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15/05/2020 
 
Epic Environmental 
Level 6, 193 North Quay 
Brisbane QLD 4000 
 
Attention: Allison Siddaway and Mark Breitfuss 
 

Dear Allison/Mark, 

Re: Hydrological assessment for the Saint Elmo Vanadium Project within the Flinders 
River Basin 

OD Hydrology Pty Ltd (ODH) has undertaken hydrological assessment for the proposed 
Saint Elmo Vanadium Project (the Project) within the Flinders River Basin of the Gulf Rivers 
region of northern Queensland. 

The Department of Natural Resources, Mines and Energy (DNRME) has determined that 
the Project is one of Regional Significance under the Water Plan (Gulf) 2007. As such, the 
main objectives of this assessment were to provide Epic Environmental/Multicom with: 

• Advice regarding the strategic reserve allocation access conditions required to 
support a viable project; 

• The diversion opportunity possible and potential for Project demands to be met 
under the proposed strategic reserve access conditions; and 

• Assessment of the reliability of surface water supply to the Project under the 
various stages of Project development. 

A further purpose of this assessment was to support the Saint Elmo environmental impact 
statement by providing Epic Environmental/Multicom with: 

• Outcomes from an assessment of the Project stages against the of Gulf Water Plan 
objectives; and 

• Responses to the environmental objectives and outcomes in the Saint Elmo EIS 
terms of reference (DES, 2018) relevant to the off-site water storage facility. 

The key Project outcomes of the assessment are that: 

• There is a sustainable and viable surface water solution for the Project assuming 
access to the strategic reserve under the following conditions: 

o Annual volumetric limit dependent on stage of development but up to 
17,850ML for the maximum tonnage scenario (noting that this is the full 
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volume of strategic reserve available and that this volume of water would 
not be required for the earlier stages of the Project); 

o Daily volumetric limit of 1,785ML (10% of total available annual volumetric 
limit or 10 days of opportunity); and 

o Diversion threshold of 1,728ML (consistent with other new allocations in 
the same reach/zone). 

• A Project demand annual reliability of 97.5% (i.e. 3 years of supply shortfall during 
simulation period) is possible under the first four stages of development (i.e. up 
to initial target production). The Project demand reliability is 92.6% for the 
maximum tonnage stage of development (Stage 5; 9 years of supply shortfall 
during simulation period) (see Table 1 for possible Project demand at the different 
stages of development. 

• The surface water hydrology in the Flinders River catchment is highly variable in 
nature, with access to water from the river being unavailable in about 20% of 
simulation years. Alternative sources of supply may be required during these 
shortfall years. 

• In all cases, upwards of 45% of the outflow from the OWSF is due to evaporation. 
This volume of ‘loss’ from the storage accounts for the relatively large OWSF 
volume and strategic reserve annual volumetric limits required to supply the 
various Project demands. 

Table 1: Project demand possible for the stages of development 

Stage 
OWSF 

configuration 
Total Project 
storage (ML) 

Project demand 
(ML/a) 

Annual 
Reliability 

Monthly 
Reliability 

Stage 1 Cell 1 2,991 500 97.5% 98.2% 

Stage 2 Cell 1 – 2 6,071 1,270 97.5% 98.1% 

Stage 3 Cell 1 – 3 8,745 1,920 97.5% 98.2% 

Stage 4 Cell 1 – 4 11,344 2,500 97.5% 98.2% 

Stage 5 
Cell 1 – 4 plus 

additional 
17,326 5,000 92.6% 96.3% 

The key Water Plan objective outcomes of the assessment are that: 

• All environmental flow objectives in the Gulf Water Plan are met under the current 
set of catchment and Project assumptions. 

• There are no water allocation security objectives for the Flinders basin, however 
the total impact of the staged Project on downstream users would be in the order 
of 200-1,000 ML/a (in terms of mean annual diversion). The outcome of this is the 
likely need for discussion with and mitigation for potentially impacted parties. 

The table below shows the EIS terms of reference environmental objectives relevant to 
the OWSF (Table 2). The last column shows where these objectives are addressed. 
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Table 2: Terms of reference environmental objectives and outcomes relevant to the OWSF 

Section Objective / outcome (DES, 2018) Addressed 

9.3.2 
Water 

resources 

Equitable, sustainable and efficient use of 
water resources. 

Section 3.6.1 
Section 1.1 of GC, 2020 

Section 8.2.1 and 8.2.4 of 
EWM, 2020b 

9.3.2 
Water 

resources 

Maintenance of environmental flows and 
water quality to support the long-term 

condition and viability of terrestrial, 
riverine, wetland, lacustrine, estuarine, 

coastal and marine ecosystems. 

Section 3.5.1 
Section 3.6.2 

Section 6.10.2 of the EIS 
(Multicom Resources, 2020) 

9.3.2 
Water 

resources 

Maintenance of the stability of beds and 
banks of watercourses, and the shores of 

waterbodies, estuaries and the coast. 

Section 3.6.3 
S. Peters, pers. comm., 14 May 

2020 
Section 6.10.2 of the EIS 

(Multicom Resources, 2020) 

9.3.2 
Water 

resources 

Maintenance of supply to existing users of 
surface and groundwater resources. 

Section 3.5.2 
Section 3.6.4 

Section 6.17 and 6.18 of the 
EIS (Multicom Resources, 

2020) 

9.3.3 
Flooding 

The construction and operation of the 
proposed project should aim to ensure that 
the risk and potential adverse impacts from 

flooding or dam failure are avoided, 
minimised or mitigated to protect people, 

property and the environment. 

Section 3.6.5 

Section 3.3, 3.4 and 4.2 of GC, 
2020 

Sections 5 and 6 of EWM, 
2020a 

This letter report summarises the assessment undertaken and key results of the various 
assessment tasks, provides a discussion of relevant water planning framework, the key 
outcomes and implications for the Project, the Water Plan outcomes for the Project and 
lists a set of recommendations for furthering the goals of the Project. 

