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Preface

The Department of Water (the Department) is the lead agency for the management
of water resources in Western Australia. The Department carries out this task in
partnership with other government agencies, stakeholder groups and the community.

The Rights in Water and Irrigation Act 1914 (RIWI Act) and the Rights in Water
Irrigation Regulations (2000) provide the legislative basis for water resource
management in Western Australia. In administering the RIWI Act the Department
seeks to balance the ecological needs and social expectations of water in the natural
environment with society’s need to use water for public water supply and commercial
purposes. The objective is to provide for the sustainable development of water
resources in the long-term, for the benefit of current and future generations. This
involves ensuring that sufficient water is maintained in the natural environment, while
providing for the responsible development and efficient use of water resources.

The Department prepares water management plans to specify how water resources
are to be shared between these competing needs in particular areas. Management
plans establish sustainable diversion limits for particular water resources that define
the water available for use. The limits are established by ensuring that sufficient
water is retained in the resource to protect water-dependent ecosystems and to meet
specific social needs.

This water management plan seeks to balance the needs of the environment and
development in the case of the Ord River, Western Australia.

Department of Water v
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summary

This plan describes how the waters of the Ord River are to be shared between the
needs of the riverine environment of the lower Ord, and commercial water needs of
irrigation and hydro-power generation, over the next three years.

Background and purpose of the plan

The first stage of the Ord River Irrigation Project commenced in the early 1960s with
the construction of the Kununurra Diversion Dam and the completion of the first
serviced farmlands to the east of the Ord River (lvanhoe Plain). Stage 1 of the Ord
River Irrigation Project was established by the mid 1970s after the construction of the
Ord River Dam and completion of additional serviced farmlands to the west of the
River (Packsaddle Plain).

Irrigated agriculture proved marginal in the Ord River Irrigation Area (ORIA) for the
first two decades of operation. The ORIA recovered slowly after the failure of cotton
as a commercial crop in the mid 1970s. By the early 1990s sufficient confidence had
returned in the future of the ORIA for the Western Australian (WA) and Northern
Territory (NT) Governments to commence planning for the expansion of the ORIA. In
1995-96 the Ord River Dam Hydro-electric Power (ORDHP) Station was constructed
to supply electricity to the Argyle Diamond Mine and the towns of Kununurra and
Wyndham.

To facilitate planning for the expansion of the ORIA the Water and Rivers
Commission commenced the development of a water allocation plan for the Ord
River in 1997. The aim was to establish how Ord River water would be shared
between the competing needs of the environment, current and future irrigation and
hydro-electricity generation. A draft of an Interim Water Allocation Plan was released
for public comment in May 1999. The Environmental Protection Authority (EPA)
reviewed the plan and public comments received, and recommended changes to the
interim environmental water provisions in December 1999. This plan responds to the
recommendations of the EPA and seeks to:

e protect the riverine environment of the lower Ord River as it has adapted to the
changed flow regimes since the Ord River Dam was constructed,;

e provide for existing commitments to irrigation and hydro-power generation;

e guide planning for the Western Australian portion of M2 Supply Area and
irrigation developments on the lower Ord River downstream of House Roof
Hill;

¢ identify the potential for further hydro-electricity to be generated at the Ord
River Dam and the Kununurra Diversion Dam; and

¢ indicate the potential for additional irrigation allocations to be made in the
future.

Vi Department of Water
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The effect of regulation by the Ord River Dam

The construction of the Ord River Dam has caused major changes to the flow regime
of the Ord River. Prior to its construction, the Ord River flooded regularly, inundating
large areas of its floodplain once in every two to three wet seasons. Most floods were
sufficiently powerful to scour the riparian vegetation from banks of the river
downstream of the Kununurra Diversion Dam. Flows receded rapidly following the
wet season, ceasing by June in most dry seasons, with the river reducing to a series
of unconnected pools. After construction of the Ord River Dam, wet season floods
have been reduced by a factor of about ten and the river has continued to flow
strongly throughout the dry season. Typical flow rates have increased from about
0.0-50 m*/sec over the driest five months of the dry season.

These changes have altered the ecology of the lower Ord River, making it more like a
river from the wet tropics, rather than the dry tropics of the Kimberley region.
Reductions in the size and erosive power of floods has resulted in a more stable,
dense band of riparian vegetation approximately 15 m wide along the water’'s edge
within the main river channel. The permanent dry season flows have increased
aquatic habitat and encouraged larger sized fish to develop in the lower Ord River
than in nearby unregulated rivers, although the range of fish species found has
remained very similar.

The changes caused by the initial regulation of the Ord River are significantly larger
than the changes expected from additional allocations proposed in this plan.

Key principles and approaches

Maintaining sufficient in-stream habitat for invertebrates and fish during the dry
season was the primary factor used to establish environmental water provisions for
the lower Ord River. This was achieved by limiting the change in measures of dry
season in-stream habitat, to levels considered of low ecological risk. Measures of in-
stream habitat were determined over a range of flow regimes, including the flow rates
considered typical of dry season conditions since the Ord River Dam was
constructed (50-60 m?®sec). A flow regime was selected that limited occasions when
in-stream habitat measures changed by more than 20 per cent, relative to the habitat
measures present at flow rates of 50-60 m*/sec.

Water released from Lake Argyle to generate hydro-electricity can also be diverted
for irrigation at Lake Kununurra or used to contribute to environmental flows in the
lower Ord River. However, when the hydro-electricity releases exceed the
downstream water demands, the excess hydro-electricity releases become an
additional draw on Lake Argyle and reduce water availability in subsequent years.
The excess of water demands for hydro-electricity over irrigation and environmental
water demands, especially during the wet season, has been a central consideration
in developing the allocations of this plan.

Department of Water Vii
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Water restrictions are introduced when water storage levels reach critical levels
during times of drought. These are necessary to avoid even more severe restrictions
in subsequent years if the drought persists. To protect the reliability of existing and
new allocations, restrictions need to be introduced at progressively higher storage
levels as more of the available water resource is allocated. The plan highlights the
need to progressively increase the water level criteria in Lake Argyle at which
constraints on the generation of hydro-electricity are required, as additional licensed
entittements are granted and additional hydro-electricity production allowed.

The plan has been released at this time to guide the staged development of the
Western Australian portion of the M2 Supply Area and address the growing demand
for hydro-electricity generation in the region. It does not attempt to resolve the
competition between hydro-electricity generation and additional allocations to provide
for expansion of the M2 Supply Area into the Northern Territory.

Water allocations

The waters of the Ord River are to be managed and shared in the following ways.

Protection of the riverine environment of the lower Ord River

Essential in-stream ecological processes and the biodiversity of the lower Ord River,
that have characterised the riverine environment since the river has been regulated
by the Ord River Dam, are to be protected by the following flow regime:

e When water levels in Lake Argyle are above 76 m AHD (expected 95 per cent
of the time), the lower Ord River is to be maintained at an average monthly
flow rate of at least:

— 45 m®/sec from the Dunham River confluence to House Roof Hill*, and
— 40 m®/sec downstream of House Roof Hill

e During drought periods when water levels in Lake Argyle are less than 76 m
AHD (expected 5 per cent of the time)?

— 35 m®/sec from the Dunham River confluence and House Roof Hill,
and

30 m®/sec downstream of House Roof Hill

¢ No significant increase is to be permitted in the regulation of the Dunham
River tributary.

Responsibility for maintaining this environmental water provision has been assigned
to the Water Corporation, under conditions of their Rights in Water and Irrigation Act
1914 (RIWI Act) licence that specifies how the Ord River Dam and Kununurra
Diversion Dam are to be operated.

! House Roof Hill is approximately 58 km downstream of the Kununurra Diversion Dam.
2 Restrictions on irrigation diversions and hydro-power generation will also apply during these drought periods.
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Hydro-electric power provisions at the Ord River Dam

Water Corporation’s Ord River Dam RiWI Act licence also provides for the release of
water through Pacific Hydro Pty Ltd’s Ord River Dam Power Station for the
generation of hydro-electricity. Currently, releases are made in accord with the
existing water release principles of the 1994 Water Supply Agreement (WSA)
between Pacific Hydro Pty Ltd and the Water Authority of WA.®> New release rules
have been developed to protect the reliability of Stage 1 allocations while the power
station’s annual electrical energy load exceeds the current minimum provision of
210 GWhrsl/yr, and before new generating capacity is constructed in the region.*
These changes are being negotiated with the company in accord with the provisions
of the Ord River Hydro Energy Project Agreement Act 1994 and will be implemented
through revisions to Water Corporation’s licence. Release rules will be updated as
additional water entitlements are granted and Stage 2 irrigated areas developed.

Hydro-electric power provisions at the Kununurra Diversion Dam

The Department of Water (the Department) will support proposals to generate hydro-
electricity at the Kununurra Diversion Dam. The water available for electricity
generation will be restricted to flows being released through the dam to meet the
downstream Environmental Water Provisions (EWP) flow regime or to discharge
surplus inflows to the dam. This run of river provision excludes specific releases
being made from either Lake Argyle or Lake Kununurra, for electricity generation at
the Kununurra Diversion Dam. Consequently, the electricity able to be generated is
directly dependent on the EWP regime for the lower Ord River. Under the interim
EWP regime of this plan, an average of at least 50 GWhrs/yr, depending on the
design of the station, is potentially available. While additional electricity can be
generated while water is not being diverted for the M2 Supply Area, the Department
will not guarantee a specified quantity of water for electricity generation at the
Kununurra Diversion Dam.

Provisions for a fishway at the Kununurra Diversion Dam

The Department will provide water to support a fishway at the Kununurra Diversion
Dam, provided the required flow is minimised and does not significantly reduce the
hydro-electricity potential at the dam. Proposals requiring a continuous flow rate of
more than 1 m®/sec would not be supported.

The Water Authority of WA'’s functions are now undertaken by the Water Corporation (water service provision)
and the Department of Water (water resources management).

New electricity generation capacity is likely to be established to meet growing electricity demand as Argyle
Diamond Mine mining proceeds underground. New capacity, using renewable energy sources, is expected to
be significantly cheaper and environmentally preferable to relying on additional use of the existing diesel fired
plant at Argyle Diamond Mine.

Department of Water iX
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Sustainable diversion limit from Lake Kununurra to Tarrara Bar

The sustainable diversion limit for the Ord River between Lake Kununurra and
Tarrara Bar® is 750 GL/yr. This diversion limit provides 350 GL/yr for use on
developed Stage 1 land and for minor demand growth in Stage 1 areas. The
diversion limit also provides for an initial allocation of 400 GL/yr for future demands in
new areas. Future demands are expected to grow in increments, especially as the
M2 Channel Supply Area (M2 Supply Area) is to be developed in stages, and new
demands are not expected to exceed 400 GL/yr for at least three years. Further
specification of these allocations and how water entitlements would be granted from
these allocations is described below:

e The 350 GL/yr allocation for Stage 1 areas has two components. The first 250
GL/yr is based on an expected annual reliability of 95 per cent, and provides
for historic use, corrected for required efficiency gains. The second 100 GL/yr
is based on an expected annual reliability of 90 per cent, and provides for
demand growth in Stage 1 areas.®

e The initial 400 GL/year allocation for future demand is based on an expected
annual reliability of 95 per cent. This allocation is more than sufficient to
irrigate 14,800 ha of sugarcane (on 16,000 ha of farmland) given the evapo-
transpiration and rainfall conditions expected in the M2 Supply Area. Hence
the allocation would support the staged development of at least 16,000 ha of
serviced farmland in the M2 Supply Area (53 per cent of the planned total of
30,064 ha). The allocation would support a larger farmland development if the
area committed to growing sugarcane were reduced and replaced by a greater
area of other crops with lower crop water requirements.

