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1.

INTRODUCTION

This report details the dam yield assessments undertaken for the Hughenden Irrigation
Project (HIP) Preliminary Business Case (PBC) Study. The HIP aims to establish an
irrigated agriculture development in the vicinity of the township of Hughenden through the
construction of a surface water storage and supply scheme. The proponent for the HIP is
Hughenden lIrrigation Project Corporation Pty Ltd (HIPCo).

Dam yield assessments were undertaken for the following aspects of the PBC Study:
f Options assessment; and
f Reference Project (proposed Project configuration).

The options assessment phase involved the investigation of the following two bulk water
storage options:

[ Alstonvale Dam site on Betts Gorge Creek located on the northern side of the Flinders
River approximately 25 km to the north-west of Hughenden.

[ Dam site/s near the outlet of the Stewart Creek catchment located on the northern side
of the Flinders River approximately 45 km to the north-west of Hughenden.

The Reference Project proposed for the HIP is a variation of the Stewart Creek dam options
and comprises a 190 GL storage capacity dam (Saego Dam) on Stewart Creek and Back
Valley Creek approximately 45 km to the north-west of the township of Hughenden, with
associated gravity diversion infrastructure on the Flinders River and a delivery system to
irrigation areas located to the south of the Flinders River.

The dam yield assessments were performed using a catchment hydrology and dam
reservoir operation simulation model developed using the GoldSim software. The dam
yields were independently assessed by Hydrology and Risk Consulting (HARC) using the
Flinders Source Model developed by the Queensland Government for the Gulf Water Plan.
An assessment of the potential impacts of future climate change on the dam yield estimates
for the Reference Project was also undertaken.

The following additional investigations were undertaken for the Reference Project and are
detailed in the Reference Project section (Section 10) of the PBC Report but are not
included in this report:

f Assessment of impacts to stream flow regimes downstream of the Project.

[ Assessment of impacts to existing water users.

[ Consideration of water licencing and allocation requirements for the Project.

M7220_003
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2. BACKGROUND

2.1 Yield Objectives
As part of the PBC Study, options were identified to address the service need of supplying
water to the Flinders Shire for agricultural use. For the purpose of the options identification,
it was assumed that a water yield of 50 to 100 GL/year would be required to have a
significant beneficial impact on the economic activity and associated socio-economic
wellbeing within the Flinders Shire. There are sufficient volumes of water within the
remaining unallocated water reserves in the Flinders River catchment to support the
required water yield.

2.2 Review of Previous Studies

2.2.1 Historical Dam Investigations
There have been a number of historical investigations of potential dam sites and irrigation
areas in the vicinity of Hughenden. These include:
f Upper Flinders River Irrigation Scheme - Flinders River Damsite 828.5km Investigations

(QWRC, 1985):

x Investigation of dam site on Flinders River at Glendower (north-east of Hughenden)
by the Queensland Government
Dam storage capacity: 200 GL
Estimated water supply yield: 25 GL/year at 100% reliability (historical no failure
yield) to 30 GL/year at 75% annual reliability

x Dam capital cost: $85 to $100 million

f Irrigation Project tAlstonvale (SMEC, 2003):

x Investigation of dam sites at Alstonvale on Betts Gorge Creek (north-west of
Hughenden) and Mt Beckford on the Flinders River (east of Hughenden)
commissioned by Flinders Shire Council.

A number of different irrigation scheme options were assessed for each dam option.
Alstonvale Dam scheme not considered viable due to high cost of external catchment
diversion works required to augment the scheme yield.

x Mt Beckford Dam scheme involved:

o Dam storage capacity: 250 GL

o Estimated water supply yield: 60 to 70 GL/year at 92 to 96.5% monthly reliability

o lIrrigation area: 15,000 to 17,000 ha

0 Scheme capital cost: $90 to $100 million (including irrigation delivery system)
M7220_003 Page 2
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2.2.2 Flinders and Gilbert Agricultural Resource Assessment (FGARA)

The feasibility of in-stream dams within the Flinders River catchment was assessed as part
of the CSIRO Flinders and Gilbert Agricultural Resource Assessment (FGARA) (Petheram
et al., 2013). Fifteen potential dam locations in the Flinders River catchment were identified
and assessed (dam locations shown in Figure 2.1). These dam locations were all in the
upper reaches of the Flinders and Cloncurry River catchments. The topography in the
middle and lower reaches of the Flinders River catchment is not suitable (too flat) for large

dams.

