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Executive summary 

The UNSW Water Research Laboratory (WRL) was engaged by Hunter Local Land Services (LLS) 

to investigate options to improve water quality in Francis Greenway Creek through the re-

introduction of controlled tidal flushing from the Hunter River to the local floodplain drainage 

channels. The study included a technical investigation of water quality improvement options, that 

are described in this report, and community consultation of the options (Tucker and Smith, 2020).   

 

The study has the interest and backing of a range of key agency stakeholders.  Input and advice on 

the project was sought through consultation with the following agencies: 

• Hunter Local Land Services 

• New South Wales Department of Planning, Industry and the Environment – Hunter Valley 

Flood Mitigation Scheme  

• New South Wales Department of Primary Industries – Fisheries 

• Maitland City Council 

• Hunter Water Corporation 

• City of Newcastle 

• NSW Environment Protection Authority 

 

Further investigation of tidal flushing was a recommendation of a previous investigation of 

Woodberry Swamp (Rayner et al., 2016).  Controlled tidal flushing is a widely used approach to 

improving surface water quality in floodplain drainage systems, and has provided noted benefits 

when introduced at other similar locations in the Hunter River floodplain.  The introduction of tidal 

water to floodplain drainage channels can improve water quality by introducing oxygenated river 

water into the drainage channels with every tide which would be otherwise hold water with depleted 

oxygen levels.  The saline river water can limit the growth of freshwater weeds, thereby opening the 

channel, improving drainage efficiency, and reducing drain maintenance.  With improved water 

quality and aquatic connectivity passage, there is the potential to subsequently improve fishery 

habitat within the drains. 

 

Controlled tidal flushing has been successfully achieved in numerous estuarine floodplain systems 

in NSW, including locally in the Hunter estuary, by modifying existing floodgates.  Examples of 

modified floodgates are shown in Figure ES.1. 

  



 

 

 

Figure ES.1 : Examples of tidal floodgates modified to allow controlled flushing 

 

Three (3) management scenarios involving the controlled introduction of tidal flows aimed at 

improving in-channel water quality were assessed using the previously validated computer model of 

the floodplain (Rayner et al., 2016).  The scenario testing aimed to establish the extent of in-channel 

flushing possible without overbank inundation of adjacent, privately owned land. 

 

Introduction of controlled tidal flows was considered for the following conditions, which were chosen 

based on available floodplain channel survey data and the previous modelling assessment (Rayner 

et al., 2016): 

1. Condition 1: Tidal water level cut-off at the floodgates at -0.2 m AHD with current drainage 

efficiency.  This condition was assessed to determine if saline water could be immediately 

introduced to the drainage channel system by modification of the Francis Greenway Creek 

floodgates without the need for any other works on the drains to constrain the saline water 

in-bank; 

2. Condition 2: Tidal water level cut-off at the floodgates at -0.2 m AHD with improved 

drainage efficiency.  This condition assessed the likely flow conditions in the drainage 

channels once saline water had caused die-off of the weeds presently in the channels.  The 

model assessment was required to assess the risk of saline flows inundating pasture once 

the weeds choking the channel had reduced subsequently improving the flow capacity of 

the channels; and 

3. Condition 3: Tidal water level cut-off at the floodgates at +0.4m AHD for current drainage 

network.  This condition was assessed to determine the maximum extent of saline 

penetration into the swamp and by association, the maximum extent that weeds might be 

managed and water quality might be improved through tidal flushing.  Condition 3 also 

identified areas of pasture at risk of inundation with saline water for a case where the gates 

b) SmartGate 



 

were opened further, and the locations where works might be required to constrain saline 

water to the drainage channels. 

 

Key locations for reporting of scenario testing results in the channel network are shown in Figure 

ES.2.  Longitudinal profiles along the Francis Greenway Creek drainage channel demonstrate the 

potential extent of tidal flushing of the drainage network, presented in Figures ES.3.  Chainage 0.0 

m is at the confluence with the Hunter River channel.  The vertical axis shows the drainage channel 

salinity concentration as a percentage of the Hunter River channel salinity concentration, and 

considers the minimum, maximum and average salinity during the model period. Note that salinity in 

the Hunter River is varies based on catchment inflows and the tidal dynamics of the wider estuary, 

and is typically saline during dry periods and fresh/brackish during wet periods. 