Applications for water entitlements’ under this allocation will be required when each
new stage of the M2 Supply Area is to proceed or new demand develops. New water
entitlements will be granted based on the area to be supplied, and the crop types or
type of use planned. The entitlements could be issued with an expected annual
reliability of up to 95 per cent, depending on the reliability sought and the crop types
or use planned. Efficient water management practices will be expected and will be a
condition of granting the new entitlements. In the M2 Supply Area, this means the
use of best irrigation practices, including automated control and scheduling systems
for water distribution and on-farm water recycling facilities.

As provided for under the Ord River Hydro Energy Project Agreement Act 1994,
Government will consult with Pacific Hydro Pty Ltd when an application for new water
entitlements from the initial 400 GL/yr allocation is received. New water release rules
for the Ord River Dam Power Station will be developed to be compatible with the sum
of existing and new water entitlements, if the application were granted (in whole or

® Tarrara Bar is located approximately 33 km downstream of the Kununurra Diversion Dam.

® When the allocation was initially made, sugarcane plantations in Stage 1 areas were planned to increase from
approximately 3,800 ha to 6,000 ha.

’ The application, assessment and procedures involved in granting water entitlements are specified in the
licensing provisions of the Rights in Water and Irrigation Act 1914.
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part). Final water release rules will be negotiated with Pacific Hydro Pty Ltd with the
aim of ensuring sufficient water is available for the staged development of the M2
Supply Area, while protecting the commercial interests of the company. Current
studies indicate that, if the initial 400 GL/yr allocation were all granted as entitlements
(at 95 per cent reliability), compatible water release rules can be developed that
would not significantly impact the company’s commercial interests. This was found to
be the case even when the power demand on the station was assumed to be at or
near the maximum output of the station.®.

Sustainable diversion limit downstream of House Roof Hill

The sustainable diversion limit from the lower Ord River, downstream of House Roof
Hill, is 115 GL/year. This allocation has an expected annual reliability of at least 95
per cent (similar to the environmental water provision reliability) and is planned to
supply future developments in the Mantinea Plain and Carlton Plain areas. Water
entitlements will be granted up to the allocation limit, depending on the application(s)
made, the areas to be supplied, and the uses and crop types proposed. The
applicant(s) and irrigators will be required to establish efficient water distribution
infrastructure and on-farm watering equipment and implement best irrigation
practices.

Effects of additional allocations

The plan’s interim EWP regime is designed to protect the environmental and social
values of the lower Ord River under post-regulation conditions. Minor changes to in-
stream habitat and riparian vegetation are likely when the additional allocations of
this plan are implemented. However, these changes are expected to be small relative
to changes caused by natural variations in wet season peak flows of the lower Ord
River. These wet season peak flows are generated from the (effectively unregulated)
catchment downstream of the Ord River Dam. Aquatic fauna should readily adapt to
minor changes in river habitats and water quality of the lower Ord River is not
expected to deteriorate under the EWP regime. More efficient irrigation practices in
Stage 1 areas should reduce the biological loadings on the lower Ord River in the
future. No significant changes are expected to the range of water levels of Lakes
Kununurra and Argyle, or in the salinities of estuarine water in Cambridge Gulf. While
the flood regime of the lower Ord River was substantially reduced by the construction
of the Ord River Dam, the additional diversions allowed under this plan will not result
in any significant further reduction in the flood regime. Consequently, no measurable
Impacts are expected on the Ramsar wetland values of the Parry’s Lagoon Nature
Reserve, the Ord floodplain, Lake Kununurra or Lake Argyle as a result of the
provisions in this plan.

8 Reservoir simulations have indicated that by maintaining the environmental water provisions in the lower Ord
River, and supplying an average irrigation entitlement of 760 GL/yr in 95 per cent of years (Stage 1 and M2
Supply Areas), an average of over 235 GWhrs/yr of electrical energy could be generated.
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Development and revision of the plan

Consultation during development

Development of this plan commenced in 2000 to respond to the EPA advice on the
1999 Interim Plan. It evolved over the subsequent five years in response to changing
circumstances and water and electricity demand pressures. Consultations over the
plan commenced with the Kununurra community in 2000 and continued with key
stakeholders over specific aspects of the plan in the following years. Specific
stakeholder consultations have included negotiations with:

e Ord Irrigation Co-operative and Water Corporation over allocation and
licensing conditions;

e Pacific Hydro Ltd over water release rules for the ORDHP Station; and

e the Department of Industry and Resources (formally known has the
Department of Resources Development) over allocations for Stage 2 Supply
Area.

Over the past six years local efforts in Kununurra have been successful in improving
co-ordination and knowledge about water issues, and building capacity to improve
water resource management in Stage 1 areas and management of the Ord River
system. These efforts have helped progress implementation of the Kununurra
community’s 2000 Ord Land and Water Management Plan (OLWMP) and
complemented management objectives of this plan. The ongoing commitment of
local stakeholders to implement OLWMP strategies is contributing significantly to
improving water management in Stage 1 areas. Considerable effort has also been
made to engage Indigenous people in water and natural resource management and
further engagement is expected to consolidate their involvement.

Updating the plan

Work is well advanced on updating the hydrology of the Ord River catchment and
completing a comprehensive assessment of Ecological Water Requirements (EWR)
for the lower Ord River. This work will be used to inform a review of this plan over the
next two to three years.

As part of developing this updated plan it is intended to:

e assess the effects of the new EWR for the lower Ord River on the water
available for irrigation and hydro-electricity generation;

e hold stakeholder consultations to consider allocation options and assess their
merits against environmental, social and economic criteria;

e establish updated (fine tuned) Environmental Water Provisions (EWP) for the
lower Ord River, and

¢ resolve the balance between hydro-electricity generation and additional water
available for further irrigation expansion.
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1 Introduction

1.1 Background

1.1.1 The Ord River Irrigation Project

Irrigation commenced in the Ord River Irrigation District (the District) in 1963.
Construction of the Kununurra Diversion Dam and M1 Channel distribution system
enabled the first water to be diverted from the Ord River in May 1963 and supplied to
irrigation farmland on the black soils of the Ord River floodplain (the Ivanhoe Plain).
The Kununurra Diversion Dam is a 20 m high structure that forms Lake Kununurra,
holding water in the Ord River watercourse for approximately 50 km upstream. Lake
Kununurra has a maximum storage of 101 GL (to the top of dam’s gates at 41.76 m
AHD) and enables water to be diverted to the current and planned irrigation areas of
the Ord River Irrigation Project.

The Ord River Dam is located approximately 60 km upstream in the Carr Boyd
Ranges, and provides the storage necessary to ensure a reliable water supply to the
District. Construction of the Ord River Dam commenced in 1969, and the dam began
to store water in Lake Argyle, the reservoir formed by the dam, in November 1971.
Water levels in Lake Argyle reached the dam spillway (86.2 m AHD, storage 5,800
GL) for the first time during the 1973-74 wet season. Stage 1° of the Ord River
Irrigation Project was effectively established in 1973, when construction of water
distribution and drainage infrastructure, and serviced farmland to the west of the Ord
River (Packsaddle Plain) was completed. Further aspects of the initial establishment
and early years of operations of the Ord River Irrigation Project are given in
Appendix 1.

Figure 1 shows the location of the main features of Ord River Irrigation Project, and
indicates the existing (Stage 1) and potential (Stage 2) irrigation supply areas.
Approximately a third of the Stage 2 areas occur in the Northern Territory (NT).

The Stage 1 irrigation infrastructure of the Ord River Irrigation Project has been
successfully established, however the financial viability of irrigated agriculture in the
District proved problematic for the first 25 years. Failure of cotton crops in the mid
1970s (Le Page, 1986; Powell, 1998) saw many irrigators leave the District and
plans to release additional areas of serviced farmland were delayed. Areas under
irrigation remained low for many years and did not recover until the early 1990s,
after new horticultural crops were introduced to the District. As these could be grown

° To distinguish new proposals from existing developments, Stage 1 of the Ord River Irrigation Project is
defined in this plan to include all infrastructure, existing at September 2004, that stores, diverts or transports
water from the Ord River or drains water from farmland in the Ord River Irrigation District. This definition
includes the Ord River Dam and water infrastructure on Packsaddle Plain Supply Area, although the 1959
project proposal considered these developments as part of the second stage of an overall four stage project
(see Appendix 1).
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out of season from traditional growing areas in southern Australia, they attracted
high prices at market, and offset some of the high costs of operation, caused by the
remoteness of the District. With confidence in the future of the District returning in
the early 1990s, areas under irrigation increased and continued to grow during the
decade. By 2000, the area of developed farmland* with potential to access Ord
River water had grown to about 15,000 ha and is referred to as the Stage 1
developed areas for the purposes of this plan. Between 11,000 and 12,200 ha has
been irrigated in recent years.

The Ord River Dam was designed to enable a hydro-electric power station to be
constructed when there was sufficient electricity demand to justify the additional
investment. Investigations during 1994 led Pacific Hydro Pty Ltd to construct a 30
MW hydro-electric power station at the Ord River Dam and transmission lines to
supply most of the electricity demand of Kununurra and Wyndham and the Argyle
Diamond Mine. Construction commenced in 1995 and the station became fully
operational by 1996. As part of the power station development, the base of the Ord
River Dam spillway was raised 6 m, to increase the electrical energy able to be
supplied by the station. This increased the base of the spillway to 91.2 m AHD and
the storage of Lake Argyle at this level to 10,700 GL.

1.2 Ord River water allocation planning

1.2.1 Need for a water allocation plan

In the mid 1990s, the Western Australian (WA) and Northern Territory (NT)
Governments commenced planning to establish new irrigation supply areas as
originally conceived in the Ord River Irrigation Project. Pressures to open up
additional areas for irrigation had been growing from the early 1990s as more of the
available Stage 1 areas came under production.

Unlike the initial construction phase of the Ord River Irrigation Project, a range of
approvals are now required before new irrigation supply areas can proceed. The
major approvals involve assessment of environmental impact, land access,
especially Native Title and Aboriginal heritage aspects, and water resource access
and management. Water allocation planning was required to address the water
resource management aspects raised by establishing new irrigation supply areas.

At the same time that the WA and NT Governments were planning for the expansion
of irrigation on the Ord, the Governments were also progressively introducing water
reforms that they had committed to under the Council of Australian Governments
(COAG) 1994 Water Reform Framework Agreement. The 1994 water reforms
centred on ensuring that explicit water provisions were made for the environment,
that rights to use water were more clearly defined and that these rights could be
traded to encourage higher valued uses of water. The current National Water

1% Some small land releases and sub-divisions occurred after the Packsaddle area was completed in 1973.
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Initiative builds on these reforms by strengthening requirements to complete water
allocation plans and define water entitlements in a consistent way across
jurisdictions.

Figure 1: Location map showing key features of the Ord River Irrigation Project
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1.2.2 The 1999 Interim Water Allocation Plan

The Water and Rivers Commission (the Commission), now also known as the
Department of Water, commenced water allocation planning in 1997 to determine
how the waters of the Ord River should be shared between competing water needs.
This involved consideration of the needs of water-dependent ecosystems of the
lower Ord River, the socio-cultural expectations the community had of the river, the
resource commitments already made, and balancing these against future irrigation
and hydro-electricity demands. A draft Interim Water Allocation Plan for the Ord
River was released for public review in May 1999 (WRC, 1999b), the main elements
of which are outlined in Appendix 2.

