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Key Points 
• There are a high number of ICOLLs along microtidal, wave-dominated coasts, when the fluvial regime is 

seasonal or inter-annually variable. The coast of Victoria exemplifies this  
• There is considerable geomorphic diversity between estuaries, especially ICOLLs, therefore classification is an 

essential step towards enabling informed management decisions.  
• There is at least one order of magnitude difference between mean closure frequency and duration in the three 

types of ICOLL. This is driven by the interaction of contemporary processes and physical characteristics such as 
infilling and topographic setting. 

• Prolonged closure has management concerns including flooding of land and infrastructure, and a decline in 
water quality. Understanding estuary processes and geomorphology may mitigate these effects and allow a 
prediction of the likely response to artificial openings. 

Abstract 
A large proportion of estuaries present along microtidal, wave-dominated coastlines, both in Australia and globally, are 
Intermittently Closed and Open Coastal Lakes and Lagoons (ICOLLs). These estuaries are periodically closed by longshore 
drift along the coast and onshore wave driven sediment, and then reopened by high river discharges. Prolonged closure 
has important management implications such as flooding and decreased water quality.  In both Victoria and NSW many 
hundreds of thousands of dollars are spent each year artificially opening these estuaries. The basic geomorphology of 
these estuaries is poorly understood.  Fundamental questions include: what mix of processes lead to closure and 
opening; and does artificial opening make them more likely to close in the future? This study explores these questions, 
but begins with a classification of ICOLLs on the Victorian coast. A long-term objective is to develop a robust 
understanding of ICOLL morphodynamics and how they may respond to human intervention or environmental change. A 
critical aspect is the degree to which fluvial or marine processes affect entrance condition. To address this, the present 
study explores the influence of these processes by linking their effect to the frequency of entrance closures. As a result, 
a model of ICOLL geomorphology is created to classify and describe the dynamics of microtidal, wave-dominated 
estuaries. The position of ICOLLs within this is based on their geomorphic characteristics and the dominant processes 
controlling the entrance state. Local wave conditions, fluvial discharge and sediment transport characteristics, along with 
the inherited topography of the embayment, exert a major control on estuary type. This model has applications for 
coastal management, in particular understanding the estuary response to artificial opening to confirm whether it is 
physically and financially worthwhile. A further step is to test the national and global applicability of this model, with 
case studies exemplifying each type of ICOLL. 

Keywords 
Estuary, ICOLL, artificial openings, microtidal estuaries, classification. 

Introduction 
Intermittently Closed and Open Coastal Lakes and Lagoons (ICOLLs) are a form of estuary with an irregular entrance 
connection to the ocean. There are a high proportion of ICOLLs along microtidal, wave-dominated coasts, where the 
fluvial regime is seasonal or inter-annually variable. High wave energy results in the ongoing progradation of marine 
sediments, which when combined with low or irregular river flows, builds a berm across the estuary entrance. The result 
of these processes is the periodic separation of the estuary from the ocean. In order for a natural opening to occur, 
fluvial flow or basin water levels are required to reach a level sufficient to breach the berm. In Australia ICOLLs are 
common in the south-east, south-west and southern coasts due to the boundary conditions which facilitate their 
formation (Roy, 1984; Ryan et al. 2003; Haines, 2006). Prolonged closure has important management implications for 
surrounding settlements and the hinterland. For example, upstream flooding can both damage infrastructure and 
inundate property or farmland. A decrease in estuary water quality will have biological repercussions such as high pH 
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levels or anoxic conditions leading to fish deaths (Arundel, 2006; Schallenberg et al. 2010). To ameliorate these impacts, 
managers often artificially open ICOLLs to provide relief to landholders who experience the adverse effects of closure. 
This is a timely and expensive procedure. 

