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Abstract 
 

The Murchison Estuary, located at the town of Kalbarri on the west coast of Australia, is an important 

boating access point to the Indian Ocean. The estuary is dredged annually in October to ensure a 

navigable channel exists able to service the recreational, tourist and commercial vessels that operate 

within the estuary.  

Extreme river flows caused by Tropical Cyclone Emma in 2006 caused significant flooding and 

scoured considerable areas of the estuary. Scouring removed the prominent sand spit from the estuary 

and created a natural channel south of the dredged boating channel. This natural southern channel 

would be navigable to boats but for an outcrop of limestone reef at its western extremity. It is 

proposed that a section of the reef be removed to create a navigable channel less impeded by sediment 

movement. 

This thesis investigates the possible changes may be expected within the estuary due to the excavation 

of this southern channel; primarily focussing on changes in wave climate.  

Numerical modelling of the wave climate offshore of, and within, the Murchison estuary was 

undertaken using the Danish Hydraulic Institutes spectral modelling suite: MIKE 21 SW. While the 

offshore region of Kalbarri was shown to experience a high wave energy climate, the sheltering effect 

of nearshore reef systems create a low wave climate within the estuary.  

Wave heights were predicted to decrease in the estuary due to the excavation of the southern channel. 

These decreases were illustrated by model outputs taken at points along the southern bank of the 

estuary, reflective of points of interest within the system. 

Sediment dynamics within the estuary are also discussed, with alongshore transport of sediment due 

to oblique wave action quantified via the CERC formula. Comparisons between transport rates with 

and without the southern channel suggest alongshore sediment transport due to wave action will 

decrease under the proposed excavation.  

Based on the findings of this report, it is suggested that changes in wave climate will not limit the 

viability of the excavation of the southern channel. 
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1. Introduction 

1.1. Motivation 

The Murchison Estuary is an important area of infrastructure for fishing vessels operating from 

Kalbarri. As an important access point for Western Rock Lobster (WRL) boats, along with wet-line 

and tourist charter vessels, the navigability of the estuary is critical to the viability of these industries. 

Flooding of the Murchison River and the subsequent removal of the sand-spit has caused the 

deposition of sediment and shallowing of the throat of the estuary to be accelerated. This has created 

navigability issues for vessels prior to the Department of Transport’s (DoT) annual dredging 

exercises.  

The aforementioned flooding of the river has created a natural channel through the southern region of 

the estuary that is navigable by boat but for an outcrop of limestone at its western extremity. The 

removal of this reef may create a navigable channel for boats that would be less affected by the 

shallowing of the estuary, possibly removing the need for annual dredging. There is concern that the 

removal may alter the wave climate and currents within the estuary, negatively affecting the sediment 

dynamics of the system. Thus it is important to quantify the changes that may be associated with any 

excavation and identify potential problems. 

1.2. Aims and Outcomes 

This study will investigate the possible changes in wave climate and hydrodynamics associated with 

the removal of a section of limestone reef in the Murchison Estuary. This will be conducted with the 

purpose of quantifying possible changes in wave climate, scour risk and sediment dynamics. The 

specific aims of the projects are to: 

1. Quantify the wave climate at Kalbarri and determine wave penetration into the estuary 

2. Quantify any potential change in wave climate that would be associated with the excavation of 

the proposed southern channel 

3. Conceptualize the sediment dynamics of the estuary 

4. Determine the changes to sediment dynamics due to the southern channel excavation 

5. Determine the viability of the excavation of the southern channel 

These aims will be achieved through: 

i. Hydrodynamic modelling using MIKE 21 HD modelling suite 

ii. Wave modelling using the MIKE 21 SW wave modelling suite 

iii. Conceptual analysis of governing empirical relationships 
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The information produced in this report will be used to create an overall wave and hydrodynamic 

climate for the Murchison estuary. These models will represent the estuary under its current state and 

after the southern channel has been created, allowing a comparison to be made between them. 

Conclusions can then be drawn regarding the effects constructing the southern channel may have. 

2. Literature Review 

2.1. Site Details 

The Murchison Estuary is located approximately 500km north of Perth in Western Australia (WA) at 

the town of Kalbarri. The estuary covers 4 km
2
 and is classified as an inter-barrier estuary (Hodgkin & 

Hesp 1998). The estuary is permanently open to the sea, with a tidal incursion of approximately 18km 

upstream (Brearly 2005). The estuarine dynamics are affected by local wind and wave conditions as 

well as tides and river flows.  