The 1999 draft plan proposed to maintain the 20™ percentile of pre-dam flows in the
lower Ord River, allocate approximately 1,240 GL/yr for current and future irrigation
use, and 110 GWhrs/yr for the long term hydro-electricity demand of the East
Kimberley towns of Kununurra and Wyndham. This left approximately 265 GL/yr
unallocated, to be allocated later when more was known about the Ecological Water
Requirements (EWR) of the lower Ord River, socio-cultural water needs and the
crop water demand of sugarcane in the area.

The Environmental Protection Authority (EPA) reviewed the draft plan and public
comment received, and provided advice to the Commission on the proposed interim
Environmental Water Provisions (EWP) of the plan in December 1999 (EPA, 1999,
and Appendix 2).

The EPA considered that “... the interim and final EWP should be based on
protecting environmental values, which are sustainable under post-dam flows”.
Since the Ord River Dam was completed in 1972, dry season flows in the lower Ord
River had increased significantly. Flows had become continuous throughout the year
and the large flood storage capacity of Lake Argyle had greatly reduced the
frequency of downstream flooding during the wet season. A modified riverine
ecology had established along the lower Ord River in response to this altered flow
regime. The EPA considered that a revised EWP regime should be developed that
would protect this modified riverine environment.

1.2.3 Revising the 1999 draft Environmental Water Provisions

A major re-assessment of the allocations in the 1999 draft plan was necessary to
adequately respond to the EPA advice (EPA, 1999). The Commission recognised
that difficult judgements would be required to establish a revised EWP regime that
protected the modified riverine environment, while also providing for future irrigation
expansion.

When embarking on this task (early in 2000), limited information was available on
the ecology of the lower Ord River. The Commission established a scientific panel in
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April 2000, with expertise in tropical river ecosystems, to provide the best possible
scientific knowledge to guide the revision of the EWP regime'.

The Scientific Panel reported to the Commission in June 2000 (WRC, 2000a) and
proposed an interim approach to establish an EWP regime that met the new
objective. The June 2000 advice is summarised in Section 3.3 and guided the
development of the revised EWP regime, adopted in this plan. Scientific Panel
members have continued to advise the Commission periodically during the
preparation of this plan.

Knowledge of the riverine ecology of the lower Ord River has improved considerably
since 2000. The Department of Water (the Department) has recently published a
review of research and investigation studies related to the aquatic ecosystems of the
lower Ord River (Trayler et al., 2006). The review summarises current knowledge of
the river's ecosystems and provides the basis for a comprehensive assessment of
EWR for the lower Ord River. The comprehensive EWR will be used to update the
lower Ord River EWP and contribute to revision of this plan.

1.2.4 Hydro-electricity demands and staged development of the M2 Supply
Area

Significant changes in the projections of future demands on the Ord River resource
have occurred since 1999. These changes have resulted from changes in the way
Stage 2 irrigation developments may occur, and uncertainties over the projected
electricity demand of the Argyle Diamond Mine and hence the Ord River Dam
Hydro-electric Power (ORDHP) Station.

In 2000, the electricity demand at the Argyle Diamond Mine was expected to decline
soon after 2003 when the alluvial deposits were expected to be fully mined. When
proposals to extend the mine life beyond 2003 were first discussed, future power
demands on the Power Station were expected to remain around the then current
demand of 210 GWhrs/yr. A series of progressively higher demands were projected
from 2002 onwards, as plans to extend the life of the mine became more definitive.
Demands of 320 GWhrs/yr and higher became a real possibility in 2004, when Rio
Tinto, owners of the mine, committed to continue mining to at least 2007 and embark
on a full scale investigation of continuing a deep underground operation for a further
ten or more years. The likelihood that high future demands on the station would be
realised was increased in December 2005, when Rio Tinto announced their intention
to proceed with the underground operation.

The magnitude and timing of new irrigation demands has also changed since 1999.
The major change occurred in December 2001, when a joint venture of Wesfarmers,
Marubeni and the Water Corporation withdrew from establishing 29,000 ha of
sugarcane on 32,000 ha of new irrigated farmland, known as the M2 Supply Area.

' The EPA had recommended that a scientific panel be established for this purpose.
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When the withdrawal was announced, the WA and NT Governments restated their
commitment to establishing new areas of the Ord River Irrigation Project. The
Minister for State Development accepted responsibility as caretaker proponent for
M2 Supply Area development, while issues of Native Title and water allocation were
progressed.

In October 2006, the WA Government sought private sector interest in developing
between 7,000 ha and 16,000 ha of irrigation serviced farmland in the M2 Supply
Area within Western Australia. This decision follows the signing of the Ord Final
Agreement between the Government and the Miriuwung and Gajerrong people in
October 2005. The Ord Final Agreement resolved Native Title and Aboriginal
heritage issues over land in Western Australia planned to become irrigated farmland
under Stage 2 developments of the Ord River Irrigation Project. In particular the Ord
Final Agreement enabled planning to proceed on developing the Western Australian
portion of the M2 Supply Area in WA.

As the M2 Supply Area is to be developed in stages, this plan has focused on
considering irrigation allocations for the WA portion of the M2 Supply Area. Further
allocations can be made at a later date when Native Title and other issues are
resolved in the NT and future demands on the Ord River are clearer.

1.3 Purpose of this plan

Given the above background, the purpose of this plan is to specify how the waters of
the Ord River are to be shared between the competing needs of the environment,
current and future irrigation and hydro-electricity generation over the next three
years.

The plan is intended to:

e protect the riverine environment of the lower Ord River as it has adapted to
the changed flow regimes since the Ord River Dam was constructed;

e provide for existing commitments to irrigation and hydro-power generation;

e guide planning for the WA portion of M2 Supply Area and irrigation
developments on the lower Ord River downstream of House Roof Hill;

e identify the potential for further hydro-electricity to be generated at the Ord
River Dam and the Kununurra Diversion Dam; and

¢ indicate the potential for additional irrigation allocations to be made in the
future.

1.4 Aims

The Plan aims to:
e specify interim environmental provisions for the lower Ord River;

e determine sustainable diversion limits from the Ord River below Lake Argyle;
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e specify interim allocations for current and proposed irrigation use and power
generation;

e describe the environmental effects of the proposed allocations on the flow
regime of the lower Ord and Ramsar wetlands in the area;

e ensure current irrigation practices are improved so that risks to the lower Ord
environment and agricultural production are reduced, and water use efficiency
is improved; and

e outline how water allocations and management responsibilities will be
implemented through the licensing provisions of the Rights in Water and
Irrigation Act 1914 (RIWI Act).

1.5 Updating the plan
Work has already commenced on updating aspects of the plan with an expected
revision within the next three years. The revised plan is intended to:

o reflect requirements of water allocation plans envisaged under the National
Water Initiative;

e be based on updated studies of the Ord River catchment and comprehensive
assessments of the EWR of the lower Ord River;

e establish updated EWP for the lower Ord River, after public consultation on
the implications of different allocation options; and

e resolve how any additional water will be allocated between the competing
needs of hydro-electricity generation and irrigation expansion into the NT.

1.6 Layout of document
The following structure has been adopted in describing the development of this plan.

Section 2 describes the riverine environment of the lower Ord River and how it has
been changed since regulation of the Ord River Dam.

Sections 3 and 4 describe the development of EWR and EWP for the lower Ord
River.

The commercial demands on the Ord River water resource are presented in Section
5, and determining the water available to meet these demands described in Section 6.

The Sustainable Diversion limits and allocation strategy of the plan are summarised
in Section 7. Section 8 explains the way the plan’s allocations are to be managed
through the licensing provisions of the RIWI Act.

The environmental effects of further allocations, not previously covered in Sections 3
and 4, are presented in Section 9.

Section 10 outlines actions commenced to update this plan.
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2 The lower Ord River

Figure 2 shows the Ord River, between the Kununurra Diversion Dam and The
Rocks, a distance of approximately 94 km downstream. Termed the lower Ord River
in this plan, the reach extends from the point of lowest regulation (Kununurra
Diversion Dam) to where the river becomes estuarine and fully tidal. Also shown are
the main tributaries that join the lower Ord River downstream of the Kununurra
Diversion Dam. The most significant of these is the Dunham River that joins 0.4 km
downstream of the Kununurra Diversion Dam.
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Figure 2 Map of the lower Ord River and current irrigated areas

The lower Ord River is a dynamic riverine ecosystem, shaped by the flows it
experiences and the catchment management practices. The river environment has
been substantially modified by changes to the hydrology of the river following the
construction of the Ord and Kununurra Diversion Dams. Although regulated for over
30 years, important elements of the riverine environment are considered to still be
adapting to changes caused by the construction of the Ord River Dam.

Subsequent sections describe the hydrology of the lower Ord River under pre- and
post-regulation conditions and outline the consequent changes to the riverine
ecosystem. To provide regional context the climatic and physiographic
characteristics of the Ord River Basin are presented in the following sections.
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2.10rd River Basin

The Ord River Basin lies between latitude 15 and 19 degrees south and drains an
area of 55,100 km? from the Durack Ranges in the west, the Great Antrim Plateau in
the south, Cambridge Gulf to the east and the Timor Sea to the north. Approximately
20 per cent drains from the NT. The climate is semi arid to arid monsoonal with two
distinct seasons: a warm, dry season and a hot, wet season. No month has a mean
maximum temperature below 30 °C and summer months approach average
maximum temperatures of 40 °C. Annual rainfall decreases from about 800 mm/yr
near the coast to 450 mm/yr inland. Annual pan evaporation is close to 3,000 mm
over most of the basin.

The wet season occurs between November and March, but rains can commence in
October and extend into April in some years. Rainfall is generated from either local
thunderstorms or large scale tropical depressions. The tropical depressions are
often remnants of cyclones that form over the Timor Sea and move inland over the
Ord River Basin. Rainfall can be intense particularly in the January-February period
when the risk of cyclones is greatest. During the dry season (usually from April to
October) rainfalls are light and sporadic. It is common for no rain to fall for several
consecutive months during the dry season, especially between June and
September.

The main rivers, catchments and annual rainfall of the Ord River Basin can been
seen in Figure 3. Further details on the climate, physiography, vegetation and
hydrologic characteristics of the catchment are available from previous reports
(WRC, 1999a; WRC, 2001).

2.2 Environmental attributes of the lower Ord River

In 2000, the Scientific Panel (see Section 1.2.3) considered the following attributes
were the main features of the lower Ord River environment likely to be affected by
future changes in the flow regime downstream of the Kununurra Diversion Dam:

e channel dynamics and sedimentation;
e aquatic and riparian vegetation;
e invertebrates and fish assemblages;
e waterbirds;
e ecological processes; and
e water quality.
These environmental attributes are described in the context of the pre- and post-

regulation flow regimes of the Lower Ord River in Section 2.3 and Section 2.4
respectively.
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The particular environmental values of Ramsar wetlands associated with the Ord
River and Cambridge Gulf (the receiving water body) are described in Section 2.5.
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Figure 3 The Ord River Basin, showing rainfall isohyets and the main sub-catchments
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2.3 The Ord River before regulation

2.3.1 Hydrology

Variation of stream flow along the lower Ord River

Table 1 presents estimates of pre-regulation mean and median annual flows in the
Ord River at the Ord River Dam site and at important downstream locations to
Cambridge Gulf. Over 85 per cent of the total flow to Cambridge Gulf is generated
from the catchment upstream of the Ord River Dam. The Dunham River contributes
the majority of the additional input, approximately 8 per cent. Flows from the
catchment between the dams are approximately 2 per cent and from the local creeks
downstream of the Dunham River contribute the remaining input of approximately 3
per cent. Average stream flow per unit area (or runoff) varies from 65 mm in the drier
parts of the catchment (e.g. the Negri River catchment) to about 110 mm in the
higher rainfall parts of the catchment, especially the Dunham River and adjacent
tributaries.