Yours sincerely, 

 
 
 
 
 
Owen Droop 
Director/Principal Water Resources Engineer 
BE(Civ)(Hons) BNatRes RPEQ MIEAust 

 
Sanne Voogt 
Senior Water Resources Scientist 
BEnvSc MSc 
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1 Introduction 

The proposed Saint Elmo Vanadium Project (SEVP; the Project) comprises the 
development of water diversion and storage infrastructure to support the mining and 
processing of Vanadium Pentoxide on Mining Lease Application (MLA) 100162. The 
Project is located in the Flinders River catchment, some 25km east of Julia Creek in 
Northern Queensland (see Figure 1). 

 

Figure 1: Location of the Project in the Flinders River Basin 

The Department of Natural Resources, Mines and Energy (DNRME) has determined that 
the Project is one of Regional Significance under the Water Plan (Gulf) 2007. As such, ODH 
was commissioned to undertake scenario assessment of the various stages of the Project 
assuming access to a strategic reserve allocation. This letter report summarises: 

o The unallocated reserve entitlements available in the Flinders River Basin and a 
description of the applicable water planning framework; 

o The assessment undertaken to understand Project performance and the 
reliability of surface water supply to the Project under a strategic reserve 
allocation; and, 

o The outcomes/recommendations from the assessment.  
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2 Available water entitlements 

2.1 Water planning framework 

Water resources within the Flinders River catchment are managed/regulated under the 
Water Plan (Gulf) 2007 (‘the Gulf Water Plan’), which defines the availability of water in 
the plan area, as well as provides a framework for the taking of water and dealing with 
future water requirements within the Gulf Rivers Basin. The Flinders River catchment 
constitutes one of eight catchments that are managed under the Gulf Water Plan (see 
Figure 2). 

Implementation of the Gulf Water Plan is provided by the Gulf Resource Operations Plan 
2010 (‘the ROP’) which sets out the specific rules and requirements for water use and 
water management in the plan area to meet the overarching objectives defined in the 
Water Plan. 

 
Figure 2: Catchment and subcatchment areas managed under the Gulf Water Plan (Source: 
Schedule 3, Gulf Water Plan) 
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Key elements of the Gulf Water Plan and ROP that apply to, or have implications for, the 
Project include the definition of: 

• Unallocated water reserves (Indigenous, Strategic and General) within the Flinders 
River catchment and across all Gulf catchments areas (Water Plan); 

• Discrete water use ‘zones’ within each catchment which seek to group areas with 
similar hydrologic behaviour (ROP); 

• How unallocated water may be made available (ROP); 

• Rules/requirements for water licence applications, including maximum volumes 
and flow/access conditions to be applied within specific water use zone (ROP); 

• Environmental Flow Objectives (EFOs) for specific locations within the Flinders 
River catchment (Water Plan); and 

• Water Allocation Security Objectives (WASOs) for specific water entitlement types 
(Water Plan). 

Each of the above elements of the planning framework have potential implications for 
how much water may be available, as well as how it may be accessed (and therefore it’s 
performance/reliability). 

The Project is located within ‘Zone 9’ of the Flinders River Water Management Area 
(WMA) which has access conditions defined by passing flow at Etta Plains Gauging Station 
(915012a), representing the downstream extent of Zone 9 (see Figure 3). 

 
Figure 3: Flinders River Water Management Area zones (Source: Attachment 4, Gulf ROP) 
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2.2 Current available water entitlements 

2.2.1 Strategic reserve 

The volume of strategic reserve available for state purpose in the Flinders catchment is 
17,850ML (Water Plan, Schedule 7, Part 2). The full volume of the strategic reserve is 
currently still available. 

2.2.2 General reserve 

The general unallocated water available in the Flinders catchment at the commencement 
of the Water Plan was 239,650ML (Water Plan, Schedule 8). A process for release of this 
unallocated water in the Gulf Water Resource Plan area, including the Flinders River 
catchment, has been undertaken following commencement of the Water Plan and ROP, 
with tendering for, and granting of, a portion of the unallocated reserve volumes defined 
in the Water Plan. 

The tender process defined a number of ‘reaches’ (which aligned approximately to ROP 
Zones) with associated product types (differentiated by required flow threshold/access 
conditions) and maximum available volumes. A summary of product types and conditions 
originally offered volumes and remaining volumes (following tender process; as at 
December 2017) are provided in Table 3 and Table 4 below. 

Table 3: Flinders General Reserve Product 1 limits, conditions and volume still available 

Geographical area 

Max 
annual 
volume 

(ML) 

Maximum daily 
volume available 

(ML/d) 
Flow Threshold (ML/d) 

Volume 
still 

available 
(ML) 

Reach 1 
Flinders River at AMTD 

620.2km (GS915008A) to 
820km and tributaries 

discharging to this reach 

25,000 

up to a maximum of 
12% of the annual 
volume tendered 

for or offered 

Taking water will be 
permitted when the flow in 

the Flinders River at 
Richmond (GS915008A) 

exceeds 1,500 ML per day 

7,000 

Reach 2 
Flinders River from the 

confluence with the 
Cloncurry River to AMTD 

620.2km (GS915008A) and 
tributaries discharging to this 

reach 

10,000 

up to a maximum of 
10% of the annual 
volume tendered 

for or offered 

Taking water will be 
permitted when the flow in 

the Flinders River at Etta 
Plains (GS915012A) 

exceeds 2,500 ML per day 

5,500 

Reach 3 
Cloncurry River from the 

confluence with the Flinders 
River to AMTD 328km and 

tributaries discharging to this 
reach 

7,500 

up to a maximum of 
6% of the annual 
volume tendered 

for or offered 

Taking water will be 
permitted when the flow in 

the Cloncurry River at 
Canobie (GS915212A) 

exceeds 4,000 ML per day 

7,500 

Reach 4 
Flinders River from AMTD 

0km to the confluence with 
the Cloncurry River and 

tributaries discharging to this 
reach 

12,500 

up to a maximum of 
4% of the annual 
volume tendered 

for or offered 

Taking water will be 
permitted when the flow in 

the Flinders River at 
Walkers Bend (GS915003A) 
exceeds 10,000 ML per day 

0 
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Table 4: Flinders General Reserve Product 2 limits, conditions and volume still available 

Geographical area 

Max 
annual 
volume 

(ML) 

Maximum daily 
volume 

available 
(ML/d) 

Flow Threshold 
(ML/d) 

Volume 
still 

available 
(ML) 

Reach 2 
Flinders River from the 

confluence with the 
Cloncurry River to AMTD 

620.2km (GS915008A) and 
tributaries discharging to 

this reach 

70,000 

up to a maximum of 
14% of the annual 
volume tendered 

for or offered 

Taking water is only permitted 
when the flow in the Flinders 

River at Etta Plains GS915012A 
exceeds 10,000ML/d.  

