations, which can be a significant driver of water

market demand. It also has implications for SDL compliance.

water allocation is the right to access a volume of water in a water year (1 July to 30 June). It is
the water to which the holder of an access licence is entitled from time to time under the
licence as recorded in the water allocation account for the licence and is the percentage of a
water entitlement that can be taken from the river that year. Under some types of licence
allocations can be used, traded, or carried over. Allocations change depending on how much

water is available.

water allocation account is an account against which water is credited when it is made
available under an available water determination, traded from an access licence, transferred

from interstate, or credited from water return flows.
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water entitlement is an ongoing right to receive up to a certain volume or share of available
river system water in a year, up to a maximum amount. Entitlements can be bought or sold

permanently or temporarily. Once sold, the seller loses their right to that water.

water storage is a dam, weir, or other structure which stores water and can be used to

regulate and manage river flows.
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1.Introduction

This report outlines hydrologic modelling done to understand supply risks posed to water users by
Murray and Lower Darling regulated river system infrastructure options, using the Murray eWater
Source River System Model (SMM).

Hydrological modelling is a key input to the development of the final Murray Regional Water
Strategy. The modelling provides part of the evidence for options being included in the proposed
shortlist of actions identified in the Murray Regional Water Strategy: Short-listed actions for the
Murray region: Consultation Paper (DCCEEW, 2024).

We modelled a base case and 2 options. We present modelling results for each option (and for
several variations of one option) in sections 5 and 6 of this report.

Section 7 summarises results of our modelling of the impact of long-term climate and climate
change on the base case and selected options.
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2. Background

NSW Murray region

The NSW Murray region (Figure 1) runs along the southern border of NSW from the Snowy River
Valley on the eastern side of the Great Dividing Range to the far west. The region varies from
mountainous terrain in the east to open plains in the west. Extending across 40,400 km2, the region
is home to around 110,000 people and the key regional centres of Albury, Deniliquin, and Moama, as
well as smaller regional towns like Corowa and Jindabyne. The region is bounded by the
Murrumbidgee and Darling River catchments to the north, Victoria to the south and east, as well as

South Australia to the west.

The east to west extent of the catchment stretches from mountainous terrain with high rainfall to
very flat, semi-arid plains in the west, resulting in large variations in rainfall and climate conditions.
Rainfall in winter and spring (July to November) and additional spring snowmelt in elevated areas of
the east are critically important for inflows into Hume Dam. This reliance on winter-spring rainfall

contrasts with the summer dominated rainfall and storms experienced in northern NSW.

Rainfall in the NSW Murray Region varies year to year and shows distinct dry and wet periods, some
spanning 10 to 20 years, over observed historical records. Although the recent drought between
2017 and 2020 was less severe in the NSW Murray Region than in northern NSW, the region has
experienced an overall decline in inflows over the past 20 years which has reduced in water
availability in the region. To illustrate, half of the driest years on record have occurred in the past 20

years.

The Murray River is Australia’s longest river, originating in the Australian Alps and running a course
of approximately 2,500km to the Southern Ocean at Goolwa in South Australia. The region is
supported by multiple sources of water, including the regulated Murray, Edward Kolety, Wakool and
Niemur rivers, outflows from the Murrumbidgee River, Billabong Creek and Lower Darling River as
well as from Victorian tributaries including the Mitta Mitta and Kiewa Rivers. There are also a range
of unregulated rivers and creeks that support the region. This includes the Geehi, Swampy Plains

and Tooma rivers and Tumbarumba Creek in the upper Murray, and the Eucumbene, Thredbo,
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Mowamba, Snowy, Bombala and Delegate Rivers in the Snowy-Genoa catchments, as well as several

groundwater sources.

Figure 1. Map of the Murray region
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Lake Victoria

Dartmouth Dam

High in the Australian Alps, the upper Murray has several unregulated rivers and creeks as well as
small pockets of groundwater in shallow alluviums and fractured and porous rocks, which support a
diverse environment from alpine grasslands and wetlands to heavily timbered forest. Most of this
area is designated national park and state forest and hence sparsely populated. Water availability in
most rivers and creeks in the upper catchment is closely linked to the variability of rainfall and the
area is susceptible to short intense droughts and intense bushfires. Any changes to winter and
spring rainfall/snowmelt would have implications for water users downstream, as the upper

catchment generates much of the runoff into the regions’ major storages.