 

 

Figure ES.2: Key locations for reporting of model results 

 



 

 

Condition 1 = -0.2m cut off present, weed choked channel 

Condition 2 = -0.2m cut off ore efficient, less weeds in channel 

Condition 3 = +0.4m cut- off weed choked channels 

Figure ES.3: Francis Greenway Creek salinity – comparison of salinity profiles for tested 

floodgate conditions 

 

The modelling results indicate that controlled, in-bank tidal flushing of the floodplain channels with 

saline water from the main Hunter River channel can be achieved, to varying extents, by modifying 

the existing Francis Greenway floodgates.  If a cut-off water level of -0.2 m AHD for the modified 

floodgates is adopted, modelling results show that saline water would remain in-channel without 

inundating private land.  Model results of the existing channel choked with weeds and improved 

channel efficiency with weed die-off were similar, indicating that for this gate cut-off level, the risk of 

overbank inundation if the channel was cleared of flow restrictions is low. For this management 

condition, benefits associated with weed control due to increased salinity from tidal flushing are 

limited to a distance of approximately 1,600 m from the river in the floodplain drainage channels 

between the main Francis Greenway Creek floodgates and the Hunter Water Corporation (HWC) 

pipeline crossing of the creek channel. 

 

Modelling showed that a far greater extent of channel flushing could be achieved, with more 

extensive water quality benefits and weed control, by increasing the controlled tidal cut-off water 

level to +0.4 m AHD.  The maximum extent of weed control and channel flushing is presented in 

Figure ES.4.  Figure ES.4 shows that while the extent of flushing is maximised at a +0.4 m AHD cut-

off level, additional works including low level stop-banks and new one-way flap-gates on internal 

floodplain drainage channels would be required to ensure private floodplain land is not inundated. 

 



 

 

Figure ES.4: Extent of saline flushing under a +0.4m AHD tidal cut-off level with no additional 

stop banks or secondary floodplain one-way gates 

 

Recommendations 

The recommendation for the short-term management of Woodberry Swamp is to introduce 

controlled tidal flows to the drainage channel network.  This management recommendation could be 

implemented immediately by modifying the existing floodgates to allow controlled tidal flushing.  

Flushing of the floodplain channels will have an immediate positive impact on drain water quality 

through regular flushing and oxygenation of the channel and associated reduction of freshwater 

weed density within the drainage channel network. 

 

The local community has been receptive to this recommendation, provided physical controls are put 

in place to ensure management of tidal flushing so that saline water does not inundate pasture and, 

that there are robust systems in place to manage gate operations should inundation of pastures 

occur. 

 

Implementation of tidal flushing would occur through a proposed modification of the Francis 

Greenway Creek floodgates.  There are numerous options for floodgate modification available that 

could reproduce the required tidal flushing dynamics.  Recommended next steps include: 

 

1. Careful design of modifications of the existing floodgates to enable adaptive management 

of channel flushing dynamics; 



 

2. Design of floodplain works (stop banks, floodgates etc.) to ensure that the risk of saline 

inundation of privately held pasture is eliminated 

3. Optimisation of channel flushing extent against cost of internal floodplain works using the 

available modelling toolbox 

4. Presentation of the proposed design to key stakeholders and the community 

 

The involvement of local community members and relevant stakeholders is critical in achieving any 

management outcomes for Woodberry Swamp.  Continued consultation with the relevant parties is 

recommended prior to any decision on the future management of the site. 
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1 Introduction 

The UNSW Water Research Laboratory (WRL) was engaged by Hunter Local Land Services (LLS) 

to investigate options to improve water quality in Francis Greenway Creek through the re-

introduction of controlled tidal flushing to the local floodplain drainage channels from the Hunter 

River. The study included a technical investigation of water quality improvement options that are 

described in this report and community consultation of the options (Tucker and Smith, 2020).   