Despite this, each time the 
flow exceeds 10,000ML/day in 

the period 1 January to 31 
March, taking water may only 
commence after the first peak 
flow passes the gauge. Taking 
water may then continue until 

the flow falls below 
10,000ML/d. 

70,000 

Reach 3 
Cloncurry River from the 

confluence with the 
Flinders River to AMTD 
328km and tributaries 

discharging to this reach 

50,000 

up to a maximum of 
14% of the annual 
volume tendered 

for or offered 

Taking water is only permitted 
when the flow in the Cloncurry 

River at Canobie GS915212A 
exceeds 10,000ML/d. 

Despite this, each time the 
flow exceeds 10,000ML/d in 
the period 1 January to 31 

March, taking water may only 
commence after the first peak 
flow passes the gauge. Taking 
water may then continue until 

the flow falls below 
10,000ML/day. 

0 

Reach 4 
Flinders River from AMTD 

0km to the confluence with 
the Cloncurry River and 

tributaries discharging to 
this reach 

184,650 

up to a maximum of 
14% of the annual 
volume tendered 

for or offered 

Taking water is only permitted 
when the flow in the Flinders 

River at Walkers Bend 
GS915003A exceeds 

30,000ML/d. 
Despite this, each time the 

flow exceeds 30,000ML/d in 
the period 1 January to 31 

March, taking water may only 
commence after the first peak 
flow passes the gauge. Taking 
water may then continue until 

the flow falls below 30,000 
ML/day. 

177,150 

Catchment-wide 

Not associated with a reach 
or tributary discharging to a 

reach 

20,000 N/A 

The maximum annual volume 
must equal the capacity of the 

proposed overland flow 
storage/s for taking water. 

Licences granted for overland 
flow must include conditions 

determined by the chief 
executive having regard for 

tenderer requirements, 
downstream water users and 

environmental needs. 

20,000 
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3 Hydrological assessment 

3.1 Methodology 

Assessment was undertaken using hydrological information from the Departmental 
model for the Flinders River (i.e. developed in the eWater Source software) as used in the 
development of the Water Plan and ROP. Current model set-up for catchments upstream 
of the Project include both the main trunk of the Flinders River as well as the major 
tributaries which would represent important areas for generating flow at the Project 
location. 

3.2 Assumptions 

The modelling assumptions are as follows: 

• Assessment was undertaken based on climate/hydrological conditions for the 
period 1st January 1890 to 30th June 2017 to provide insight into the long-term 
behaviours and range of wet and dry conditions that could occur into the future. 

• Other water users with Product 1 and Product 2 allocations were modelled based 
on volumes of allocation granted (as described above and shown in Table 3 and 
Table 4). 

• The Project was assumed to have a licence created through access to the Water 
Plan unallocated Strategic Reserve with the following conditions: 

o Annual volumetric limit (AVL) of 17,850ML (noting that this is the full 
volume of strategic reserve available and that this volume of water would 
not be required at all stages of the Project); 

o Daily volumetric limit (DVL) of 1,785ML (10% of annual volumetric limit or 
10 days of opportunity); and 

o Diversion threshold of 1,728ML (consistent with other new allocations in 
the same reach/zone). 

• The Project was assumed to have access to unallocated Strategic Reserve only. 

• The Project was assumed to have a constant daily demand. 

• The Project offsite water storage facility (OWSF) dimensions were based on 
preliminary water capacity curves provided by John Grabbe and Stewart Peters 
(see Attachment A for storage dimensions). The assumed full supply volumes of 
the four cells are: 

o Cell 1 – 2,991ML 

o Cell 2 – 3,080ML 

o Cell 3 – 2674ML 

o Cell 4 – 2,599ML 

• Project storages were assumed to be filled in order of cell number (and emptied 
in reverse order) based on advice from John Grabbe and Stewart Peters. 
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• Water is only diverted to the storages when there is airspace below the full supply 
volume. The storages are designed in such a way that there is airspace above full 
supply (i.e. storage ‘freeboard’). This means that any rainfall events that occur 
when the storage is at full supply volume will be able to be safely captured by the 
storage. Via a combination of designed freeboard and operational practises there 
will be no spill from these storages. 

• Julia Creek Post Office climate station (29025) SILO data was used to represent 
rainfall and evaporation on Project storages. 

• Seepage of 1mm per day was assumed for all Project storages. 

3.3 Scenarios 

The initial scenarios assessed represented:  

• Initial target production case (10,000tpa of Vanadium, requiring 2.5GL of water 
for processing) (Scenario 4); and 

• Maximum tonnage case (20,000tpa of Vanadium, requiring 5.0GL of water for 
processing) (Scenario 5). 

Assessment was undertaken to determine the Strategic Reserve access conditions 
required to support a viable Project under these two cases, with particular focus on 
diversion opportunity and resulting Project performance. See Table 5 for a summary of 
these two scenarios (Scenario 4 and Scenario 5). Note that additional storage was 
assumed for the maximum tonnage case to allow for a reasonable reliability of supply to 
the Project. 