2.1.1. Geology and Geomorphology 

The geology of the area around the Murchison Estuary is predominantly Tumblagooda Sandstone, 

which form many of the local reefs and headlands .The sandstone is interspersed with outcrops of 

Tamala limestone and coastal sands (Brearley 2005). Outcrops of these rocks are important features 

within the Murchison Estuary (Figure 1): 

 

Figure 1. Aerial photograph of the Murchison Estuary with some key features indicated 

Outcrops of Tamala Limestone form the barrier reefs of Oyster Reef and Chinaman Rocks. These 

reefs serve to fix the location of the river entrance which then opens into the wider lagoon running 

parallel to the coastline. Other important outcrops of rock that can be seen in Figure 1 include the 
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submerged limestone reef outcrop protruding from the southern side of the estuary (denoted as 4 in 

the figure) and the exposed rock immediately north east of the boat ramp. Local geology is significant 

in shaping the wave climate and hydrodynamics within the system. 

2.1.2. Southern Channel 

The southern channel was identified as a natural deepening of the estuary south of the dredged 

boating channel. It is visible in figure 1through the south of the estuary, with the 4 denoting the 

blocking reef in through the channel. Created by scouring forced induced by high river flows through 

the estuary, the channel represents a viable alternative for boating access through the estuary but for a 

small outcrop of limestone rock. Figure 2 indicates the planned area of excavation based on the DoT 

specifications (2007). 

 

Figure 2. DoT’s drawings depicting the southern channel and area requiring excavation (DoT 2007) 

 

Site observations undertaken by Ledges Diving Contracting services in 2007 further illustrated the 

composition of the reef impeding the channel. The observations of the site are shown below in Figure 

3: 
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Figure 3. Drawing produced by ledges (Baker 2007), indicating the naturally deeper channel blocked by sparse 

boulders. 

 

The site of the proposed excavation exhibits a natural deeper area. Ledges (2007) suggested that 6 

large boulders are found within the proposed excavation area, representing the major obstacle to 

boating access. These drawings and observations and reflect those of the DoT. It is suggested that 

between 30m
3
 and 150m

3
 of rock will be removed under the proposed excavation (JFA 2006b) 

2.1.3. Climatic Conditions 

Like the rest of the South-West of Australia, Kalbarri experiences a typical Mediterranean climate 

characterised by hot dry summers and mild wet winters (Gentilli 1971). The weather patterns are 

dominated by the presence of a sub-tropical high pressure belt which varies north south seasonally. 

Summer months are dominated by a strong sea-breeze system while the climate of the winter months 

is influenced by sporadic mid-latitude depressions. 

Sea-breeze Systems 

The sea-breeze system is driven by the differing thermal properties of the land and sea (Horikawa 

1988). It is a dominant feature within the Murchison Estuary system, where south-westerly winds, 

often exceeding 15 ms
-1

 dominate the climate ((Horikawa 1988), (Pattiaratchi et al. 1997)). 

Pattiaratchi et al. (1997) found that in areas of low wave energy along the south-west of Australia, the 

sea-breeze system is the dominant mechanism controlling sediment transport. 

This may be true for the Murchison Estuarine system, where the sea-breeze system is known to be 

particularly energetic. However local sheltering effects and the relative strength of wave and river 

action are unknown. 

Mid-Latitude Depressions 

The winter months are dominated by storms associated with mid-latitude depressions. The sub-

tropical high pressure belt moves northwards during the winter period, allowing the mid-latitude 



Wave Penetration Modelling of the Murchison Estuary    Daniel P O’Connell 

 

5 | P a g e  

 

depressions to effect the climate of the Murchison Estuary (Gentilli 1972). These depressions are 

often associated with strong storms, characterized by large wind speeds orientated predominantly 

from the north west, significant rainfall and high river flows affecting the system.  

Tropical Cyclones 

The Murchison Estuary is also affected by the passing of Tropical Cyclones (TC). These severe low 

pressure systems are associated with high wind speeds and significant rainfall which can considerably 

impact the estuary. These events are relatively infrequent in the Murchison Estuary however in 2006 

the passage of TC Emma had a substantial impact on the estuary. 

Tropical Cyclone Emma 

TC Emma was relatively weak for a cyclone; a category 1 intensity monsoonal low (BoM 2006). It 

had a significant impact due to the rainfall that it delivered to the Murchison catchment. TC Emma 

crossed the WA coast on the 28
th
 of February 2006 before passing through the Murchison River 

headwaters (BoM 2006).  

Rainfall associated with TC Emma caused the highest recorded flood of the Murchison River, which 

peaked on the 15
th
 of March 2006 (BoM 2006).The peak in river flows (Figure 5) resulted in the 

prominent sand spit, previously a dominant feature of the estuary, to be washed away.  