 

The study has the interest and backing of a range of key agency stakeholders.  Input and advice on 

the project was sought through consultation with the following agencies: 

• Hunter Local Land Services 

• New South Wales Department of Planning, Industry and the Environment – Hunter Valley 

Flood Mitigation Scheme  

• New South Wales Department of Primary Industries – Fisheries 

• Maitland City Council 

• Hunter Water Corporation 

• City of Newcastle 

• NSW Environment Protection Authority 

 

Further investigation of tidal flushing was a recommendation of a previous investigation of 

Woodberry Swamp (Rayner et al., 2016).  Controlled tidal flushing is a widely used approach to 

improving surface water quality in floodplain drainage systems, and has provided noted benefits 

when introduced at other similar locations in the Hunter River floodplain.  The introduction of saline 

water to floodplain drainage channels can improve water quality by introducing oxygenated river 

water into the drainage channels with every tide which would be otherwise hold water with depleted 

oxygen levels.  The saline river water introduced to the system can limit the growth of freshwater 

weeds, thereby opening the channel, improving drainage efficiency and reducing drain 

maintenance.  With improved water quality and aquatic connectivity, there is the potential to 

subsequently improve fishery habitat within the drains. 

 

Controlled tidal flushing by modifying existing floodgates has been successfully achieved in 

numerous estuarine floodplain systems in NSW, including locally in the Hunter River estuary. 
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1.1 Study objectives 

The study objectives were to: 

• Investigate options for the re-introduction of tidal flows to Woodberry Swamp; 

• Map potential changes in inundation of the floodplain as a result of re-introducing tidal 

flows; 

• Describe potential environmental benefits and maintenance implications for drainage 

channels; and  

• Describe impacts resulting from flood gate modification. 

1.2 Background 

Woodberry Swamp is a 1,600 hectare backswamp located on the western bank of the Hunter River 

approximately 26 km upstream from the ocean entrance at Newcastle (Figure 1-1).  Inflow to the 

backswamp comprises catchment runoff from its 4,350 hectare catchment and licensed discharges 

from a chicken processing facility at Beresfield.  The backswamp itself is a low-lying floodplain with 

local runoff predominantly coming from the hilly areas of Thornton and Beresfield to the west and 

south.  The water depth across the floodplain varies depending upon climate conditions.  Low-lying 

sections of the floodplain that are poorly connected will only dry out due to evaporation.  

Approximately 470 hectares of the floodplain have been classified as SEPP 18 wetland (State 

Environmental Planning Policy) with the remainder of the floodplain having varied land use zones 

including rural, urban and industrial (Rayner et al., 2016). 

 

Drainage of the floodplain is via Francis Greenway Creek and its tributary drains, which flow for 

approximately 4 km through the middle of Woodberry Swamp.  A large section of dense reeds 

(Phragmites australis) and sediment is located between discharges from the chicken processing 

facility and the downstream section of the creek, creating a significant permanent water body.  

Where Francis Greenway Creek meets the Hunter River, a set of six (6) large floodgates (Figure 

1-2), each 2.1 m by 2.1 m square, controls the water levels within the creek.  There is a complex 

network of minor drainage channels and drainage structures across the backswamp, which convey 

flow with variable efficiencies into Francis Greenway Creek and ultimately to the Hunter River 

(Rayner et al., 2016). 

 

Numerous studies have been completed for Woodberry Swamp describing its history and 

characterising the local catchment hydrology.  In addition to summarising these studies, Rayner et 

al. (2016) developed a detailed numerical computer model of Woodberry Swamp, which was used 

to assess: 
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• Changes in catchment runoff due to urban development; 

• Conveyance of surface water across the floodplain; and 

• Options for improving drainage infrastructure. 

 

Rayner et al. (2016) also recommended further investigation of tidal flushing to improve water 

quality in the floodplain drainage channels.   

 

 

Figure 1-1: Woodberry Swamp study area 
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Figure 1-2: Francis Greenway Creek floodgates 
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2 Tidal flushing 

2.1 Controlled tidal flushing 

Controlled tidal flushing is achieved by modifying the existing Francis Greenway Creek floodgates 

to allow saline water from the Hunter River to flow upstream in the drainage channel network into 

Woodberry Swamp.  To prevent inundation of private property, this tidal flow can be controlled by 

managing the floodgates to open and close depending upon water levels within the river and the 

drain.  There are numerous types of floodgates that can be implemented to achieve this outcome.  

