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20 December 2019 

Shaan Pawley 
Department of Water and Environmental Regulation 
Prime House 
8 Davidson Terrace 
Joondalup, WA 6027 

Dear Shaan 

Peer Review of the Hydrological Connectivity Along Uralla Creek and Blina Creek Floodplain 

The Department of Water and Environmental Regulation (DWER) has asked HARC to peer review the 

DWER assessment of hydrological connectivity along Uralla Creek and the Blina Creek Floodplain. 

This letter summarises our review, and provides recommendations for consideration by DWER. 

It is an updated version of the letter submitted by HARC to DWER on 6 December 2019. The updates 

to our review have been informed by comments made by DWER during a teleconference on 

10 December 2019, and via e-mail on 11 December 2019. 

HARC’s review has focused on the DWER report titled An assessment of hydrological connectivity 

along the Uralla Creek and the Blina Creek floodplain in the Fitzroy catchment, (DWER, 2019). 

This report says that there are three key objectives of the Department’s analysis of the hydrologic 

connectivity along Uralla Creek and the Blina Creek Floodplain. These objectives are: 

1) Determine if the current operation of flood gates on Uralla Creek affect the surface water 

connectivity across Blina Creek floodplain, Blina Creek and Uralla Creek; 

2) Determine the impact of water abstraction from Uralla Creek (while flood gates are closed) on the 

surface water connectivity in the surrounding area, and; 

3) Determine the role that the Blina Creek floodplain levee and road crossing play in detaining water 

inside the floodplain. 

Our review considers the analyses undertaken by DWER to achieve these three objectives, and the 

reporting that supports these analyses. A traffic light system has been used to indicate the need for 

additional work to achieve the objectives (Green – no need for additional work , Amber – some  

additional data or analyses would be beneficial, Red – additional work is strongly recommended). 

These traffic light results are presented with accompanying text in one table per objective (Table 1 to 

Table 3). Section 4 of this letter includes additional considerations and recommendations related to 

the DWER (2019) report. 

We also note that DWER are considering a change of wording for Objective 2, and this is addressed 

in Table 2. 
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1. Objective 1 

◼ Table 1: Review of Analysis for Objective 1 

Colour Item Comments Recommendations 

 Achievement of objective  The first objective was to determine if the current operation of flood gates on Uralla Creek affect the surface water connectivity across 

Blina Creek floodplain, Blina Creek and Uralla Creek. To test the impact of the flood gate operation on the hydrologic connectivity of the 

surrounding area, the report lists three thresholds for gate operation: 

◼ 37.0 mAHD – flood gates are open and water can no longer be pumped; 

◼ 38.6 mAHD – a threshold for flood gates opening (below this level) and closing (above this level) – water can be pumped, and; 

◼ 40.0 mAHD – a threshold for flood gates opening (above this level) and closing (below this level) – water can be pumped. 

The hydrologic connectivity at these three threshold levels was assessed using a static water analysis within a digital elevation model (DEM). 

This static water level assumption is only applicable to situations when the flood gates are closed (i.e. for levels between 38.6 mAHD and 

40.0 mAHD). This is because when the flood gates are open, the hydraulics of Uralla and Blina Creek (including the culvert under the 

Blina Creek Road Crossing) will influence the hydrologic connectivity of this area. The flood gates will not affect hydrologic connectivity when 

they are open. 

If levels between 38.6 mAHD and 40.0 mAHD at the flood gates are considered (and the assumptions and limitations listed here are 

documented), then the work completed can be relied upon to provide an estimate of inundated areas. It is noted however, that the static 

water level analysis assumes the volume impounded behind the flood gates is sufficient to occupy the Blina Creek floodplain to the same 

water level observed at the flood gates (i.e. between 38.6 m AHD and 40.0 mAHD). If the volume of water behind the flood gates is less than 

required to fill Blina Creek and the floodplain to the same level, then the observed inundation extents will differ to those shown in the report. 

The nature of the technical analyses completed to date also mean that point iii) of Section 6.3, and any conclusion linked to this statement, 

should be revised to list the factors that could have contributed to the rate of decline of water levels over Period 2. These factors include: 

◼ The opening of the flood gates and the hydraulics of Uralla Creek; 

◼ The volume and rate of flow from the Fitzroy River; 

◼ Evaporation; 

◼ Pumping activities, and; 

◼ Infiltration and losses to groundwater systems. 

In order to understand the connectivity of surface water when the flood gates are open (i.e. water levels <38.6 mAHD or >40.0 mAHD), 

the following hydraulic modelling and data would be required: 

Data 

◼ Gauge records of water levels and flow upstream and downstream of the flood gates (for calibration of the hydraulic model); 

◼ Topographic data upstream and downstream of the flood gates, at a resolution sufficient for hydraulic modelling, and; 

◼ Details of the culverts under the Blina Creek Road Crossing. 

Modelling 

A hydraulic model would be required to characterise the movement of water along Uralla Creek from the Fitzroy Barrage, flow through the 

flood gates, and flow through the Blina Creek Road Crossing. To make defensible inferences about hydrologic connectivity when the flood 

gates are open, this hydraulic model would need to be calibrated to streamflow and water level gauging along Uralla Creek. However, the 

hydraulic modelling results would not show how hydrologic connectivity is influenced by pumping or evaporation. Complimentary water 

balance modelling would be required to isolate these influences, and this is discussed further in Table 2.      

Revise the DWER reporting to only present static water level extents for 

cases where the flood gates are closed (i.e. levels between 38.6 mAHD 

and 40.0 mAHD).  

Dot point iii) of Section 6.3 and any conclusion linked to this statement 

should also be revised, to include factors that could have contributed to 

the rate of water level decline over Period 2.  

Should it be desired to quantify the connectivity of surface water when the 

flood gates are open, more detailed hydraulic modelling is required.  

 

 Data used in analysis The use of a DEM to provide an approximate understanding of static water levels when the flood gates are closed is appropriate.  

Should it be desired to assess hydrologic connectivity when the flood gates are open, then the datasets listed above should be sourced for 

use in more detailed hydraulic modelling. 

Additional verification of the water level extents from satellite imagery 

could be sought from the Water Observations from Space dataset. 

However, this is a suggestion and not a recommendation. 
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 Assumptions used in the 
analysis  

As discussed above, the assumptions used in the analyses done to date are appropriate if the following is acknowledged: 

◼ The extents shown in the report are a high-level estimate of the expected areas of inundation for a static water level when the 

flood gates are closed (between 38.6 and 40.0 mAHD); 

◼ It is accepted that the extents shown are based on an implicit assumption that sufficient volumes are retained behind the flood gates to 

occupy Blina Creek and the floodplain to the same water level at the flood gates, and; 

◼ The approach can only provide an estimate for a single point of time, and cannot account for evaporation or the hydraulics of the creeks 

and the culvert under the Blina Creek road crossing.  

Dot points similar to those presented here should be included in the 

DWER report.  If it is desired to understand the connectivity of surface 

water when the flood gates are open (i.e. water levels <38.6 mAHD or 

>40.0 mAHD), then additional data collection and modelling should be 

undertaken and the assumptions should be clearly documented.    

 Reporting and 
conclusions drawn from 
this analysis 

In its current form the reporting does not clearly discuss the results of the DWER analyses in the context of Objective 1.   It is recommended that the reporting be amended so that the static water 

level analysis is linked back to Objective 1. Specifically, text should be 

added to discuss the impact of the operation of the flood gates (i.e. when 

the gates are closed, hydrologic connectivity is maintained longer 

compared with when the gates are open).  

If it is desired to understand the connectivity of surface water when the 

flood gates are open (i.e. water levels <38.6 mAHD or >40.0 mAHD), 

then the reporting should be amended to discuss the methodology, 

assumptions and results of this modelling.    
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2. Objective 2 

◼ Table 2: Review of Analysis for Objective 2 

Colour Item Comments Recommendations 

 Achievement of objective  The second objective was to determine the impact of water abstraction from Uralla Creek on hydrologic connectivity in the surrounding area. 

The analyses done to date do not explicitly address this objective. A water balance model would be required to better understand differences 

in water levels under pumping and no pumping scenarios.  

The following data and modelling would be required to complete water balance assessments for pumping and no pumping scenarios: 

Data 

◼ Time-series of pumped rates and volumes (understood to be currently available); 

◼ Time-series of water level data upstream of the flood gates (understood to be currently available); 

◼ Time-series of the flood gate operations (understood to be currently available); 

◼ Time-series of water level data downstream of the flood gates (understood not to be currently available); 

◼ Gauge records of flow upstream and downstream of the flood gates (understood not to be currently available); 

◼ Time-series of evaporation data (understood to be currently available); 

◼ Topographic data (understood to be currently available); 

◼ Details of the culverts under the Blina Creek Road Crossing (understood to be currently available), and; 

◼ Time-series of water level data at the Fitzroy Barrage (understood to be currently available). 