Table 1 Pre-regulation average annual flows along the lower Ord River

Location on the Ord River Catchment Mean Stream Median Stream
Area (km2) flow (GL/yr) 1 flow (GL/yr)

At the Ord River Dam site (ORD) 46,100 3,980 3,030
At the Kununurra Division Dam (KDD) 47,100 4,070 3,100
Just downstream of the Dunham 51,300 4,420 3,390
River confluence

At Tarrara Bar 51,790 4,480 3,410
At Carlton Crossing 52,020 4,500 3,430
At The Rocks below Reedy Creeks 52,800 4,560 3,480
At Cambridge Gulf mouth 53,800 4,630 3,530

! Water year — November to October

Annual and seasonal variability

Prior to the construction of the dams, Ord River flows were highly seasonal and very
variable. Table 2 summarises the annual variability and contrasts the wet and dry
season flow volumes. Large flow volumes occur in wet seasons when broad scale
monsoonal depressions, cyclones or their remnants cause intense and widespread
rainfall over significant portions of the catchment. While widespread rainfall often
occurs more than once in most wet seasons, rainfall can be limited to local
thunderstorm activity in some wet seasons. Ord River stream flow is generally low in
these dry wet seasons. In the driest 10 per cent of years, stream flow is less than
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one quarter of the average or one third of the median. In the wettest 10 per cent of
years, stream flow is twice the average and almost three times the median.

The seasonal variation is also very high. In typical years, over 80 per cent of the
annual stream flow occurs between January and March (Figure 4).Stream flow
volumes reduce rapidly after the end of the wet season as soils are shallow and

base flow limited. Some stream flow can be generated in the early months of the dry

season when late rains occur. Typically however, little or no flow occurs between

May to October.

Table 2 Annual and seasonal Ord River flows just below the Dunham River - Pre-

regulation (1906-07 to 1991-92)

Statistic Water Year Wet Season Dry Season* 5 months av.
Nov-Oct Nov -Mar Apr-Oct ﬂOW__rilsj/gég Oct
GL GL GL
Mean 4,420 4,170 250 1.8
Historic maximum 14,560 12,660 2,030 17.7
90" percentile 8,850 8,470 610 5.9
75" percentile 6,250 6,120 270 1.6
50" percentile 3,390 3,210 140 0.6
25" percentile 1,970 1,800 50 0.2
10" percentile 1,020 830 20 0.0
5™ percentile 680 460 10 0.0
Historic minimum 225 220 5 0.0

Note: The dry season percentile does not necessarily equal the difference between the annual and wet season
percentile

Flood response

Small creeks and tributaries of the Ord River respond quickly to rainfall during the
wet season. Local flash flooding is common and is a result of local rainfall of high
intensity, coupled with the shallow soils and steep terrain in parts of the catchment.
When the areal extent of intense rainfall is lar ge, the main river responds quickly
and generates large flood flows that peak within 48 hours of the rainfall event. The
Ord River, prior to regulation, recorded a peak flow rate of 30,800 m®/sec in 1956.
This is comparable with the largest recorded flow rates of any river in the world with
an equivalent catchment area (Rodgers and Ruprecht, 2000). Figure 5 shows typical
pre-regulation daily peak flows of the Ord River at the dam site during the highest
flow periods of a dry wet season (1961) and an average wet season (1962).

2.3.2 Low flow response

Upstream of tidal influences, the river dried to a series of isolated pools in the
deeper parts of the channel during the dry season. Pools commonly formed on the
outside of meander bends. Hydraulic modelling of the effects of the large tidal range
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in Cambridge Gulf (7 m at spring tide) indicated that at low flows of 2 m*/sec or less,
salt water would have extended 1instream of Carlton Crossina at snrina tides.
Pre-regulation - (1906-7 to 1991-2)
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Figure 4 Percentiles of Ord River monthly flows pre-regulation downstream of Dunham
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Figure 5 Peak flows pre-regulation -(a) dry wet, (b) average wet Ord River Dam site

2.3.3 Channel dynamics and sedimentation

The rapid flood response of the creeks and rivers of the upper Ord catchment are
sufficiently powerful to mobilise and transport large quantities of eroded material into
and down the Ord River watercourse. Sediment loads are especially high from areas
where soils and landforms are prone to erosion and where grazing of cattle has
exacerbated the erosion risk (Wasson et al., 1994).

Prior to regulation, sediment loads from the upper catchment were transported to the
lower Ord River and, depending on the magnitude of the event, deposited on the
floodplain, channel bed and levee areas or transported through to Cambridge Gulf.
The current major levees of the lower Ord watercourse reflect the pre-regulation
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flood regime, with bank-full conditions occurring at flow rates of about 4,000-5,000
m?/sec. Prior to regulation, floods of this magnitude occurred approximately once
every two years (see Figure 8 and Figure 9). Larger floods would have overtopped
the banks and deposited sediments across the floodplain every two to three years.
Major inundation and sediment deposition could have been expected every five to
ten years. Rodgers and Ruprecht (2000) provide estimates of the inundated areas
for the 1in 10 and 1 in 100 year average recurrence interval (ARI) pre-regulation
flood events.

In smaller floods, contained within the main watercourse, sediments would have
been deposited in pools and other parts of the watercourse where water velocities
were below average (e.g. inside meander beds), only to be remobilised in
subsequent, larger flood events. The peak flow rates during the dry wet-season year
of 1961 were insufficient to exceed bank-full conditions (4000-5000 m®/sec), while
this occurred twice in eleven days in 1962 (see Figure 5).

Flood velocities have been sufficient to transport most fine sediments through to
Cambridge Gulf, leaving a very mobile sand-gravel channel and river bed along
much of the lower Ord River. This is considered a direct consequence of the
dynamic and powerful nature of the river’'s unregulated flood response.

2.3.4 Vegetation

Apart from stream flow monitoring, very little physical or biological data related to the
Ord River was recorded before regulation. However, information relating to
vegetation has been interpreted from aerial and other historical photography,
remaining stands of older riparian vegetation and comparisons with the unregulated
sections of the river or with other large floodplain rivers.

The hydrology and the channel dynamics strongly influenced the aquatic and
riparian vegetation and the associated ecological communities. River Red Gums
(Eucalyptus camaldulensis) and Coolabahs (Eucalyptus microtheca) occurred high
on the banks often in fairly sparse and narrow stands. These species appear to have
their seed fall near the end of the wet season with germination encouraged by the
exposure of moist bare sediment as the river recedes. Seedlings could be destroyed
by high energy floods in the wet season, with the result that mature stands only
occurred at high elevations, in protected river bends or far from the river where there
was less frequent flooding (Pettit, 2000).

Thickets of paperbark (Melaleuca leucadendra) saplings often established on
exposed sediments fringing the pools or bars but were highly dynamic, being swept
away when scouring flows subsequently occurred. Emergent and submerged
macrophyte communities were also highly dynamic but were most stable in
sheltered backwaters, pools and side channels.
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Pettit (2000) has described the riparian vegetation and its reproductive phenology for
the Ord River catchment above Lake Argyle, which still experiences a natural flow
regime. The main anthropogenic impact on the riparian vegetation for this part of the
catchment is grazing, which has also caused severe degradation of the riparian
vegetation of the lower Ord River.

2.3.5 Fauna

The pre-regulation ecology of the Ord River fauna has been interpreted from limited
information from other rivers in the Kimberley region (e.g. invertebrate surveys as
part of the AusRivAS program; limited fish survey information from the Ord and Keep
Rivers) and from empirical relationships developed for large floodplain rivers
(Welcomme, 1985).

Like the vegetation, the fauna habitat was shaped largely by the big flushing flows
and was consequently highly diverse and adapted to a boom and bust cycle driven
by the hydrology. The coarse substrate within the main channel would have provided
habitat for invertebrates in the interstitial spaces, while pebbles, cobbles and rocks
provided shelter for larger invertebrates and small fish. Snags, undercuts,
backwaters and pools formed within the complex channel morphology would have
provided particular habitat types for what is likely to have been highly diverse
communities.

The majority of fish breeding occurred in the wet season, being stimulated by the
onset of flooding to move either onto the floodplain or downstream to the estuary.
Movement would allow fish species to avoid the high energy, turbulent main channel
and, for floodplain species, to take advantage of the warm, shallow productive
waters on the floodplain. For species such as Barramundi (Lates calcarifier) that
migrate to estuarine waters to breed, this may have been the only time that rock
bars and other barriers were passable but may also have coincided with the
availability of food and suitable nursery areas in coastal or marine areas. River
channel breeders may have also been stimulated by the flushing out of stagnant
water from the channel pools.

The end of the wet season would have provided the stimulation for species to return
upstream, avoiding being stranded in inhospitable habitat as the floodplain dried or
ensuring that there was sufficient flow in the channel to reach the larger upstream
pools.

During the dry season, the flow decreased in most years to leave deep pools within
the channel with little or no flow between them. By the end of the dry season, each
pool may have contained a different fish community structure, depending on the
dominance hierarchy of the species within the pool when it became isolated. As
flows increased again in the next wet, the system was reset and species were re-
distributed.
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There is little reliable information on the waterbird use of either the river or its
floodplain before regulation, but it is expected that numbers seen today may be
similar. It is likely however that there may have been more extensive breeding
habitats available in the lower sections of the floodplain due to more regular over-
bank flow in this section of the river before the dams were constructed.

Both estuarine saltwater (Crocodylus porosus) and freshwater (Crocodylus
johnstoni) crocodiles are found in the Ord River and along most of the Kimberley
river systems. There is very little information on their numbers prior to regulation
although it would be expected that their numbers and distribution were strongly
dependent on availability of suitable habitat, particularly for breeding, and food
sources.

2.3.6 Water quality

During the wet season, there would have been significant sediment and nutrient
inputs from the surrounding and upstream catchments. However, the high flows are
likely to have flushed these quickly through to the estuarine reaches. The high
turbidity, high flow rates and consequent dilution capacity would have made algal
blooms and de-oxygenation events unlikely*.

Under unregulated conditions, it is likely that water quality would have deteriorated
towards the end of the dry season, particularly as pools became shallower, water
temperatures increased and oxygen was depleted. It is likely that biological
productivity was probably lower under the pre-regulation conditions as nutrient
concentrations were probably lower. The larger pre-regulation flood regime would
have deposited particulate bound nutrients onto the floodplain and transported those
bound to finer particles through to Cambridge Gulf more efficiently than the current
regime.

The salinity of river water would have been affected by estuarine water up to at least
Carlton Crossing at times of spring tide. This would have occurred frequently during
the dry season and in the early months of the wet season when stream flow was
low. Under flood conditions, however, the saline interface moved well downstream.
The major floods which occurred in the region are of similar magnitude to the
incoming spring tide. This may have pushed the saline interface to the estuarine
mouth at Cambridge Gulf (Wolanski et al., 2001).