As the Project will likely be developed in a staged approach, further assessment was 
undertaken to determine the Project demand which could be met once each of the cells 
was completed (where Stage 1 is Cell 1 being complete, and so forth). An overview of 
these scenarios is shown in Table 5 (Scenario 1 to 3). 

For these scenarios the Project demand and OWSF size were changed and all other 
parameters were kept constant. 

Table 5: Scenarios assessed 

Scenario 
Development Total Project 

storage (ML) 
Project storage 
configuration Stage Description 

Scenario 1 1 Cell 1 built 2,991 Cell 1 

Scenario 2 2 Cell 2 built 6,071 Cell 1 - 2 

Scenario 3 3 Cell 3 built 8,745 Cell 1 – 3 

Scenario 4 4 
Cell 4 built; initial 
target production 

11,344 
Cell 1 – 4 

Scenario 5 5 
Additional cells as 

required; maximum 
tonnage 

17,326 
Cell 1 – 4, plus two 

additional cells (both 
equivalent to Cell 1) 
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3.4 Project outcomes 

The Project annual and monthly reliability results for the initial two scenarios – initial 
target production (Scenario 4) and maximum tonnage (Scenario 5) – are shown in Table 6 
below. For the initial target production case, the full demand of 2,500ML is supplied to 
the Project in 97.5% of simulation years (i.e. 119 of 122 years). The reliability of the 
maximum tonnage case is lower at 92.6% (i.e. 113 of 122 years). 

As described above, staged scenarios were undertaken to determine the volume of 
Project demand likely to be met at the various Project development stages. For these 
scenarios, the Project demand was determined by matching the annual reliability of the 
initial target production case (i.e. 97.5%). The Project storage volume, Project demand 
able to be supplied and reliability of supply for the five stages of development are shown 
in Table 7 below. The strategic reserve allocation diversion from the Flinders River to the 
Project OWSF for the 5 stages are shown in Table 8. 

Detailed results for each of the stages of development are shown in the sections below. 

Table 6: Project reliability results for initial target production and maximum tonnage 
scenarios assessed 

Scenario Demand Annual Reliability Monthly Reliability 

Scenario 4 Initial target production – 2.5GL 97.5% 98.2% 

Scenario 5 Maximum tonnage – 5GL 92.6% 96.3% 

Table 7: Project reliability results for all scenarios 

Scenario 
Total Project 
storage (ML) 

Project demand 
(ML/a) 

Annual 
Reliability 

Monthly 
Reliability 

Scenario 1 2,991 500 97.5% 98.2% 

Scenario 2 6,071 1,270 97.5% 98.1% 

Scenario 3 8,745 1,920 97.5% 98.2% 

Scenario 4 11,344 2,500 97.5% 98.2% 

Scenario 5 17,326 5,000 92.6% 96.3% 

Table 8: Strategic reserve allocation diversion into Project OWSF for all scenarios 

Scenario Mean annual diversion (ML/a) Maximum annual diversion (ML/a) (1) 

Scenario 1 1,290 3,210 

Scenario 2 2,780 6,360 

Scenario 3 4,110 9,070 

Scenario 4 5,350 11,690 

Scenario 5 8,710 17,850 
Notes: (1) This maximum does not include the first year of diversion.  
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3.4.1 Stage 1 

Stage 1 (Cell 1 only) is able to supply 500ML/a to the Project at a 97.5% annual reliability; 
that is, the full demand is not able to be supplied in 3 years of the simulation (see Figure 
4). As shown in Figure 5 and Figure 6, prior to these periods of supply shortfall the OWSF 
is empty and there is no flow available for diversion from the Flinders River. As Figure 6 
shows, the full 17,850ML of strategic diversion would not be required to achieve the same 
level of reliability for Stage 1 of development. Approximately 3,200ML annual volumetric 
limit of strategic reserve would likely be sufficient to achieve similar reliability for this 
stage of development/demand case.  

Figure 6 also shows the highly variable nature of the surface water hydrology in the area; 
approximately 20% of years in the simulation have no possible diversion from the Flinders 
River. Another important point to note is that, of the total water leaving the OWSF, 
approximately 60% of it is evaporation (see Figure 7). The variable nature of the surface 
water hydrology in the area plus the large volume of water lost to evaporation accounts 
for the (relatively) small Project demand possible from Cell 1. 

 
Figure 4: Scenario 1 annual OWSF outflow – water supplied to Project 
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Figure 5: Scenario 1 OWSF daily storage behaviour 

 
Figure 6: Scenario 1 annual OWSF inflow – Strategic Reserve diversion from Flinders River 
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Figure 7: Scenario 1 annual OWSF outflow – water supplied to Project and evaporation 
from OWSF 

3.4.2 Stage 2 

Stage 2 (Cell 1 and Cell 2) is able to supply 1,270ML/a to the Project at a 97.5% annual 
reliability. As with Stage 1, the full demand is not able to be supplied in 3 years of the 
simulation (see Figure 8). As shown in Figure 9 and Figure 10, prior to these periods of 
supply shortfall the OWSF is empty and there is no flow available for diversion from the 
Flinders River. As Figure 10 shows, the full 17,850ML of strategic diversion would not be 
required to achieve the same level of reliability for Stage 2 of development. Approximately 
6,200ML annual volumetric limit of strategic reserve would likely be sufficient to achieve 
similar reliability for this stage of development/demand case.  

