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1. The key issues for prospective irrigators are access to
appropriately sized land parcels, land tenure, water

regulation, reqgulatory approvals and native title. The Northern Australia Water Resource Assessment
(NAWRAT) was a $15M study investigating
2. An agricultural precinct could solve all these issues potentia| soil and water resources and crop
by providing development-ready land. economic and agronomic viability in selected
: Northern Australian catchments. In the Northern
3. Large water storages that provide water for Territory, NAWRA focused on the Darwin

agricultural irrigation and urban supply can be
economically viable, address future increases in water
demand in Darwin and increase agricultural
production.

catchments: Finniss, Adelaide, Mary and Wildman.

NAWRA is an important step to progress discussion
and thinking on agricultural development. It was
the first comprehensive study of NT agricultural

4. The best option for a large water storage in the .
development that integrates these key factors.

Darwin Catchments is the Upper Adelaide River Dam.

5. However, the Upper Adelaide River Dam has high This report sqmmarisgs the information from
capital costs, provides water to support only a small NAWRA and its associated resources and makes

amount of agricultural production, has a large effect recommendations to drive the growth of irrigated
on river flows, and has poor social license with the agricultural industries in the Darwin catchments.

wider community, including Indigenous groups.

6. Farmers could build their own on-farm water
storages. This would cost far less per farm than an in-
stream storage.

Darwin catchments

7. Government expenditure on developing precincts
(roads, power, tenure, approvals, etc) would more
effectively support industry growth than expenditure
on in-stream storages.

8. Effective surface water regulation and more detailed
site investigation is required for on-farm water
storage development in agricultural precincts.

9. Crops need to generate a gross margin of $2,000-
$3,000/ha/year to repay farm development costs and
farm capital expenditure needs to be kept low.
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Option 1:
Precinct A
Adelaide River

Option 2:
Precinct A+B

Adelaide &
Margaret Rivers
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The key limiting factors to NT agricultural growth are:

1. Access to farm-sized agricultural land. Most
agricultural land is currently pastoral lease. A
prospective irrigation farmer needs around 600-1,000
ha, much less than a pastoral-sized lease.

2. Access to well-serviced land. Farms need roads, power
and other services.

3. Capacity to negotiate rigorous approvals and licensing
processes. For new farmers coming to the NT issues of
land tenure, environmental approvals and native title
can be daunting.

Solving these issues would cost $45-$72M (Table 1) and
support agricultural growth.

Precincts for ;VViﬁnjliom

NAWRA identifies precincts on the Adelaide and Margaret
Rivers (Options 1 and 2) suitable for irrigated agriculture.
Precincts can provide suitable land:

e assessed on its agricultural, environmental and social
merits;

e with supporting infrastructure such as roads and
power;

e with pre-approved land tenure, native title and non-
pastoral use agreements, providing development-ready
land;

¢ supported by adequate water requlation; and

e where farmers can make their own decisions around
crop type and irrigation potential.

Agricultural precincts could be developed by government
or private firms on pastoral leases or Indigenous owned
land.

The NT Land Corporation already owns approximately
20,000 ha of suitable farmland originally reserved for
Marrakai dam. Subject to further investigation, this area
could be sold for around $500/ha (an affordable price for
irrigation farmers) for crown leases convertible to freehold
with development covenants.

The precinct options identified in NAWRA have been
recognised for many years as prospective areas for
broadacre cropping and are the most suitable sites
identified in the report.

There is also a case study on a 500 ha area in the
Wildman catchment. However, development costs are
underestimated and current land suitable for horticultural
crops and available for sale has not been purchased,
indicating lack of commercial viability and markets.

Other areas have limited amounts of suitable soil (e.g.
upper reaches of Finnis River), water availability or
development that will create adverse environmental
outcomes (e.g. lower flood plains).
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MfferAq’e/aw/e
Rivé’l’ Dam

NAWRA identifies Upper Adelaide
River Dam (also known as Warrai

Dam) as the most suitable large
dam site. Upper Adelaide River
Dam could provide irrigation
supply to either Precinct Option 1
or 2, as well as the additional
urban supply required for increased
demand for water from Darwin.