Classification of estuaries is an important tool for coastal management as it enables clear identification of different 
estuary types and allows for the transfer knowledge between estuaries with similar characteristics (Mondon et al. 2003). 
Classification also provides a fundamental precursor to understanding how the natural processes of ICOLLs operate. 
Existing attempts at classifying wave-dominated, microtidal estuaries are tend to present more detailed explanations for 
the distribution, evolution and morphodynamics of permanently open estuary types as opposed to ICOLLs (Boyd et al. 
1992; Cooper, 1990: 2001; Roy, 1984; Roy et al. 2001; Ryan et al. 2003; Murray et al. 2006; Harris and Heap, 2007; 
Haines, 2008). In a broader scale, ICOLLs fit into the range of estuary types as a subset of wave-dominated estuaries - 
often termed coastal lagoons (Roy, 1984; Boyd et al. 1992, Cooper, 2001; Roy et al. 2001). In this case, the dynamic 
nature of the entrance is often misrepresented, and no attempt been made to differentiate between the different types 
of ICOLLs which exist (Haines, 2008). Furthermore, there is not an adequate explanation for the distribution of ICOLLs 
and why some have contrasting entrance regimes. It is necessary to first understand how the main drivers of entrance 
condition operate and vary between different types of ICOLL in order to implement effective management strategies 
best suited to each type. Overall, classification provides a vital link between understanding the distribution and 
evolutionary pathways of ICOLLs, and understanding contemporary entrance morphodynamics. 

Aside from the broad scale impacts of closure, the processes controlling the entrance dynamics of ICOLLs are not 
comprehensively understood. Process studies are limited by a lack of understanding, and are also constrained by 
application to permanently open types of estuary. The form and function of ICOLLs is an area of estuarine research 
which has, however, received increasing attention in recent years – possibly due to the realisation that entrance 
condition has strong repercussions for biota and management (Roy et al. 2001; Ryan et al. 2003; Stretch and Parkinson, 
2006). Globally, studies are still limited to several key areas with work tending to be concentrated in South Africa 
(Cooper, 2001; Dye and Barros, 2005; Harris and Heap, 2007; Bate, 2007; Stretch and Parkinson, 2006, 2007; Parkinson, 
2007; Bond et al. 2013), SE Australia (Haines, 2006; 2008; Morris and Turner, 2007; 2010), W Australia (Ranasinghe et al, 
1998; Ranasinghe and Pattarachi, 2003) and South America (Vila-Concerjio et al. 2003). There are further studies of 
ICOLLs in New Zealand (Hapua: Todd, 1983; Kirk, 1991; Hart, 2007; 2009; Kirk and Lauder, 2000) and (Waituna: Kain, 
2009; Schallenberg et al. 2010). Most process based studies focusing upon ICOLLs are limited in application to a single 
study site which may limit their relevance beyond areas with similar boundary conditions (Ranasinghe and Pattarachi, 
2003 - Wilson Lake, WA; Haines, 2006 - Lake Avoca, NSW; Wheeler et al. 2009 – Snowy River; Bond et al. 2013 – 
Zinkwazi). The different roles that fluvial, tide and wave energy contribute to controlling entrance condition and how the 
relative proportion of these energies vary throughout different stages of the opening and closure sequence is a key 
issue. By identifying the main drivers of entrance condition, this will allow artificial openings to be undertaken when 
effective.  

The coast of Victoria provides an ideal study location for the field testing of a conceptual classification model. There is a 
high proportion of ICOLLs (85% of all estuaries) and considerable geomorphic diversity is displayed in terms of spatial 
scale, evolutionary progression, topographic setting and entrance condition (Barton and Sherwood, 2004). A key 
component includes explaining the distribution of different types of ICOLLs and the relationship between ICOLL type and 
the processes controlling entrance morphodynamics. Furthermore, existing studies need to be synthesised to develop 
models with wider application that facilitate a full quantification of the driving processes of entrance morphodynamics 
to the extent to which it can be used as a predictive model of ICOLL behaviour. This is an ultimate aim of this research 