Modelling 

As per the review comments made in Table 1, a hydraulic model would be required to characterise the movement of water along Uralla Creek 

from the Fitzroy Barrage, flow through the flood gates, and flow through the Blina Creek Road Crossing. To make defensible inferences about 

hydrologic connectivity when the flood gates are open, this hydraulic model would need to be calibrated to streamflow and water level 

gauging along Uralla Creek. 

The behaviour of the system as simulated by the calibrated hydraulic model could then be used as an input to a water balance model. This 

would be achieved by using the hydraulic model to define rating curves (i.e. flow vs level) for Uralla Creek and the Blina Creek floodplain at 

the upstream and downstream ends of the water balance assessment. 

The water balance model would need to be run as a continuous simulation for the period in question (February to September), and use the 

rating curves, evaporation data and pumping data to characterise the movement of water throughout this period. The water balance model 

could then be re-run with pumping ‘switched off’, and the impact of pumping estimated by plotting water level vs time for the pumping and no 

pumping scenarios (similar to Figure 13 in the DWER (2019) report).  

Undertake water balance and hydraulic modelling of a pumping and no 

pumping scenario.  

 Data used in analysis Additional data (detailed above) and a water balance model would be required to achieve Objective 2. The datasets listed above would need to be obtained before completing a 

water balance assessment.  

 Assumptions used in the 
analysis  

Objective 2 was not explicitly addressed in the DWER (2019) report. The additional work described above would be required to achieve the 

objective. If undertaken, assumptions associated with the additional work will need to be clearly reported.  

If a water balance assessment is undertaken, the assumptions and 

limitation of the modelling will need to be included in the accompanying 

reporting. 

 Reporting and 
conclusions drawn from 
this analysis 

The reporting will need to be revised if the objective is to demonstrate the impact of pumping on water levels in Uralla Creek.   

 Proposed rewording of 
Objective 2 

Comments provided by DWER on 11 December 2019 in response to the first draft of this review included a proposed re-wording of 

Objective 2 to read: 

Determine the possible contributing factors that might impact the hydrological connectivity across the system of Uralla Creek and the Blina 

Creek Floodplain. 

The DWER report will need need to be adjusted to reflect proposed 

changes to this objective. Based on the wording of this objective, and the 

analyses completed to date, the contributing factors that might impact 

hydrologic connectivity will be able to be described. However, the relative 

contributions of these factors will not be able to be estimated without 

more detailed water balance and hydraulic modelling.   
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The re-worded objective could be achieved by describing the possible sources of water use and loss from the system. However, the technical 

analyses done to date will not enable the relative contributions of impacts to hydraulic connectivity to be estimated (e.g. the magnitude of the 

impact of pumping versus the impact of evaporation). 

If the relative contributions to changes in hydrologic connectivity need to be better understood, then water balance and hydraulic modelling as 

outlined above will be required.  
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3. Objective 3 

◼ Table 3: Review of Analysis for Objective 3 

Colour Item Comments Recommendations 

 Achievement of objective  The third objective was to determine the role that the Blina Creek road crossing and floodplain levee play in detaining water inside the 

floodplain. This objective has been achieved by the analyses undertaken by DWER, summarised by dot point i) of Section 6.3, stating that 

the road crossing and levee are believed to affect the receding of floodwater.  

It should be noted, however, the analyses carried out have the following limitations: 

◼ They provide a high-level understanding of inundation thresholds for the floodplain, levee and road crossing assuming static water levels 

and closure of the flood gates; 

◼ They provide a snapshot of levels only, and do not account for drainage of floodwaters from the Blina Creek floodplain downstream.  

◼ The static water level extent provides an approximate inundation surface that does not account for the volumes of water associated with 

real events.  

Provided the above limitations are considered and there is no desire to understand the role that the levee and road crossing play in detaining 

water over a period of time, no additional analyses are required. However, it is recommended that Section 6.2 of the DWER (2019) be 

revised, because the simplistic representation of the complex hydraulic conditions when the flood gates are operated might be challenged.  

If the calculated rate of water level decline stated in Section 6.2 (33.4 mm/day) is kept in the report, it will need to be accompanied by caveats 

including: 

◼ The assessment is based on an analysis of satellite imagery using moisture content and recorded water levels in Uralla Creek. It is not 

based on gauged or recorded information from the Blina Creek floodplain; 

◼ The assessment provides a very high level estimate of the rate that water levels recede, and assumes that water levels recede in a 

linear fashion. This does not account for the hydraulic influence of the floodplain, Blina Creek, Uralla Creek or the culverts under the 

Blina Creek road crossing, or pumping activities and evaporation between the 10th of February 2018 and the 29th of March 2018, and; 

◼ The rate that the water levels recede is based on a single event. How water levels change is likely to vary from event to event based on 

evaporation, pumping activities, and the volume of water discharged from the Fitzroy River to Uralla Creek.     

Unless much more sophisticated hydraulic and water balance modelling is undertaken, references to the time period that the Blina Creek 

floodplain would naturally disconnect from Blina Creek (Section 6.2) should be removed. This is because the current assessment is based on 

an assumed rate of water level decline that could be challenged. Furthermore, the recorded water levels at Uralla Creek are not consistent 

with the calculations presented. 

If the rate at which the Blina Creek floodplain would disconnect from Blina Creek over a specific event needs to be better understood, then 

more sophisticated modelling would need to be undertaken (including hydraulic modelling and water balance modelling).  

A more detailed assessment would require the following modelling and data: 

Data 

◼ Time-series of pumped rates and volumes (understood to be currently available); 

◼ Time-series of water level data upstream of the flood gates (understood to be currently available); 

◼ Time-series of the flood gate operations (understood to be currently available); 

◼ Time-series of water level data downstream of the flood gates (understood not to be currently available); 

◼ Gauge records of flow upstream and downstream of the flood gates (understood not to be currently available); 

◼ Time-series of evaporation data (understood to be currently available); 

◼ Topographic data (understood to be currently available); 

◼ Details of the culverts under the Blina Creek Road Crossing (understood to be currently available), and; 

◼ Time-series of water level data at the Fitzroy Barrage (understood to be currently available). 

 

It is recommended that the limitations listed here be reviewed and 

included in the DWER (2019) report. If a better understanding of the rate 

at which water drains from the Blina floodplain over a specific event is 

required, then more sophisticated modelling would be needed 

(i.e. hydraulic modelling and water balance modelling). 

Unless more sophisticated hydraulic and water balance modelling is 

undertaken, references to the time period that the Blina Creek floodplain 

would naturally disconnect from Blina Creek should be removed.  
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Modelling 

As per the comments made in Table 2 for Objective 2, a hydraulic model would be required to characterise the movement of water along 

Uralla Creek from the Fitzroy Barrage, flow through the flood gates, and flow through the Blina Creek Road Crossing. To make defensible 

inferences about hydrologic connectivity when the flood gates are open, this hydraulic model would need to be calibrated to streamflow and 

water level gauging along Uralla Creek. 

The behaviour of the system as simulated by the calibrated hydraulic model could then be used as an input to a water balance model. This 

would be achieved by using the hydraulic model to define rating curves (i.e. flow vs level) for Uralla Creek and the Blina Creek floodplain at 

the upstream and downstream ends of the water balance assessment.     

The water balance model would need to be run as a continuous simulation for the period in question (February to September), and use the 

rating curves, evaporation data and pumping data to characterise the movement of water throughout this period. The results of this analysis 

could be analysed to assess the influence of the system hydraulics, evaporation and pumping on the disconnection of Blina Creek and the 

Blina Creek Floodplain.  

 Data used in analysis The data used in the DWER analyses is appropriate for providing a high-level understanding of inundation thresholds for the floodplain, road 

crossing and levee. If a better understanding is desired, then the datasets listed above would be required to inform more detailed modelling. 

The data used to provide a high level understanding of the role of road 

crossing and levee is appropriate, provided all of the caveats and 

limitations are understood and included in the reporting.   

Should a more detailed understand be required or should it be desired to 

understand the to the time period that the Blina Creek floodplain would 

naturally disconnect from Blina Creek much more sophisticated hydraulic 

and water balance modelling is undertaken.  The data required for 

additional modelling has been listed above. 

 Assumptions used in the 
analysis  

Static water analysis of the Blina Creek floodplain to be accompanied by caveats including: 

◼ They provide a high-level understanding of inundation thresholds for the floodplain, levee and road crossing assuming static water levels 

and closure of the flood gates; 

◼ They provide a snapshot of levels only, and do not account for drainage of floodwaters from the Blina Creek floodplain downstream.  

◼ The static water level extent provides an approximate inundation surface that does not account for the volumes of water associated with 

real events.  

Calculated rate of water level decline stated in Section 6.2 (33.4 mm/day) should be accompanied by caveats including: 

◼ The assessment is based on an analysis of satellite imagery using moisture content and recorded water levels in Uralla Creek. It is not 

based on gauged or recorded information from the Blina Creek floodplain; 

◼ The assessment provides a very high level estimate of the rate that water levels recede, and assumes that water levels recede in a 

linear fashion. This does not account for the hydraulic influence of the floodplain, Blina Creek, Uralla Creek or the culverts under the 

Blina Creek road crossing, or pumping activities and evaporation between the 10th of February 2018 and the 29th of March 2018, and; 

◼ The rate that the water levels recede is based on a single event. How water levels change is likely to vary from event to event based on 

evaporation, pumping activities, and the volume of water discharged from the Fitzroy River to Uralla Creek.     