Source: NAWRA

Table 1: Key features of the Upper Adelaide River dam site and water supply*

Option 1 Option 2
Area suitable for irrigated agriculturer®” 6,250 ha 9,000 ha
Farm number and area of irrigable land®’® 10 farms with 625 ha each 15 farms with 600 ha
Dam storage capacity™?2 298 GL
Annual water yield™2 153 Gl/year at 85% reliability
Urban user78 e 30 Gl/year e 15 Gl/year
Amount delivered at farm gate™?3 e 61 Gl/year e 120 Gl/year
e (6,000 ML/farm, 10 e (8,000 ML/farm, 13
Losses between dam and farm gate™3 e 20 Gl/year e 40 Gl/year
Consumptive use (at Tortilla Flats)" >20% of flows in 74% of years

Government/private expenditure

Total, excluding urban supply, including: e $285M ($29M/farm, $336M ($22M/

Dam construction™# e $182M ($1,190/ML $182M ($1,190/ML

Other water infrastructure such as weirs, pump stations, o $42M e $66M

Catchment land acquisition™-# e $16M e $16M

Land development (native title, environmental approvals, e $45M e $72M
Plus urban supply infrastructure™-5 e $180M e $159M

On-farm capital expenditure™?  $4.95M/farm or $8,000/ha (e.g. layouts, pumps, land prep-

Gross value of production

Rice™8  $24M $37M
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Mf/beVAqle/aié/e Ri ver Dam: 7[[\ e Table 2: Urban water price required for the Upper

R . Adelaide River Dam to break even on capital#, operating
Vi th afjlmm,? . .

j and maintenance costs##, at a 7% discount rate, after

Commercial viability Option 1 Option 2

Farmers alone can only afford to pay part of the Upper
Adelaide River Dam operational costs. Many irrigation
schemes in Australia do not repay the schemes capital cost,
but usually cover the operational cost. However, large Urban water value for $2.64/kL $1.23/kL
schemes create larger economic benefits in the gross
production value when compared with this proposal.

Water price farmers can $38.30/ $46.29/ML

# S465-495M, see Table 1
With both urban and agricultural water supply, the scheme
can be economically viable if the developer charges more than ## Option 1: $4.6M; Option 2: $5.2M
$1.23-$2.64/kL on urban water supply (assuming a 7%
discount rate), if a farmer is charged the amount they can
afford to pay (Table 2).

* Covers $4.9M capital cost, $490K annual operating,
maintenance and overhead costs, assumes $1,900/ha gross
margin

The value of considering a combined urban and
agricultural supply system is that the urban water

price can offset lower agricultural water prices. will be a much-reduced wet season flow (extraction

rates >20% in 74% of years at Tortilla Flats; Table 1)

The amount farmers can afford to pay is consistent with that and increased dry season flow (about an extra 100GL).

charged in the Burdekin and the Ord: around $55/ML and The NT seeks to keep consumptive use at 20% with 80%

$40/ML respectively. remaining for the environment.

Power and Water Corporation estimate they do not need more Large in-stream dams have poor social license.

urban water supply until 2036, making the dam economically

unviable until urban water supply is required (agricultural Water losses

demand must also reach capacity). Power and Water also

prefer the Adelaide River Off-stream Water Storage (AROWS) The water lost in transit from the dam to the farm is

option. substantial: 20-25% depending on the river or channel
section, or 20-34GL/year, for Options 1 and 2

The National Water Infrastructure Fund, under its current respectively (NAWRA Case Studies?, T4-3).

rules, will fund capital for schemes that have urban and

agricultural components, but not those that only provide Ability to stage development

urban water supply.
Large scale projects are not the best catalyst for new

Economic benefit developments in pioneering situations, they may be in
the wrong place, have the wrong cost structure or the

Government investment would be over $20M/farm (Table 1). wrong infrastructure. They are a better strategy when

Farmers would also need to spend almost $5M/farm in initial the development opportunity is well defined.

capital costs. Given the investment costs per farm, the

economic benefits are low. The scheme only supports 10-15 In the early stages, developments are best supported

farms and gross production value is only $24-37M/year. The through softer strategies such as easy approvals

current horticultural industry generates $250M/year in gross processes. Facilitating staged developments allows for

production value. investments to be made in increments, decreasing risk.