Figure 10 again shows the highly variable nature of the surface water hydrology in the 
area; approximately 20% of years in the simulation have no possible diversion from the 
Flinders River. As with the previous stage of assessment, a large percentage of the total 
water leaving the OWSF, is evaporation (approximately 55% of total outflow; see Figure 
11). The variable nature of the surface water hydrology in the area plus the large volume 
of water lost to evaporation accounts for the (relatively) small Project demand possible 
from Stage 2 of development. 
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Figure 8: Scenario 2 annual OWSF outflow – water supplied to Project 

 
Figure 9: Scenario 2 OWSF daily storage behaviour 
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Figure 10: Scenario 2 annual OWSF inflow – Strategic Reserve diversion from Flinders River 

 
Figure 11: Scenario 2 annual OWSF outflow – water supplied to Project and evaporation 
from OWSF 
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3.4.3 Stage 3 

Stage 3 (Cell 1, Cell 2 and Cell 3) is able to supply 1,920ML/a to the Project at a 97.5% 
annual reliability. As with the previous development stages, the full demand is not able to 
be supplied in 3 years of the simulation (see Figure 12). As shown in Figure 13 and Figure 
14, prior to these periods of supply shortfall the OWSF is empty and there is no flow 
available for diversion from the Flinders River. As Figure 14 shows, the full 17,850ML of 
strategic diversion would not be required to achieve the same level of reliability for Stage 
3 of development. Approximately 9,000ML annual volumetric limit of strategic reserve 
would likely be sufficient to achieve similar reliability for this stage of 
development/demand case. 

Figure 14 again shows the highly variable nature of the surface water hydrology in the 
area; approximately 20% of years in the simulation have no possible diversion from the 
Flinders River. As with the previous stages of assessment, a large percentage of the total 
water leaving the OWSF, is evaporation (approximately 55% of total outflow; see Figure 
15). The variable nature of the surface water hydrology in the area plus the large volume 
of water lost to evaporation accounts for the (relatively) small Project demand possible 
from Stage 3 of development. 

 

 
Figure 12: Scenario 3 annual OWSF outflow – water supplied to Project 
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Figure 13: Scenario 3 OWSF daily storage behaviour 

 
Figure 14: Scenario 3 annual OWSF inflow – Strategic Reserve diversion from Flinders River 
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Figure 15: Scenario 3 annual OWSF outflow – water supplied to Project and evaporation 
from OWSF 

3.4.4 Stage 4 (Initial Target Production) 

The initial target production for the Project is 10,000tpa of Vanadium Pentoxide. This level 
of production requires 2,500ML of water per year for processing and associated demands. 
This level of Project water demand at a Stage 4 (Cells 1, 2, 3 and 4) level of development 
is able to be supplied from the strategic reserve at an annual reliability of 97.5%. As with 
the previous development stages, the full demand is not able to be supplied in 3 years of 
the simulation (see Figure 16). As shown in Figure 17 and Figure 18, prior to these periods 
of supply shortfall the OWSF is empty and there is no flow available for diversion from the 
Flinders River. As Figure 18 shows, the full 17,850ML of strategic diversion would not be 
required to achieve the same level of reliability for initial target production/Stage 4 of 
development. The diversion from the Flinders River is generally limited by the OWSF 
volume, therefore approximately 12,000ML annual volumetric limit of strategic reserve 
would likely be sufficient to achieve similar reliability for this stage of 
development/demand case. 

Figure 18 again shows the highly variable nature of the surface water hydrology in the 
area; approximately 20% of years in the simulation have no possible diversion from the 
Flinders River. As with the previous stages of assessment, a large percentage of the total 
water leaving the OWSF, is evaporation (approximately 50% of total outflow; see Figure 
19). The variable nature of the surface water hydrology in the area plus the large volume 
of water lost to evaporation accounts for the(comparatively) large strategic reserve VL 
required to meet the 2.5GL/a demand. 
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Figure 16: Scenario 4 annual OWSF outflow – water supplied to Project 

 
Figure 17: Scenario 4 OWSF daily storage behaviour 
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Figure 18: Scenario 4 annual OWSF inflow – Strategic Reserve diversion from Flinders River 

 
Figure 19: Scenario 4 annual OWSF outflow – water supplied to Project and evaporation 
from OWSF 
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3.4.5 Stage 5 (Maximum Tonnage) 

The maximum tonnage for the Project is 20,000tpa of Vanadium Pentoxide. This level of 
production requires 5,000ML of water per year for processing and associated demands. 
This scenario was assessed by testing the volume of OWSF required to give a reasonable 
annual reliability of supply to the Project. To account for the additional storage volume 
Cell 1 was replicated (based on advice from John Grabbe and Stewart Peters). The final 
OWSF for this stage of development (Stage 5) consisted of three replicates of Cell 1, and 
the original Cells 2, 3 and 4. The Project maximum tonnage water demand (5.0GL/a) at a 
Stage 5 level of development is able to be supplied from the strategic reserve at an annual 
reliability of 92.6%. The full demand is not able to be supplied in 9 years of the simulation 
(see Figure 20). As shown in Figure 21 and Figure 22, prior to these periods of supply 
shortfall the OWSF is empty and there is no flow available for diversion from the Flinders 
River. As Figure 22 shows, there are 9 years during which the full 17,850ML allocation is 
taken. The full 17,850ML of strategic diversion would likely be required to achieve this 
level of reliability for maximum tonnage/Stage 5 of development.  

Figure 22 also shows the highly variable nature of the surface water hydrology in the area; 
approximately 20% of years in the simulation have no possible diversion from the Flinders 
River. As with the previous stages of assessment, a large percentage of the total water 
leaving the OWSF, is evaporation (approximately 45% of total outflow; see Figure 23). The 
variable nature of the surface water hydrology in the area plus the large volume of water 
lost to evaporation accounts for the(comparatively) large strategic reserve VL required to 
meet the 5.0GL/a demand. 

 
Figure 20: Scenario 5 annual OWSF outflow – water supplied to Project 
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Figure 21: Scenario 5 OWSF daily storage behaviour 

 
Figure 22: Scenario 5 annual OWSF inflow – Strategic Reserve diversion from Flinders River 
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Figure 23: Scenario 5 annual OWSF outflow – water supplied to Project and evaporation 
from OWSF 
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3.5 Water Plan outcomes 

The scenario described above was also assessed against the defined objectives of the 
water planning framework for the Gulf Rivers plan area. This was to assess whether the 
Project scenario was able to operate while meeting the Water Plan objectives. 

The following sections summarise assessment outcomes against key elements of the 
water planning framework under which the Flinders River is managed. 