Seven of the fifteen dam options identified are within the Flinders Shire part of the Flinders
River catchment (i.e. most upstream part of catchment). These dam options are
summarised in Table 2.1. The dam option with the highest water supply yield was
Glendower Dam with an estimated yield (85% annual reliability) of 57 GL/year.
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Figure2.1 Locations of New Dam Options Assessed in CSIRO FGARA study (Source: Petheram et al., 2013)
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2.2.3

Table2.1 Dam Options Identified by CSIRO FGARA study within Flinders Shire

Dam Name Watercourse Catchment Storage 85% Annual Dam Capital
Area (k) Capacity Reliability Cost as at
(GL) Dam Yield 2013
(GL/year)
1 Alston Vale BettsGorge Ck 1,132 241 12 $275M
8 Flinders 856 kn  Flinders River 1,694 89 39 $275M
9 Glendower Flinders River 1,912 309 57 $375M
10 Mt Beckford Flinders River 2,065 245 45 $450M
11 Mt Oxley Flinders River 690 62 22 $225M
13 | Porcupine Cree Porcupine Creel 1,051 31 11 $179M
15 | White Mountain  Flinders River 1,085 111 34 $225M

Three of the fifteen potential dam sites in the Flinders catchment were short-listed and
assessed in more detail because each was initially deemed to be one of the more promising
sites in each of three distinct geographical areas (Hughenden, Richmond and Cloncurry).
The selection of these three sites was based on consideration of topography of the dam
axis, geological conditions, proximity to suitable soils and water yield. The short-listed sites
were:

f Cave Hill Dam on the Cloncurry River upstream of Cloncurry +248 GL storage capacity
dam (capital cost $249M) with 40 GL/year yield

f 29&RQQHOO &UHHN 2I11\+\W20 KD Btordye RépBeiyH dam (capital cost
$229M) with 34 GL/year yield

f Porcupine Creek Dam z*details provided in Table 2.1.

Flinders River Water Resources and Irrigation Project

SMEC (2014) developed a concept design of a water supply scheme on the Flinders River
downstream of Hughenden on behalf of Flinders Shire Council. Details of the proposed
scheme are as follows:

f 200 GL storage capacity weir on the Flinders River downstream of the confluence with
Galah/Porcupine Creek

M7220_003

Page 4
Rev 0 : 17 February 2020



M~
S "

HUGHENDEN IRRIGATION PROJECT CORPORATION PTY LTD
HUGHENDEN IRRIGATION PROJECT DAM YIELD STUDY E N G E N Y

WATER MANA

f
f

Gravity canal system supplying irrigation water from the Flinders River dam to irrigation
areas (up to 18,000 ha) on the southern side of the Flinders River extending for a
distance of approximately 80 km to the west of Hughenden

Separate water storages on Walker Creek, Sloans Creek and Cannum Creek connected
to the irrigation areas and Flinders River dam by gravity canals

Estimated water supply yield: 60 GL/year

Estimated capital cost: $357 million.

2.2.4 HIPCo Initial Dam Investigations

f

Grace Detailed +GIS Services investigated dam options in the Flinders Shire on behalf of
HIPCo. These investigations were undertaken in two stages:

Stage 1 (Grace Detailed +GIS Services, 2018a): Preliminary assessment of dam site
suitability (including catchment areas, dam storage characteristics, catchment inflows
and feasibility of external catchment diversions) for the following dam sites (refer Figure
2.2):

x Mt Beckford dam site on the Flinders River #* not considered feasible due to
interactions with road and rail infrastructure
Alstonvale dam site on Betts Gorge Creek *considered feasible
Porcupine Creek diversion into Alstonvale Dam +not considered feasible due to the
expected high cost of the required diversion works

x Dam site on Stewart Creek upstream of confluence with Jones Valley Creek +not
considered feasible due to smaller catchment area and catchment inflows.

x Dam site at The Gap on Stewart Creek downstream of confluence with Jones Valley
Creek tconsidered feasible

x  Dutton River diversion into The Gap dam site xconsidered possibly feasible.