The capital costs associated with construction of the scheme 0{[\ ev /Dofem'fia/ 40( " Sifes

will have a large flow-on economic impact on the surrounding

area, at least initially. Continued positive economic impact is

reliant on the scheme being successfully taken up by farmers. NAWRA identified Upper Adelaide River and Mount

Bennett Dams as appropriate options for pre-feasibility
analysis. Adelaide River Off-Stream Water Storage is
another development option that has been proposed
Even in low rainfall years, Upper Adelaide River Dam will have outside NAWRA. All other identified large dam sites had
little impact on the inundation of the Adelaide river major limiting factors.

floodplains, the largest and most sensitive environmental area

to consider. Its main impact will be from the dam to Tortilla

Flats, where the Margaret River joins the Adelaide River. There

Environmental viability and social acceptance



Mount Bennett Dam on the Finniss River (343 GL) is
identified by NAWRA as the potential dam site with the
lowest cost to yield ratio. Constraints to development
include water quality, inundation of Wagait Aboriginal
Reserve and several registered and recorded sacred or
cultural heritage sites, and native title claims.

Adelaide River Off-Stream Water Storage (AROWS) is
Power and Water's preferred future water storage option.
NAWRA estimated AROWS to cost $138M (Power and
Water's estimated cost is $320M) and have one of the
highest cost to yield ratios of potential dams analysed. They
also found no suitable land for irrigation in the vicinity.
AROWS may be suitable for urban water use but was not
assessed in detail for irrigation. Power and Water expect an
increase in urban water supply will not be required until
2036. The National Water Infrastructure Fund requires a
combination of urban and agricultural use for funding
eligibility under its current guidelines, so is unlikely to fund
AROWS.

WLa'f &VofS?

NAWRA economic analysis identifies the need for high
value crops to pay for on-farm capital costs. Crops must
generate between $2,000-$3,000/ha/year to achieve a 10%
return on investment and cover capital investments of
between $5-10K for land and water, plus $7,400 in farm
setup costs.

NAWRA suggests a crop must generate at least
$2,000/ha/year to repay the cost of on-farm
irrigation developments.

This analysis provides a base for farmers to make crop
choice decisions, bearing in mind that economic figures will
always vary considerably from farm to farm.

Rice - soybean or mung bean rotations: NAWRA
identifies dry season irrigated rice and a wet season soy
crop as the best option. Rice yields are overly optimistic
(Table 1) and soybean costs ($1,247) are eight times higher
than the expected gross margin ($148), making it far too
risky an option. Soybeans have been excluded from the
proposed schemes gross value of production for this reason.
Mung beans are an alternative rotation option, they have a
higher gross margin than soybeans ($400-$500/ha) and a
shorter season.

In Table 3, Option 1 from Table 1 is
used as the example area. Further
investigation may find that this
area varies but it is likely to be a
good guide. Irrigated cotton is
compared to rice. Any crop that
provides higher value per ML than
rice could be used.
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Cotton: although not included in the NAWRA analysis, the
more recent focus on cotton makes it worth considering,
particularly given potential development of a cotton gin in
Kununurra and/or Katherine. Cotton has lower water use than
rice (Table 3). It is planted in January and only needs
supplementary irrigation of around 5ML/ha/year (compared to
7.5-8.5 ML/ha for rice). Irrigated cotton would provide a gross
margin of $1,500-$2,000/ha. More detailed analysis of soils
and their associated yield potential is required to determine
the precincts suitability for cotton.

Dryland cotton, mung beans or peanut hay: farmers could
also consider dryland cropping or integrating irrigated fodder
production with cattle, both outside the scope of NAWRA.
Dryland cropping is likely to form part of the equation in
developing broad acre cropping. It can be developed at a lower
cost than irrigation developments and will have greater social
licence. Dryland cropping has more risk and would be
opportunistic, not the basis for development.

