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Executive summary 
The Toby Inlet Sediment Study was undertaken by Ottelia Ecology on behalf of the City of Busselton, and 

contributes to the implementation of the Toby Inlet Waterway Management Plan (City of Busselton, 

2019).  The study was funded via ōȅ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ²ŀǘŜǊ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ wŜƎǳƭŀǘƛƻƴΩǎ ό5²9wύ 

Revitalising Geographe Waterways Program. The specific aims of the study were to: 

1. Identify the priority areas for sediment management within Toby Inlet. 
2. Determine sediment composition and volume for these areas, building on previous sediment 

investigations.  
3. Assess potential outcomes and impacts of sediment removal from priority areas. 
4. Undertake an assessment of the feasibility of removing sediment and evaluate the likely costs 

and benefit of strategic sediment removal. 

Sediments in Toby Inlet 

Four zones of sediment condition were identified in Toby Inlet, with priority for sediment removal 

allocated to Zones 2 (from McDermott St to east end of Wilson Ave) and 3 (between McDermott St and 

the Footbridge). Together these zones occupy a length of 3.7 km.  A total of 60300 m3 of soft sediment, 

comprised of monosulfidic black ooze (MBO) has accumulated in this area and areas where sediment 

was at least 80cm deep were recorded in both zones.  The total sediment accumulation roughly equates 

to 2.8 times the average annual amount of seagrass wrack deposited from seagrasses meadows onto 

Geographe Bay beaches (Oldham et al 2010). 

Accumulated MBO sediment in Zones 2 and 3 was found to be having multiple severe impacts over a 

significant proportion of the Toby Inlet.  These include physical degradation of the estuary with loss of 

habitat for both fish and waterbirds; potential ongoing impacts on water quality; loss of amenity; and 

the loss of recreational access. High total organic carbon sediments in Toby Inlet likely reflects excessive 

macroalgal growth and decay which contributes to poor estuarine sediment health. Build-up of organic 

sediments creates an internal nutrient source and may have contributed to past low oxygen in the inlet. 

Although recent improved management of the Toby Inlet mouth by opening the sand bar has improved 

water quality, the legacy of past regular macroalgae blooms has left the majority of the inlet with very 

poor habitat quality and virtual complete loss of macrophytes from the system. The restoration of 

habitat values in Toby Inlet is unlikely to be achieved without removal of accumulated black sediment.   

Removal of sandy sediments accumulated in the upper inlet (Zone 1) was not recommended so as to 

preserve the threatened ecological community of subtropical and temperate coastal saltmarsh, and in 

recognition that sediments here were associated with a lower level of amenity and ecological impact. 

Rehabilitation of Zone 1 is recommended as an alternative to removal.  Sediments in Zone 4, located 

downstream of the footbridge were mainly sandy, with minimal MBO deposits. However, removal of 

accumulated seagrass wrack mixed with sand is recommended to improve tidal water exchange. 

Importantly, the acid neutralising capacity of sediments in Toby Inlet was found to substantially exceed 

potential acidity, meaning disturbance of sediment is highly unlikely to result in acidification issues. 

Further, heavy metal concentrations in sediment samples were all below ecosystem protection criteria.  

These findings are important as previous studies recommended against removal of sediment due to 

concerns about the potential for acidification and subsequent release of heavy metals. The potential for 
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deoxygenation of the water column remains an important potential impact of concern associated with 

sediment disturbance. 

Sediment management approaches 

Six different sediment management approaches were evaluated.  The two approaches recommended in 

this report involve staged removal of sediment from zones 2 and 3, working progressively from 

downstream to upstream, combined with removal of the small island of accumulated seagrass wrack 

downstream of the footbridge.  This approach, while likely very costly, was considered to have the best 

chance of restoring habitat and amenity values of the inlet and could be staged in a way that reduces 

the risk of fish becoming separated in isolated pools at low tide.  

Other approaches evaluated included: leaving sediment in-situ; deepening the mouth of the inlet; 

removing small isolated zones of sediment and removing sediment from zone 2 only. Each of these 

options have merits, but were set aside due to concerns related to effectiveness in solving the identified 

issues caused by accumulated sediment; the fluid consistency of sediment, which can easily flow back 

into small zones of removal; and potential adverse effects on water quality of the inlet during summer, 

particularly at low tide. 

Sediment removal options 

The substantial volume of sediment that has accumulated in Toby Inlet presents a logistical challenge for 

any future removal project.  It is important to avoid potential impacts on sensitive seagrass meadows in 

Geographe Bay and to minimise the extent and duration of drops in dissolved oxygen that could pose a 

risk to fish and other aquatic life. Accordingly, any future sediment removal process should be 

undertaken with a slow and staged approach, possibly over a period of five to ten years so as to carefully 

manage the potential impacts associated with disturbing these sediments during removal. 