Classification of Wave-Dominated Microtidal  Estuaries in Victoria 

Methods 
A conceptual classification model of wave-dominated microtidal estuaries in Victoria has been created through a 
synthesis of literature, in combination with field data and observations. The model has been confirmed in applicability at 
all estuaries across the coast of Victoria. This was undertaken by an analysis of the variations in physical or geomorphic 
characteristics and the estuary entrance condition. Analysis of estuary entrance condition and physical characteristics 
was undertaken using both field observations and aerial photography (1948 - 2011) - with supplementary online 
historical imagery (Google Earth).  Further catchment and bathymetric data is provided by coastal and catchment based 
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LiDAR to identify the most important geomorphic elements driving change in entrance condition. The classification was 
assigned by establishing a range of parameters which represent specifically each estuary type. These included 
measurements from the catchment (mean catchment slope, catchment area), estuary (entrance condition, water area, 
basin volume, mean berm height, channel width and depth, cross sectional area) and offshore bathymetry (mean shelf 
slope). Also considered were any major differences in rainfall (BOM) or river flow regime (data from Department of 
Environment and Primary Industries, Victoria online database). More intensive surveying of entrance and adjacent beach 
position was undertaken at a range of estuaries (22 sites to date). Study sites are located in both east and west Victoria 
to consider different coastal, topographic and sedimentary boundary conditions, and to include a distribution of ICOLL 
types which reflects that of the wider coast [Table 1: Figure 2: 3].  Regular repeat long profiles, berm measurements, and 
multiple channel cross sections were taken with a Sokkia total station and Trimble RTK GPS over a 2 year period (to date) 
to establish the characteristic geomorphology and entrance condition of each type of ICOLL. All surveys were calibrated 
to permanent site benchmarks which were established as static points by the RTK GPS. Surface sediment samples were 
taken at all sites at specific facies environments (swash zone, berm, lower channel, mid channel, deep channel, basin, 
flood tide delta, washover fans) and grain size distribution analysis was undertaken by a laser particle sizer.  Automated 
cameras are installed at two case-study sites with multiple images taken every 2 hours over a 6 month period to identify 
the frequency, duration and modes of entrance openings at these sites. This also provides supplementary data for 
further process analysis.  

Wave-Dominated Microtidal Estuaries in Victoria, Australia 
A large proportion of estuaries present in Victoria are ICOLLs [Figure 1: Table 2]. For example from an initial 
classification, 97 out of the 115 coastal waterways experienced an ongoing degree of separation from the ocean. 
Permanently open estuaries on wave-dominated, microtidal coasts include drowned river valleys and barrier estuaries 
(Roy, 1984; Roy et al. 2001). Drowned river valleys (DRV) are uncommon in Victoria due to the low coastal topography 
(Hodgkin and Hesp, 1998; Digby et al. 1999) and barrier estuaries, although present, mostly tend to maintain an open 
entrance only due to human intervention to natural the entrance morphodynamics (eg. Port Fairy, Portland, Lakes 
Entrance). Barrier estuaries are likely to otherwise revert back to an intermittent-type entrance functioning due to the 
high wave energy and low flow conditions, unless entrance topography is sufficiently deep to facilitate constant tidal 
action, or if fluvial energy is constant.  

 
Figure 1:  Proportion of estuaries in Victoria, Australia which are ICOLLs and the distribution of estuary types between 
E VIC and W VIC. 

Different types of ICOLLs are defined on a basis of their typical entrance condition, geomorphic characteristics and the 
key processes responsible for driving change in entrance morphodynamics [Figure 2: Table 2]. The further differences 
between ICOLLs give rise to three categories which are recognised in this conceptual classification to be present on the 

 

McSweeney, S.L., Kennedy, D. M. & Rutherfurd, I. D.  (2014).Classification of Intermittently Closed and Open Coastal Lakes and Lagoons in Victoria, 
Australia, in Vietz, G; Rutherfurd, I.D, and Hughes, R. (editors), Proceedings of the 7th Australian Stream Management Conference. Townsville, 
Queensland, Pages  1-8. 3 



7ASM Full Paper 

McSweeney et.al. – Classification of Intermittently Closed and Open Coastal Lakes and Lagoons 

coast of Victoria: Type A – Beach Controlled, Type B – Channel Controlled and Type C - Tidal Creeks [summarised in 
Figure 2].  

 
Figure 2:  Conceptual classification of wave-dominated microtidal estuaries. 

 
Table 2: Overview of different estuary types in Victoria. Entrance condition derived from Estuary Watch (Corangamite 
CMA) data and aerial photography. Entrance Closure Index (ECI) measures the proportion of time an entrance is 
closed (T closed/T total) after Haines (2006).  