Horticultural crops: Horticultural crops are often the highest
value crop option, where markets are available. Options for
horticultural crop growth are not as immediate as rice or

cotton but, with market development, they could become the
most viable option.

O'fLPV 60M5349Va‘fiams

On-farm capital expenditure

NAWRA shows government will spend over $35K/ha for either
precinct option, plus farmers need to spend around $8,000/ha
in capital (Table 1), yet gross margin returns are only expected

to be $1,200/ha/year. This sees high capital expenditure for a
low return in production.

Table 3: Crop production parameters for rice and cotton

Rice# Cotton*#

Gross margin ($/ha) $1,755 $1,500-

Yield 9.7 t/ha 10 bales/

Price $420/t $500/bale

Approximate water use 8.1 )

#NAWRA Case Studies?, T4-1. Rice yields and gross margins are

optimistic.

##Based on local experience and Cotton Info (2019) Australian
Cotton Industry Gross Margin Budgets, https:/
www.cottoninfo.com.au/
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Source: NAWRA
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Given the challenges with the Upper Adelaide River Dam, other options to provide water to an agricultural precinct in the vicinity
identified have been assessed. These address key issues, including water extraction within environmental limits, no instream
storage and lower government expenditure.

It is proposed that providing irrigation water through gully dams and growing higher value crops could provide similar, or more,
economic output using less water than irrigating rice from a large instream dam. Below (Table 4), is an assessment of water
provision through gully dams compared to the Upper Adelaide River Dam. This is an example and further investigation is required
to determine the details of this development option.

Table 4: Key features of water supply via the Upper Adelaide River Dam site compared to on-farm gully dams

Upper Adelaide River Dam Gully Dams
Area suitable for agriculture
Irrigated 6,250 ha 6,000 ha
Number of farms and area of 10 farms, 625 ha each 12 farms, 500 ha of irrigation land and
Dam storage capacity 298 GL 36 GL
Annual farm-gate water yield 6 GL/farm (10 ML/ha) 3 GL/farm (6 ML/ha), depending on the
Losses from dam to farm gate 20 Gl/year 0 GL/year
Consumptive use (Tortilla Flats)
>20% of flows 74% of years 7% of years
$240M excluding land development costs  Land development costs only, including
($24M/farm, 38K/ha) native title, environmental approvals,
On-farm capital expenditure $4.95M/farm ($8,000/irrigated ha) $5-5.2M/farm ($10,000/irrigated ha)
Farm setup capital (e.g. layouts, $4.95M/farm $4M/farm
pumps, land preparation and
Gross value of production
Rice $24M $15M

*Other reports have estimated dam costs as low as $100-$165/ML. See Appendix.



A cheaper water source: Gully dams are the cheapest on
-farm development option when taking account of both
dam construction and on-farm capital costs.

Potential gully dam sites in the precinct areas, identified
using NAWRA Explorer3, mostly cost more than a farmer
could afford. However, estimated gully dam capital costs
are high, it is expected dam costs would be less when dam
construction is undertaken by farmers. For example, gully
dams on Mt Keppler and Flying Fox were $100/ML and
expected to be $165/ML respectively (see Appendix),
compared to between $300-500/ML estimated by
NAWRA.

On-farm dam construction is expected to cost less than
$1.2M per farm compared to $24M per farm for the
Upper Adelaide River Dam construction and associated
infrastructure.

Government could support only the land development
($45M), covering costs of native title, development
approvals, and infrastructure (roads, power and
communications) to create a 6,000-9,000 ha
‘development-ready’ precinct. Allowing farmers to build
their own water storages. This would cost much less for
government and address key issues for farmers.

In addition, a program to assist producers fund on-farm
irrigation infrastructure could be implemented for a far
lesser cost than investing in a public dam.

How much water? 36 GL of water could be diverted into
gully dams within current water requlations which aim to
cap consumptive use at 20% of flows.

Supplying water on-farm prevents large losses that would
occur in transit from the Upper Adelaide River Dam to the
farm gate, so a greater proportion of the consumptive
pool can be used.

Additionally, the wider community has less concerns
about on-farm dams compared to a large in-stream dam.