Stage 2 (Grace Detailed + GIS Services, 2018b): Further feasibility assessment of
Alstonvale and The Gap dam sites including dam yield assessment and consideration
of construction costs:

x The Gap dam site (with or without the Dutton River diversion) was not considered
feasible based on unfavourable storage characteristics (high storage losses) limiting
the dam yield.

x Alstonvale Dam configuration assessed:

0 224 GL storage capacity dam

0 24 Gll/year water supply yield at 89% annual reliability
o lrrigation area supported: 2,500 ha

o Capital cost: $112 million

M7220_003
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2.2.5
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Figure2.2 Dam Sites Considered in Stage 1 Dam Investigation for(StR@ze: Grace Detailé®1S Services,
2018a)

15 Mile Irrigated Agricultural Development Project

Flinders Shire Council is currently progressing the development of the 15 Mile Irrigated
Agricultural Development Project (GHD Pty Ltd, 2018) approximately 15 km to the north-
west of Hughenden.

The site for the 15 Mile Project (Lot 168 SP262319) is located on the southern bank of the
Flinders River immediately downstream of the confluence with Galah/Porcupine Creek
(refer Figure 2.3). Council purchased the site from the Queensland Government in 2016
and has since been undertaking necessary works to facilitate the project.

Initial crops planned for the Project will comprise intensive horticulture and tree crops
consisting of 60 ha of table grapes and 60 ha of citrus. These will fulfil current market
RSSRUWXQLWLHV ZLWK thipd-p&rB/X Q@ Y 8 VW RANEINAX@r major
supermarkets within Australia and internationally. These crops are planned to be grown on
alluvial soils which are considered suitable for irrigated agriculture, having excellent
drainage, good root depth and texture, and few chemical limitations.

The estimated water use for the third-party investor development crops is 2,160 ML/year
which is planned to be supplied from groundwater aquifers (Flinders River Alluvium and
Great Artesian Basin).

M7220_003
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Figure2.3 Location of ProposetbMilelrrigated Agricultural Development Prgj8ource: GHD Pty Ltd, 2018)

Council also holds a surface water licence (Licence No. 618019) for extraction of up to
5,000 ML/year from the Flinders River under certain flow conditions; however, Council do
not intend on relying on this licence for the Project.

The Project was recently awarded Coordinated Project status by the Queensland
Government.

M7220_003 Page 7
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3. DAM OPTIONS INVESTIGATED

3.1 Options Assessment

3.1.1 Initial Op tions Screening

Based on the outcomes of the previous dam feasibility studies in the Flinders River
catchment, a list of dam options were identified for further assessment. The dam options
were selected to meet the following key requirements linked to the identified service need
and other regulatory and stakeholder constraints:

[ Proximity to the town of Hughenden

f Proximity to large areas of land extending to the west of Hughenden and on the southern
side of the Flinders River that are suitable for irrigated agriculture due to soils
characteristics and topography, are outside of floodplain areas and are mostly already
cleared due to the current grazing land use of these areas

f Dam locations which are suitable to achieving a water supply yield of 50 to 100 GL/year
either via direct catchment inflows or through external catchment diversions into the
dam

f Suitable topography at dam sites for economic dam construction and efficient storage
characteristics

f Suitable geotechnical conditions for dam construction

f Minimal impacts to third party infrastructure

f Dam locations will not inundate high value environmental or cultural/social features
[ Potential for future expansion of water storage infrastructure (i.e. dam raising).

All of the previously identified dam sites on the Flinders River do not comply with a number
of the criteria listed above and were excluded from the assessment. The topography in the
lower reaches of Galah/Porcupine Creek is also not considered suitable for a large dam.

The following dam sites (refer Figure 3.1) were selected for further assessment based on
their conformance with the key project criteria listed above:

[ Alstonvale Dam site on Betts Gorge Creek located on the northern side of the Flinders
River approximately 25 km to the north-west of Hughenden zexcellent dam site but will
require external catchment diversions from Galah/Porcupine Creek and/or the Flinders
River to provide sufficient water supply yield.