Sediment removal from zones 2 and 3 was found to be feasible, despite the challenges presented by the 

substantial volume to be removed. Three techniques are recommended for pilot projects, with each 

being suitable for different locations in the inlet.  Small scale pilot projects will enable evidence of likely 

effectiveness and impacts to be gathered.  The three techniques are: 

¶ Suction pump sediment and dewater using mobile containerised filter press system.  This 

involves using suction pump to remove sediment to temporary holding tanks, adding flocculent 

and dewatering using a mobile compact filter press.  Mobile compact technology would need to 

be moved to a number of stations along the inlet for this to occur (Zones 2 and 3). 

¶ Slow and staged sediment raking to enable natural flow to move sediment into the ocean during 

winter (Zone 3 only).  This involves using a purpose built device attached to a small boat to 

mechanically stir sediment under high flow conditions in winter thereby allowing controlled, 

staged dispersal to sea. 

¶ Suction pump to liquid waste disposal tankers and transport to wastewater treatment plant 

(WWTP) (Zone 2 only). This involves the use of liquid waste disposal trucks to pump sediment 

slurry and transport for disposal to the Quindalup WWTP. 

Of the three techniques recommended sediment raking was found to have the lowest likely cost of 

implementation, though has the greatest potential to reduce dissolved oxygen in water around the 
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disturbance area.  The extent, duration and outcomes of such impacts would require evaluation through 

small scale pilot projects. Potential impacts on seagrass meadows from this technique would need to be 

mitigated through careful selection of both timing and scale of works undertaken. 

The used of liquid waste disposal trucks to remove and transport sediment from the inlet to a waste 

water treatment plant was recently undertaken with success in the Vasse Estuary exit channel. There 

are few expected negative impacts from this technique but its potential is limited to Zone 2 during 

summer at low tide, when there is minimal water covering sediments.  Even under these conditions this 

option is likely to have the highest cost of implementation given the extensive transport costs. 

The use of a mobile, compact containerised filter system has potential to greatly reduce transport costs 

yet there are limited available hire options in Western Australia.   An expression of interest process to 

invite technology companies to present a cost effective solution for hire (or sale) to the City of Busselton 

is recommended. 

Recommendations 

Considering the outcomes of sediment investigations, current and future impacts of sediment 

accumulation in Toby Inlet, and assessment of sediment removal options, recommendations are as 

follows: 

1. Sediment removal from Toby Inlet should be pursued to restore ecological values and amenity, 

targeting Zone 3 as a priority, followed by Zone 2. 

Removal would require a staged approach starting at the lower end of the Inlet and progressively 

moving upstream. 

Such works should only be commenced subject to consultation with the South West Land and Sea 

Council and in accordance with State Government approvals processes. 

2. Further evaluate the potential for sediment raking to remove sediment through a small scale pilot 

project in the downstream end of Zone 3 during high flow conditions in winter, when dissipation of 

flows from the Inlet into Geographe Bay are likely to be rapid.  This would be facilitated by the 

following actions: 

- Monitoring of this pilot for effectiveness and water quality impacts both within downstream 

areas of Toby Inlet and in nearshore areas of Geographe Bay to enable informed evaluation 

of the likely impacts of wider scale staged sediment raking. 

- Prior to commencement of this project, removal of the small island of seagrass wrack mixed 

with sand that is located downstream of the footbridge (in Zone 4) would improve tidal 

water exchange and outward flow of suspended sediment. 

- Flow velocity data collection in the Toby Inlet during winter would aid in the evaluation of 

sediment raking and future sediment removal proposals.   

 

3. Develop pilot projects for direct sediment removal from Zones 2 and 3 in the Toby Inlet to further 

inform appropriate techniques and costs for larger scale removal, including:  

- Suction pump sediment and dewater using mobile containerised filter-press system.  (Zones 

2 and 3). Expressions of interest would be required to access a suitable dewatering plant. 



 
Ottelia Ecology 

- Suction pump to liquid waste disposal tankers and transport to WWTP (Zone 2 only).  

4. Develop a larger and longer term program of sediment removal for Toby Inlet to be developed 

based on the outcomes and key findings from the pilot projects. In addition, such a program would 

require: 

- Measurements of the salinity of sediments in Toby Inlet be made during winter to assist in 

evaluating potential re-use options for sediment.   

- Undertake site assessments and consultation with landholders adjoining Toby Inlet to 

identify potential locations for short term dewatering stations along the inlet. 