2 However, evidence of reductions in dissolved oxygen levels has been observed in the estuarine reach of the
lower Ord River (downstream of The Rocks). These have occurred at times of major floods (D. Palmer, pers.
comm.), and are presumed to be related to high BOD or COD levels of the inflowing flood waters.
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2.4 The lower Ord River since regulation

2.4.1 Hydrology

The changes to the hydrology of the Ord River began with the construction of the
Kununurra Diversion Dam in 1963 but the most significant changes occurred after
the construction of the Ord River Dam in 1971-72. In 1995, the base of the Ord River
Dam spillway was raised by 6 m to provide additional head for power generation.
The dam can now store 10,700 GL in Lake Argyle at full supply level, or over 2.5
times the average inflow. The maximum flood storage however, exceeds 30,000 GL
and represents about 1.5 times the maximum estimated annual inflow volume since
rainfall records commenced (from 1906). The changes to the flow regime have been
substantial. The following sub-sections describe the changes in annual and seasonal
volumes, patterns of monthly flows and changes in the frequency of annual peak
instantaneous flow rates. Estimates of the changes in flow resulting from the water
diverted for irrigation, compared with the effects of the reservoir and dam operational
practice, are also made.

Annual and seasonal changes in flow volumes

River regulation and irrigation diversions have reduced annual flows in the lower Ord
River. Table 3 presents estimates of the average and median annual flow in the
lower Ord River just downstream of the Dunham River under unregulated and
regulated conditions for the same hydrologic period of 1974-75 to 2004-05. The
annual average flow is estimated to decline by 35 per cent. The reduction is a
combination of the high net evaporation loss from Lake Argyle and the water
diverted from Lake Kununurra for irrigation use. More than 85 per cent of the
reduction is due to net evaporation loss from Lake Argyle.

Construction of the Ord River Dam has also caused large change in the seasonal
pattern of flow in the lower Ord River (Table 3). Over the 31 years since 1974-75,
average wet season flows reduced by 67 per cent respectively and average dry
season flows increased by 439 per cent. Similar changes are apparent in median
wet and dry season flows in the lower Ord River.

The lower Ord has become a perennial system since regulation. In ecological terms,
the dry season changes have effectively transformed the lower Ord River into a wet
tropics river from a dry tropics river. Under typical dry season conditions, as reflected
by the pre- and post-regulation median, dry season flows have increased by over
1,000 GL.
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Table 3 Annual and seasonal flows in the Ord River downstream of Dunham River

Statistic Mean stream flow Median stream flow

Lower Ord River Pre- Post— Change | Pre- Post— Change
flows (1974-75 to regulation | regulation regulation | regulation

200405) (GL) (GL) %) (GL) (GL) *)
Water Year (Nov - 6,070 3,940 -35 4,740 2,830 -40
Oct)

Wet Season (Nov- 5,690 1,890 -67 4,700 1,380 -73
Mar)

Dry Season (Apr - 380 2,050 439 230 1,240 365
Oct)

The effects of regulation on monthly flows in the lower Ord River are shown in Figure
6. The figure compares estimates of the percentiles of monthly flows in the lower
Ord River below the Dunham River confluence, under unregulated and post-
regulation conditions. Also included are percentiles of monthly flows estimated to
have occurred if the spillway had not been raised and the ORDHP Station not
established in 1995-96. In each case the estimates are based on the same
hydrologic period (1974-5 to 2004-5).

Decreases in the 50" to 90" percentile flows between December and March after
regulation reflect the storage of wet season stream flow in Lake Argyle (Figure 6(b)
and (c) compared with Figure 6(a)). Increases in the 50™ to 90™ percentiles between
April and June reflect the spillage of water from Lake Argyle following wet seasons
with above average stream flow. Increases in 10" and 25" percentiles between April
and November reflect the releases made through the outlet works of the Ord River
Dam that exceed the irrigation diversions made from Lake Kununurra.

Differences between Figure 6(b) and 6(c) are much smaller than the differences
from Figure 6(a). This indicates that the changes in lower Ord River flows due to
raising of the base of the spillway and releasing water to generate hydro-electricity
are secondary to the changes due to the initial regulation*. Nevertheless, flows
between June and October have been between 5 to 10 m*/sec higher since 1995-
96, and reflect the additional releases being made to generate hydro-electricity.

The seasonal changes reflect the nature of the spillway configuration (see peak flow
changes below) and operational practice since the Ord River Dam was constructed.
In the early years of operation, when irrigation diversion rates were commonly less

13 Note that differences between Figures 6(b) and (c) do not fully reflect the changes to lower Ord River flows
following the operation of the power station, as Figure 6 (c) includes data from the period before the power
station was constructed (1995-96).
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than 5 m®/sec, releases of 40 to 50 m®sec were maintained for ease of operation of
the Kununurra Diversion Dam and the M1 Channel Supply Area (M1 Supply Area).
As dry season water based tourism developed on Lake Kununurra through the
1980s, additional releases to enable tour boat operators to navigate through Carlton
Gorge to the base of the Ord River Dam became normal practice. Releases of 50-60
m®/sec were common. With the construction of the ORDHP Station in 1995-96
releases have averaged 60 m*/sec and exceeded 70 m®/sec at times of high power
demand and low lake level. Regulation by the Ord River Dam has also reduced the
variability of monthly flows in the lower Ord River as shown in Table 4.

Table 4 Monthly flow variability *- Ord River downstream of Dunham River

Regul?tion Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
cases % % % % % % % % % % % %
No regulation 132 90 79 85 152 174 212 344 363 496 340 317

Post-dam Pre- 30 42 55 91 128 129 129 124 115 87 55 54
ORDHP Station

Post-dam and 34 39 50 85 122 134 131 124 105 68 44 41
ORDHP Station

: Monthly flow variability — standard deviation/ mean expressed as a percentage
! Cases are same as described in Figure 6

Peak or flood flow changes

As described in Section 2.3.1 and shown in Figure 1, prior to regulation the Ord
River responded rapidly to heavy rainfall and caused regular flooding of Ord River
floodplain. The Ord River Dam was designed to provide a large flood storage in Lake
Argyle, to minimise the flood risk to the town of Kununurra and new irrigation areas,
and to save costs of constructing a conventional spillway. A relatively small capacity
spillway, cut into a saddle approximately 7 km from the Ord River Dam, was
constructed to discharge floodwaters from Lake Argyle and return spillage flows to
the Ord River about 30 km upstream of the Kununurra Diversion Dam (see Figure 3
and Figure 7).

Hence large inflows are captured in Lake Argyle’s flood storage (above the base of
the spillway) and the flood storage discharged slowly over several months. The
spillway outflow rate can be more than 10 times lower than inflow rate to the Ord
River Dam. Major floods are now much less frequent on the lower Ord River. The
high flows that do occur are generated from heavy rains that fall in the Dunham
River catchment or the Ord River catchment between the Ord River and Kununurra
Diversion Dams.
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2004-05).
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Figure 7 Ord River Dam Spillway, Ord River Dam Embankment and Lake Argyle

Figure 8 compares flood frequency distributions of the Ord River just below the
Dunham River confluence under pre- and post-regulation conditions (Rodgers and
Ruprecht, 2000). Prior to regulation, the annual peak flow with a 50 per cent
probability of being exceeded in any one year (e.g. the flood with a 50 per cent
Annual Exceedance Probability (AEP)*, was approximately 4,800 m®sec. Under the
current level of development, the flood with the same AEP was estimated at about
1000 m®/sec. Greater reductions occur with larger, less frequent floods. The 1 per
cent AEP flood (or 1 in 100 year ARI flood) is estimated to have reduced from over
52,000 m®/sec to approximately 10,000 m®sec under the current level of
development (Figure 8).

1 Also termed the 1: 2 year Annual Recurrence Interval flood or 1:2 ARI flood.
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Figure 9 Estimated flood levels just upstream of Carlton Crossing (cross-section 62827)
pre- and post-regulation

The reduction in high flows following regulation has caused a corresponding
reduction in the extent and frequency of inundation of the Ord River floodplain.
Rodgers and Ruprecht (2000) have mapped the change in inundation areas for the
10 per cent and 1 per cent AEP floods. Figure 9 presents river levels at one cross-

Department of Water

23



Ord River Water Management Plan Water Resource Allocation and Planning, no. WRAP 15

section that show the probability of over-bank flow has declined from approximately
50 per cent prior to regulation to less than 10 per cent after regulation.
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Figure 10 Contributions to lower Ord River flows during February 1999

The lower Ord River peak flows are now dominated by the unregulated flows of the
Dunham River and from the catchment downstream of the Ord River Dam (see
Figure 10). Spillage from Lake Argyle contributes in years when rainfalls are above
average, and can be a major component in very wet years.
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Figure 11 Estimated daily flows of the lower Ord from 1996 —downstream of Dunham
River

2.4.2 Sedimentation and channel dynamics

The loss of the high magnitude floods means that there is greatly diminished stream
power and so limited mobilisation of the coarser sediments (gravels, sands) and a
substantially reduced likelihood of future floods altering the channel planform. From
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Figure 8, events which just exceed the bank-full conditions approximately 4,000+
m°/sec now only occur with a probability of exceedence of 7 per cent (roughly a 1 in
14 year ARI flood) compared with slightly less than 50 per cent (1 in 2 year ARI
flood) prior to regulation (see Section 2.2.2). More significantly, larger peaks of say
10,000 m*/sec, when significant scouring and channel reshaping could be expected,
had a 20 per cent probability of exceedence (1 in 5 year ARI) prior to regulation, but
now have a probability of exceedence of less than 1 per cent (or have an ARI of less
than 1 in 100 years).

The large sediment load from the catchment of the Ord River Dam (24 mt/yr) is no
longer delivered downstream, with over 99.9 per cent being trapped in Lake Argyle.
Sediment load in the lower Ord River is now dominated by contributions from the
Dunham and the catchment between the dams where erosion of the Carr Boyd
Ranges is the likely dominant source. Rodgers and Ruprecht (1999) estimate the
average annual post-regulation sediment loads of the lower Ord River to be about
0.6 mt/yr or only 2.4 per cent of the pre-regulation loads. Sediment load of the lower
Ord River also comes from irrigation drainage returns, local gully development on
the floodplain and channel bank sources. While locally significant, their contribution
would be small relative to the pre-regulation loads.

The Environmental Geomorphology Research Group at the University of WA has
been undertaking channel surveys of the lower Ord River. Recent post-regulation
channel surveys between the Dunham/ Ord confluence and Valentine Falls have
shown extensive deposition of sediments in various parts of the channel, and
especially an accretion of point bars. Fine sediment deposition is occurring on the
margins of point and lateral bars, channel margins and in mid-channel regions, and
these forms appear to be closely linked to aquatic vegetation. The aquatic
vegetation traps sediments and stabilises the depositional forms, which are in turn
colonised by more substantial vegetation stands. The result is a gradual decrease in
channel capacity, with ongoing channel encroachment by first aquatic, and then
riparian vegetation.

Evaluation of the channel since high flow events in March 2000 suggests major
dispersion of channel sediments within the system but that this has not caused the
total removal of stored material (Cluett, 2001). The impact was not uniform along the
river with some reaches undergoing major reworking and others showing minimal
visible change.

2.4.3 Vegetation

The channel deposition processes and stable flows have encouraged the
development of wide beds of emergent and submerged macrophytes in most
shallow areas. Species include Marshwort (Nymphoides indica), the native Bulrush
(Typha domingensis), Tropical Weed (Phragmites karka), Potato Vine (Ipomoea
aguatica) and Preslia (Persicaria attenuata). In Typha beds, species such as
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Pandanus aquaticus, White Dragon Tree (Sesbania formosa) and Melaleuca
leucadendra often become established in the trapped sediments.