Examples of floodgates that have been successfully implemented to control floodplain tidal flushing 

are shown in Figure 2-1. 

 

 

Figure 2-1: Examples of tidal floodgates modified to allow controlled flushing 

 

Controlled tidal flushing of Francis Greenway Creek has multiple benefits.  Firstly, stagnant, low 

oxygen water in drains would be incrementally flushed out of the system, reducing the severity of 

blackwater events following local catchment rainfall and improving day-to-day water quality.  

Secondly, tidal flushing with saline water can inhibit the growth of common in-drain freshwater 

vegetation species, allowing more efficient drainage and reducing the requirement for maintenance 

(Rayner et al., 2016).  Additionally, reconnecting tributaries to the estuary, such as Francis 

Greenway Creek, can provide critical habitat for fisheries by acting as a nursery for fish and 

crustacean species when water quality in the drains is improved with tidal flushing (DPI Fisheries, 

2002). 

 

b) SmartGate 
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As part of this study, the controlled tidal flushing of Francis Greenway Creek has been assessed by 

extending the existing Woodberry Swamp hydrological model to allow saline water from the Hunter 

River Estuary to flow into the floodplain drainage system and be analysed.   

 

Introduction of controlled tidal flows was considered for the following conditions: 

1. Tidal water level cut-off at the floodgates at -0.2 m AHD with current drainage efficiency; 

2. Tidal water level cut-off at the floodgates at -0.2 m AHD with improved drainage efficiency; 

and 

3. Tidal water level cut-off at the floodgates at +0.4m AHD for current drainage network. 

 

These tidal cut-off levels align with those proposed by Rayner et al. (2016) with a 0.1 m buffer to 

allow for: 

• Increase of water above the cut-off due to speed of the gate closing; and 

• Backing up of water behind the floodgate once it has closed. 

 

Controlled tidal flushing was implemented in the model with the gates programmed to close when 

water levels in the drain started to rise above the specified trigger level.  The tested configuration 

was chosen to maximise intrusion of tidal waters, while limiting in-drain velocities. 

 

All scenarios were simulated assuming dry conditions across the floodplain (no catchment inflows ) 

to gain an understanding of the maximum likely salinity level within the drain.  Any freshwater 

catchment inflows would reduce the extent of salinity in the drainage network. 

 

2.2 Model assessment 

The scenarios were assessed using the 1D-2D floodplain inundation model developed by Rayner et 

al. (2016).  This model was further developed for this study to include salinity movement (advection 

dispersion). 

 

Extension of the model to include salinity required to model to be upgraded to include transport of 

dissolved salt in the model as a conservative (non-reactive) constituent.  Turbulent mixing 

processes were included in the model (advection dispersion).  Models of this type require the 

specification of turbulent mixing (dispersion) coefficients.  Currently there is a lack of data to 

benchmark numerical dispersion coefficients in the model controlling the mixing of salt water in the 

Woodberry Swamp drains.  To overcome this modelling shortfall, a range of dispersion coefficients 

(D) were tested in the model to test the model sensitivity to this parameter.  For the one-

dimensional drainage channels in the model, these coefficients were a function of the flow velocity 
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and varied from D= 0.1ū to D= 40ū (where ū is the mean channel velocity).  For the two-

dimensional, overbank part of the model the dispersion coefficients were set as D= 0.1 as a 

minimum and D= 1.0 as a maximum.  These values were based upon literature, a sensitivity 

analysis incorporating drainage measurements collected by Rayner et al. (2016), and previous 

experience modelling similar systems.  These maximum and minimum coefficients allowed bounds 

for possible salinity intrusion to the Francis Greenway Creek system and Woodberry Swamp 

floodplain to be determined. 

 

Controlled tidal flushing scenarios were completed using present day tides.  Automatic floodgates 

similar to SmartGates (Glamore, 2003) were simulated at the downstream boundary of the model, 

replacing the existing Francis Greenway Creek floodgates.  The automatic floodgates had a 

mechanism on them that meant they would close when the downstream water level reached a 

specified threshold level.  Note that the floodgates do not close immediately meaning that when 

they are closing some water can still flow upstream during the shutting process. 