2.1.4. Murchison River Flow Conditions 

The Murchison River drains 82,300km
2
 of predominantly semi-arid land (Brearley 2005). Rainfall 

events are usually associated with winter storm events, however rainfall from tropical cyclones 

infrequently cause significant discharge (as sited in (CIES 1996) by Bailey (2005)). The erratic 

rainfall experienced by the catchment produces highly variable flows, which strongly influences the 

sediment dynamics of the Murchison Estuary. The Department of Water’s (DoW) gauging station at 

Emu Springs has recorded hourly river flow data since 1967. The location of the Emu Springs 

gauging station is illustrated in Figure 4: 
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Figure 4. Location of the Emu Spring gauging station 

 

Despite not including the effects of the entire catchment the gauge at Emu Springs is assumed to be a 

good proxy for the river flow at the estuary. The maximum recorded river flows were measured 

during the flood caused by TC Emma. During this time the river flow peaked at just over 1770 m
3
L

-1
. 

The annual cumulative flow of the river is shown in Figure 5: 
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Figure 5. Instantaneous flow rate (in m3s-1) as measured at Emu Springs gauging station.  

 

Figure 5 illustrates the highly variable nature of river flows within the Murchison River, indicated by 

the extreme flood event of 2006 followed immediately by negligible flow in 2007.  

2.1.5. Wave Climate 

Offshore Wave Climate 

The wave climate has not been directly measured for the areas offshore of Kalbarri. Wave Climate 

measurements for nearby regions have limited correlation to that at Kalbarri, as the wave sheltering 

effects of the Houtman-Abrolhos Islands experienced by this area of coast limits the accuracy of any 

extrapolation of such measurements. Hindcast wave data produced by Bosserelle et al. (2011) from 

global wave modelling depicts the wave climate offshore of the estuary. 

Wave hindcast Model 

Bosserelle et al. (2011) created a 40 year wave hindcast of the southern Indian Ocean (SIO), with the 

purpose of determining any inter-annual variability in wave climate that may be attributed to climate 

change. Data was produced from 1970 to 2009, assessing significant wave height (the average height 

of the highest one-third of waves, HS), 90
th
 percentile wave height, peak period and mean wave 

direction (Dn). It is a third generation wave model which is governed by the random phase spectral 
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action density balance equation (Bosserelle, Haigh & Pattiaratchi 2011), which solves for the wave-

number-direction spectra. The model uses a spatial grid of the SIO, discretised into 4 areas of varying 

resolutions, with the highest resolution along the continental shelf of WA. 

The model resolves the impact islands have on the wave climate, a feature critical for the applicability 

of the hindcast data on the Murchison Estuary, due to the potential impact of the Houtman-Abrolhos 

Islands. 

The model was validated across five wave buoys located along the length of the WA coast from 

Albany to Exmouth. The accurate validation suggests the hindcast data is an accurate description of 

the wave climate in the SIO. The wave buoys were all located in intermediate water depths of 

between 40 and 60 metres. Thus the hindcast data will not be used for shallow wave regions. 

Figure 6 illustrates the location of the extraction point from the hindcast model, showing its proximity 

to Kalbarri and the Houtman-Abrolhos Islands. 

 

Figure 6. Extraction point for wave data from the hindcast model produced by Bosserelle et al. (2011)  

Estuarine Wave Climate 

The estuarine wave climate has not been directly measured; however site visits and photographic 

analysis have identified major wave processes within the system. The wave climate is significantly 

influenced by the local geology, as reef systems induce wave transformations. 



Wave Penetration Modelling of the Murchison Estuary    Daniel P O’Connell 

 

9 | P a g e  

 

Chinaman’s Rocks 

Chinaman’s Rocks are a location of significant wave energy dissipation. Depth limited breaking 

caused waves were shown to decrease in energy from the nearshore area into the estuary. This process 

was illustrated in numerical modelling of the estuarine system produced by the study of JFA (2006b) 

on behalf of the DoT, and physical observations of the reef system.  

As previously mentioned, JFA (2006b) used a uniform bathymetry of 0m Chart Datum (CD), or 

approximately -0.75mAHD, across the entire reef. Aerial imagery suggested that the uniform wave 

penetration depicted by this bathymetry was overly simplistic and perhaps not a true representation of 

the in situ wave conditions propagating over the reef into the estuary. 