From Hume Dam (upstream of Albury) to Wentworth, the Mid-Murray consists of expansive
floodplains and anabranches, including the Edward Kolety, Wakool and Niemur rivers that
eventually return to the Murray River further west. In this part of the catchment, the Murray River is
also joined by significant tributaries from Victoria (the Kiewa, Ovens, Goulburn, and Campaspe
rivers). Groundwater occurs in shallow and deep alluvium associated with the major rivers and
creeks as well as in underlying porous rocks. This area is highly developed with some of the region’s
largest regional centres including Albury, Deniliquin and Moama and many significant dryland and
irrigated agricultural industries located within the region. Water availability in the mid-Murray is
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highly dependent on inflows into the southern connected storages (including storages outside of
the NSW Murray region) and the rules of the Murray-Darling Basin Agreement.

The lower Murray starts at the confluence of the Murrumbidgee River with the Murray River and
flows along the semi-arid Mallee plains, is joined by the Darling River to the South Australian border.
Although not part of the NSW Murray regional water strategy area, the Menindee Lakes system is
an important storage that is used together with Lake Victoria/Taru to meet consumptive and
environmental demands in the lower Murray and lower Darling rivers. Significant growth in irrigated
nut plantations (both on the NSW and Victorian sides of the Murray River) has occurred within this
area in recent years. Large quantities of often highly saline alluvium groundwater also occur in this

part of the Murray catchment.

The development of water resources and the extensive regulation of the river system have altered
the flow regimes and impacted key environmental assets in the region. With the construction of the
Snowy Scheme the health of the Snowy River declined significantly for decades. In response, the
Snowy Water Inquiry was held in 1998 and resulted in environmental flow rules that would see more
water and higher flows delivered to the Snowy River from a new outlet at Jindabyne Dam.
Environmental flows have improved the health and condition of the Snowy River by removing fine
sediment and restoring scouring pools and riffles providing essential habitat for water dependant

animals including native fish, platypus, and macroinvertebrates.

Similarly in the Murray River, construction and operation of dams and weirs combined with
extraction of significant volumes of water have negatively impacted the riverine environment, its
ecosystems and flora and fauna. In particular, the floodplain forests and fish and waterbird

populations have declined significantly in terms of their extent and resilience.

The NSW Regulated Murray River has a large volume of licensed environmental water entitlements
(421 GL in registered entitlements by the Commonwealth Environmental Water Holder and around
252 GL by NSW agencies. These entitlements are managed for the benefit of the environment, to
deliver water to specific sites like wetlands, and support ecosystem functions. In addition, there are
also the Murray River Increased Flows and Snowy River Increased Flows, the Barmah-Millewa Forest
Environmental Water Allocation and Victorian and South Australian held environmental water able
to be used in NSW when required. Planned environmental water in the NSW Murray Region is
equally important to the environment and is managed through several rules in the regulated water
sharing plans. Effective delivery of environmental water is a challenge due to factors including
physical constraints, barriers, and associated flow management within the regulated river; and
balancing water demand and timing of delivery to many users —including agriculture — with the
needs of the environment.
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Aboriginal people in the region rely on water for their health, wellbeing, and connection to Country.
Aboriginal people consider that current water access licences are unable to meet the full spectrum
of their spiritual, cultural, environmental, social, and economic needs, as defined by the 2007
Echuca Declaration.! Aboriginal people also seek more opportunities to manage water using their
cultural knowledge and improved economic opportunities, either as licence holders or as partners in
decision making. The Murray regional water strategy is an opportunity to consider how to better

meet the needs and aspiration of Aboriginal people in the region.

Managing water in the NSW Murray region

Water management in the NSW Murray Region is highly complex. Interstate agreements and rules
govern how water in the Murray River catchment is shared between NSW, Victoria, and South
Australia (including releases from the Snowy Mountains Scheme). The Murray-Darling Basin
Authority is responsible for managing the jointly owned assets (waterways, storages, weirs, and
locks) of the Murray River system in accordance with the Murray-Darling Basin Agreement (MVDBA
2012) and the direction of the NSW, Victorian and South Australian governments. The NSW Murray
Region is part of the Southern Connected System (SCS) (Figure 2), a network of rivers that feed into
the Murray River between Hume Dam and the South Australian border. Interstate agreements and
rules govern how water in the Murray River catchment is shared between NSW, Victoria, and South
Australia. Interaction with water managers in the ACT, and the Snowy scheme, is governed by other

relevant rules.