The constant flows and the reduction in high flow scouring events post-regulation
have reduced the frequency of germination events for the high bank vegetation, but
encouraged the development of a more stable, dense band of riparian vegetation
approximately 15 m wide along the water’s edge within the main river channel. In
places, this is also occurring on mid-channel bars to form islands. Thickets of M.
leucadendra saplings may form tall woodlands or forest on such sites. Similarly,
species such as P. aquaticus, Leichardt Pine (Nauclea orientalis), Ficus species and
Cathormion umbellatum which once occurred in isolated sheltered sites, have
expanded to form extensive fringing woodlands as a result of the constant water
levels.

The stability of the post-regulation riparian vegetation is largely due to the
diminished frequency of high flow events, although the flows experienced in early
2000 were of sufficient velocity to remove some areas of vegetation. Cluett (2001)
indicates the vital role that the additional post-regulation riparian and aquatic
vegetation played in stabilising sediment stored in the channel during the March
2000 flood. While fringing vegetation sustained considerable damage and much
floating and submerged vegetation was removed from channel margins, significant
plant communities on the channel edge have survived the force of the flood. This
vegetation showed signs of healthy recovery, particularly the Pandanus, Phragmites
and Typha species.

Since the March 2000 flood, further high flows have occurred in three of the
subsequent four wet seasons (see Figure 11) and caused additional changes to the
lower Ord’s vegetation communities. The five wet seasons from 1999-2000 has
been a period of unusually high stream flow in the lower Ord River. The period
contains three of the five highest peak flows estimated to have occurred in the 31
years since Lake Argyle first filled. The emergent and submerged macrophytes, in
particular, have been affected by this sequence of wet-season flows. The highest
peak flows largely removed the macrophyte communities from the main channel,
although they began to re-colonise during the following dry season. The magnitude
and sequence of high flows in the subsequent wet seasons influenced whether re-
colonisation continued or further scouring occurred.

Observations made over the last five years have emphasised the dynamic nature of
the riverine ecosystem of the lower Ord and the role that hydrologic variability plays
in generating change in the ecosystem.

2.4.4 Fauna

Surprisingly, alteration to the hydrology of the system appears to have had little
impact on the composition of fish populations in the lower Ord (Trayler et al., 2006).
This is based on the results of comparative studies that sampled fish in the lower
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Ord and nearby unregulated systems including the Keep, Dunham and Pentecost
which demonstrated that there was no significant difference in species richness,
abundance or biomass between regulated and unregulated systems. It therefore
follows that significant differences between pre- and post-regulation fish
assemblages in the lower Ord are unlikely. A locally significant recreational
Barramundi (Lates calcarifier) fishery is now based on the new flow regime.

While rainfall generates some local ponding and drainage to the river via Wild Goose
and Reedy Creeks each wet season, inundation of the lower floodplain from the Ord
River has greatly reduced in frequency, extent and duration (see Section 2.4.1
above). The main river bed now principally consists of the sand and gravel bars on
the inside of meander bends and some low-lying parts of the banks. It is possible
that some of the finer sediments previously transported to Cambridge Gulf are now
causing in-filling of benthic interstices within the sand and gravel. The deeper pools
which once provided dry season refugia could become shallower and filled with fine
sediment. There is evidence of this process contributing to the formation of sediment
islands and accretion of river banks as material is stabilised by subsequent riparian
vegetation growth. Evidence of accumulation of fines in the deeper pools is not as
clear (Cluett, 2000) and pools with significant depth still occupy about 80 per cent of
the lower Ord River. Some accumulation of fine material in deeper pools is likely to
occur over extended periods between high flow events. If the remaining high flow
events do not remobilise this material, shallower pools will develop in the longer
term. If this occurs, a reduction in species diversity, carrying capacity and population
size may occur as preliminary results of habitat survey work indicate that both fish
species (and size classes) and invertebrate taxa show distinct preferences for
specific habitats (Storey, 2002a, 2002b).

Vegetation established on the river banks since the construction of the Ord River
Dam is important to the post-dam fish community. Preliminary results of studies
undertaken on fish ecology suggest that larger individuals of the Barramundi species
(Lates calcarifier), as well as some other species, show a preference for the habitat
created by the flooded riparian vegetation (Storey, 2002a). The river channel itself
may function more like a floodplain due to the steady water levels, low turbidity, low
flushing and finer benthic sediments. Preliminary results suggest that submerged
vegetation provides an important habitat for smaller fish with some species only
occurring in this habitat and backwater areas (Storey, 2002a). In addition these
areas provide substrate and habitat for the food source of non-predatory fish
(epiphytic growth of algae, diatoms and invertebrates) as well as carbon inputs to
the system.

Continuing channel encroachment through sedimentation processes and
stabilisation by vegetation may have a long term impact on the area of available in-
stream habitat due to the reduction or loss of deeper pools, bank undercuts,
backwaters and available snags. This is likely to be of most concern for the larger
fish species and may result in smaller populations of these in the longer term.
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Miriuwung Gajerrong people suggest that the upstream extent of estuarine
crocodiles has increased since the Ord River Dam was built. The dams themselves
constitute major barriers to the migration of fish species. Thus the Ord River
upstream of the Kununurra Diversion Dam is now inaccessible to those species that
are estuarine breeders, including Barramundi (Lates calcarifier).

Waterbirds do not use the channel extensively during the wet season when flows are
strong. However, in the dry season flocks of Magpie Geese (Anseranas
semipalalmata), Egrets and other waders do use the channel, feeding in shallow water
at the margins or sometimes roosting on the river and feeding in the irrigation area.

2.4.5 Water quality

A secondary impact on the ecology of the lower Ord system since regulation has
been through changes to water quality. Reduced flows, increased deposition of fine
sediments, increased biological activity (in the form of submerged and emergent
macrophytes and associated epiphytic growth) and increased input of nutrients, has
apparently increased the nutrient cycling capacity in the system.

There have been occasional fish kills associated with pesticide toxicity in both the
Ord and the Dunham Rivers downstream of the irrigation drainage return flows, and
occasional algal blooms in drains and the lower Dunham River. There is now a
regular monitoring program for nutrients and pesticides.

2.5 Ramsar wetlands and Cambridge Gulf

Lakes Argyle and Kununurra (as well as their associated wetlands) and the lower
Ord River floodplain were listed as Wetlands of International Importance under the
Ramsar Convention in 1990 (Watkins et al., 1997). Their location in relation to the
Ord River is shown in Figure 12. Table 5 indicates the features of their ecosystems
used to support their nomination against the criteria of the convention.

2.5.1 The Ord River floodplain

The Ord River floodplain site includes two main areas of wetland values: the
permanent and seasonal wetlands of the Parry Lagoons Nature Reserve; and the
estuarine and marine habitats of the Ord River Nature Reserve and the False
Mouths of the Ord River (Watkins et al., 1997).

Parry Lagoons and the associated floodplain area are important in terms of
breeding, species richness and abundance of waterbirds. There have been 77
waterbird or water-associated species recorded at the floodplain area, with up to
27,000 individual birds. Magpie Geese (Anseranas semipalalmata), Egrets, Ibis and
Herons are among the species that breed there in the wet. The value of the area for
waterbirds is increased by the extent of flooding but is also inversely related to the
amount of water elsewhere in the north-west of WA and in the NT. Before the dams
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were constructed, it is likely that the most extensive flooding of the area came from
over-bank flow from the Ord River. With the frequency of flooding reduced by the
construction of the Ord River Dam (Figure 8), the main source is now local rainfall
and Parry Creek’s local catchment (approximately 450 km?). This was evident during
the high rainfalls and flood events of March 2000.

The tidal influenced areas of the lower Ord and the False Mouths of the Ord River
support some of the most extensive mangrove communities in the region. Fourteen
species of mangrove have been recorded from the area. Mangrove communities
throughout the site exhibit strong patterns of species zonation reflecting species
preferences for particular tidal flooding regimes.

Table 5 Nomination details for Ramsar-listed wetlands (from Watkins et al., 1997)

Criteria

Ord Floodplain

Lakes Argyle and

Criteria based on
representative or unique
wetlands:

e good example of
specific type of
wetland characteristic
of its region

e Yes

Kununurra
e not applicable
(man-made
wetlands)

Criteria based on plants and
animals:

e assemblages of rare,
vulnerable or
endangered species
in appreciable
numbers

e special value for
maintaining the
genetic and
ecological diversity of
aregion

¢ habitat at critical
stage of biological
cycle

Estuarine crocodile:

e located close to major
breeding area
e impressive specimens in
area.
Zitting Cisticola:
e rare and threatened bird
species.
Mangrove habitat:
e 14 species of mangrove

Freshwater crocodile:

e Lake Argyle
supports population
estimated 10,000-
20,000; Lake
Kununurra
estimates 3,000-
5,000

Department of Water

29



Ord River Water Management Plan

Water Resource Allocation and Planning, no. WRAP 15

Table 5 Continued

Criteria Ord Floodplain Lakes Argyle and
Kununurra
Specific criteria on waterfowl: | Parry Ck Floodplain: Lake Argyle:

e regularly supports
20,000+ waterfowl

e substantial number
indicative of wetland
values, productivity or
diversity

e morethan 1% of a
specific waterfowl

e 77 species including 22 listed
under international
conservation treaties

e estimated >20,000 birds use
the area annually

Parry Lagoons

e may be one of five most

important wetlands in WA for

e 74 spp recorded
(22 listed under
international
conservation
treaties >100,000
birds use Lake
Argyle annually

Lake Kununurra:

population migratory shorebirds (in terms e 160 species
of species) and ranked tenth Significant breeding
most important in Australia. populations of Little
Highest breeding Grassbird, Little
concentration of Magpie Bittern, Spotless
Goose (Anseranas Crake and non-
semipalalmata) in WA breeding migrant
Mangrove areas: population of
. - Oriental Reed
¢ includes almost all specialist
L Warbler

mangrove species in WA.
Part of the only population of
Black Butcherbird in the State

Description Mangroves and salt flats, seasonally e deep lakes and

flooding plains and permanent
freshwater lagoons. Three distinct
wetland units:

Parry Lagoon Nature Reserve:

e dominated by seasonally
flowing Parry Ck running
through alluvial complex.
Persistent freshwater
billabong and swamps

Ord River Nature Reserve:

e extends from the Parry
Lagoon reserve to the
Cambridge Gulf. Saline
floodplain soils

False Mouths of Ord:

e delta of tidally inundated

coast mud flats and islands

fringing inundated
grassland and
emergent
macrophytes and
trees

Area

130,000 ha

150,000 ha
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2.5.2 Lakes Argyle and Kununurra

The nomination details for Lakes Argyle and Kununurra also recognise that they are
man-made wetlands and that their primary management purpose is for water supply.
However, they also provide important dry season refugia for very large numbers of
waterbirds on occasions (Lane et al., 1996). Most birds use the southern end of
Lake Argyle where there are extensive areas of shallow water and macrophyte beds
where birds can feed.

Within Lake Argyle itself, water levels fluctuate by about 3 m each year under the
influence of average inflows, evaporation and releases for irrigation and hydro-
electric power generation. However, with large inflows during the wet season the
level may change rapidly and by as much as 10 m in one month.