Unless much more sophisticated hydraulic and water balance modelling is undertaken, references to the time period that the Blina Creek 

floodplain would naturally disconnect from Blina Creek (Section 6.2) should be removed. This is because the current assessment is based on 

an assumed rate of water level decline that could be challenged. Furthermore, the recorded water levels at Uralla Creek are not consistent 

with the calculations presented. 

If the rate at which the Blina Creek floodplain would disconnect from Blina Creek over a specific event needs to be better understood, then 

more sophisticated modelling would need to be undertaken (including hydraulic modelling and water balance modelling).  

See comments to left.  

 Reporting and 
conclusions drawn from 
this analysis 

The DWER (2019) report would benefit from clearly linking the technical analyses back to Objective 3. Revise the reporting to address the comments made here. 

It is also recommended that Section 6.2 and 6.3 be revised to include the 

caveats discussed above. This recommendation also applies to any 

conclusions drawn from these sections of the DWER (2019) report. 
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4. Reporting 

Linked to the comments on the three objectives made above, the following recommendations are also 

made regarding potential revisions to the DWER (2019) report: 

◼ Given the outcomes of the analyses are intended to be released to the public, it would be 

beneficial to provide a non-technical summary of the work. The more technical document could 

then be made available on request. 

◼ For the benefit of the reader, it is recommended that Sections 4 and 5 be renamed and 

restructured to be clearly linked to Objective 1.  

◼ Section 5 should be revised based on the comments in Table 1 and Table 2, with the focus being 

on hydrologic connectivity when the flood gates are closed. 

◼ It is recommended that Section 5.2 be renamed and clearly linked to Objective 2.  In its current 

form, to achieve Objective 2, hydraulic and water balance modelling (details included in Table 2) 

should be carried out to determine the impact of water abstraction on hydraulic connectivity of the 

surrounding area. Reporting should be updated detail the methodology, assumptions, caveats 

and analysis of this modelling.   

◼ Should the wording of Objective 2 be altered to that proposed at the bottom of Table 2, the 

objective could achieved by describing the possible sources of water use and loss from the 

system and should be included in the report.  It is to be noted in the report that, the technical 

analyses done to date will not enable the relative contributions of impacts to hydraulic 

connectivity to be estimated (e.g. the magnitude of the impact of pumping versus the impact of 

evaporation). 

◼ It is recommended that Section 5.3 be moved and renamed to be clearly linked to Objective 1. 

◼ It is recommended that Section 6 be renamed to be clearly linked to Objective 3.  

◼ It is recommended that Section 6.2 be revised (see comments in Table 3). Should it be desired to 

discuss the rates of water receding through the Blina Floodplain (including the culvert) when the 

flood gates are open, more sophisticated hydraulic and water balance modelling will need to be 

undertaken.  

◼ It is recommended that Section 6.3 be revised (see comments in Table 1 and Table 3).  

◼ The conclusion and recommendations would ideally the outcomes of the technical analyses to 

the three objectives of the study. 

5. Way Forward 

We have outlined a number of recommendations for consideration by DWER.  The key considerations 

for DWER going forward are as follows: 

Objective 1:  

◼ Either revise the reporting to only present static water level extents for cases where the flood 

gates are closed (i.e. levels between 38.6 mAHD and 40.0 mAHD); 

◼ Or carry out hydraulic modelling to quantify the connectivity of surface water when the flood gates 

are open.  
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Objective 2:  

◼ Either reword the objective as per Table 2 noting that the current analyses undertaken will not be 

able to determine the relative contributions of impacts to hydraulic connectivity (e.g. the 

magnitude of the impact of pumping versus the impact of evaporation); 

◼ Or undertake hydraulic and water balance modelling to determine the impact of water abstraction 

on hydraulic connectivity to meet the objective as it is currently worded.  

Objective 3: 

◼ Either present the static water analysis of the Blina Creek floodplain and the calculated rate of 

water level decline (33.4 mm/day) accompanied by the caveats and limitations included in Table 

3; 

◼ Or  carry out more sophisticated hydraulic and water balance modelling to assess the time 

periods linked to disconcertion of the Blina Creek floodplain from Blina Creek. 

Yours sincerely 

 

Edward Funnell 

Project Manager 

P: (03) 8691 3725 

Edward.funnell@harc.com.au 
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1 Executive Summary 
The Department of Water and Environmental Regulation has undertaken an 
assessment of the hydrological connectivity along the Uralla Creek and the Blina Creek 
Floodplain. Hydrological connectivity in this report refers to the connection of surface 
water within or between these areas. 

The Blina Creek Floodplain is part of the broader Camballin Floodplain, locating in the 
Fitzroy River catchment. The Camballin Floodplain is of high conservation value and 
is listed on the Directory of Important Wetlands of Australia (DIWA). The Uralla Creek 
river channel is known to be a habitat for fish, and its pools provide dry season refuges. 

A number of structural features and water management activities may influence the 
way water moves around the system. These features and activities include the Fitzroy 
Barrage, Floodgates on the Uralla Creek, Road Crossing on the Blina Creek Floodplain 
and associated irrigation pumping rules. The Department has assessed each of these 
features and activities to form a conceptual understanding of the hydrological 
connectivity of the system.  

This study determined that the amounts of water diverted from the Fitzroy River at the 
Fitzroy Barrage into the Uralla Creek are distinctly different between the wet and dry 
seasons. Closing the Floodgates on Uralla Creek towards the end of the wet season 
appears to elevate the water level and extend the time of water being held in the Uralla 
Creek. The pools in the Uralla Creek and Blina Creek Floodplain are likely connected 
at the water levels while the Floodgates are closed according to the current Operating 
Strategy. The Floodgates were closed for about half year annually following the 
completion of the construction.  

Opening the Floodgates is triggered by water levels in the Uralla Creek (Durack Pool), 
and it is at a time when there is generally little to no inflow from the Fitzroy River. This 
low streamflow in addition to the evaporation and in some cases increased pumping 
activity, accelerate the decrease in water levels in the Uralla Creek.  

This study found the Road Crossing across the Blina Creek Floodplain is a distinctive 
hydraulic barrier preventing flood waters upstream of the Road Crossing from receding 
downstream. The Blina Creek Floodplain is likely disconnected from the Uralla Creek 
around the water levels that the Floodgates are re-opened. More monitoring is 
required should this water level be significant to the ecological community. After the 
Floodplain is disconnected from the creeks, evapotranspiration and seepage are 
expected to be the main mechanisms causing reductions in pool levels within 
the Blina Creek Floodplain. 
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2 Background 

This report provides an assessment of the hydrological connectivity along the Uralla 
Creek and the Blina Creek Floodplain, as shown in Figure 1. This area is located in the 
Fitzroy River catchment. The Blina Creek Floodplain is also part of the broader 
Camballin Floodplain. Camballin Floodplain is of high conservation value as it is listed 
on the Directory of Important Wetlands of Australia (DIWA)[1], and also supports an 
important ecological community, including many species of birds and fishes (McJannet 
et al 2009). The Uralla Creek river channel is known to be a habitat for fish, and its 
pools provide dry season refuges. 

Several human-made structures and water management activities have been 
investigated in the assessment of the hydrological connectivity. Figure 1 shows the 
main structural features and activities that may influence hydrological connectivity. 

 

Figure 1 Locations of the Uralla Creek (Durack Pool), Blina Creek and Blina Creek Floodplain. Structures 
include the Blina Creek Road Crossing and the Floodplain Levee surrounding the Floodplain, and the 
Floodgates (indicated by a red cross) on Uralla Creek downstream of the Durack Pool. 

2.1 Blina Creek Floodplain and Road Crossing 

Blina Creek Floodplain (referred to as Floodplain hereafter) is indicated in Figure 1 and 
is an area of inundation during floods. The Floodplain borders the Blina Creek Road 

 
1 https://www.environment.gov.au/water/wetlands/australian-wetlands-database 
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Crossing (referred to as Road Crossing) to the west and Floodplain Levee (referred to 
as Levee) to the south and measures an area approximately 13.7 km². The Floodplain 
is connected to the Blina Creek by culverts under the Road Crossing. The Blina Creek 
merges into the Uralla Creek approximately 3 km downstream (Figure 2).  

During floods, the relatively high elevation of the Road Crossing and Levee may hold 
back floodwater, forming a relatively large pool. As floodwaters recede the large pool 
separates into a number of small shrinking pools across the Floodplain. Once 
separated, from the surface water point of view, these pools are disconnected from the 
creeks.  