 

Figure 7. Wave propagation across Chinaman's Rock, indicating the non-uniformity of the waves in the lee of the reef 

 

Figure 7 illustrates the non-uniform wave penetration across Chinaman’s Rock. Despite the 

disturbance created by the passing boats wake, there is a visible increase in wave penetration. This 

increase is associated with the natural channel through Chinaman’s Rock, illustrated in Figure 8: 
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Figure 8. Natural channel through Chinaman's Rock 

 

Oyster Reef 

Oyster Reef sits above the sea level in most areas and is another area of significant wave energy 

reduction. Despite its presence above sea level, wave run-up is known to overtop the natural barrier of 

Oyster Reef. This process of water overtopping creates a dominant hydrodynamic feature of 

southward flowing water (Figure 9). 
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Figure 9. Aerial photograph of the Murchison Estuary depicting the overtopping of waves over Oyster Reef and the 

subsequent transport of water into the greater estuary 

 

Bailey (2005) suggested this movement was a defining process in the movement of sediment into the 

dredged boating channel within the estuary. 

Boating Reef 

The limestone outcrop immediately north west of the boat ramp is another important geological 

feature within the estuary. Situated above the water level, except in extreme circumstances, the rock 

acts to reduce wave energy that has penetrated into the estuary. This is an important process as it 

limits the amount of wave energy being exposed to the boat ramp and the shoreline to its east. 

Southern Reef 

The submerged limestone outcrop stretches from Chinaman’s Beach northwards to the south of the 

dredged boating channel. It is of particular interest to the estuary as it prevents navigability of the 

natural deepening through estuary. The impact this reef has on the wave climate and hydrodynamics 

of the estuary are as yet undefined. 
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2.1.6. Long Period Water Level Fluctuations 

Long period water level fluctuations are important processes within the estuary. Essentially impacting 

the vertical range over which wave and current action can influence. These fluctuations include tides, 

storm surges, seiches and inter-continental shelf waves.  

Tides 

Tides are a periodic movement of water that is directly related in amplitude and phase to a periodic 

geophysical force. The dominant geophysical forces that affect tides are the gravitational forces of the 

sun and the moon on the oceans (Bearman 1989). Kalbarri is a predominantly diurnal tidal system, 

experiencing only one tidal cycle per day. It is a micro-tidal system, with maximum tidal fluctuations 

of 0.7m under spring tide conditions (Bailey 2005).  

Storm Surges 

Storm events create conditions of low barometric pressure and strong onshore winds. These factors 

create a mounding of the sea surface, and higher than normal sea levels.  

The importance of these storm related fluctuations is significant in micro-tidal systems such as 

Kalbarri. This is due to the high amplitude of the storm surge relative to the small tidal fluctuations, 

and can allow wave and current action to occur in areas unavailable to such processes from tides 

alone. These storm surges create seasonal changes in the average water level as the winter storms 

stimulate higher levels 

These higher than average water levels in the winter are balanced by lower than average water levels 

during the summer months. Strong offshore winds and high pressure belts associated with summer 

create lower water levels (DMH 1989). 

Seiches 

Seiches are oscillations water level within enclosed or semi-enclosed water basins. Seiches are 

documented to occur along continental shelfs, with a seiche documented along the WA coast. This 

seiche produced water level variations of between 0.1 and 0.3m. 

Inter-Continental Shelf Waves 

Intercontinental shelf waves are reasonably common along the WA coastline and are often associated 

with the passing of TC or other extreme low pressure systems. These low pressure systems create 

bulges of high water which, when the driving forces pass, propagate down the coastline. These 

typically have wavelengths in the order of kilometres and amplitudes of approximately 0.3m. 
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Sea Level Numerical Modelling 

Without in situ measurements for Kalbarri the water level information must be produced through a 

numerical modelling process. Haigh and Pattiaratchi (2010) produced a hindcast hydrodynamic model 

of the Australian coastline coupling the effects of the tides (derived from 10 tidal constituents; M2, S2, 

N2, K1, K2, O1, P1, Q1, Mf, Mm), wind and atmospheric pressures.  

60 years of hindcast water level is produced by the model for the entirety of the WA coast. Using 

DHI’s flexible mesh model water level can be produced at a 10km resolution along the WA coastline. 

The models outputs were validated against measurements from 10 tidal gauges along the WA coast. 

The output from the model being forced by air pressure, winds and tides showed good agreement with 

the measured water levels, with root mean square errors within 10cm.  

This agreement between the modelled and real scenarios is limited to south west WA, with gauging 

stations north of Geraldton showing increased variation between the modelled and measured water 

levels. Haigh and Pattiaratchi (2010) suggest this is due to the poor resolution of air pressure and wind 

fields along north west WA, suggested to be not sufficiently accurate to resolve the storm surge and 

wind set up associated with TC. 