What crop? When grown in the Darwin Catchments
cotton is planted in January and partially rain-fed, while
rice is a dry season crop planted in early May.
Consequently, cotton could provide a similar gross
production value with lower water use than rice. Cotton
provides a high enough gross margin to cover farm capital
costs.

Farm area and water use: 500 irrigated ha per farm
would provide enough land for farmers to make a profit.
500 ha of land suitable for dryland cropping would add
the option to produce dryland crops, opportunistically,
depending on the season.

Providing each farm with a 3,000ML water license allows
them to irrigate 500 ha at 5ML/ha, accounting for an
approximate 15% loss. This would be adequate to irrigate
cotton.

Costs to farmers: On-farm dam development would
mean farmers have higher capital costs than they would if
a large in-stream dam was built. However, the extra
investment is affordable for farmers and the ongoing cost

) (
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of on-farm dams is lower than the ongoing water charges for
the Upper Adelaide River Dam.

Total net farm income is around $1M/year from irrigated
crops and $250K/year from dryland ($1.25M/farm/year). This
net return per farm allows around $7M/farm or $7,000/ha in
capital expenditure, made up of $10K/ha for irrigation and
$3,000/ha for dryland crops at an internal rate of return of
around 10%.

Farmers could afford to pay $500/ha for land, allowing
government to recoup some costs.

Staged development: Precincts that support development of
on-farm dams allow developers to stage development,
delaying some approvals and capital until the concept is
proven.

Questions a on-farm dam development strategy raise

An on-farm dam development requires further
investigation to determine viability.

The following questions need to be answered to establish
the suitability of on-farm gully dams in Precincts A and B:

o Are there enough appropriate and affordable dam
sites?

e Are the soils appropriate for cotton production? More
detailed soil analysis is required than was within the
NAWRA scope (e.g. sodicity testing at depth).

e Is there land appropriate for selling in farm-sized
titles? Is the land owned by NT Land Corporation
reserved for Marrakai Dam suitable for agricultural
production?

e Where would future urban water supply for Darwin be
sourced? Can gully dams be built in combination with
an investment in AROWS?

O‘f[\?V om—-FaVM wa‘fel’ Sonvce af‘fiams

Groundwater: Farm bores and pivots using groundwater are
the most expensive form of on-farm water supply in terms of
capital and running costs. NAWRA (Table 6-10)
underestimates capital costs at $4,000/ha. Economic analysis
of the Douglas Daly* shows the cost of establishing pivots is
$12,000/ha, excluding the capital cost of land preparation.

Weirs and Ring Tanks: Weirs and rising tanks have a higher
capital cost per ML of stored water than gully dams and have
higher ongoing operation and maintenance costs.
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Next s-/e/vs fov the Novtlevn Tervitfo Y Government

1.

Fund a feasibility study into the identified agricultural precincts on the Adelaide and Margaret Rivers,
including analysis of possible farm design considering water catchments, soils suitable for cropping, and irrigation

systems. Estimated cost $1M.

Following sufficient investigation of precinct feasibility, implement adequate water requlation to manage

extraction and provide water security. Regulations guiding surface water use must ensure reliable, sustainable
water availability before development can occur (the Northern Territory must avoid developing a water regulatory

system retrospectively).

Fund key infrastructure (roads, power and telecommunications), provide tenure, and facilitate an efficient
approvals process. This may include releasing the Marrakai Land owned by NT Land Corporation. Estimated cost
$45-70M (Table 1). Partial recouping of investment through land sales of $6M (12,000 ha at $500/ha).

Establish a program to assist producers to build on-farm irrigation infrastructure, particularly facilitating the
hydrological, environmental and geo-technical studies required for good water storage design. Estimated cost

$300K.

Invest in market development for high value horticultural crops, particularly in international markets.

Fufure water resource

aSS?SSm?me: V?Gommemqlaqtioms

The Roper Assessment is an important step in analysing the
viability of agricultural sites.

Future reports should focus on key issues for farmers,
including water regulation, land tenure, native title and
thoroughly evaluating environmental impacts.

They should provide greater consideration of on-farm water
storage options, particularly gully dams, and include market
analysis to determine the viability of crops.