There is a long history of collaboration between state and federal agencies to manage the SCS.
However, cross-border water management at such a large scale can be challenging. Changes to the
Murray-Darling Basin Agreement (the Agreement; MDBA, 2006) must be unanimously agreed to by
the Murray-Darling Basin Ministerial Council, which comprises members from all Basin states (New
South Wales, Victoria, South Australia, Queensland, and the Australian Capital Territory) and the
Commonwealth.

MLDRIN 2018. Echuca Declaration 2007. Online: https://mldrin.org.au/wp-content/uploads/2018/07/Echuca-Declaration-
Final-PDF.pdf
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Figure 2 The NSW Murray Region as part of the Southern Connected System
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The Agreement is part of the Federal Water Act 2007 (Parliament of Australia, 2007) and embodies
the longstanding agreement between NSW, Victoria, and South Australia to share the water of the
Murray River and the rivers that flow into it. Schedule 1 of the Water Act 2007 sets out rules by which

the Basin states agree to share water in Basin rivers. The agreement addresses the sharing of:

1 NSW tributary inflows into the Murray River downstream of Albury, including the Murrumbidgee
River and Billabong Creek

71 inflows to the Menindee Lakes

1 inflows to the Murray upstream of Albury.

The Agreement also provides:

1 adefinition of water available from the Snowy scheme to the Murray River system (i.e. water
from the Eucumbene, Tooma, upper Murrumbidgee, and upper Tumut rivers)

9 rules for interstate water trading between in the southern connected system

1 requirements for implementing the Basin Salinity Management Strategy 2030 (BSMS2030),

including end-of-valley salinity targets for each valley in the southern connected system.

The Agreement’s broad water-sharing arrangements have remained the same since the original
agreement was established in 1914. Other than changes made in 2011 to address issues identified

during the Millennium drought, the last substantive change occurred in 1970 after 10 years of
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negotiations and led to the construction of Dartmouth Dam and an increase to South Australia’s

water entitlement.

In preparation for corporatisation in 2002 the Snowy scheme operator, Snowy Hydro Limited (SHL),

was issued with a package of agreements, licences, and other regulatory instruments including the:

Snowy Water Inquiry outcomes implementation deed (SWIOID; NSW Government, 2002)
Snowy water licence (NSW Government, 2020)
Snowy Compensation Deed

Blowering airspace deed (NSW Government, 2002)

= =4 4 -a -2

bilateral deed.

The Snowy water licence was initially issued on 30 May 2002 under the Snowy Hydro Corporatisation
Act 1997 (NSW) and updated in 2010 and 2020. The licence defines SHL's water rights and
obligations and strikes a balance between competing demands for water for hydroelectricity
generation, consumptive use, and the environment. The licence allows SHL to collect, divert, store,
and release water by and from Snowy scheme works for the 75-year term of the licence. The licence
also defines the rules for releases into the Murray and Murrumbidgee rivers and imposes
environmental flow release obligations on SHL for the benefit of the Snowy River and other rivers in

the Snowy Mountains.

Water in NSW is managed and shared under the Water Management Act 2000 (the Act), with specific
water sharing rules set out in water sharing plans. The Act sets out how we prioritise water sharing
during normal operations. The highest priority is the environment, followed by basic landholder

rights.

During extreme events, such as prolonged droughts, these priorities change. Basic landholder rights
and essential town water services (authorised by an access licence) become the highest priority in
the Basin, followed by the environment. Priority changes are triggered when a water sharing plan (or
part of a plan) is suspended. The aim is to operate within plan rules for as long as possible, as they

provide clarity for all users of the water sources.
Water sharing plans currently in operation in NSW for the Murray and Lower Darling region are:

T NSW Murray-Darling Basin Porous Rock Groundwater Sources (2020) (NSW Government, 2020).

1 NSW Murray-Darling Basin Fractured Rock Groundwater Sources (2020) (NSW Government,
2020).

The Basin Plan 2012 establishes sustainable diversion limits (SDLs) which set how much water can be

taken, on average, by towns, communities, and industries from Murray-Darling Basin water sources,

thus leaving enough water to sustain natural ecosystems. SDLs were set for 29 surface water and
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80 groundwater areas across the Murray-Darling Basin, informed by the best climate, past water

use, water infrastructure and trade pattern information available at the time.

Extractions in the region are managed so that they remain within the SDL, irrespective of licensed
entitlement volumes. SDLs also ensure that, where a new regional water strategy option involves
the potential to use more water, rules will apply to keep water use within limits. Modelling for each

option addressed in this report accounts for the need to keep overall water use within SDLs.