 

Controlled tidal flushing has provided noted benefits when introduced at other similar locations in 

the Hunter River floodplain.  Firstly, the introduction of saline water to drainage channels can 

improve water quality by introducing oxygenated river water into the drainage channels with every 

tide which would be otherwise hold water with depleted oxygen levels.  Secondly, the saline river 

water introduced to the system can limit the growth of freshwater weeds, thereby improving 

drainage efficiency and reducing drain maintenance.  Finally, with improved water quality and fish 

passage, there is the potential to subsequently improve fishery habitat within the drains.  The 

effectiveness of controlled tidal flushing in improving drainage efficiency and reducing maintenance 

is dependent upon a number of factors including: 

 

• Salinity levels in the Hunter River; 

• Salinity tolerance of weed species within the drainage network; 

• Drainage efficiency; 

• Floodgate modifications; 

• Floodgate size; 

• Tide levels; and 

• Catchment inflows. 

 

Salinity within Woodberry Swamp was modelled as a percentage of the salinity at the Hunter River 

Estuary.  Note that salinity levels within the Hunter River Estuary will increase during dry periods in 

the broader Hunter River catchment and decrease during wet periods when saline water is diluted 

due to catchment runoff and flushed from the estuary.  The controlled tidal flushing scenarios were 
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simulated assuming dry weather conditions (i.e. no catchment inflows); this represents conditions 

where there is the maximum likely intrusion of saline water to Woodberry Swamp.  Statistics 

describing the variation in salinity in the Hunter River opposite the Francis Greenway Creek 

confluence are provided Table 2.2 and described in Section 2.2.1. 

 

Using the maximum and minimum dispersion coefficients, the bounds for possible saline intrusion to 

the Woodberry Swamp drainage network can be determined.  These bounds have been assessed 

for the following conditions: 

 

1. Condition 1: Tidal water level cut-off at the floodgates at -0.2 m AHD with current drainage 

efficiency.  This condition was assessed to determine if saline water could be immediately 

introduced to the drainage channel system by modification of the Francis Greenway Creek 

floodgates without the need for any other works on the drains to constrain the saline water 

in-bank; 

2. Condition 2: Tidal water level cut-off at the floodgates at -0.2 m AHD with improved 

drainage efficiency.  This condition assessed the likely flow conditions in the drainage 

channels once saline water had caused die-off of the weeds presently in the channels.  The 

model assessment was required to assess the risk of saline flows inundating pasture once 

the weeds choking the channel had reduced subsequently improving the flow capacity of 

the channels; and 

3. Condition 3: Tidal water level cut-off at the floodgates at +0.4m AHD for current drainage 

network.  This condition was assessed to determine the maximum extent of saline 

penetration into the swamp and by association, the maximum extent that weeds might be 

managed and water quality might be improved through tidal flushing.  Condition 3 also 

identified areas of pasture at risk of inundation with saline water for a case where the gates 

were opened further, and the locations where works might be required to constrain saline 

water to the drainage channels. 

 

Key locations for reporting of model results in the channel network are shown in Figure 2-2.   
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Figure 2-2: Key locations for reporting of model results 

 

Longitudinal profiles along the Francis Greenway Creek drainage channel demonstrate the potential 

tidal flushing of the floodplain drainage channel network in terms of the extent of saline water 

flushing are presented in Figure 2-3, Figure 2-4 and Figure 2-5.  Chainage 0.0 m is at the 

confluence with the Hunter River channel.  The vertical axis shows the drainage channel salinity 

concentration as a percentage of the Hunter River channel salinity concentration. Improved 

drainage efficiency refers to clearing of in drain vegetation within the channel allowing water to flow 

more efficiently.   