  

Figure 2 Blina Creek road crossing looking upstream and downstream 

2.2 Fitzroy Barrage 

Uralla Creek is connected to the Fitzroy River upstream of the Fitzroy River Barrage 
(not shown in Figure 1) through the Uralla Creek Offtake (a concrete sill), the 
floodgates ~50 m downstream of the concrete sill, and the decommissioned 17 Mile 
Dam (Figure 3). Both Uralla Creek and Blina Creek are ungauged for flow but recorded 
for water levels at the Uralla Creek. 

The Fitzroy Barrage located on the Fitzroy River controls the flow of water down Uralla 
Creek. The water flows over the concrete sill into Uralla Creek once the Fitzroy River 
water level gets to 45.955 m AHD. The Fitzroy River ceases to flow over the Barrage 
at 45.860 m AHD. Therefore, the concrete sill only allows water into the Uralla Creek 
when water levels are over the Barrage.  
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Figure 3 Fitzroy Barrage (crease to flow at 45.860 m AHD) and Uralla Creek offtake (crease to flow at 
45.955 m AHD) at a time when both flows. 

2.3 Uralla Creek Floodgates 

There is a floodway/crossing (along with Floodgates, Figure 4) on Uralla Creek just 
downstream of the Inkata irrigation channel, separating a long and narrow pool 
upstream (Durack Pool) and a downstream pool (unnamed) when the Floodgates are 
closed. Timing of the closure is determined by allowing sufficient flows over the Sill into 
the Uralla Creek to the full storage level and this can be predicted by the overflow 
height at the Barrage (Liveringa Station Beef Pty Ltd, 2016). When water levels in 
Durack Pool at the location of the floodway drop to the Cease to Flow (CTF) level (38.6 
m AHD) the Floodgates are opened, and the upstream and downstream pools are 
reconnected. This CTF level is referred to the water level when the Uralla Creek 
ceased to flow downstream at the location of the floodway prior to the construction of 
the Floodgates. It was estimated that closure of the Floodgates would be for 10 to 12 
weeks (Liveringa Station Beef Pty Ltd, 2016).  

There is a 300mm bypass pipe that passes through the floodway on Uralla Creek to 
enable the release of water from Durack Pool to the downstream pool. The bypass 
pipe is used to maintain the water levels of the downstream pool above 38.1m AHD 
(within 50cm of the CTF level of 38.6m AHD as a condition of licensing). The bypass 
pipe has excess capacity to replace any water lost through seepage and 
evapotranspiration. It has a gated valve to allow control of flows to the downstream 
pool to maintain the required level. 

There is an irrigation 5C licence to take up to a total combined volume of 6 gigalitres 

(GL) per year along Uralla Creek. The licensee operates two pumping stations, one 

immediately upstream of the Floodgates, diverting and pumping from Durack pool via 

the 1km long Inkata irrigation channel to pivot 2 and 3 and the other is located a further 

9km upstream, pumping water from Durack pool to pivot 1. The Cease to Pump (CTP) 

level is set in the operating rules when water levels in the Durack Pool drop to 37.0 m 

AHD. 

Uralla Creek offtake 
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Figure 4 Uralla Creek floodgates and Durack Pool (top image taken in 2019, bottom in 2018) 
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3 Objective 

The overarching objective of this work is to assess the hydrological connectivity along 
the Uralla Creek, the Blina Creek, and the Blina Creek Floodplain. The hydrological 
connectivity refers to the flow and connection of surface water within or between 
elements of water bodies in this area. By investigating the flow data, weather conditions 
and the Operating Strategy of the licensee, we focus on the following three aims in 
assessing the hydrological connectivity of the system.   

 
1. To illustrate the hydrological connectivity across Blina Creek Floodplain, 

Blina Creek and the Uralla Creek (Durack Pool) at some selected discrete 
water levels resulting from the current operation of the Floodgates on the 
Uralla Creek. 

2. To characterise the possible contributing factors, including the structural 
features and water management activities, which might impact the 
hydrological connectivity across the system of Uralla Creek and the Blina 
Creek Floodplain.  

3. To determine the role that the Blina Creek Road Crossing and the Floodplain 
Levee play in detaining water inside the Floodplain.  
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4 Approach and Limitation  

There is limited quantitative data available and this report analyses satellite imagery, 
a digital elevation model (DEM), water level recordings in the Uralla Creek, rainfall and 
streamflow records from neighbouring catchments, with the aim to understand the 
hydrological connectivity among the Floodplain, the Blina Creek and the Uralla Creek.  

A 2m×2m DEM is used in the analysis by imposing a static water level, which is flat 
level across the area of interest. We refer to this approach as Static Water Analysis. In 
doing so we assume the water levels of the Uralla Creek, Blina Creek, and the pools 
within the Floodplain are the same – even though it is understood the water levels are 
likely to be different due to hydraulic conditions across the area.  

This assumption of the flat-water level is not physical as water does move among the 
Floodplain, Uralla Creek and the Blina Creek when the surface-water bodies are 
connected. In addition, this assumption does not consider the different receding rates 
at the time when the surface waters are disconnected. Static Water Analysis can only 
provide an estimate for a single point of time, and cannot account for evaporation or 
the hydraulics of the system. The extents shown from this assumption are therefore a 
high-level estimate of expected inundation extents based on a water level at the 
Floodgates. It is accepted that the extents shown are based on an assumption that 
sufficient volumes are retained behind the Floodgates to occupy Blina Creek and the 
Floodplain to the same water level as the floodgates.  

Given these limitations, Static Water Analysis is suitable for the aims of this report for 
three reasons: (1) the area is small and there is only a short distance between the 
water bodies we are interested in their connectivity (within about 10 km of each other); 
(2) the change in geometrical elevation is largely gentle and within a few meters; and 
(3) when the Floodgates on Uralla Creek are closed, the rate of change in water levels 
are generally low and constant.  

To complement the DEM analysis, the Sentinel-2 satellite imagery is used in the form 
of true colour and the moisture index, i.e., normalized difference water index (NDWI). 
The moisture index is obtained from band 8A (B8A; 865 nm) and band 11 (B11; 1610 
nm) of Sentinel-2 spectral data and is defined according to the following equation (Gao 
1996; Serrano et al 2019, pp 4), 

   Moisture index = (B8A – B11) / (B8A + B11)                             (1) 

The Moisture index was initially proposed for describing the status of the vegetation 
water content, but it is sensitive to changes in liquid water (Serrano et al 2019, pp 4) 
because it incorporates a short-wave infrared (SWIR) band (B8A). The objective of 
using the Moisture index in this study is to validate the results of the Static Water 
Analysis and to estimate the water levels during flooding. The details of the code used 
in generating the Moisture index is given in Appendix A.  

The Sentinel-2 satellite imagery covers 12 spectral bands. The spatial resolution is 
dependent on the band. Both B8A and B11 have a spatial resolution of 20 m [2]. 

Some other approaches were considered during the preparation of this report, but we 
believe results from these approaches will not materially improve our conceptual 

 
2 https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/resolutions/spatial 

https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/resolutions/spatial
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understanding of the hydrological connectivity. For instance, the CSIRO flood model 
covers the whole Fitzroy River but is without any structures. It is computing extensive 
(takes two weeks to run a scenario), but it cannot assess the hydrological connectivity 
due to no structures and helps little for the connectivity in dry seasons.  

Temporal analysis of the aerial photographs on surface waters over the area was also 
considered to accurately answer the question of how long it takes water to recede at 
different stages. If we could understand the surface area and depth of the water in the 
system, we can calculate the volume and receding speed. This is useful to understand 
how long it takes for pooled water across the floodplain to disappear once they are 
separated from the Blina Creek, but will add little when the whole system is still 
connected.  
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5 Influence of the operating strategy at 
discrete water levels 

The construction of the Uralla Creek Floodgates was completed in November 2015. It 
was estimated that closing the floodgates lengthens the irrigation season with an 
additional 1.2 GL of water (GHD, 2014). The floodgates are closed and re-opened at 
some selected water levels, according to the operational requirements as part of the 
water licence (Liveringa Station Beef Pty Ltd, 2016).  

This chapter presents the hydrological connectivity at these water levels related to the 
operating strategy of the Floodgates, both before and after the gates are opened. The 
aim is to provide an estimate of inundated areas at selected water levels without 
detailed accounting for: (a) the sources of water loss/gain leading to the change in 
water levels, and (b) the hydraulics of the system. The assumptions and limitations of 
the approaches used are discussed further in this chapter in addition to those given in 
chapter 4.  

5.1 Hydrological connectivity at selected water levels 

• Discrete Water levels 

There are three water-level thresholds adopted in the rules of the Operating Strategy. 
These water levels, the corresponding reasons for selection, and approaches used in 
the analysis are listed in Table 1. In particular, the level recordings both upstream and 
downstream the Floodgates during 2018 are given in Figure 5 to assist the analysis.  

Table 1 Water levels analysed.  