[ Dam site/s near the outlet of the Stewart Creek catchment located on the northern side
of the Flinders River approximately 45 km to the north-west of Hughenden +dam sites

M7220_003 Page 8
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are not as suitable as Alstonvale Dam but are located further downstream and in closer
proximity to the Flinders River which makes them potentially suitable to achieve the
required water supply yield at a lower infrastructure cost.

These dam options are generally consistent with the outcomes of the preliminary HIPCo
dam investigation studies (Grace Detailed +GIS Services, 2018a,b) which recommended
the Alstonvale and The Gap dam sites as suitable for further assessment.

Figure3.1 Preferred Dam Sites for Options Assessment (Image source: Queensland Globe)

3.1.2 Alstonvale Dam Options

The Alstonvale Dam site is an excellent dam site from a topographic perspective because
the Betts Gorge Creek valley is closely surrounded by steep basalt plateaus on both sides
of the valley. These topographical features will provide an economical dam construction
(short dam wall length) and efficient storage characteristics (low ratio of ponded area to
storage capacity) to minimise storage losses (evaporation and seepage).

The catchment area of Betts Gorge Creek is only 1,127 km? at the proposed dam site and
previous investigations have identified that only a small water supply yield (approximately
20 Gll/year) is possible based on the direct catchment area of the dam.

The Flinders River and Galah/Porcupine Creek (lower reaches referred to as Galah Creek)
catchments are larger adjacent catchments to the south of Betts Gorge Creek and options
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for diversion of stream flows from these catchments into Alstonvale Dam to increase the
yield of the scheme were assessed. This identified that gravity diversions from the Flinders
River and Galah Creek into Canterbury Creek (small creek between Galah Creek and Betts
Gorge Creek) were feasible; however, the presence of the 70 m high plateau between
Canterbury Creek and Betts Gorge Creek is a significant constraint to the gravity flow of
water into Alstonvale Dam.

Options considered for the gravity flow of water between Canterbury Creek and Betts Gorge
Creek (minimum diversion distance of 4 km) included either an excavated channel or a
tunnel through the plateau (plateau is formed from basalt flows overlying mudstone). Both
gravity diversion options were not considered to be feasible due to high capital costs,
concerns over the long-term stability of either an excavated channel or tunnel constructed
through low strength mudstone, and the absence of an elevation difference between
Canterbury Creek and Betts Gorge Creek which will prevent gravity flows from occurring
when there is a significant volume of water stored in Alstonvale Dam.

The preclusion of gravity transfers meant that a pumped diversion system between
Canterbury Creek and Alstonvale Dam would be required. This system requires another
water storage to be constructed on Canterbury Creek to provide temporary storage to buffer
the imbalance between the gravity diversion inflows from Galah Creek/Flinders River (high
flows but of relatively short duration corresponding to periods of high stream flow in the
waterways) and the pumped outflows to Alstonvale Dam (smaller flow capacity but of
significantly longer duration than the gravity inflows).

Review of topographic data identified the following preferred scheme to facilitate flow
diversions from the Flinders River and Galah/Porcupine Creek into Alstonvale Dam (refer
Figure 3.2):

[ Gravity diversion between the Flinders River and Galah Creek:

x Diversion weir on the Flinders River near Glendower, approximately 35 km to the
north-east of Hughenden

x Excavated diversion channel between the Flinders River and Orange Tree Creek
(Orange Tree Creek flows into Boundary Creek which then flows into Galah Creek)

f Gravity diversion between Galah Creek and Canterbury Creek:

Diversion weir on Galah Creek, approximately 23 km to the north-east of Hughenden
Excavated diversion channel between Galah Creek and Coolibah Creek (Coolibah
Creek flows into Canterbury Creek)

x Levee across Crescent Creek where the diversion channel crosses Crescent Creek

f Dam on Canterbury Creek approximately 14 km to the north-east of Hughenden

f Pump station at Canterbury Creek Dam with rising main pipeline over the basalt plateau
between Canterbury Creek Dam and Alstonvale Dam.