- Preparation of an acid sulfate soils management plan.  

- Liaison with the Department of Water and Environmental Regulation to outline the aims of 

sediment removal being for restoration purpose, and to confirm the approvals processes in 

this context. 

5. Undertake weed control and rehabilitation through revegetation of appropriate local native species 

in Zone 1, rather than removing sediments, so as to preserve the threatened ecological samphire 

community and maintain shallow feeding habitat for shore birds. 
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Background and scope 
Toby Inlet is a unique and highly-valued estuary in Quindalup, Western Australia that is recognised for 

its regionally significant ecological, rural landscape and cultural values (WAPC, 1998). The accumulation 

of sediments in Toby Inlet has led to strong community concern regarding the loss of social and 

ecological values of the Inlet over the past twenty years, or more.  Catchment development, 

hydrological changes, high nutrient inputs and a history of severe macroalgal blooms have led to an 

accumulation of both sandy sediments and fine, black, sulfidic sediments known as monosulfidic black 

ooze (MBOs). Concern about the impacts of these sediments has persisted and intensified over the past 

ten years or more, and a recent community views study identified sedimentation as the primary issue of 

concern regarding management of Toby Inlet (Andrew Huffer and Associates, 2016).  Issues arising from 

these sediments include reduced visual amenity, unpleasant odours, reduced on-water recreational 

access, loss of recreational fishing values and impeded fish passage.   

In 2019 the Toby Inlet Waterway Management Plan (City of Busselton, 2019) identified the need to 

manage existing sediment in the inlet to improve water quality, water flow and amenity of the inlet. The 

plan identified the investigation of sediment removal from the inlet as a key management strategy with 

actions to include the following: 

¶ Define priority areas for sediment management and determine sediment composition and 

volume for these areas, building on previous sediment investigations. 

¶ Assess potential outcomes and impacts of sediment removal from priority areas and undertake 

a cost benefit analysis of strategic sediment removal. 

¶ Assess whether sediment agitation would facilitate mobilisation and flushing of sediment 

deposits from Toby Inlet.  

In November 2020, the City of Busselton commissioned Ottelia Ecology to undertake a study of the Toby 

Inlet sediments ǿƛǘƘ ŦǳƴŘƛƴƎ ǇǊƻǾƛŘŜŘ ōȅ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ²ŀǘŜǊ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ wŜƎǳƭŀǘƛƻƴΩǎ ό5²9wύ 

Revitalising Geographe Waterways Program. The specific aims of this study were to: 

¶ Identify the priority areas for sediment management within Toby Inlet. 

¶ Determine sediment composition and volume for these areas, building on previous sediment 
investigations.  

¶ Assess potential outcomes and impacts of sediment removal from priority areas. 

¶  Undertake an assessment of the feasibility of removing sediment and evaluate the likely costs and 
benefit of strategic sediment removal. 

The outcomes of the study are expected feed into strategic decision making by the City of Busselton 

regarding future management of sediments within Toby Inlet, help inform whether removal of 

sediments should be attempted (or not), and assist in responding to ongoing community concerns 

regarding sedimentation of the inlet.   
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The study area 

Description and values 

Toby Inlet is a small estuary located near the town of Dunsborough, Western Australia, about 250 km 

South of Perth. The Inlet has an unusual estuarine morphology, being an elongated channel that flows 

parallel to the coastal dunes for over 5.5 km (Figure 1).  This long stretch of water lies adjacent to Caves 

Road, thereby providing an important scenic focal point to the entrance of the Dunsborough town site, a 

popular tourist destination in WA.  Upstream of Caves Road, Toby Inlet extends to a chain of wetlands 

that are seasonally inundated and are unaffected by tidal exchange.  This sediment study was limited to 

the tidal channel downstream of the Caves Road Bridge. The catchment comprises a combination of 

land uses including urban, light industry, rural residential (lifestyle blocks) and agricultural areas. Urban 

residences adjoin a large portion of the foreshore. 

 

Figure 1: Aerial view of Toby Inlet (COB, 2019) 

Toby Inlet is seasonally open to Geographe Bay, a sheltered, north facing marine embayment that forms 

part of the Ngari Capes Marine Park and supports large and diverse temperate seagrass meadows.  The 

inlet provides similar ecological functions to other sheltered bar-built estuaries in south-western 

Australia.  Importantly, it is one of only two natural discharge points providing a link between marine 

waters and estuarine habitat in southern Geographe Bay.  The other is Wonnerup Inlet to the north, 

which forms part of the Ramsar-listed Vasse Wonnerup wetland system. All waterways between these 
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systems have been artificially cut through to the ocean, and their straight drainage channels that lie 

perpendicular to the coast do not replicate the form or function of natural estuaries.  