3.5.1 Environmental Flow Objectives 

EFOs for the Flinders River catchment are defined and specified in Schedules 4 and 5 of 
the Water Plan. Details of the EFO objectives measured at ‘Node 7 – Flinders River at 
Walkers Bend (at AMTD 103.0km)’, are listed in Table 9 below. 

The scenario assessment results for EFOs measured at Node 7 are shown in Table 10 
below. Results indicate all eight (8) defined EFOs are met for all five (5) scenarios. 

Table 9: Water Plan EFO objectives for Node 7 (Flinders River at Walkers Bend) 

Water Plan 
Reference 

Description 
Water Plan 
Objective 

Schedule 5, 
Part 1, (3) 

The proportion of no flow days in the simulation period be no 
more than 70%. 

< 70% 

Schedule 5, 
Part 2, (1)(a) 

The MAF in the simulation period, expressed as a percentage of 
the MAF for the pre-development flow pattern in the simulation 
period, be at least 90%. 

> 90% 

Schedule 5, 
Part 2, (1)(b) 

The median annual flow ratio in the simulation period, expressed 
as a percentage of the median annual flow for the pre-
development flow pattern in the simulation period, be at least 
78%. 

> 78% 

Schedule 5, 
Part 2, (1)(d) 

The 1.5-year daily flow volume in the simulation period, 
expressed as a percentage of the 1.5-year daily flow volume for 
the pre-development flow pattern in the simulation period, be at 
least 90% 

> 90% 

Schedule 5, 
Part 2, (1)(e) 

The 5-year daily flow volume in the simulation period, expressed 
as a percentage of the 5-year daily flow volume for the pre-
development flow pattern in the simulation period, be at least 
96.5% 

> 96.5% 

Schedule 5, 
Part 2, (1)(f) 

The 20-year daily flow volume in the simulation period, 
expressed as a percentage of the 20-year daily flow volume for 
the pre-development flow pattern in the simulation period, be at 
least 98%. 

> 98% 

Schedule 5, 
Part 3, (1) 

The median wet season flow in the simulation period, expressed 
as a percentage of the median wet season flow for the pre-
development flow pattern in the simulation period, be at least 
75%. 

> 75% 
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Table 10: Water Plan EFO scenario results for Node 7 (Flinders River at Walkers Bend) 
(blue text denotes passing objective) 

Water Plan 
Reference 

EFO Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

S5, P1, (3) < 70% 68.8% 68.8% 68.8% 68.8% 68.8% 

S5, P2, (1)(a) > 90% 94.9% 94.8% 94.8% 94.7% 94.6% 

S5, P2, (1)(b) > 78% 87.1% 87.0% 86.9% 86.8% 86.5% 

S5, P2, (1)(d) > 90% 92.1% 92.1% 92.1% 92.1% 92.1% 

S5, P2, (1)(e) > 96.5% 98.8% 98.8% 98.8% 98.8% 98.8% 

S5, P2, (1)(f) > 98% 99.3% 99.3% 99.3% 99.3% 99.3% 

S5, P3, (1) > 75% 86.3% 86.1% 86.0% 85.9% 85.6% 

 

3.5.2 Water Allocation Security Objectives 

The Water Plan does not define any specific WASOs for unsupplemented water use in the 
Gulf Plan area. As such, there is no specific minimum objective against which to assess 
Project scenario impacts and outcomes. 

In lieu of specific WASOs, the water entitlement performance both without the proposed 
Project (i.e. Department ROP model) and with the Project was assessed. The total impact 
of the Project on downstream users for the staged scenarios would be in the order of 200-
1,000 ML/a (in terms of mean annual diversion), and the outcome of this is the likely need 
for discussion with potentially impacted parties and mitigation of impacts under a final 
set of operational rules. See Table 11 for the mean annual diversion impact of each stage 
of development under the current scenario assumptions. 

Table 11: Impact of Project on downstream users for all scenarios (mean annual diversion) 

Scenario 
Mean annual diversion impact on 

downstream users (ML/a) 

Scenario 1 ~170 

Scenario 2 ~320 

Scenario 3 ~450 

Scenario 4 ~550 

Scenario 5 ~800 
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3.6 Terms of reference objectives and outcomes 

The terms of reference objectives and outcomes for the Saint Elmo Vanadium Project 
(DES, 2018) relevant to the OWSF are shown in Table 12. Each of these objectives is 
addressed in the sections below. 

Table 12: Terms of reference environmental objectives and outcomes relevant to the 
OWSF 

Section Objective / outcome (DES, 2018) 

9.3.2 Water resources Equitable, sustainable and efficient use of water resources. 

9.3.2 Water resources 

Maintenance of environmental flows and water quality to 
support the long-term condition and viability of terrestrial, 
riverine, wetland, lacustrine, estuarine, coastal and marine 

ecosystems. 

9.3.2 Water resources Maintenance of the stability of beds and banks of watercourses, 
and the shores of waterbodies, estuaries and the coast. 

9.3.2 Water resources Maintenance of supply to existing users of surface and 
groundwater resources. 

9.3.3 Flooding 

The construction and operation of the proposed project should 
aim to ensure that the risk and potential adverse impacts from 
flooding or dam failure are avoided, minimised or mitigated to 

protect people, property and the environment. 

3.6.1 Equitable, sustainable and efficient use of water resources 
The proposed diversion threshold from the Flinders River is 1,728ML which is equitable 
with other new allocations in the same reach/zone (see Section 3.2). Assessment indicates 
the potential for some impact on downstream users (in terms of mean annual diversion) 
dependent on the stage of OWSF development (see Table 11). As shown in the table above, 
the impact on downstream users is in the order of 200-1,000 ML/a. This will likely require 
discussion with potentially impacted parties and potentially include mitigation of impacts 
under a final set of operational rules.  