[ Alstonvale Dam on Betts Gorge Creek.
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Figure3.2 Concept Infrastructure Arrangement for Alstonvale Dam Irrigation Scheme
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f Potential for pumped hydropower generation utilising the pumping system between the
Canterbury Creek Dam and Alstonvale Dam reservoirs.

Storage characteristics at the Alstonvale and Canterbury Creek dam sites were assessed
using LIDAR ground survey of these areas acquired by HIPCo in May 2019. The storage
characteristics are shown in Figure 3.3.
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Figure3.3 Storage Characteristics for Alstonvale Dam and Canterbury Creek Dam

A number of different sub-options were assessed for the Alstonvale Dam scheme which
represent different combinations of the following infrastructure configurations:

[ Alstonvale Dam storage capacity

f Canterbury Creek Dam storage capacity

f Flow capacity of pumping system between Canterbury Creek Dam and Alstonvale Dam.
The total catchment area reporting to the Alstonvale Dam scheme is 5,071 km?, comprising:
f 1,127 km? catchment area for Betts Gorge Creek upstream of Alstonvale Dam

[ 1,935 km? catchment area upstream of the diversion weir on the Flinders River

[ 1,912 km? catchment area upstream of the diversion weir on Galah Creek

M7220_003 Page 12
Rev 0 : 17 February 2020



M
.
HUGHENDEN IRRIGATION PROJECT CORPORATION PTY LTD EN GEN
HUGHENDEN IRRIGATION PROJECT DAM YIELD STUDY WATER MANAGEMENT

f 97 km? catchment area for Canterbury Creek upstream of Canterbury Creek Dam.

3.1.3 Stewart Creek Dam Options

The Stewart Creek dam options are based on a primary impoundment area on the Saego
Plains property (Lot 2 DU15) near the mouth of Stewart Creek, approximately 47 km to the
north-west of Hughenden. This dam site is located in a low energy area on the northern
floodplain of the Flinders River. The impoundment area is surrounded by steep basalt
plateaus to the west and north, and by a low height mudstone ridge to the east which divides
the lower reaches of Stewart Creek from the adjacent Back Valley Creek (refer Figure 3.4).

Stewart Creek

.

>

E&pressman Downs

\basin area

Figure3.4 Saego Impoundment Area Locality Plan

The Saego impoundment area has relatively poor storage characteristics (high ratio of
ponded area to storage capacity) at low storage volumes, but once the floor of the valley is
fully submerged (i.e. water ponded against the surrounding plateau walls) the storage
capacity increases with only minor increase in ponded area.

The Saego impoundment area is connected to a much larger natural basin upstream of a
narrow opening between the basalt plateaus known as The Gap. This basin is formed at
the confluence of Stewart Creek and Jones Valley Creek and is referred to as Expressman
Downs. The storage characteristics of the Expressman Downs basin area are even poorer
than the Saego impoundment area and a dividing wall will be required in The Gap to prevent
the Saego impoundment area from expanding out into the Expressman Downs basin
upstream of The Gap, resulting in high storage losses.
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The following water diversion and storage infrastructure was identified for the Stewart Creek
dam options (refer Figure 3.5):

f

Diversion weir on the Flinders River downstream of the confluence with Betts Gorge
Creek

Excavated diversion channel to facilitate gravity diversions of water out of the Flinders
River into the Catch Dam on Back Valley Creek

Catch Dam on Back Valley Creek to provide buffer storage between the gravity
diversions out of the Flinders River and pumped transfers into Saego Dam

Saego Dam on Stewart Creek approximately 800 m upstream of the confluence with
the Flinders River (Saego Dam shares a common embankment with the Catch Dam)

Pumping system to allow transfers of water from the Catch Dam into Saego Dam
(gravity transfers are possible through a sluice gate arrangement when storage levels
are low in Saego Dam)

Dam wall across The Gap to confine the impoundment area of Saego Dam to minimise
storage losses (the elevation of The Gap dam wall is nominally equal to the Saego Dam
wall elevation)

Pumping system to transfer water impounded behind the Gap dam wall (from Stewart
Creek and Jones Valley Creek inflows) into Saego Dam.