 

The maximum, minimum and average salinity profile lines on each plot show the range of possible 

results due to model sensitivity to the adopted dispersion parameter. 
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Figure 2-3: Francis Greenway Creek salinity for a -0.2 m AHD cut-off and existing channel 

efficiency 

 

Figure 2-4: Francis Greenway Creek salinity for a -0.2 m AHD cut-off and improved channel  

efficiency 

 

Figure 2-5: Francis Greenway Creek salinity for a +0.4 m AHD cut-off and existing channel 

efficiency 
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A comparison of the average salinity condition for each tested gate condition is presented in Figure 

2-6. 

 

 

Figure 2-6 Francis Greenway Creek salinity – comparison of salinity profiles for tested 

floodgate conditions 

 

The comparison of model results in Figure 2-6 show that if a flow cut-off of -0.2m AHD is adopted 

for the floodgates that a similar extent of tidal flushing is expected when the weeds die back in the 

channel with tidal flushing unlikely to go overbank. 

 

2.2.1 Assessment of weed control 

Rayner and Glamore (2016) and Rayner et al. (2018) reviewed the salinity tolerance of common 

freshwater weeds at floodplain drains connected to Fullerton Cove on the Hunter River Estuary.  

Their findings are summarised in Table 2.1 for weeds typical to a drainage network the Hunter River 

floodplain. 
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Table 2.1: Salinity tolerance for aquatic weeds 

Species 
Salinity 

tolerance  
(ppt) 

Comment Source 

Alligator 
Weed 

3.5 to 10 ppt 
3.5 ppt (10% sea water) in still water and 10.5 

ppt (30% sea water)  in flowing water 
Groves et al. (1995) 

Water 
Hyacinth 

3.5 ppt  Growth limited above 10% (3.5 ppt) NSW DPI (2013) 

Yellow 
Water lily 

10 ppt Nymphoides aquatica in general Izzati (2015) 

Salvinia 4 ppt 

25% reduction in growth rate at 3% (1 ppt) 
Die off at 7% (2.5 ppt) 

100% mortality after 20 hr exposure at 11% 
(3.9 ppt) 

Madsen and Wersal (2008) 

Cabomba  2.0 Cabomba caroliniana NT DLRM (2015) 

Caulerpa 
taxidolia 

10 Salinity of 10 ppt kills Caulerpa within days NSW I&I, (2009) 

Phragmites 
australis 

10 ppt 
Growth/seeding rate decrease above 7% (2.5 

ppt) 

Sainty and Jacobs (1988); 
Mauchamp and Mesleard (2001); 
Greenwood & MacFarlane (2006) 

 

The minimum salinity levels, 5th percentile, average, 95th percentile and maximum salinity levels in 

the Hunter River at the Francis Greenway Creek floodgates have been exported from the Hunter 

River water quality model (Glamore et al., 2017) and indicate a 95th percentile salinity of 18 ppt 

(Table 2.2).  Table 2.3 shows the distance along Francis Greenway Creek where the use of salinity 

as a means of controlling weeds will be effective.  This has been presented for a salinity of 10 and 

3.5 parts per thousand (ppt) as these are the two representative salinity thresholds needed to limit 

freshwater aquatic weeds. 

 

Table 2.2: Hunter River salinity statistics at Francis Greenway Creek floodgates 

Statistic 
Salinity 

(ppt) 

Minimum 0 

5th percentile 0 

Average 5 

95th percentile 18 

Maximum 26 
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Table 2.3: Effectiveness of weed control within Francis Greenway Creek for key salinity 

thresholds 

Statistic 

Maximum distance weeds with a 10 ppt 

tolerance will be killed 

(m from floodgates) 

Maximum distance weeds with a 3.5 ppt 

tolerance will be killed 

(m from floodgates) 

Tidal cut-off 

-0.2 m AHD 

existing 

efficiency 

-0.2 m AHD  

improved 

efficiency 

+0.4 m 

AHD 

-0.2 m AHD 

existing 

efficiency 

-0.2 m AHD  

improved 

efficiency 

+0.4 m 

AHD 

Average 
Salinity never high enough to reach 

threshold 
700-1900 800-2350 1700-2350 

95th percentile 750-2400 850-3000 1850-2800 1050-3000 1200-3100 3150-3850 

Maximum 1050-3000 1000-3050 2900-3150 1150-3000 1250-3100 3200-3900 

Note that a range is shown due to uncertainties regarding the dispersion coefficient (D). 