Between the two dams, the water level in Lake Kununurra and the Carlton Gorge
river reach is relatively constant and is maintained by the operation of the Kununurra
Diversion Dam gates. Lake Kununurra supports nesting of Comb-crested Jacana
(Irediparra gallinacea), being favoured by the lake’s stable water levels. These
conditions also encourage greater encroachment of Typha, probably to the detriment
of longer term waterbird values. As water levels will remain unchanged, waterbird
values are not at risk from additional irrigation allocations and are probably more at
risk from pressure to sub-divide small holdings around Lake Kununurra as the town
of Kununurra grows.
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Figure 12: The lower Ord River in relation to Ramsar Wetlands and Cambridge Gulf

2.5.3 Cambridge Gulf - the receiving water body

From The Rocks (Figure 2) the Ord River becomes a 65 km long estuary before it
discharges into Cambridge Gulf near Adolphus Island (Figure 12). Cambridge Gulf
itself is an estuarine water body of approximately 1,000 km?, which connects to the
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marine waters of Joseph Bonaparte Gulf and the Timor Sea. The Ord River is the
largest of five major rivers that drain into Cambridge Gulf (Figure 12 and Table 17).

Commercial and recreational fishing interests use the port of Wyndham in
Cambridge Gulf to fish the coastal waters between the Keep River in the east and
the Mitchell River in the west. Cambridge Gulf itself is one of the most important of
these areas. The commercial Barramundi Gill Net Fishery has three operators that
use Cambridge Gulf and the areas to the west. Fishing of prawn species also occurs
in northern coastal waters although most commercial activity occurs further to the
east in coastal waters off the NT.

The physical and biological processes of the Ord River estuary and Cambridge Gulf
are dominated by the macro-tides of the area. Spring tides are commonly 7 m in
Cambridge Gulf and at the mouth of the Ord River estuary and generate strong
currents each tidal cycle. Highly turbid, well-mixed waters result as the currents re-
suspend fine sediments and redistribute them throughout the gulf (Wright et al.,
1973). At the upper end of the estuary (near The Rocks) the amplitude of the spring
tides reduces to about 2 m. However, sufficient tidal currents are still generated to
induce vertical mixing of the estuarine and incoming river water (Wolanski et al.,
2001). Salinities are generally less than seawater, particularly towards the end of the
wet season when the maximum dilution of marine waters by river water occurs.
Salinities of the flood (incoming) tides in the Ord River estuary reflect the mixed
salinities of Cambridge Gulf and commonly range between 25 ppt* and 30 ppt.
During the wet season ebb tide salinities can reduce to below 10 ppt and have been
recorded as low as 2 ppt following large flow events.

Preliminary research studies have found differences in the banana prawn catch
between the Durack and Ord River arms of Cambridge Gulf and proposed that the
differences reflect the effects of regulation on the Ord River. Unlike Western King
Prawns (Penaeus latisulcatus), Banana Prawns (Penaeus merguiensis) are
migratory and spend part of their life cycle as larvae in upstream fresh water bodies.
In the early wet season, local rainfall and drainage fills ponds on the lower Ord River
floodplain. These ponds become connected to the river after heavy rains via either
local creek drainage or sheet flow over the main river bank. The connection,
although often brief, provides a mechanism for aquatic organisms, with ability to
move against the flow, to enter the floodplain. In tidal areas this occurs readily when
the heavy rains coincide with high tides (Scott Goodson, pers. comm.). The Banana
Prawn (P. merguiensis) larvae commence development on the floodplain, are then
flushed down-river by subsequent floods and grow to maturity in estuarine waters.
Reductions in over-bank flooding since the construction of the Ord River Dam
appear to have reduced their flushing back to the estuary and reduced the Banana
Prawn (P. merguiensis) catch in the Gulf.

5 ppt -parts per thousand
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Preliminary research on key processes governing the hydrodynamics, salinity and
sediment dynamics of two arms of Cambridge Gulf (east and west) were
investigated by a research team from the Australian Institute of Marine Science
(Wolanski et al., 2001). Results indicate that the west arm areas are in a relatively
stable state, and that they are likely to have been stable since 1888'°. The estuary of
the west arm appears to be tidally self-scouring. This contrasts with the Ord River
(east arm) where the tidal hydrodynamics, bathymetry and salinity regime of the Ord
River estuary has changed greatly. Prior to European influence, the bathymetry of
the Ord River estuary was probably controlled by a dynamic equilibrium between the
macro-tides and river floods during the wet season. The macro-tides regularly
pumped sediment from Cambridge Gulf upstream into the Ord estuary, and
occasional major river floods scoured the channel and exported sediment seaward.
To investigate this, the researchers modelled the estuarine scouring potential of the
(pre-regulation) 1959 flood. The peak flow rate of 30,500 m®/sec (at the dam site)
was very similar to the peak tidal discharge at the river mouth at spring tides,
indicating that the Ord River estuary would have been fresh up to its mouth. The
sediment model predicted that the estuary may have scoured significantly during
such floods, possibly by 0.5-1.0 m in the upper reaches and a lesser amount in the
lower reaches. Thus, one such large river flood may have removed from the estuary
the sediment accumulated over 20 years of tidal input.

The research team estimated a major accumulation of sediment (about 20 million
m°) in the estuarine sections of the Ord River over a 30 year period after the Ord
River Dam was completed. Sedimentation has resulted in cross-sectional areas of
the estuary decreasing by about 50 per cent over the period. A consequence has
been an increase in the extent of mangroves in the Ord River estuary, particularly on
the Fossil Islands. Wolanski et al. (2001) propose that the accumulation is a result of
the absence of large floods post-regulation. As these large floods no longer occur,
they cannot periodically scour the estuary of sediment accumulated from tidal input.

The accumulation process was numerically modelled over a 100 year simulation.
The results suggested that the macro-tides would continue to pump sediment from
Cambridge Gulf upstream into the Ord estuary although the rate of accumulation
reduced through the simulation period as the estuary silted up. Most sedimentation
initially occurs in the lower reaches of the estuary while upper estuary accumulation
becomes a higher proportion in the later part of the sequence.

There can be little doubt that the estuarine sediment accumulation is related to the
presence of the Ord River Dam. While numerical modelling has indicated tidal
pumping is the main accumulation mechanism, caution should be used in drawing
guantitative conclusions about accumulation rates or management implications from
this preliminary work. For example, no river input and therefore no river scouring
potential was modelled in the post-regulation scenario. While a major reduction in
erosive power has occurred since regulation, the high flows over the last five years

'® The Durack family commenced grazing cattle in the Ord Catchment in 1888.
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indicate that flooding and scouring can still occur in the lower Ord River and estuary.
A new dynamic balance in the estuarine system is expected to develop over time
based on the new (reduced) flood regime and a smaller estuary.

As the accumulation process is driven by stronger flood tide currents relative to ebb
tide currents, sediment build-up is limited to the estuarine sections of the river,
principally downstream of The Rocks. Areas upstream of the local tributaries of Wild
Goose and Reedy Creeks, near the limit of the tidal range, may accumulate
sediment in the longer term. However, the creeks themselves have not yet been
affected by siltation and continue to drain to the river each wet season. Their local
scouring power, together with lower expected sedimentation rates, suggests that
they will continue to do so.
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3 Ecological Water Requirements

3.1 Definitions

The Water and River Commission’s (the Commission) policy on Environmental
Water Provisions (WRC, 2000b) guides the Commission’s water allocation planning
and decision-making in relation to allocating water to the environment.

The policy describes the role of Ecological Water Requirements (EWR) and
Environmental Water Provisions (EWP) in setting the sustainable diversion limit of a
water resource. EWR of a water resource are defined as water regimes that, when
maintained, will protect the natural ecological processes and biodiversity of the
resource’s water-dependent ecosystems to a low level of risk. EWR are determined
on the basis of the best available scientific information and are the primary
consideration in the determination of EWP. EWP are water regimes made available
to the environment as part of the Commission’s water allocation decision-making,
after considering ecological, social and economic needs for water.

This section summarises the development of interim EWR for the lower Ord River.
Further details of the process are provided in Appendix 3. Section 4 describes the
use of interim EWR together with consideration of social (including cultural) and
economic values in the formulation of an interim EWP flow regime for the lower Ord
River.

3.2 EPA advice and revised management objective

In its review of the 1999 draft plan and associated submissions (Appendix 2 and
EPA, 1999), the Environmental Protection Authority advised the Commission that:

“...as the riverine environment downstream of the existing dams on the Ord River
are already substantially modified, there may not be value in trying to maintain a
downstream river flow which mimics pre-dam flows. In view of the significant
ecological and social implications of altering the downstream environment once
again, the EPA believes it would be more appropriate to base the interim EWP on
protecting environmental values which are sustainable under post dam flows and so
preserve the riverine ecosystem which has adapted to these changes.”

Consequently, the Department has determined an interim EWR that reflects the
water regime necessary to maintain the ecological processes and biodiversity of the
post-regulation water-dependent ecosystems.

3.3 Development of an interim EWR

The Commission established a panel of river ecologists (the Scientific Panel) in 2000
to advise on how best to revise the environmental flow provisions for the lower Ord
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River'’. Given the then limited knowledge of the aquatic environment of the lower
Ord, the Scientific Panel proposed a precautionary approach based on keeping
sufficient flows in the river to void major changes in downstream aquatic habitat
during each dry season. A revised plan incorporating this new approach was drafted
by late 2001. However, the proponents selected to develop the M2 Supply Area
withdrew in December 2001 and delayed the release of the revised plan.

Additional time was available to study ecological processes and carry out additional
investigations of water quality and aquatic biota responses to low flows in the lower
Ord River. The following sections summarise the original Scientific Panel advice,
additional information gained from the low flow investigations and the interim EWR
flow regime that resulted.

3.3.1 Original Scientific Panel advice

The Scientific Panel identified a number of ecological attributes that were important
to maintain the health of the lower Ord riverine environment. These included:

¢ limiting the encroachment of macrophytes and terrestrial vegetation;
¢ maintaining in-stream habitat for invertebrates and fish;

e maintaining water quality within and between river pools, including the
avoidance of diurnal anoxia;

e maintaining adequate connections between pools and river reaches; and

e maintaining carbon and nutrient transport along the river.

Ecological risks to the current riverine environment of the lower Ord River should be
minimised if these attributes are maintained. A flow regime that ensures all the
attributes are maintained, should also ensure the ecological risks to the riverine
environment are low, and, by definition, would represent EWR flow regime for the
lower Ord River.

The Scientific Panel considered the most important attribute to maintain was the in-
stream habitat available to invertebrates and fish during the dry season. The
Commission used a risk minimisation and precautionary approach to the adoption of
an initial EWR flow regime for the lower Ord River. It was based on limiting the
change in measures of dry season in-stream habitat, as described below, to levels of
change considered of low ecological risk.

The Scientific Panel advised that changes in measures of in-stream habitat that
were less than 10 per cent would not be significant, changes from 10 per cent to 20
per cent of some concern, and greater than 20 per cent would be of considerable
concern to the ecological health of the lower Ord River. These classifications guided

' The EPA had recommended this approach.
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the Commission’s consideration of acceptable change to in-stream habitats and the
selection of an initial dry season EWR for lower Ord River.

The amount of submerged river bed and banks (wetted perimeter) provides an
overall measure of in-stream habitat. The amount submerged at any one time is, of
course, dependent on the river’s flow rate. For wide, relatively shallow rivers like the
lower Ord, the amount submerged can be approximated by the width of river water.
The width of water at specific flow rates can be calculated from hydraulic modelling
of the river, using data on the bed and bank shape at cross-sections along the river.
The width of water within specific water depth classes can also be determined and
grouped by cross-sections with similar bed and flow conditions to form a range of
measures of in-stream habitats for specific river reaches.