Level (m 
AHD) 

Reason for selection Analysis approach 

40.0 The crest level of the floodway is 39.8 m AHD. The 5C 
licensee aims to close the Floodgates when floodwater 
recedes to about to this level, which was 39.55, 39.72, 
39.9 and 39.06 m AHD, respectively during 2016 – 2019. 
This threshold of water is presented to show the 
inundation condition at the time when floodgates are 
closed.   

Static Water Analysis 
supplemented with Satellite 
imagery 

38.6 Open floodgates and cease to flow level. When water 
levels fall below this threshold the Floodgates are re-
opened, allowing up- and downstream pools to be 
connected directly. Based on the MAKJAP survey of 
2006, the cease to flow level of Uralla Creek is about 
38.6 m AHD at the site of Floodgates (GHD, 2014).  

While the floodgates are closed (~ 40.0 to 38.6 m AHD), 
the water can flow through a bypass pipe, installed on 
the floodway, to enable the release of water from Durack 
Pool to the downstream pool and to maintain the level in 
the downstream pool above 38.1 AHD. 

Static Water Analysis 
supplemented with Satellite 
imagery 

37.0 Cease to Pump level. When the Uralla Creek (Durack 
Pool) water level falls below this threshold no water 
should be taken for irrigation. When water levels are 
above this threshold, the 5C licensee is entitled to pump 
6 GL/annum of water.  

Satellite imagery 
supplemented with ground-
truth data 
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Figure 5 Recordings of water levels upstream and downstream the Floodgates in 2018, along with the 
operational thresholds of water levels from the operating strategy. Data abstracted from Liveringa 
Station Beef Pty Ltd (2019).  

• Threshold 1 – Close Floodgates - Water threshold 40.0 m AHD  

The 5C licensee normally closes the Floodgates when floodwater recedes to about 
40.0 m AHD. The purpose of closing the Floodgates is to guarantee the upstream 
storage to full floodway overflow level as late as possible in the season (Liveringa 
Station Beef Pty Ltd, 2016). The crest level of the floodway is 39.8 m AHD. Depending 
on the flow over the Barrage, Floodgates might be closed between April and October. 
In general, an early closure corresponds to an early opening, and a late closure to a 
later reopening (Liveringa Station Beef Pty Ltd, 2016).  

During the four years after the construction of the floodway, the Floodgates were 
closed at 39.55, 39.72, 39.9 and 39.06 m AHD, respectively, from 2016 – 2019. It 
should be noted however, that water would flow over the deck of the floodway if 
Floodgates were closed at water levels above 40.0 m AHD. Water levels of the Uralla 
Creek were recorded weekly while Floodgates are closed and the highest was 
recorded just below 40.0 m AHD (Liveringa Station Beef Pty Ltd, 2019).  

We make use of the Static Water Analysis by imposing flat-water levels in Figure 6. 
This approach assumes there is enough water to occupy the area to the same water 
level observed at the Floodgates. Analysis of the historical record of stages measured 
at the Barrage shows that the storage behind the Floodgates could have been able to 
be filled with water diverted from the Fitzroy River in any year since 1986.  

Figure 6 highlights the static water level at 40.0 m AHD, along with other lower levels, 
by selected colours. When the level is higher than 39.0 m AHD (light green), most of 
the pools within the Floodplain are connected. At a water level of 40.0 m AHD (pink), 
an area outside the Floodplain is flooded. At these two levels, hydrological connectivity 
is ensured across the Floodplain, the Blina Creek and the Uralla Creek. At levels 38.6 
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~ 39.0 m AHD (yellow), a relatively large pool develops, which extends across the 
Floodplain (yellow) but appears disconnected from the Blina Creek.  

 

Figure 6 Static Water Analysis on water levels from 38.0 m AHD up to 40.0 m AHD. 

 

 

Figure 7 Top: Satellite imagery (sentinel-hub.com) on 6 April 2018 as illustrated by moisture index (blue 
to dark blue represents high moisture, including surface water body, while yellow to red indicates low 
moisture). The water level recording was 39.9 m AHD upstream the Floodgates on 7 April 2018. Bottom: 
True colour of the same image on 6 April 2018.  
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The satellite imagery on 6 April 2018 is shown in Figure 7 to compare the static water 
levels with that from the satellite imagery. In 2018, the highest water level recorded 
upstream the Floodgates by the licensee was 39.9 m AHD on 7 April. The Sentinel-2 
satellite imagery was used in generating Figure 7 and the detailed methodology is 
given in Chapter 4 (Approach) and Appendix A. 

There is a good similarity between Figure 6 (purple level) and Figure 7 but it should be 
stressed that high moisture in the satellite imagery does not necessarily indicate 
surface water. The true-colour image is also shown on the same date. By comparison, 
areas likely covered by surface water could be observed. 

 

• Threshold 2 - Open Floodgates - Water threshold 38.6 m AHD  

Figure 8 shows the static water level at 38.6 m AHD when the Floodgates on Uralla 
Creek are required to be opened.  

Figure 8 shows that at this water level, the surface-water bodies are connected (as 
indicated by light blue colouring). More small-scale maps of Figure 8 are given in 
Appendix B. At this level, it is expected the surface water within Uralla Creek, Blina 
Creek and the Floodplain are connected (Appendix B).  

Two existing culverts through the Blina Creek Road Crossing connect the Blina Creek 
to the Blina Creek Floodplain. These culverts are located at the northern end of the 
Blina Creek Road Crossing (as indicated in Figure 1). The surveyed elevation of the 
culvert is measured at 37.982 m AHD at the highest point, and 37.177 m AHD at the 
bottom point. This indicates that the culvert would be fully inundated at a static water 
level of 38.6 m AHD. 

 

 

 

Figure 8 Static Water Analysis on water level at 38.6 m AHD, below which water is covered by light blue 
(the zoomed areas of the Floodplain are given in the Appendix B). 
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Figure 9 Satellite imagery (sentinel-hub.com) on 13 September 2018 as illustrated by the moisture index 
(blue to dark blue represents high moisture, while yellow to red indicates low moisture). The water level 
recording was 38.57 m AHD upstream the floodgate on 14 September 2018. 

The satellite imagery on 13 September 2018 is shown in Figure 9 by the moisture index 
to compare the water levels with that from Static Water Analysis in Figure 8. The water 
level recording upstream of the Floodgates was 38.57 m AHD on 14 September 2018. 
There is a significant similarity regarding the surface-water distribution in Figure 8 and 
the moisture layout in Figure 9. This demonstrates the adopted Static Water Analysis 
reflects the physical conditions to a large extent. However, it should be noted that the 
dark blue in Figure 9 does not necessarily represent surface water, and the dark blue 
simply indicates the moisture is high without differentiating the source of the moisture, 
whether it is from plants or surface water. 

This above Static Water Analysis indicates that hydrological connectivity across the 
Uralla Creek, Blina Creek, and the Floodplain is maintained for static water levels 
between 40.0 m AHD to 38.6 m AHD. According to the data recorded by the licensee, 
water levels were kept above 38.6 m AHD upstream the floodgates for a period of 13 
weeks in 2016 and 24 weeks in 2018, leaving extended time for the water to occupy 
Blina Creek and the Floodplain to the similar water level at the Floodgates in these 
years.  

However, despite being connected at the static water level of 38.6 m AHD, the pools 
are relatively shallow at some locations inside the Floodplain and may become 
disconnected in reality due to evaporation or the hydraulics of the system, which cannot 
be accounted for by the Static Water Analysis.  

We further show in Figure 10 that pools inside the Floodplain become disconnected at 
the static water level of 38.0 m AHD, where there are about a dozen pools developed 
along the Levee and the Road Crossing. It is expected the waters in the disconnected 
pools are not directly affected by pumping and should recede at a different rate 
compared to that of pools connected to the Uralla Creek.  
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Figure 10 Static Water Analysis on water level at 38.0 m AHD, below which water is covered by light 
blue. 

 
• Threshold 3 – Cease to Pump - Water threshold 37.0 m AHD  

The Cease to Pump (CTP) level is set when the water level in Uralla Creek at the 
Floodgates drops to 37.0 m AHD. This means the 5C licensee is licensed to continue 
taking water from Uralla Creek after the Floodgates are opened at the water level of 
38.6 m AHD. From 2017 to 2019, the measured water level dropped from about 38.0 
m AHD to 37.0 m AHD in about 40 days (at a rate of approximately -30 mm/day). In 
2016, however, the recordings (where the data appear to be inconsistent) show it took 
80 days for the water to drop from 37.75 m AHD to 37.00 AHD at a rate of -9.5 mm/day 
(Figure C-1).  

The DEM and ground-truth data suggest the elevations of the Blina Creek riverbed and 
the Floodplain are predominately higher than 37.0 m AHD. As a result, the surface 
water inside the Floodplain cannot be connected to the Uralla Creek at the time of 
CTP.  