 

Statistics outlined in Table 2.2 and Table 2.3 show that salinity levels at the Francis Greenway 

Creek floodgates are only likely to reach levels that will result in freshwater weed die-back during 

prolonged dry weather periods in the broader Hunter catchment.  In these instances, salinity would 

be high enough to reduce freshwater weeds to the extent of the north western drainage channels of 

Woodberry Swamp (if a +0.4 m AHD tidal cut-off level is adopted for the flood gates).  For 

a -0.2 m AHD tidal cut-off condition, weeds would die off between the floodgates and Woodberry 

Road.  Increased salinity levels beyond Woodberry Road would only be possible assuming best 

case in-channel dispersion.  Weeds with lower tolerance levels will die back during average weather 

periods due to an increase in salinity within the channels. 
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Figure 2-7: Maximum extent of weed control for Condition 3 – tidal floodgate cut-off at 

+0.4 m AHD with no additional stop banks or secondary floodplain one-way gates 

 

2.2.2 Assessment of overbank tidal inundation 

Rayner et al. (2016) showed that by limiting in-drain tidal water levels to below -0.1 m AHD there 

would be minimal impacts to drainage times following large scale floods within the Woodberry 

Swamp catchment.  Note that water levels slightly above -0.2 m AHD (the cut-off threshold) occur 

due to the time it takes for floodgates to shut once they reach the specified tidal cut-off threshold.  

Upstream of the HWC pipeline culverts the water levels were predicted to always be 

below -0.1 m AHD due to constrictions in the drainage system.  Figure 2-8 shows the maximum 

water level downstream of the HWC pipeline culverts for the -0.2m AHD and +0.4m AHD cut off 

level scenarios.  For the -0.2m AHD cut-off level scenarios, tidal flushing would be constrained to 

within the drainage channels as the banks are sufficiently high for this level of inundation.  Note 

there are two small side drainage channels that water would start to receive water.  Based on 

available survey levels, flows are anticipated to remain in-bank within these channels. 

 



Approach to Introducing Tidal Flushing to Woodberry Swamp | WRL TR 2019/12 | September 2020 

15 

 

 

Figure 2-8: Water levels compared to drainage bank levels downstream of the Hunter Water 

pipeline 

 

If a +0.4 m AHD tidal cut-off condition is adopted for the floodgates, there would be some inundation 

of private properties.  Additional levee and floodgate structures internally on the floodplain drains 

would need to be constructed to limit floodplain inundation.  Potential inundation for controlled tidal 

flows with a tidal cut-off level of +0.4 m AHD is shown in Figure 2-9.  While this land is very low and 

would already be inundated even during dry conditions due to poor drainage connectivity, the level 

of inundation would likely increase to approximately 0.3 m AHD for the +0.4m AHD cut-off scenario. 

 

 

a) Model-wide view 



Approach to Introducing Tidal Flushing to Woodberry Swamp | WRL TR 2019/12 | September 2020 

16 

 

 

b) Zoomed view 

Figure 2-9: Additional depth of inundation caused due to a cut-off limit of +0.4 m AHD 
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3 Community consultation summary 

Community consultation sessions were held on 7 May and 8 May 2019 at Raymond Terrace for 

local landholders with landholding and or an interest in Woodberry Swamp.  The focus of the 

workshops was to gain feedback from the community regarding the possible re-introduction of tidal 

flushing in Francis Greenway Creek to improve water quality within the creek channel and 

potentially the broader Woodberry Swamp.  Further details on the community consultation process 

are available in the community consultation report (Tucker and Smith, 2020) 

 

The community consultation found that the community is receptive to the idea of allowing controlled 

tidal flushing of Francis Greenway Creek with salt water from the Hunter River channel to improve 

water quality in the drainage channels.  The approval of community members for tidal flushing is 

conditional and cautious as they are aware of the potential for detrimental outcomes to pasture if 

salt water is able to inundate areas alongside the drainage channels.  The community noted a 

number of issues that would need to be addressed to enable tidal flushing.  These are: 

 

• Salt water from tidal flushing would need to remain in-drain. 