Estuary 
Type 

Number 
in Victoria 
 
Total      W    E 

Overal
l %  

Mean 
ECI 

Mean 
Opening 
Frequency 
(% T/year) 

Mean 
Berm 
Height 
(m above 
MSL) 

Mean 
Mouth 
Channel 
Width 
(m) 

Mean 
water 
area 
(km2) 

Mean 
catchment 
area 
(km2) 

Mean Grain Size 
(Wentworth, 1922)  

ICOLL 
Type A 

45 21 24 38.1 0.53  53 2.04 114.2 1.4 320.8 Medium - Coarse 
sands (washover) 

ICOLL 
Type B 

12 8 4 10.1 0.7 70 1.62 210.8 >2 >400 Medium sands 

ICOLL 
Type C 

41 26 15 34.8 0.03 97 0.85 56.1 0.2 25 Medium sands 

Barrier  12 8 4 10.2 0 100 - 220 - >850 Medium sands 

Non-est.  8 2 6 6.9 1 0      

DRV 0 0 0 0 0 100      

TOTAL 118 65 53 100        

 

Type A ICOLLs have a narrow to moderately wide entrance channel (150 - 300m), a uniform channel width in lower 
reaches, high sedimentary infilling, limited flood accommodation space. Type A ICOLLs have a mid-size and gradient 
catchment, and a high to moderate berm. Type B ICOLLs have a wide entrance channel (>200m), typically circular basin 
with a high water volume, limited infilling and ample flood accommodation space present. Type B ICOLLs have large 
(>400km2) and low gradient catchments, and high steep berms. Type C – Tidal Creeks resemble a creek which due to 
being open the majority of the time, is nearly always tidal at high tides. Type C ICOLLs have the smallest spatial scale, a 
narrow and shallow entrance, are confined by steep gradient topography. Type C ICOLLs have small (<30km2) 
catchments and no or a very low berm. In Victoria, Type C ICOLLs are distributed within the Otways, Wilson’s 
Promonotory and Cape Otway where the catchment gradient is steeper and limited lower river valley accommodation 
space is present. Data from case study sites in Victoria is presented in Table 3 where the classification model is applied. 
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Table 3: Entrance closure statistics for ICOLLs in Victoria. Data from Estuary Watch.  

Site ECI % Total Time 
Open  

Entrance 
State  

Estuary 
Type 

# Closures 
(days/year) 

Closure Freq. 
(T/year) 

Data Range 
(year) 

Wye River 0.04 95.8 Open C 16 1 2 

Wild Dog Creek 0.02 98 Open C 0 0 5 

Angelsea 0.36 64 Open A 235.45 3.3 11 

Gellibrand 0.20 80 Open A 251 5.43 7 

Skenes Crk 0.58 42 Closed C 155.6 38 7 

Spring Crk 0.08 92 Open A 58.8 1.3 6 

Thompson 0.00 100 Open A 11.5 1 4 

Kennett R 0.28 72 Open C 2 1 2 

Apollo Bay 0.11 89 Open A 53.25 1 6 

Erskine R 0.10 90 Open C 14.25 1 7 

Hopkins R 0.20 80 Open A 67.5 1 4 

St George R 0.05 95 Open C 12 1 4 

Aireys Inlet 0.81 19 Closed A 212.43 3 7 

Barwon R 0.1 90 Open A 0 0 7 

Curdies Inlet 0.85 15.00 Closed B 60 1 1 

Overall Mean 0.25 74.79 Open A 76.7 3.9 5.3 

Implications for natural entrance condition 
The amount of flood accommodation space (volume of estuary available relative to water area) is a main control on the 
frequency and duration of entrance openings. In a flood or during elevated water levels, energy is more rapidly diverted 
through the entrance. An estuary with a larger volume requires a higher basin water level to be reached before breakout 
occurs. This is evident with more frequent entrance openings evident in Type C ICOLLs (Tidal Creeks) [Table 2: 3] due to 
the limited capacity of the estuary to absorb flood inputs. This also has implications for decreasing the frequency of 
natural openings in Type B ICOLLs, as the estuary can hold a higher volume of water before opening, although the 
duration of these openings appears to be prolonged. Accommodation space within the estuary is reduced over time as 
the basin progressively infills with sediment (Roy, 1984; Roy et al. 2001). Topography can, however, provide an equally 
important control on estuary size. For example, when the estuary exists in a steep, confined valley setting where there is 
minimal room for a wide estuary basin to exist initially. This has implications for opening which have not been examined. 
There is a positive relationship between catchment and estuary water area which means ICOLLs with a larger water area 
and volume, such as Type B ICOLLs, have larger-sized catchment areas (West et al. 1985; Ryan et al. 2002; Mondon et al. 
2003; Haines, 2006).  