 

Figure 11 Satellite imagery (sentinel-hub.com) illustrated by moisture index (blue to dark blue represents 
high moisture, while yellow to red indicates low moisture). This imagery was taken on 23 October 2018, 
and the water level in the Uralla Creek dropped to 37.09 m AHD two days later.  
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Figure 11 shows the closest available satellite imagery in 2018 when the water level 
was measured at 37.0 m AHD at the Floodgates. Note that the possible water bodies 
inside the Floodplain and those along the Blina Creek are disconnected. Combining 
with onsite observations, there were waters present inside the Floodplain when water 
levels at the Uralla Creek dropped below 37.0 m AHD. Water in these disconnected 
pools within the Floodplain is not directly affected by water levels in the Uralla Creek 
(including pumping). 

To summarise, the Static Water Analysis indicates the hydrological connectivity across 
the Uralla Creek, Blina Creek and the Floodplain is maintained for static water levels 
between 40.0 m AHD to 38.6 m AHD. The hydrological connectivity between the 
Floodplain and the Blina Creek likely starts to become disconnected around the time 
when the Floodgates are required to be opened, due to (1) the evaporation, (2) 
hydraulics in the area, and (3) the low water depth at that time. Both elevation data and 
satellite imagery demonstrate surface waters in the system are disconnected at many 
locations before pumping ceases at 37.0 m AHD. 

5.2 Hydrological connectivity downstream of the 
Floodgates 

Prior to the construction of Floodgates Uralla Creek ceased to flow downstream once 
the water level dropped below 38.6 m AHD. After the construction of Floodgates, 
however, one possible question is how water flows downstream once the Floodgates 
are opened. We refer to the outputs of static water levels at four different heights in 
Appendix D to answer this question.  

While the Floodgates are closed, evaporation and seepage loss from the downstream 
pool is maintained by culverts that pass through the floodway. The Floodgates are 
opened at a water depth of 38.6 m AHD. It was observed that the water level 
downstream the Floodgates was kept at around 38.1 ~ 38.4 m AHD when the gates 
were closed in 2017 (Figure C-2) and 2018 (Figure 5).  

It is observed that the surface-water bodies start to be disconnected at about 38.0 m 
AHD from Figure D-2. Considering the rate of change in water levels after the 
floodgates are opened in 2017 and 2018, there is only a very limited length of time that 
water flows downstream. Based on the estimated receding rate of 35.0 mm/day 
defined in Section 5.2 in 2018, it is approximated to take 17 days after the floodgates 
are opened for the Uralla Creek to no longer flow downstream.  

Therefore, the opening Floodgates would only increase the hydrological connectivity 
downstream the Floodgates for a very short time before Uralla Creek becomes a series 
of disconnected pools. 

It is noted that the Static Water Analysis is less applicable at levels below 38.6 m AHD, 
because of the rate of water-level decrease and hydraulics of the system.  
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6 Contributing factors to water levels 
This chapter analyses the change in water levels at the Floodgates and the selected 
factors with regard to their contributions to the change in water levels. Along with the 
weather conditions, we assessed the timings of the infrastructure-management 
activities to form a conceptual understanding of their influence on the hydrological 
connectivity of the system. 

Contributing factors derived from this chapter were limited by the available data to the 
Department and their relative contributions can only be estimated, more detailed 
studies, including water balance and hydraulic modelling, are recommended providing 
the essential data are available.  

6.1 Rate of change in water-level recordings 

The rate of change in water levels is investigated by revisiting the water-level 
recordings in 2018, reproduced in Figure 12. We mainly use data from 2018, because 
of the limited data available, including that: (1) up until 2016 season, water use was 
recorded as only pumping hours rather than volumes directly, and (2) meters were 
installed in 2016 for all three Pivots, but data appear to be inconsistent for 2016, and 
the meter at Pivot 1 was broken down for most the 2017 season. A new meter was 
fitted on 11 May 2018.  

 

Figure 12 Recordings of water levels upstream of the Floodgates in 2018, along with the operational 
thresholds of the Floodgates. The Period 1 (29 March to 31 August 2018) and Period 2 (1 September 
to 25 October) are explained in the following text. The Period 0, starting from 4 February is based on 
floodwater from satellite imagery and is explained in Section 6.2. Water levels were abstracted from 
Liveringa Station Beef Pty Ltd (2019). 

Figure 12 shows there is a distinct change in the water-receding rate around the 
threshold water level at 38.6 m AHD (just before 7 September 2018). Appendix C 
provides the water levels in 2016 and 2017, which suggest a similar trend.  
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We, therefore, divide the recordings of 2018 into two parts approximately by the rate 
of change in water levels. This results in two periods in 2018: from 29 March to 31 
August (refer to as Period 1, for levels between 39.86 and 38.98 m AHD), and from 1 
September to 25 October (refer to as Period 2, for levels between 38.98 and 37.09 m 
AHD). This year the licensee closed the Floodgates on 29 March, started to take water 
from the creek on 7 April, and ceased to take on 25 October. This classification in the 
period of time is based solely on data from 2018, and it should be subject to change in 
other years due to the change in flow conditions and operational activities.  

The rate of change in water levels recorded upstream of the floodgate during Period 1 
was calculated as 5.7 mm/day, while this rate changed to 35.0 mm/day in Period 2 (6.2 
times that of the Period 1). Period 0 in Figure 10 is based on flooding analysis and is 
discussed in the next section.  

6.2 Rate of floodwater receding 

Water level recordings prior to closing floodgates (Period 0) on the Uralla Creek are 
not available, nor gauged or recorded information from the system over that period. As 
a result, no rigorous analysis could be carried out for floodwater receding in the area. 
However, an understanding of the rate of change in water levels during the time before 
closing Floodgates might help in understanding the role that the Floodgates play in 
retaining water in the system.  

We, therefore, provide a very high-level estimate on the rate of floodwater receding 
from a simplistic approach based on the DEM data and the satellite imagery. Figure 
13 shows the satellite imagery on 10 February 2018, where visually, the floodwater 
level was the highest in 2018. This can be cross-checked by the discharge rate in 
Figure 15 at the Barrage, where the highest discharge occurred on 3 February 2018 
(but the closest available imagery was on 10 February).  

 

Figure 13 Satellite imagery (sentinel-hub.com) on 10 February 2018 as illustrated by moisture index 
(blue to dark blue represents high moisture, while yellow to red indicates low moisture).  

The moisture index in Figure 13 suggests the Blina Road Crossing on the east of the 
Floodplain on 10 February 2018 was almost all above the floodwater level, while only 
part of the Levee close to Road Crossing was submerged. Based on this, the DEM and 
ground-truth data, we estimated the floodwater level on that date was approximately 
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41.4 m AHD. On the other hand, the Licensee recorded water level in the Uralla creek 
on 29 March 2018 at 39.86 m AHD (when the floodgates were closed). These two 
levels of floodwater lead to a rough estimate of a linear rate of floodwater receding at 
about 33.4 mm/day on average from 10 February 2018 to 29 March 2018 (i.e., Period 
0) around the Floodplain. As a side note, the stage level at the Barrage (Figure 14) 
receded at a rate of 65.9 mm/day on average during this same period of time, and it 
also receded at a lower rate during Period 1.  

We should stress that the above calculation is based on a snapshot of the inundation 
surface and is approximate. The approach cannot account for the hydraulics of the 
Creeks and structures, or volume of flow in the system. We, therefore, recommend that 
water levels at the locations of Floodgates to be recorded throughout the year to assist 
a future study on floodwater receding. Alternatively, in theory, the area and depth of 
surface water in 2018 across the system might be derived from the imageries from the 
sentinel-hub.com, allowing the rate of floodwater receding and discharge through the 
culverts under the Blina Road Crossing to be calculated.  

6.3 The contributing factors 

Four factors that might contribute to the change in water levels in Figure 12 are 
discussed here, including inflows and sources of water loss from the system. 

(i). Inflow  

A main source of water in Uralla Creek is from the Fitzroy River, as a result of Fitzroy 
River Barrage. Both the stage (Figure 14) and the streamflow (Figure 15) of the Fitzroy 
River at the Barrage in 2018 show great seasonal variations. Despite the mean annual 
flow down Uralla Creek was estimated at 80 GL (GHD, 2014), Figure 14 and Figure 15 
indicate that this amount of water is non-evenly distributed over the year. We estimate 
based on Figure 14 and Figure 15 that the streamflow in the Uralla Creek was much 
high before May, but overall was low and experienced an exponential decrease while 
the Floodgates were closed. 

The water from the Fitzroy River flows over a concrete sill once the level at the Barrage 
gets to 45.955 m AHD, and once below this level, the Fitzroy River ceases to flow into 
the Uralla Creek. The water level at the Barrage in Figure 14 shows that water from 
Fitzroy River ceased to flow (CTF) over the sill on 9 September 2018, corresponding 
well with the change in rates of decrease in water levels (between Period 1 and Period 
2) at Uralla Creek for that year. 