Storage characteristics for the Saego Dam, The Gap Dam and Catch Dam sites were
assessed using LIDAR ground survey of these areas acquired by HIPCo in May 2019. The
storage characteristics are shown in Figure 3.6.

A number of different sub-options were assessed for the Stewart Creek dam options which

represent different combinations of the following infrastructure configurations:

f
f

Saego Dam storage capacity

Flow capacity of pumping system between Catch Dam and Saego Dam.
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Figure3.5 Concept Infrastructure Arrangement for Stewart Creek Dam Options
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Figure3.6 Storage Characteristics for the Stewart Creek Dam Options

The total catchment area reporting to the Stewart Creek dam options is 7,652 km?,
comprising:

f 6,568 km? catchment area upstream of the diversion weir on the Flinders River

[ 957 km? catchment area for Stewart Creek and Jones Valley Creek upstream of the
Gap Dam

f 64 km? catchment area between Gap Dam and Saego Dam

f 63 km? catchment area for Back Valley Creek upstream of the Catch Dam.

Reference Project

The preferred project option for the HIP is a variation of the Stewart Creek dam options and
involves gravity diversions out of the Flinders River directly into a smaller Saego Dam on
Stewart Creek, without the need for the Catch Dam, Gap Dam or any pumping into Saego
Dam.

The Reference Project comprises a 190 GL storage capacity dam (Saego Dam) on Stewart
Creek and Back Valley Creek approximately 45 km to the north-west of the township of
Hughenden, with associated gravity diversion infrastructure on the Flinders River and a
delivery system to irrigation areas located to the south of the Flinders River.
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The total catchment area reporting to the Reference Project is 7,652 km?, comprising:
f 6,568 km? catchment area upstream of the diversion weir on the Flinders River

f 1,084 km? direct catchment area of Saego Dam comprising the Stewart Creek, Jones
Valley Creek and Back Valley Creek catchments.

Key infrastructure elements for the Reference Project include:

f In-stream diversion weir on the Flinders River downstream of the confluence with Betts
Gorge Creek

f Excavated diversion channel to facilitate gravity diversions of water out of the Flinders
River (upstream of the diversion weir) into the Saego Dam

f 190 GL storage capacity Saego Dam on the lower reaches of Stewart Creek and Back
Valley Creek

f Irrigation delivery system to supply water from Saego Dam to the irrigation areas on the
southern side of the Flinders River.

The general infrastructure arrangement for the Reference Project is shown in Figure 3.7.

Two different cropping scenarios have been investigated for the Reference Project in the
PBC Study:

f Diversified cropping scenario +supply of higher reliability water for horticulture crops
(avocados, mangoes, lemons and mandarins) and lower reliability water for cereal
grains, hay and fodder crops to support the local cattle industry

f Grazier support scenario xsupply of medium reliability water for cereal grains, hay and
fodder crops to support the local cattle industry.
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4.1

HYDROLOGIC SETTING

Waterways and Catchments

The Alstonvale Dam site is located on Betts Gorge Creek which is a tributary of the Flinders
River. The confluence of Betts Gorge Creek and the Flinders River is 40 km downstream of
Hughenden and 90 km upstream of Richmond. Nearby tributaries include Galah Creek and
Canterbury Creek which feed into the Flinders River upstream of Betts Gorge Creek.

The Saego Dam site is located on the lower reaches of Stewart Creek and Back Valley
Creek which enter the Flinders River downstream of Betts Gorge Creek. Jones Valley Creek
flows into Stewart Creek within the Saego Dam impoundment area.

Catchments have been delineated for the study area using the SRTM-derived 1 second
digital elevation data and are shown in Figure 4.1. A summary of key catchment areas
relating to the dam options is provided in Table 4.1.

Tabled.1 Catchment Area Summary

Locations Catchment Are&r?)

Alstonvale Dam 1,127

Canterbury Dam 97

Saego Dam 1,084

Betts Gorge Creek to Flindersd@ivrence 1,377

Galah Creek to Flinders Rordluence 2,191

Flinders River to Hughenden 2,438

Flinders RivatBetts Gorge Cremdnfluence 6,574
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