The Basin Plan includes a Sustainable Diversion Limit Adjustment Mechanism (SDLAM) that allows
SDLs to be increased by a maximum of 5% by implementing a suite of supply and efficiency

measures.

Modelling the Southern Connected System

The SCS is represented by a suite of models including models of the Snowy Scheme and the upper
Murrumbidgee, Murrumbidgee, Goulburn-Broken-Campaspe-Coliban-Loddon, Ovens, Kiewa, and
Barwon-Darling river systems (DPIE, 2023). These models run on a range of modelling platforms and
at different time steps (daily, weekly, and monthly). There are multiple points of feedback between
the Snowy Scheme, Upper Murrumbidgee, Murrumbidgee, and Murray models. The models are run
through 3 iterations to address this feedback and ensure convergence is reached. Figure 3 shows

how information flows between the models for each of the iterations.
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Figure 3 Modelling the Southern Connected system
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3. Assessment framework

Modelled options

Chapter 4 of the Draft Regional Water Strategy: Murray (DPIE, 2022) lists 44 options to be
considered. A subset of 3 of these options were modelled (detailed in Table 1) because only those

options had quantifiable impacts on hydrology, economic and ecohydrological factors, and therefore

were deemed suitable for modelled assessment.

Each of the options in Table 1 were modelled using the historical climate, the long-term (stochastic)

and the dry future climate (NARCIiM) datasets.

Table 1. Options assessed using hydrologic modelling for the draft NSW Murray Regional Water Strategy

Category Description

Base Case

Option 10 - Investigate
Murray River system water
sharing, delivery, and
accounting arrangements

Option 13 - Investigate
Water Access Licence

conversion

Current conditions as codified in the 2020 Water Sharing Plan (1/7/1891-
30/6/2020), infrastructure and policy settings, with held environmental
water (HEW) represented as irrigation use and Barma-Millewa forest and

The Living Murray represented as environmental use

Only one sub-component of this broader option was modelling - to
investigate the potential benefits and impacts of switching off the
Additional Dilution Flows to South Australia.

Assess the potential risks and benefits of allowing voluntary conversion
from general security (GS) to high security (HS) water access licences in the

Murray regulated river, for the following 2 variations:
a) 10% of GS entitlement converted to HS entitlement

b) 20% of GS entitlement converted to HS entitlement.
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Climate datasets

To support the development of the draft NSW Murray and Murrumbidgee regional water
strategies, this document presents the results of climate and baseline hydrological modelling
of 3 plausible climate scenarios, and their respective implications for regional water resources.
The 3 climate scenarios are:

il the historical climate as reflected in instrumental observations (hereafter referred to as
historical climate) - results presented in sections 4 and 5

il the long-term historical climate - results presented in section 6.

i a dry future climate - results presented in section 6.

Historical climate

The historical climate scenario is based on more than 130 years of recorded daily rainfall,
temperature, and evaporation data (1889-2020). This climate scenario helps us understand how
climate challenges and proposed regional water strategy options would respond if future climate
repeats recorded climate conditions.

Long-term historical climate

The long-term historical climate scenario is derived stochastically from historical daily climate data

and paleoclimate information including:

1 500 years of climate pattern data detected in paleorecords such as tree rings, river
sediments, cave deposits, ice cores and other long-term climate signals. This data shows us
that both longer and deeper droughts and stronger wet periods (as compared with recorded
climate) occurred before climate observations began.

1 records and scientific knowledge of major southern Murray-Darling Basin climate drivers,

including the Interdecadal Pacific Oscillation (IPO).

This climate scenario helps us understand how proposed regional water strategy options would
respond to climate challenges under the extremes of droughts and wet periods indicated by the

500 years of paleorecords of climate data.

Dry future climate

The dry future climate scenario was developed by adjusting long-term historical climate scenario
rainfall, temperature, and evapotranspiration data using regionally downscaled factors generated
from the NSW and Australian Regional Climate Modelling (NARCLiM) 1.0 project.
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The dry future climate scenario adopted is Special Report on Emissions Scenarios (SRES) A2 (a high
carbon emissions scenario), and thus results in higher projected climate change impacts on the
region in 2060-2079. We selected this emissions scenario for the NSW regional water strategy
program to understand how a drying climate would impact regional water resources, and how
different regional water strategy options would perform. The scenario is not a climate change
forecast, but rather one of the possible future outcomes our long-term water strategy must

recognise.