To guide assessment of an acceptable change to in-stream habitat during the dry
season, these measures of in-stream habitat were calculated for a range of likely dry
season flows at 51 individual cross-sections along the lower Ord River (see
Appendix 3). The widths of shallow (<1 m) and deep (>1 m) water at each flow rate
and cross-section, were used as individual measures of in-stream habitat and
expressed as a percentage change, relative to the widths at a standard flow rate
base, considered typical of dry season flows in the lower Ord River since regulation
by the Ord River Dam.

The typical dry season flow rate adopted was the median of average dry season flow
rates after Lake Argyle first filled (1974) and was estimated to be at 50 m*/sec in
June 2000.

The individual measures of change were also grouped by river reach and flow-depth
characteristics to establish the average change in 12 distinct in-stream habitat
classes (shallow and deep water in pools and non-pool sections in three river
reaches (Table 6)). These 12 habitat classes were defined to evaluate the change to
a range of in-stream habitats likely to be favoured by different age and size classes
of fish species and macro-invertebrate communities within the lower Ord River. **

The 51 cross-sections® showed that the river channel was characteristically U-
shaped downstream of House Roof Hill (58 km downstream of the Kununurra
Diversion Dam). However, the channel shape between the Kununurra Diversion
Dam and House Roof Hill included sections with benches and more gradual side
slopes. In consequence, the river width downstream of House Roof Hill changes less
as flow rate is reduced than between the Kununurra Diversion Dam and House Roof

8 The twelve habitat classes were surrogate measures for more specific local habitats, important for maintaining
ecological processes and species richness and abundance along the river. Knowledge of such local habitats
was not available in 2000.

The 51 cross-sections were surveyed during June 2000 when the flow rate was about 500 m®/sec. This
unusually high dry season flow rate was dominated by continued spillage from Lake Argyle after the very large
inflows of the 1999-2000 wet season. Additional water level data at a flow rate of about 70 m*/sec were
available from an earlier study (in 1998) designed to locate the interface between estuarine and fresh river
water in the lower reach from Carlton Crossing downstream.
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Hill. This observation led to consideration of composite environmental flow regimes
that permitted flow rates downstream of House Roof Hill to be 5 m*/sec lower than
the flow upstream of House Roof Hill**. Composite environmental flow regimes of
this type have the advantage of maintaining higher flows in the parts of the river
most sensitive to habitat change and enable up to 5 m¥sec to be diverted from the
lower Ord River downstream of House Roof Hill, without causing excessive in-
stream habitat change.

As expected, the number of individual cases of habitat change greater than 20 per
cent increased as flow rates/regimes reduced (Table 6). Results from the initial
hydraulic model calibration showed that the incidences of habitat change greater
than 20 per cent increased substantially at flow rates lower than the 45-40 m®sec
flow regime (see Appendix 3) and led the Scientific Panel in 2000 to advise that this
flow regime should form the basis for an interim EWR for the lower Ord River.

3.3.2 Consideration of subsequent information

Subsequent to the initial development of the interim EWR, additional information and
techniques of EWR assessment have become available. Their implications for the
interim EWR are discussed in this section. The main factors discussed are:

e comparison of the interim EWR against a higher dry season base flow;
e recalibration of the hydraulic model; and

e capability to analyse all components of the flow regime (i.e. include analysis
of wet season flows).

In recent years, dry season flow rates have been higher than the initial base of 50
m®/sec, as estimated in June 2000. Rates in excess of 50 m*/sec commenced soon
after the Ord Hydro-electric Power Station was commissioned in 1996. By the end of
the decade dry season flow rates were typically round 60 m*/sec and have
continued to increase as power demands have grown. To assess the sensitivity of
measures of habitat change to the initial base flow rate of 50 m*/sec, estimates of
habitat change were also calculated from the higher flow rate base of 60 m*/sec. In
addition, the hydraulic model of the lower Ord River was re-calibrated in 2003 as
part of the investigations related to the low flow trial (see below). Both effects are
shown in Table 6 for the 45-40 m*/sec flow regime. Further detail is included in
Appendix 3.

The effect of the 2003 hydraulic model re-calibration was to reduce the amount of
habitat change for a given flow rate/ regime. However, the amount of habitat change
is increased? if measured from the higher flow base of 60 m*/sec. By interpolation,
the habitat change for the 45-40 m®/sec flow regime, taken from a base of about 55-
56 m*/sec, would be similar to the habitat change estimated originally in 2000.

% This enables upto5 m®/sec to be diverted from the lower Ord River downstream of House Roof Hill (58 km
downstream of the Kununurra Diversion Dam) when the minimum EWR regime upstream is being met.
I The rate of habitat change with flow reduction, however, declines if the change is measured from 60 m*/sec.
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In September 2005, the Commission re-confirmed the 45-40 m®/sec regime as the

main dry season element of an interim EWR for the lower Ord River. Being based on

the original advice from the Scientific Panel (2000), the decision is considered
precautionary. Importantly, the decision was taken in the context of the additional
knowledge gained since 2000 (Trayler et al., 2006) and knowing that work was
proceeding to establish comprehensive EWR for the lower Ord River to replace the

interim EWR.

Table 6 Changes of in-stream habitat for three flow regimes in the lower Ord River

Measures of in-stream habitat
change

Where change is relative to
measures of in-stream

habitat at 50 m*/sec

Where change is relative to
measures of in-stream

habitat at 60 m®/sec

Lower Ord River flow regime 45-40 40-35 35-30 45-40 40-35 35-30
s m’sec | m¥sec | m¥sec | m¥sec | m¥sec | m¥sec
No. of cases where the width of
river water changes by >20 % f
Shallow water (<1 m deep) 3 (8)* 12 11 15 17
Deeper water (>1 m deep) 4 (6) 8 8 10 11
No. of in-stream habitat-depth-
flow classes that change by >
20 %"
Pool habitats
Shallow water (<1 m) 0 (0)
Deeper water (>1 m) 0 (0) 0 0 0
Runs habitats
Shallow water (<1 m deep) 0(1) 0 0 1 2 2
Deeper water (>1 m deep) 0@ 0 1 1 1
Total 0(2) 1 2 3 3 3

* The higher flow rate applies from Dunham River to House Roof Hill (58 km downriver from the Kununurra
Diversion Dam). The lower flow rate applies from House Roof Hill to the Ord River Estuary (58 to about 94 km
downriver of the Kununurra Diversion Dam)

+

Number of cases - 51 cross-sections*2 depths (shallow, deeper) =102

™ Number of habitats —3 reaches * 2 depths* 2 velocity classes (pools, runs) =12
* Values in brackets are the habitat changes calculated in 2000 using preliminary calibration of the river

hydraulic model

In addition, as indicated in Section 2.4, the unregulated flows from the Dunham
River catchment provide most of the flow variability in the lower Ord River during the
wet season. This natural variability is important to maintaining a healthy lower Ord
River and can be achieved by excluding further regulation of the Dunham River and
its tributaries. This has been included as an additional component to a combined
EWR for the lower Ord River and its catchment. Table 7 summarises this overall

interim EWR.
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The dynamic nature of the riverine environment of the lower Ord River, and the
importance of wet season flows to driving the river’'s ecology, has become
increasingly clear in recent years. This has developed from geomorphological and

ecological investigations, undertaken primarily since 1999. Trayler et al. (2006) have

summarised the investigations completed to date. In particular, the magnitude,
variability and sequencing of wet season flows has been observed to strongly

influence in-channel and riparian flora distribution and local habitats in subsequent
dry seasons (Section 2.4; Trayler et al., 2006). This has emphasised the limitations
of the current dry season habitat methodology and the need to replace it with a

holistic approach that includes consideration of all elements of the flow regime

including the wet season characteristics.

Table 7 Ecological Water Requirements for the Lower Ord River and catchment

River EWR component Period of application
When Expected
. water level | % of time
River Reach in Lake
Argyleis
Lower Ord River
Dunham River to House Roof Hill ' Minimum monthly flow rate >70m 100 %
of 45 m¥sec
Downstream of House Roof Hill Minimum monthly flow rate >70m 100 %
of 40 m*/sec
Dunham River
Main watercourse and tributaries No further flow regulation Not 100 %
applicable

THouse Roof Hill is 58 km downstream of the Kununurra Diversion Dam

Work is well advanced on completing a comprehensive level assessment of EWR to
replace the interim EWR of Table 7, using the holistic Flow Events Method (FEM)
(Stewardson, 2001). When completed the new EWR will be used to assess licenses
for Stage 2 developments and will be incorporated in future revisions of this plan.

Additional information on the response of the systems ecology and water quality has
also been provided (subsequent to the development of the interim EWR) from low
flow trials and modelling conducted in 2002-03. These trials were primarily
commissioned to examine the potential response of the system to drought period
flows of 35-30 m*/sec. This drought period flow regime has been incorporated into
the interim EWP. The reasons for its inclusion and the implications for environmental
values are discussed in subsequent sections.
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4 Environmental Water Provisions

4.1 Introduction

In Section 3.1 EWP were defined as “water regimes made available to the
environment as part of the Commission’s water allocation decision-making, after
considering ecological, social and economic needs for water”. EWP for the lower
Ord River form the flow regime to be maintained downstream of the Dunham River
confluence after the ecological, social and economic impacts of alternatives have
been considered.

As a matter of policy*, the Department aims to meet all EWR when EWP are
proposed. If EWR cannot be met without significantly compromising the economic
and social benefits of possible water allocation strategies, then the risks to
ecosystems of not meeting the EWR are identified, together with the economic and
social costs of fully meeting the EWR, community consultation on the allocation
scenarios and EWP options is undertaken, and the proposed allocation strategy
referred to the EPA for assessment or advice under the Environmental Protection
Act 1986.

The following sections provide a summary of social (including cultural) investigations
and economic considerations raised during public consultation to develop the interim
EWP. The interim EWP, including the drought component, is also discussed as are
the potential risks to environmental, social and cultural values.

4.2 Social water values

The social and cultural values that people derive from the Ord River were also
considered, in conjunction with the ecological needs, before adopting an appropriate
EWP for the lower Ord River.

There is considerable recreational and tourism use of the lower Ord River and
people have a strong sense of community identity with the river. The Miriuwung
Gajerrong Aboriginal people, in particular, have a strong attachment to the Ord River
through their Dreaming and continue to hunt and fish along the watercourse (where
access permits). Social values of the Ord River are not limited to within the region,
as the Ord River commands considerable status with people who have visited and
developed an affinity with the East Kimberley.

Current social values have largely arisen after the irrigation infrastructure was
established and the subsequent establishment of the high dry season flows. These
have become well established in the years since the Ord River Dam was built.

= Guiding Principle No. 7 of Statewide Policy No. 5, Environmental Water Provisions Policy for Western
Australia (WRC 2000b)
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In recent years, the cultural values that Aboriginal people hold in relation to the Ord
River have been documented (Barber and Rumley, 2003). The WA Aboriginal
Heritage Act 1972 and the Commonwealth Native Title Act 1993 provide a legal
means of recognising and protecting traditional interests of Aboriginal people. During
the period of development of this plan, Native Title claims by the Miriuwung
Gajerrong people were before the courts and covered, in part, land relating to Stage
1 and Stage 2 Areas of the Ord Irrigation Project. These claims were eventually
settled by negotiation with the WA Government (in 2005), the outcomes of which are
described in Section 4