There is at least one order of magnitude difference between mean closure frequency in the three types of ICOLL. Type C 
ICOLLs are open more often but close quickly on a tidal to daily scale. Entrance closures, however, only persist for short 
periods. Type B ICOLLs, in contrast, are closed most of the time on a monthly to yearly scale, but when opening occurs, 
the estuary remains open for months at a time. Type A ICOLLs occupy the mid spectrum in terms of both entrance 
opening duration and frequency. The duration of entrance openings are most variable between these sites and are 
linked to the underlying topography and setting of individual estuaries. During flooding, water levels will theoretically 
rise quickly in an ICOLL with little available flood accommodation space (Type A and C). Water levels will rise behind the 
barrier thereby increasing hydraulic head acting to breach the berm where the narrow channel focuses energy towards 
the entrance. Ultimately this means flood energy is diverted through the barrier whereas in a less infilled estuary (Type 
B) a higher water level may be reached before breakout occurs. This occurs as the larger estuary volume can contain any 
increase in water levels before it actively induces a natural breakout. It is, therefore, hypothesised that the general 
frequency of flood induced natural breakout events is not only dictated by catchment precipitation and fluvial inputs, 
but largely by basin topography and marine conditions. 
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Conclusion 
In conclusion, a comprehensive review of existing literature has exposed the need for an integrated model capable of 
identifying where ICOLLs fit within the range of wave-dominated microtidal estuaries. ICOLLs are the most widespread 
type of estuary in Victoria constituting approximately 90% of all estuaries present. Limited attempts have been 
undertaken to classify and describe the entrance processes of ICOLLs, with none attempted in Victoria. Across the 
coastline, ICOLLs exhibit considerable variety in terms of size, topographic setting, geomorphology and typical entrance 
condition. It is necessary to consider the differences in form between different types of ICOLLs, which have previously 
been recognised as a single type of estuary, in order to implement effective management strategies best suited to each 
type. This work presents a conceptual classification model where ICOLLs are separated into three sub types [Figure 2]. 
Field work to date confirms the application of the conceptual classification model to the estuaries of Victoria. The 
balance between the basin capacity, berm height and basin water levels are identified as the main controls on entrance 
morphodynamics [Figure 2]. Natural openings are initiated by the fluvial processes increasing the basin water level, but 
marine processes exhibit the main influence upon the duration of the opening. As flood accommodation space is limited 
when ICOLLs are in the final stages of infill, any increase in basin water levels has a more direct impact on entrance 
condition. This is made evident by a higher opening frequency in Type B ICOLLs as opposed to Type A. 

 
Figure 2: Conceptual summary of processes and factors influencing entrance condition of ICOLLs. 

It is also recognised that topography can also exert a main control on entrance regime as ICOLLs which form in narrow, 
confined valleys are limited in volume due to the topographic constraints, therefore fluvial energy is forced seaward 
resulting in more regular entrance openings. This is experienced in Type C ICOLLs. From field based observations, four 
main factors have been identified to control the entrance morphodynamics of ICOLLs: accommodation space and 
volume of the estuary – either as a function of infill, or the underlying topographic setting; channel and entrance 
dimensions; wave conditions (ie. onshore wave energy and sediment transport); hydraulic head and water level balance 
against berm as a result of episodic catchment flood events (ie. water level in respect to max capacity). Classifying 
estuaries provides an essential framework for recognising and defining different estuary types. This conceptual 
classification can provide an indication for managers and councils of the likely morphodynamic controls, natural 
entrance regimes, and the likely frequency and duration of entrance closures for each type of ICOLL. By isolating and 
quantifying the processes that have the most direct influence upon closure, and how this may vary between different 
types of ICOLL, this will enable effective decisions regarding artificial openings to be implemented at times which will be 
worthwhile. A future step is to establish what different modes of entrance closure and opening can be attributed to each 
different type of ICOLL in order to provide a predictive model of entrance morphodynamics with applications for 
management. 
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