As described in the sections above and in the water supply infrastructure report (Section 
1.1 of GC, 2020), the Flinders River catchment has highly variable surface water hydrology 
and high evaporation rates. To ensure the sustainable and efficient use of water resources 
from the river, the OWSF design includes multiple, deep cells. This design of the OWSF 
and proposed operational approach to concentrate stored water within as few cells as 
possible (i.e. rather than having all cells holding some water) minimises the surface area 
of the storages, and therefore reduces the volume of water lost to evaporation (GC, 2020). 

Equitable, sustainable and efficient use of water resources on-site (MLA100162) is 
covered in Engeny’s Surface Water Technical Assessment report (2020b). As stated by 
Engeny, the mine water dam was modelled as being suitably sized to maintain the pit 
dewatering volumes with a constant feed rate to meet processing plant water demands. 
It is assumed that the supply for the processing plant would be sourced from the mine 
water dam in preference to the OWSF (when available) to limit accumulation of pit water 
in the mine water dam, allow dewatering of the pits to continue and reduce the volume 
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of water drawn from the OWSF. This initiative supports the ToR environmental objectives 
through more sustainable and efficient use of water resources (Section 8.2.1). The 
utilisation of the pit water volumes, combined with the re-use (recycled feed) of 
processing water and use of dirty water for dust suppression, ensures SEVP is working 
towards sustainable and efficient use of water resources (Section 8.2.4). 

3.6.2 Maintenance of environmental flows 

As shown in Section 3.5.1 above, under the current set of assumptions (Section 3.2) all Water 
Plan environmental flow objectives are met. The objectives would be reassessed under the 
final set of operational rules (or any other changing assumptions). 

Information on water quality maintenance is provided in Section 6.10.2 of the Saint Elmo 
EIS (Multicom Resources, 2020). 

3.6.3 Maintenance of stability of bed and banks of watercourse 

As shown in Section 3 of the water supply infrastructure design report (GC, 2020), the only 
part of the OWSF which will impact the stability of the bed and banks of the Flinders River 
watercourse is the diversion channel. The diversion channel is to be constructed to divert 
water from the Flinders River to the transfer channel (from which the river pump station 
will lift the water into Cell 1 of the OWSF) (see Figure 2 and Figure 3 in GC, 2020). 

The Diversion Channel is constructed with a horizontal to vertical slope of 3H:1V.  This is 
equivalent to a rise of one metre every three metres. This compares to a natural slope in 
the river of around 45% (1V:1H) highlighting the relative stability of riverbank soils. This is 
demonstrated in Figure 24 below which displays a profile across the Flinders River 
adjacent to the Diversion Channel (S. Peters, pers. comm., 14 May 2020).   

 
Figure 24: Typical riverbank profile 

The 420-metre-long Diversion Channel will be sown with suitable native grass (see Figure 
25 below) following completion of construction. Watering will be used to promote grass 
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growth prior to the wet season. Construction of the Channel will take around 2 weeks to 
complete and will occur during the dry season. It is unlikely to be exposed to rainfall or 
river flows during the construction phase (S. Peters, pers. comm., 14 May 2020). 

 
Figure 25: Typical irrigation channel (dry season) (ABC, 2019) 

Additional measures will be assessed in the detailed design based on soil testing. Relevant 
measures will be applied during and following construction of the Diversion Channel, if 
soil has a tendency to erode. These measures tend to be intrusive compared to natural 
solutions like establishing grass cover (S. Peters, pers. comm., 14 May 2020). 

Additional measures may include the use of soil modifiers such as lime and gypsum or 
tackifiers. Compost blankets and reinforcement mats can confine the tops soil surface 
layer. Rock can be applied to provide full protection in erodible areas. Figure 25 above 
shows the selective use of rock protection in areas which may be exposed to erosion. In 
this case, it is limited to the bank either side of the culvert (S. Peters, pers. comm., 14 May 
2020). 

The OWSF is a significant distance from any existing waterbodies, estuaries or the coast 
so will have no impact on the stability of beds and banks of these features. 

Information on stability of bed and banks is also provided in Section 6.10.2 of the Saint 
Elmo EIS (Multicom Resources, 2020). 

3.6.4 Maintenance of supply to existing users 
As described above, there are no Flinders River water allocation security objectives specified 
in the Water Plan. Instead, the water entitlement performance for existing surface water 
users was assessed both without the proposed Project (i.e. Department ROP model) and 
with the Project (see Section 3.5.2 above). The impact of the Project on downstream users 
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would likely require discussion with potentially impacted parties and mitigation of impacts 
under a final set of operational rules. 

Impacts to downstream users related to flooding are covered into Section 5 of the OWSF 
Flood Impact Assessment report (EWM, 2020a). These impacts were found to be minor 
and are unlikely to have an impact on the supply to existing surface water users. 

Maintenance of supply to existing groundwater users is covered in Section 6.17 and 6.18 
of the Saint Elmo EIS (Multicom Resources, 2020). 

3.6.5 Risk and potential adverse impact from flood and dam failure 

The OWSF conceptual design details quote an operating freeboard of 1.5m (1,500mm) for 
each of the four cells (Table 14; Section 3.4 of GC, 2020) which represents the allowance 
for wave action and capture of significant local rainfall events without material risk of 
overtopping. Based on the design rainfall events for 20.59°S 143.45°E (Table 13; BoM, 
2020), there is sufficient freeboard to contain a multiple day design event of 1 in 2000 ARI 
plus 1m wave action. It should also be noted that over this several day rainfall event there 
would be no diversions from the Flinders River into the OWSF, plus releases from the 
storage would be possible during this period to ensure no material risk of flooding or dam 
failure of the OWSF. 

In terms of flooding into the OWSF, as described by Grabbe Contracting (2020), the river 
pump station is protected by a levee to eliminate risk of uncontrolled inflow (Section 3.3) 
and the levee and control structures are constructed as a contiguous embankment 
protecting the channels and water storage facility from flooding (Section 4.2). 

Further discussion on the risk and potential impact from flood and dam failure is covered 
in Section 5 of Engeny’s OWSF Flood Impact Assessment report (2020a). 