• Community members are not in favour of buoyancy controlled gates.  A past installation of 

a buoyancy gate some years ago consistently failed from the point of view that pasture was 

inundated with salt water. 

• Community members were more in favour of automated (remote controlled, motorised 

gates) than buoyancy controlled gates as they perceived automated motorised systems to 

be more sophisticated and reliable. 

• Additional works, such as installation and/or raising of local levee banks and floodgates 

protecting low lying pasture would need to be completed to ensure private land is not 

inundated with salty water prior to adjustment of floodgate operations. 

• Local landholders would prefer to have the ability to independently operate (close) the 

floodgates in an emergency situation. This to ensure that private land is not inundated with 

salt water while waiting for authorities to respond when gates malfunction or abnormal 

conditions in the Hunter River channel cause pasture to be inundated by salt water. 

 

Outcomes from this community engagement are to be combined with feedback from key agency 

stakeholders and numerical modelling results to determine overall project feasibility, and provide 

recommendations, for the re-introduction of tidal flow at Francis Greenway Creek as well as the 

future management of Woodberry Swamp. 
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4 Conclusions and recommendations 

4.1 Summary 

The drainage channel network of Woodberry Swamp is presently experiencing ongoing issues 

associated with poor water quality.  It has previously been determined that appropriate 

management of Francis Greenway Creek and the wider Woodberry Swamp catchment can help 

improve water quality (Rayner et al., 2016). 

 

A plausible and recommended short-term management option for improving water quality in 

Woodberry Swamp is to introduce controlled tidal flows to the drainage channel network.  Scenario 

modelling completed for this study has shown that controlled in-channel flushing will substantially 

improve water quality, and reduce freshwater weed density within the drainage channel network.   

 

Scenario modelling of the introduction of controlled tidal flushing showed that optimal conditions 

were achieved with higher tidal cut-off levels.  A cut-off level of -0.2 m AHD is recommended to 

ensure water remains in-drain and does not inundate private land without any further modification to 

the drainage network.  For this condition, benefits associated with weed control due to increased 

saline water within the drain will be limited to drainage channels between the floodgates at the 

Hunter River and the Hunter Water Corporation pipeline culverts, a distance of 1,600 m upstream.  

For the best case of water quality and weed control, a cut-off level of +0.4 m AHD is recommended; 

however, additional structures such as levees and floodgates will need to be constructed on the 

internal drainage network for this condition to ensure private floodplain land is not inundated. 

 

There are clear benefits for implementing tidal flushing in the Francis Greenway Creek drains to 

improve water quality in the drainage complex with the added benefit of suppressing weed growth 

and improving drainage capacity in the lower channels.  Local landholders have also provided 

conditional support of tidal flushing of the channels. 

4.2 Recommendations 

Immediate short-term management should focus on the modification of the floodgates to allow the 

controlled introduction of tidal flows to Woodberry Swamp drainage channels. Flushing of the 

floodplain channels will have an immediate positive impact on drain water quality through regular 

flushing and oxygenation of the channel and associated reduction of freshwater weed density within 

the drainage channel network. 
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The local community has been receptive to this recommendation provided physical controls are put 

in place to ensure management of saltwater flushing so that salty water does not inundate pasture 

and that there are robust systems in place to manage gate operations should inundation of pastures 

occur. 

 

Implementation of tidal flushing would occur through a proposed modification of the existing Francis 

Greenway Creek floodgates.  There are numerous options for floodgate modification available that 

could reproduce the required tidal flushing dynamics.  Recommended next steps include: 

 

1. Careful design of modifications of one existing floodgate to enable adaptive management of 

channel flushing dynamics; 

2. Design of floodplain works (stop banks, floodgates etc.) to ensure that the risk of saline 

inundation of privately held pasture is eliminated 

3. Optimisation of channel flushing extent against cost of internal floodplain works using the 

available modelling toolbox 

4. Presentation of the proposed design to key stakeholders and the community 

 

The involvement of local community members and relevant stakeholders is critical in achieving any 

management outcomes for Woodberry Swamp.  Continued consultation with the relevant parties is 

recommended prior to any decision on the future management of the site. 
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