Outputs for option assessment

We interpreted each option’s performance using the metrics presented in Table 4. Third-party
impacts on different licence classes were assessed using mean annual diversions. The SDL
assessment period and mean annual diversions are aligned over the period 1/7/1895-30/6/2010.
Allocations were used to assess changes to allocation reliability. We used storage information to
assess impacts on combined Dartmouth, Hume and Lake Victoria/Taru and the combined Menindee
lakes, and supply reliability. Streamflow locations were selected to represent alterations in the flow
regime at key locations throughout the regulated Murray and Lower Darling River system. Changes
to cross border flows would have subsequent impacts for South Australia but these were not

assessed.
The metrics are divided into 4 groups (Table 4):
1. Average annual water diversions
Average annual environmental water delivery

Average allocations for different NSW licence classes at key dates during the water year

Storage behaviour

o~ 0D

Flow at key gauge sites

The average annual water diversions consider the different NSW licence classes in the lower Darling
and Murray rivers. General security diversions consider water that is diverted within the licence
entitlement levels. However, when allocations are below 60% and excess water is available the
diversions are not debited against the account and are recorded as Without Debit Diversions (WDD).
The Murray model keeps account of WDD across the water year, considering WDD rules. Note that
under the SDL, all diversions should be considered whether accounted or not. The output considers

the combination of general security diversions and the WDD total at the end of the water year.

Murray Irrigation Limited (MIL) has a combination of general security, high security, and conveyance
entitlements. This portfolio of entitlements is reallocated into MIL as a bulk entitlement. The total
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use in MIL is attributed against the general security, high security, and conveyance licence classes

in a defined hierarchy.

In the Source Murray Model, water is supplied to 14 irrigation demand nodes across the Murray and
lower Darling rivers with general security, high security, and conveyance entitlements (Table 2).

Table 2 Irrigation node Water Resource Plan entitlement shares

Irrigation Node Entitlements

General security High Security Conveyance
Murray
NSW MR IRRI USMB US Choke 77,158 31,267 -
NSW MR IRRI USMB DS Choke 113,554 46,013 -
NSW MR Anabranch Pipeline 501 623 -
NSW MR IRRI Moira Pump 33,741 - -
NSW MR IRRI West Corurgan 74,740 - -
NSW MR IRRI Edward Wakool 61,563 31,046 -
MIL Bulk Entitlement? 1,119,951 2,203 300,000
NSW MR IRRI Wakool-Euston 32,812 10,685 -
NSW MR IRRI Euston-Wentworth 43,393 14,130 -
NSW MR IRRI Wentworth-Rufus 405 132 -
NSW MR IRRI Western Murray - 61,000 -
Total 1,557,818 197,099 300,000
Lower Darling
NSW LD IRRI Other Demands 9,755 7,310 -
NSW LD Anabranch Pipeline - 250 -
NSW LD IRRI Tandou 21,600 - -
Total 31,355 7,560 -

NSW Government Held Environmental Water (HEW) is not explicitly modelled. Consequently, the
HEW use is considered as a portion of the irrigation use in the model. The portion is based on the

current entitlements that include HEW entitlements (Table 3).

Table 3 Irrigation node current entitlement shares

Irrigation Node Entitlements

General security High Security Conveyance
Murray
NSW MR IRRI USMB US Choke 61,543 29,216 -
NSW MR IRRI USMB DS Choke 90,433 42,995 -

2 Note this total includes 3178 ML or entitlement which is modelled as an LWU.
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Irrigation Node Entitlements

General security High Security Conveyance

NSW MR Anabranch Pipeline 501 623 -
NSW MR IRRI Moira Pump 27,688 - -
NSW MR IRRI| West Corurgan 43,404 - -
NSW MR IRRI Edward Wakool 50,518 27,652 -
MIL Bulk Entitlement 851,324 2,203 279,790
NSW MR IRRI Wakool-Euston 26,925 9,517 -
NSW MR IRRI Euston-Wentworth 35,608 12,586 -
NSW MR IRRI Wentworth-Rufus 332 17 -
NSW MR IRRI Western Murray - 54,311 -
CEWH 369,630 17,860 20,210
Total 1,557,906 197,080 300,000
Lower Darling

NSW LD IRRI Other Demands 7,552 6,775 -
NSW LD Anabranch Pipeline - 250 -
NSW LD IRRI Tandou 21,600 - -
CEWH 2,203 535

Total 31,355 7,560

The proportions between irrigation and environmental water holdings are calculated as:

M1 LD CEWH GS proportion (0.2258):

o LD CEWH GS entitlement (2,203)/LD GS total irrigation entitlement less Tandou
(9,755)