The Mt Wynne Creek (not shown in Figure 1) is another main tributary of Uralla Creek. 
Since the Blina Creek and Uralla Creek are not gauged for streamflow, we believe flow 
down Mt Wynne Creek would be an indication of flows down the Blina Creek and flows 
generated locally to the Uralla Creek, as the catchments are close by. For the past 28 
years, only in three years did Mt Wynne Creek still flow in May (1997, 2000 and 2010), 
while in no years it flowed from June to September. It is therefore believed the main 
source of inflow in the Uralla Creek after May is from the Fitzroy River. In 2018, for 
instance, the Mt Wynne Creek ceased to flow on 12 March, while Fitzroy River ceased 
to flow into the Uralla Creek on 9 September. 
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Figure 14 Stage at Fitzroy River Barrage (primary axis) and the monthly volume of water taken from 
Uralla Creek in 2018 (secondary axis, shown on the last day of each month). Water ceases to flow from 
the Fitzroy River to the 17 Mile Dam (which is connected to the Uralla creek) when the water level at the 
Barrage is below 45.955 m AHD. In 2018 Cease-to-Flow occurred on 9 September. Volume Data 
abstracted from Liveringa Station Beef Pty Ltd (2019), while Stage data were from station 802003 
(Fitzroy River Barrage). 

 

Figure 15 Volume of discharge (daily) of Fitzroy River at the Fitzroy River Barrage. Data were from 
station 802003 (Fitzroy River Barrage).  

(ii). Water taken for irrigation 

The Licensee abstracted 1.05 GL (1050 ML) of water during Period 1 (155 days), 
resulting in an average of 6,701 kL/day; while they abstracted 0.90 GL of water during 
Period 2 (54 days), resulting in an average of 16,615 kL/day (2.48 times that in Period 
1). While it is understandable that the 5C licensee needs more water at a time when 
the crop was larger with a higher water demand (in Period 2), the intensity of water 
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pumping at the time without inflows might accelerate the rate of change in water levels, 
and therefore affects the hydrological connectively in a short period of time.  

This point can be further demonstrated by the storage of Uralla Creek. It was estimated 
by GHD (2014) that the total storage of the Uralla Creek between water levels of 39.86 
~ 38.98 m AHD is 0.87 GL, and these levels correspond the Period 1 in 2018 (1.05 GL 
water taken from Uralla Creek during this period). Similarly, the total storage of the 
Uralla Creek between water levels of 38.98  ~ 37.09 m AHD was estimated at 1.37 GL 
(GHD, 2014), and these levels correspond to Period 2 in 2018 (0.90 GL water taken).  

(iii). Weather effect 

The 2018 monthly distribution of rainfall from the Liveringa Station (3100) is given in 
Figure 16, along with the monthly statistics of water taken from the Creek. No rainfall 
was recorded in both Periods 1 and 2, but it is expected there was a delay in rainfall 
generated streamflow during Period 1, while local rainfall generated streamflow in the 
Period 2 is believed to be extremely low. This rainfall effect may also partially contribute 
to the rate of change in water levels.  

On the other hand, the evaporation from September onwards, as shown in Figure 16, 
was also relatively high. This potentially contributed to the increased rate of water 
decline starting in September in Figure 12. 

 

 

Figure 16 Recordings of rainfall at the Liveringa Station (3100) and volumes of water taken from Uralla 
creek in 2018 (top); Daily evaporation estimate by SILO at Liveringa Upper (3012). Rainfall data is from 
BoM and the Evaporation data is from SILO. 
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(iv). Floodgates  

Figure 17 compares the water levels at the Uralla Creek in 2018 with the levels in eight 
years (2008 to 2015) prior to the construction of the Floodgates. The water levels in 
the classified Period 2 in 2018 are higher than the recordings in most years from the 
same period of time (2008 to 2015), except in 2011. The streamflow of 2011 at the 
Fitzroy River Barrage was the largest during the last 28 years (Figure 18), and the 
stage levels at the Barrage suggest water flowed into Uralla Creek throughout 2011. 
Since there were wetter years in the eight years prior to the construction of the 
Floodgates than 2018 (such as 2008, 2009 and 2014), the high recordings of 2018 
demonstrates closing the Floodgates both elevates the water in the Uralla Creek and 
extends the time of water being held in the Uralla Creek, therefore, enhancing the 
hydrological connectivity during this time. It is noted the length of closure of the 
Floodgates was more than 25 weeks in each year following the completion of the 
construction (2016, 2017 and 2018).  

Figure 17 Recordings of water levels at the Uralla Creek in 2018, along with those from 2008-2015 
before the construction of the Floodgates (2008-2015 data are from Licensee’s annual report).  

Table 2 Summary of features related to the rate of change in water levels at different Periods in 2018.  

Duration (2018) 10 Feb. to 28 Mar.  

(Period 0) 

29 Mar.  to 31 Aug. 

(Period 1) 

1 Sep. to 25 Oct.  

(Period 2) 

Water levels (m AHD) 41.4 ~ 39.86 39.86 ~ 38.98 38.98  ~ 37.09 

Average Rate 33.4 mm/day 5.7 mm/day 35.0 mm/day 

Total storage (GHD, 2014) 
[in between the above water levels] 

Unknown 0.87 GL 1.37 GL 

Water taken for irrigation 0 GL 1.05 GL 0.90 GL 

Water diverted from the Fitzroy River Large Small Almost none 

Weather effect High rainfall Low rainfall High evaporation 

Floodgates (approximate dates) Open Close Open 
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Table 2 summarises the main features from the above analysis in the three periods of 
time in 2018, including the change in water levels, water receding rate, and water taken 
from Uralla Creek in the area of interest. It appears to suggest the timing of the 
operational activities and inflow/weather conditions, corresponds well with the rate of 
water receding in the area for that year: 

(i) Before the Floodgates were closed (Period 0 – 10 Feb. to 28 Mar. 2018), 
floodwater receded at a relatively high rate. In this period of time, the 
Floodgates did not affect water receding, but the Road Crossing and the 
Levee might affect floodwater receding, especially when the water level 
inside the Floodplain was below their heights.  

(ii) Closing the Floodgates occurred at the same time when water receding 
slowed down at the Floodgates (Period 1 – 29 Mar. to 31 Aug. 2018). During 
this period, pools inside the Floodplain are likely connected with the Blina 
Creek. The low receding rate extends the flow period which might otherwise 
drain at a quicker rate.  

(iii) Once the Floodgates are re-opened (Period 2 – 1 Sep. to 25 Oct. 2018), 
water level experienced a quick drop to a level that surface waters became 
increasingly separated inside the Floodplain and along the Blina Creek.  

Four groups of factors are presented, which might contribute to the change in water 
levels, including (1) the inflows at the Fitzroy Barrage into the Uralla Creek, (2) the 
water taken for irrigation at Durack Pool, (3) the weather conditions, and (4) the 
opening / closing of the Floodgates. These contributing factors likely play different roles 
during different periods of time, but their relative contributions of impacts to the 
hydraulic connectivity of the system are not able to be established without a more 
detailed study. 

There are some other factors that might contribute to the change in water levels, such 
as seepage, that the storage of water in pools/creeks may decrease nonlinearly with 
the drop of water level, which are not investigated in this report.  

6.4 Limitations of the analysis 

In addition to the limitations as discussed earlier, the above analysis on the factors 
contributing to the hydrological connectivity was mainly focused on a single selected 
year due to the scarcity of data, which also comes with limitations with the change of 
flow conditions in a dryer or wetter year than that of 2018.  

Figure 18 compares the flow conditions at the Barrage and Mt Wynne Creek in 2018 
with historical data since 1992, by classifying the streamflow into the high, average and 
low conditions. The Average band was defined between the 30th and 70th percentiles 
of the monthly accumulative flows, while the Low and High bands were respectively 
defined below and above this range.  

In general, 2018 was an average year in terms of the flow condition as defined above; 
however, 2018 was not representative of the average conditions as the flow sits at the 
lower end of the Average band at the Fitzroy Barrage but the higher end of the Average 
band at the Mt Wynne Creek (after higher than average flow measured in January). 
This may indicate that analysis over more representative years is needed to achieve a 
better understanding of the system. 
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Figure 18 Streamflow tracking graphs for Fitzroy River at the Barrage (top) and Mt Wynne Creek at 
Ellendale (bottom). The historical streamflow between 1992 and 2019 (28 years) were used in 
generating both graphs. The High band (dark blue) shows monthly accumulative flows higher than the 
70th percentile, the Low band (yellow) shows flows lower than the 30th percentile, while the Average 
band (light blue) shows flows between 30th and 70th percentiles. The flows in 2018 was highlighted, 
along with those in 2011 and 2019 at the Barrage. Note 2019 were among one of the driest years.  
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7 Role of Blina Road Crossing and Levee 
The influence of Road Crossing and Levee surrounding the Blina Creek Floodplain on 
the hydrological connectivity is investigated further through Static Water Analysis, 
supplemented by satellite imageries (such as those shown in Figure 7 and Figure 13). 
Since these structures are relatively high in elevation, we focus on high water levels in 
this Chapter. 

7.1 Critical water levels 

 

Figure 19 Static Water Analysis on water levels up to 42.0 m AHD. 