They should identify development opportunities and
prioritise sites for development. Reporting the size of land
and water resources alone can be misleading.

Refevences and notes

1References to 'NAWRA' in this report refer to the publication, Petheram
C, Chilcott C, Watson | and Bruce C (eds) (2018) Water resource
assessment for the Darwin catchments. A report to the Australian
Government from the CSIRO Northern Australia Water Resource
Assessment, part of the National Water Infrastructure Development
Fund: Water Resource Assessments. CSIRO, Australia.

,References to 'NAWRA Case Studies’ in this report refer to the
publication, Petheram C, Hughes J, Stokes C, Watson I, Irvin S, Musson D,
Philip S, Turnadge C, Poulton P, Rogers L, Wilson P, Seo L, Pollino C, Ash
A, Webster T, Yeates S, Chilcott C, Bruce C, Stratford D, Taylor A, Davies P
and Higgins A (2018) Case studies for the Northern Australia Water
Resource Assessment. A report to the Australian Government from the
CSIRO Northern Australia Water Resource Assessment, part of the
National Water Infrastructure Development Fund: Water Resource
Assessments. CSIRO, Australia.

sCSIRO (2018). Northern Australia Water Resource Assessment Explorer.
https://nawra-explorer.csiro.au/

,Baker, I and Vivian, P (2016). Douglas Daly agricultural zone economic
analysis. Regional Development Australia Northern Territory.
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This report attempts to identify development opportunities in the Darwin catchments using the data in NAWRA. It attempts
to extrapolate development opportunities for public and private investment.

The relevant parts of NAWRA examined for this report include:

1. Water Resource assessment for Darwin catchments C. Petheram et al (445 pages).

2. Companion technical report — Assessment of surface water surface storage options in the Fitzroy, Darwin and Mitch-
ell catchments. C Petheram et al (362 pages).

3. Case studies for the Northern Australia Water Resource Assessment C. Petheram et al (198 pages).
4. Farm scale dam design and costs - J Benjamin (22 pages).

5. Agricultural viability: Darwin Catchments A. Ash et al (100 pages).
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A comprehensive on-farm surface water capture system (for Flying Fox Station on the Roper River) was developed by John
Grabbe and associates. They are very familiar with water capture and storage systems from large developments in southern
Australia.

The key features of the Flying Fox water development are:

e 9 on-farm water capture/storages.

e Arange of capture systems including diversions, stream overflows and gully dams.

o All systems based on gravity with no pumping.

¢ No large in-stream dams other than gully dams.

o A total of 149GL of annual capture in the wet season.

e An average cost of $164/ML, ranging from $533/ML to $18/ML depending on topography.

e An estimated cost for construction of storages of $24.2M.

This development, $24.2M for 149GL of on-farm water capture and storage, can be compared to the Upper Adelaide River
Dam case study which is estimated at $220M for 70GL at the farm.

Appendix Table 1. Surface water catchment sites Flying Fox Station Roper River area (report by John Grabbe)
Site ML Area  Evap.  Evap. Depth Earthworks Earthworks Cost at $4/ m® Cost  Cost/ha

0 3
ha ML at Jo m ma m3/ML

$million $/ML at 7ML/ha
Bush 1 3,000 65 608 20% 4.6 400,000 133 1.6 LXK 3,730
Bush 2 1,400 50 600 43% 2.8 42,000 30 0.165 118 830

Fly Fox Bush 4,300 1,440 33% 3.6 300,000 70 1.2 280 1,960

Fly Fox 14,200 5,400 380 3.2 400,000 28 1.6 113 791
Fly Fox 14,300 6,120 43% 2.8 600,000 42 24 168 1,180
Fly Fox 25,500 8,880 350 3.4 685,000 27 2.74 107 750

Miawok 41,000 13,800 34% 3.6 1.045,000 25 4.18 102 714
Yarraman 11,100 3,480 31% 3.8 50,000 ) 0.2000 18 126

Roper 42,000 11,480 27% 4.4 2,570,000 61 10.28 1,710
Totals 148,800 51,808 35% 6,092,000 $24,165,000 $1,146