M LD CEWH HS proportion (0.0708):
o LD CEWH HS entitlement (535)/LD HS total irrigation entitlement (7,560)
1 Murray CEWH GS proportion (0.2373):

0o Murray CEWH GS entitlement (369,630)/Murray GS total irrigation entitlement
(1,557,906)

1 Murray CEWH HS proportion (0.9164):

0 Murray CEWH HS entitlement (17,860)/Murray HS total irrigation excluding MIL
entitlement(194,897)

1 Murray CEWH Conveyance proportion (0.0674):

o Murray CEWH Conveyance entitlement (20,210)/Murray Conveyance total
entitlement(300,000)
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In Source Murray Model (SMM) Planned Environmental Water (PEW) is modelled in accordance with
the Water Sharing Plan and other inter-jurisdictional agreements. In the NSW Murray this includes
the NSW components of the Murray Additional Allowance (MAA), and Barmah-Millewa Allowance
(B-MA). It also includes the NSW component of the River Murray Increased Flow (RMIF) that is
stored in Hume as part of the Snowy Water Initiative. Note the RMIF component will not change

between scenarios.

The Living Murray (TLM) has Murray general (83,006) and high (5,124) security entitlements and
Lower Darling general (47,800) and high (500) security and is delivered to multiple environmental

assets within the Murray River system.

The allocations are used to assess changes to allocation reliability for the different types of NSW
licences in the Lower Darling and Murray systems.

The storage information is used to assess storage operations and reliability of supply. For
Dartmouth, Hume and Lake Victoria the NSW proportion of storage is presented. The combined
storage volume of all of the lakes in the Menindee system is displayed. The crucial management
thresholds of 640 and 480 GL are considered.

Streamflow locations were selected to represent the alterations in the flow regime at the key
locations. Changes to end of system flows have subsequent impacts for South Australia but this is

not considered.

Table 4. Performance metrics

Lower Darling General Security (LDGS)
Lower Darling High Security (LDHS)
Lower Darling Domestic and Stock (LDDS)
Lower Darling Local Water Utility (LDLWU)
Murray General Security (MGS) including without

NSW mean annual diversions (GL/yr) debit diversions
Murray High Security (MHS)
Murray Domestic and Stock (MDS)
Murray Local Water Utility (MLWU)
Murray Conveyance (MC)
Murray Supplementary (MS)
Lower Darling Held Environmental Water
(LDHEW)

NSW environmental water delivery (GL/yr) Murray Held Environmental Water (MHEW)
Barmah Millewa Forest (BMF)
The Living Murray (TLM)
LDGS allocation on 1 July

NSW average allocations (%) i
LDGS allocation on 30 September
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Category

NSW storage % of time below (Dartmouth, Hume,
and Lake Victoria

Combined Menindee storage % of time below

LDGS allocation on 30 June

LDGS (with ofs) allocation on 1 July
LDGS (with ofs) allocation on 30 September
LDGS (with ofs) allocation on 30 June
LDHS allocation on 1 July

LDHS allocation on 30 September
LDHS allocation on 30 June

LDDS allocation on 1 July

LDDS allocation on 30 September
LDDS allocation on 30 June

LDLWU allocation on 1 July

LDLWU allocation on 30 September
LDLWU allocation on 30 June

MGS effective allocation on 1 July
MGS effective allocation on 30 September
MGS effective allocation on 30 June
MGS allocation on 1 July

MGS allocation on 30 September
MGS allocation on 30 June

MHS allocation on 1 July

MHS on 30 September

MHS allocation on 30 June

MDS allocation on 1 July

MDS allocation on 30 September
MDS allocation on 30 June

MLWU allocation on 1 July

MLWU allocation on 30 September
M LWU allocation on 30 June

MC allocation on 1 July

MC allocation on 30 September

MC allocation on 30 June

100%

80%

50%

25%

10%

5%

100%

80%

50%

640 GL

480 GL
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5%

Murray River at Doctors Point (409017)

Murray River downstream Yarrawonga (409025)
Murray River downstream Torrumbarry (409207)
Edward River at Deniliquin (409003)

Murray River at Wakool Junction (414200)
Darling River at Burtundy (425007)

Gauge sites (GL/yr)

Modelling analysis

The river system models were run across different time periods and replicates, to allow for the
different models of different organisations (DPIE 2023).

To assess the portfolio of options overall, the period of historical record (1/7/1891-30/6/2020 -

= == =4 =2
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