Table 13: Design rainfall depths (mm) for 20.59°S 143.45°E (BoM, 2020) 

Duration 
Annual exceedance probability (1 in x) 

1 in 100 1 in 200 1 in 500 1 in 1000 1 in 2000 

24 hour 196 223 257 284 312 

30 hour 211 238 275 304 335 

36 hour 224 253 292 323 356 

48 hour 248 279 323 358 394 

72 hour 286 322 372 412 454 

96 hour 315 353 408 451 496 

120 hour 336 376 433 478 524 

144 hour 350 393 451 496 543 

168 hour 360 404 462 508 555 
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Table 14: OWSF details 

Feature Detail 

Number of cells in OWSF 4 

Full supply level of each cell 144 m AHD 

Dam crest level of each cell 145.5 m AHD 

Freeboard for each cell 1.5 m 
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4 Summary outcomes and recommendations 

Based on the hydrological assessment described above, the following represent the key 
outcomes of the assessment and recommendations for further progressing the Project. 

Key outcomes: 

• There is a sustainable and viable surface water solution for the Project assuming 
access to the strategic reserve under the following conditions: 

o Daily volumetric limit of 1,785ML (10% of annual volumetric limit or 10 
days of opportunity);  

o Diversion threshold of 1,728ML (consistent/equitable with other new 
allocations in the same reach/zone); and 

o Annual volumetric limit dependent on stage of development but up to 
17,850ML for the maximum tonnage scenario (noting that this is the full 
volume of strategic reserve available and that this volume of water would 
not be required for the earlier stages of the Project); 

• A Project demand annual reliability of 97.5% (i.e. 3 years of supply shortfall during 
simulation period) is possible under the first four stages of development (i.e. up 
to initial target production). The Project demand reliability is 92.6% for the 
maximum tonnage stage of development (Stage 5; 9 years of supply shortfall 
during simulation period). 

• The surface water hydrology in the Flinders River catchment is highly variable in 
nature, with access to water from the river being unavailable in about 20% of 
simulation years (resulting in the supply shortfall years mentioned above). 
Alternative sources of supply may be required during these shortfall years. 

• In all cases, upwards of 45% of the outflow from the OWSF is due to evaporation. 
This volume of ‘loss’ from the storage accounts for the relatively large OWSF 
volume and strategic reserve annual volumetric limits required to supply the 
various Project demands. 

• All Water Plan objectives are met for all stages of Project development. 

• The impact on downstream users is in the order of 200-1,000 ML/a (in terms of 
mean annual diversion) dependent on the stage of Project development. This will 
likely require discussion with potentially impacted parties and potentially include 
compensations/mitigation of impacts. 

• The OWSF is designed and proposed to be operated in such a way that the water 
lost to evaporation is minimised. 

• The diversion channel is the only feature of the OWSF that has the potential to 
impact the bed and bank stability of the Flinders River. Measures will be taken to 
ensure bed and bank stability such as channel construction occurring during the 
dry season and sowing the channel with native grass. Additional measures will be 
assessed in the detailed design based on soil testing. Relevant measures will be 
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applied during and following construction of the diversion channel if soil has a 
tendency to erode. 

• There is no material risk to overtopping of the OWSF and the design of the OWSF 
(and associated features) means that the storage and channel are protected from 
uncontrolled inflow and flooding. 

Recommendations: 

• Due to the variability of surface water supply, and associated Project demand 
shortfalls, alternative sources of supply may be required for the years of shortfall. 
For example, these shortfall years may be able to be managed by reduced 
Vanadium Pentoxide production, potential site overland flow harvest and 
improvements to on-site water recycling processes. 

• Another option for improved reliability is the mitigation of the volume of 
evaporation lost from the OWSF. Reducing the surface area of the OWSF from 
which evaporation can occur (by installing floating photovoltaic panels, for 
example) can significantly reduce the volume of water lost to evaporation. 

• Some downstream surface water users are impacted in terms of their mean 
annual diversion and it is likely that consideration of compensation and/or 
mitigation would form a key component of ongoing Project development and 
stakeholder engagement. Mitigation measures may include allowing downstream 
users exclusive access to a flow event, temporary or permanent transfer of a 
portion of the Project allocation to impacted users (within the constraints/rules of 
the Water Plan) or a compensation plan. 
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Attatchment A – OWSF storage dimension used for assessment 

Table A.1: Cell 1 storage dimensions (bold row represents full supply volume) (GC, 2019) 

Volume (ML) Surface Area (ha) 

114 12.7 

312 26.9 

635 36.7 

1,018 39.1 

1,411 39.5 

1,806 39.5 

2,201 39.5 

2,596 39.5 

2,991 39.5 

3,386 39.5 

3,781 39.5 

4,176 39.5 

4,570 39.5 

Table A.2: Cell 2 storage dimensions (bold row represents full supply volume) (GC, 2019) 

Volume (ML) Surface Area (ha) 

164 17.0 

387 27.5 

716 37.2 

1,106 39.5 

1,501 39.5 

1,896 39.5 

2,291 39.5 

2,686 39.5 

3,080 39.5 

3,475 39.5 

3,870 39.5 

4,265 39.5 

4,660 39.5 
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Table A.3: Cell 3 storage dimensions (bold row represents full supply volume) (GC, 2019) 

Volume (ML) Surface Area (ha) 

31 6.2 

148 17.0 

382 29.2 

713 36.3 

1,094 39.2 

1,489 39.5 

1,884 39.5 

2,279 39.5 

2,674 39.5 

3,069 39.5 

3,464 39.5 

3,859 39.5 

4,254 39.5 

Table A.4: Cell 4 storage dimensions (bold row represents full supply volume) (GC, 2019) 

Volume (ML) Surface Area (ha) 

2 0.5 

49 12.3 

267 31.1 

625 39.0 

1,019 39.5 

1,414 39.5 

1,809 39.5 

2,204 39.5 

2,599 39.5 

2,994 39.5 

3,389 39.5 

3,784 39.5 

4,179 39.5 
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