The aquatic environment of Toby Inlet provides habitat for fish, waterbirds, frogs, and aquatic 

macroinvertebrates (COB, 2019).  Despite a relatively narrow foreshore, the fringing vegetation along 

the banks of the inlet are largely in good condition (Clay, 2006; COB, 2019), which is unusual for an 

urbanised estuary.  Vegetation on foreshore reserves of the inlet provide important habitat for the 

threatened Western Ringtail possum and Quenda. The Coastal Saltmarsh Threatened Ecological 

Community occurs in some parts of the inlet (COB, 2019).  

Toby Inlet has experienced water quality issues over a long period of time.  Blooms of macroalgae, 

unpleasant odour, loss of amenity and fish kills have all lead to community concern regarding the health 

of the inlet (COB, 2019).  A review of dissolved oxygen data collected as part of DWER regular 

monitoring indicates that low dissolved oxygen levels occurred regularly in summer at monitoring sites 

for many years and are a possibly cause of previous fish kills (Figure 2). Improved management of the 

sand bar at the mouth of the inlet since 2018 appears to have improved water quality in recent years. 

 

 

Figure 2: Dissolved oxygen in the Toby Inlet (mid reaches) between 2006 and 2020. Black dashed lined indicate ANZECC & 
ARMCANZ 2000 ecosystem protection guideline range for estuaries.  Red dashed line is critical threshold level for aquatic 
organisms (Boulton et al. 2014). DWER sampling  locations TIOE2 and TIOE3 are equivalent to sampling sites TISED7and TISED6 
in this report respectively  

Toby Inlet has long been important to the fabric of the Quindalup and Dunsborough local communities. 

The strength of these community ties are reflected by the long volunteer commitment provided by the 

Toby Inlet Catchment Group, which commenced in 1998 and continues to this day. 
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Historical changes 

The Toby Inlet and its catchment has experienced extensive modification since European settlement.  

Drainage works undertaken in the early 1800s and then expanded in the 1920s have resulted in a 

substantial proportion of natural flow being diverted away from the inlet.  Prior to these changes the 

Carbunup River, Annie Brook and Station Gully waterways all likely flowed through Toby Inlet to the sea 

via a chain of wetlands that lie to the south of the Caves Road (Frazer and Hall, 2017).  These drainage 

works were aimed at improving agricultural productivity within low lying land by allowing winter flow to 

be passed directly into the sea.  Such changes have irreversibly altered the hydrodynamics of the estuary 

and transformed the inlet into a low flow environment that is poorly scoured. Today Toby Inlet receives 

an average inflow volume of approximately 7 to 8 GL in winter and 3 to 4 GL in spring (Frazer and Hall, 

2017). There are no measured data on flow velocity in the Toby Inlet.  Flood flows in the inlet were 

modelled by the Water Authority in 1990 and range from 6 m3/s under a 1 year flood event to 22m3/s 

under a 100 year flood event (MP Rogers and Associates, 1999). 

Toby Inlet was a focal point for the timber town of Quindalup that was settled in the mid -1800s.  A 

homestead and outbuildings from this settlement are still in use on and near the banks of the inlet.   

Further urban development surrounding Toby Inlet did not substantially commence until the late 1960s 

to early 1970s when land on the coastal side of the inlet was subdivided.  Development of this area was 

largely comprised of holiday homes and deep sewer was not constructed as part of the subdivision.  

Anecdotally, Toby Inlet was used as a slipway during the 1960s and 1970s and was dredged to maintain 

access for small boats during winter, at a time when a harbour had not yet been constructed in 

Busselton.  

The photo series below from 1970s illustrates the early development of new roads and coastal 

subdivisions along Toby Inlet (Figures 3A to 3D).  They depict low density housing interspersed with 

native bushland along the length of the inlet. In these photographs there are two discharge points 

(estuary mouths) visible where Toby Inlet drains to Geographe Bay (Figure 3C). The upper most mouth is 

shown with a dredge in place a short distance upstream (Figure 3D).  The upper reaches of Toby Inlet 

was relative clear of sandy deposits at this time (Figure 3A). 

 

3A) Toby Inlet 1970 Upper Inlet 
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3B) Toby Inlet 1970 mid-section vicinity of Lagoona Pl to Stroud St 

 

3C) Toby Inlet Lower Inlet 1970 showing two mouths. 

 

3D) Toby Inlet 1970 enlargement of the upper mouth, likely showing dredge in operation. 

Figure 3: A to D Historical aerial photo sequence of Toby Inlet in 1970 Upper to Lower Inlet. 


































































































