Table 3 Critical static water levels to the hydrological connectivity across the Blina Creek Floodplain, 
Blina Creek and the Uralla Creek.  

Critical water Level 
(m AHD) 

Description 

< 37.982  Based on ground-truth data, this is the highest point of the Culvert under the 
Road Crossing and therefore surface water between Blina Creek and the 
Floodplain become disconnected for water levels below this value.  

< 38.0 Surface water becomes disconnected inside the Blina Creek Floodplain. 

> 38.6 Based on Static Water Analysis, the surface water is connected across the 
Floodplain, the Blina Creek and the Uralla Creek. However, as the DEM data 
inside the Floodplain show the pool depth at the water level of 38.6 m AHD 
is very shallow at some locations, the Floodplain may become disconnected 
around 38.6 m AHD due to evaporation and hydraulics of the system.   

> 40.0 Surface water besides the Levee on the east side becomes connected.  

> 41.4 Surface water besides the Levee on the west side becomes connected.  

> 41.5 Surface water besides the Road Crossing becomes connected. 

> 42.0 The Road Crossing becomes fully submerged. 
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The influence of Road and Levee on hydrological connectivity is investigated at static 
water levels up to 42.0 m AHD in Figure 19. The elevation of the Road Crossing at the 
highest point is just below 42.0 m AHD from the ground-truth survey data, while that of 
the Levee is about 41.4 m AHD near the Road Crossing, and generally is in the trend 
of decrease to the east along the Floodplain.  

Table 3 lists some critical water levels related to the Road Crossing, Levee and the 
culvert under the Road Crossing that affect the hydrological connectivity over the area. 
It is seen that the Road Crossing and Levee are a distinctive hydraulic barrier 
preventing floodwaters in Floodplain from receding downstream, especially between 
water levels of 38.6 and 41.5 m AHD. Around the time when the Floodgates are re-
opened according to the Operating Strategy, the Floodplain becomes disconnected 
from the Blina Creek. After the Floodplain disconnected from the creeks, 
evapotranspiration and seepage are possibly the main mechanisms causing water loss 
in pools within the Floodplain. 

It should be stressed that the limitations and assumptions related to the Static Water 
Analysis and satellite imageries, as listed in Chapter 4 and Chapter 5, also apply to the 
above outcomes. A full understanding of how and when the Floodplain might become 
disconnected from the river requires a more detailed study through more sophisticated 
numerical modelling. 
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8 Conclusion and Recommendation 

This report illustrates the hydrological connectivity along the Uralla Creek and the Blina 
Creek Floodplain at several discrete water levels related to the management activities 
in this area. It is determined that: 

• Surface waters across the Uralla Creek and the Blina Creek Floodplain are likely 
connected at the water levels while the Floodgates on Uralla Creek are closed 
according to the Operating Strategy; 

• Opening the Floodgates is triggered by water levels in the Uralla Creek (Durack 
Pool), not directly related to conditions on the Blina Creek Floodplain. The digital 
elevation model suggests that at the water level that the Floodgates are required 
to be opened, Blina Creek Floodplain likely starts to become separated from the 
creeks. Once separated from the Uralla Creek, evapotranspiration and seepage 
are expected to be the main mechanisms causing reductions in water levels in 
these pools. 

This study presents four groups of factors that might contribute to the characteristics 
in the variation of water levels in the Uralla Creeks at different periods of time during 
the year. These factors include (1) the inflows at the Fitzroy Barrage into the Uralla 
Creek, (2) the water taken for irrigation at Durack Pool, (3) the weather conditions, and 
(4) the operation of the Floodgates. It is found that: 

• The inflows at the Fitzroy Barrage into the Uralla Creek are distinctly different 
between the wet and dry seasons, with an estimated trend of exponential 
decrease.  

• Closing the Floodgates on Uralla Creek towards the end of the wet season 
appears to elevate the water level and extend the time of water being held in 
the Uralla Creek. The Floodgates were closed for about half year annually 
following the completion of the construction, but this duration is dependent on 
the inflows from the Fitzroy River. 

• The Floodgates are re-opened at a time when there is little to no inflow from the 
Fitzroy River. These in addition to the evaporation and in some cases increased 
pumping activity at the dry seasons, accelerate the decrease in water levels in 
the Uralla Creek.  

These contributing factors likely play different roles during different years, and their 
relative contributions of impacts to the hydraulic connectivity of the system are not able 
to be determined in this report and could be investigated further should it be desired to 
quantify their relative contributions. 

The study also found that the Road Crossing and Levee surrounding the Blina Creek 
Floodplain are a distinctive hydraulic barrier preventing floodwaters from receding 
downstream. 

The above analysis is constrained by the lack of data and by the assumptions and 
limitations of the approaches used in this study. A more rigorous analysis is 
recommended, including more sophisticated hydraulic and water balance modelling 
with additional data. The Department acknowledges the peer review of this study by 
the consultant, which helped in improving our conceptualisation and understanding of 
the system. 
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Appendix A: Code of Moisture  Index 
The code in calculating the so-called Moisture Index is based an open-source code 
(https://raw.githubusercontent.com/sentinel-hub/custom-scripts/master/sentinel-
2/moisture_index/scripts.js) and is given as follows,  

1. if (B8A == 0 || B11 == 0){   
2.   return [0,0,0];   
3. } else {   
4.   var val = (B8A - B11)/(B8A + B11);   
5.      
6.   var vmin = -0.8;   
7.   var vmax = 0.8;   
8.   var dv = vmax - vmin;   
9.      
10.   var r = 0.0;   
11.   var g = 0.0;   
12.   var b = 0.0;   
13.    
14.      
15.   var v = val;   
16.    
17.   if (v < vmin){   
18.     v = vmin;   
19.   }   
20.   if (v > vmax){   
21.     v = vmax;   
22.   }   
23.      
24.   var l1 = 0.35;   
25.   var l2 = 0.48;   
26.   var l3 = 0.52;   
27.   var l4 = 0.65;   
28.      
29.   var level1 = (vmin + l1 * dv);   
30.   var level2 = (vmin + l2 * dv);   
31.   var level3 = (vmin + l3 * dv);   
32.   var level4 = (vmin + l4 * dv);   
33.    
34.   if (v < level1){   
35.      r = 0.5 +  (v - vmin) / (level1 - vmin) / 2;   
36.   } else if (v < level2) {   
37.      r = 1;   
38.      g = (v - level1) / (level2 - level1);   
39.      b = 0;   
40.   } else if (v < level3) {   
41.      r = 1 + (level2 - v) / (level3 - level2);   
42.      g = 1;   
43.      b = (v - level2) / (level3 - level2);   
44.   } else if (v < level4) {   
45.      r = 0;   
46.      g = 1 + (level3 - v) / (level4 - level3);   
47.      b = 1;   
48.   } else {   
49.      b = 1.0 + (level4 - v) / (vmax - level4) / 2;   
50.   }   
51.    
52.    return [r, g, b];   
53.      
54. }   

https://raw.githubusercontent.com/sentinel-hub/custom-scripts/master/sentinel-2/moisture_index/scripts.js
https://raw.githubusercontent.com/sentinel-hub/custom-scripts/master/sentinel-2/moisture_index/scripts.js
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Appendix B: Zoomed Areas at 38.6 m AHD  

 

Figure B-1: Water connection inside the Floodplain from Figure 8 

 

Figure B-2: Water connection in the Blina Creek and Uralla Creek from Figure 8 

 



Hydrological Connectivity along the Uralla Creek and Blina Creek Floodplain  

 

Department of Water and Environmental Regulation  31 

Appendix C: Water Levels in 2016 and 2017 

 
Figure C-1: Water level recordings up- and downstream of the Floodgates during the 2016 season (note 
that about 1.62 GL water were taken in 2016 but the monthly records are not available).  

 
Figure C-2: Water level recordings up- and downstream of the floodgates, along with the monthly water 
taken in 2017 (note that the total water taken was recorded at 1.29 GL was but Meter at Pivot 1 was 
broken down in August 2017).  
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Appendix D: Hydrological Connectivity 
Downstream of the Floodgates 
For completeness, we provide the Static Water Analysis downstream the Floodgates 

in the following figures.  

 
Figure D-1: Static Water Analysis on water level at 38.6 m AHD downstream the Floodgates, below 
which water is covered by light blue. 

 
Figure D-2: Static Water Analysis on water level at 38.0 m AHD downstream the Floodgates, below 
which water is covered by light blue. 
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Figure D-3: Static Water Analysis on water level at 37.5 m AHD downstream the Floodgates, below 
which water is covered by light blue. 

 
Figure D-4: Static Water Analysis on water level at 37.0 m AHD downstream the Floodgates, below 
which water is covered by light blue. 

The main features are briefly summarised as: 

Level (m AHD) Description 

38.6 Fully connected 

38.0 Largely connected, except some parts on the southwest part (maybe a local 
survey to confirm) 

37.5 Separated pools and largely disconnected.  

37.0 Mostly dry bed, except parts immediately close to the gates 
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