Although the Murchison Estuary is north of Geraldton (the extent to which the model accurately 

validates), it can be assumed that the water level produced by the model is still an accurate 

representation of the water level immediately offshore of the Murchison River entrance. This is due to 

relatively minimal impact TC have on the sea level at Kalbarri.  

The outputs of this model showed a maximum sea level variation of 1.24m compared with 0.7 when 

tides are considered exclusively. Figure 10 shows the water level as produced by the numerical 

modelling. 
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Figure 10. Hindcast water level for 2008 as produced by Haigh and Pattiaratchi (2010) 

2.2. Coastal Geomorphology 

Coastal processes such as wave action and the currents they induce are important within estuarine 

systems (Horikawa 1988). This is true for the Murchison Estuary, where the balance between wave 

action, tidal forces and wind induced currents control water motion and transport sediment through 

the system. Important physical processes within the system include wave breaking, attenuation, 

overtopping, set-up, run-up and induced cross-shore and alongshore currents. 

2.2.1. Wave Breaking 

Wave breaking is one of the most important processes that occur within the nearshore environment. It 

dissipates the majority of the energy stored in a wave and can create significant nearshore currents 

and mobilize sediment, controlling the morphology of the coastline (Komar 1998).  

Areas of particular importance in terms of wave breaking were outline previously in section 2.1.5; 

where Oyster, Boating, and Chinaman’s Rocks were identified as locations of significant wave energy 

dissipation through the process of wave breaking. The importance of wave breaking to the estuarine 

system has not been directly measured; however numerical modelling produced by JFA (2006b) 

suggested that 95% of wave energy is dissipated via breaking over Chinaman’s Rock. 
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Wave breaking also induces high instantaneous velocities. These high velocities are able to entrain 

sediment into the water column in conditions that would otherwise not be conducive to sediment 

transport (Bearman 1989). 

2.2.2. Wave Attenuation 

As waves propagate across the continental shelf waves interact with the ocean floor, typically once 

the depth is less than the wavelength (Hemer & Griffin 2010). This interaction alters the spatial 

distribution of wave energy, observed as an attenuation of energy across the shelf (Hemer & Griffin 

2010). This energy is primarily dissipated due to bottom friction along the boundary layer (Smyth & 

Hay 2002). 

Current studies by Pattiaratchi (2011) show a significant portion of wave energy is attenuated as 

waves propagate across the continental shelf, with 63% of wave energy attenuated off the coast of 

Yanchep (Pattiaratchi et al. 2011). 

2.2.3. Wave Set-up 

Wave set-up is an average rise in the water level confined to the surf zone This rise in water level is 

confined to the surf zone (Komar 1998), with the wave setup to be defined by: 

                  2.2.3.1 

 

However (Komar 1998) indicates that there are many uncertainties in this prediction and it may not be 

successfully applied to all scenarios. This rise in water level is unlikely to be an important factor 

within the estuary, as relatively low wave energy limits wave set-up. However it may be an important 

process in nearshore environment immediately adjacent to the river entrance.  

2.2.4. Wave Overtopping 

Wave overtopping is an important process within the Murchison Estuary. Sporadic wave overtopping 

of Oyster Reef creates a southward current and net movement of sediment into the greater estuary.  

Wave overtopping is a complex phenomenon governed by wave processes with intrinsic randomness. 

Wave shoaling, reflection, turbulence and wind effects on spray influence wave overtopping, making 

it a complicated process to model (Hu, Mingham & Causon 2000). Recent works have improved 

understanding of the overtopping process with large databases put together by the European CLASH 

project able to identify relationships between overtopping and physical parameters (Pullen et al. 

2007), however empirical calculations have limited validity beyond the tested range of parameters 

(Hu, Mingham & Causon 2000). 

Pullen at al. (2007) provide the following principal empirical relationship to define overtopping 

discharge: 
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2.2.4.1 

 

Where: 

RC is the relative freeboard crest, 

Hm0 is the peak spectral wave height and; 

a and b are parameters representing site specific variables such as permeability, wave angle and 

roughness. 

2.2.5. Cross-shore Transport 

Cross-shore transport, or undertow, is a gravity driven net cross-shore transport of water below the 

surface layer (Longuet-Higgins 1983). Longuet-Higgins (1983) depicted this experimentally and 

found the presence of a strong offshore current near the bottom interface and that this offshore flow 

only extended as far as the breaker line, when vertical and horizontal mixing dissipated the current 

(Longuet-Higgins 1983). 

The importance of cross-shore transport within the context of the Murchison Estuary is as yet 

undefined. The significant wave decay experienced by waves entering the estuary due to breaking 

limits the action of waves within the estuary, possibly limiting the impact of cross-shore transport. 

Within the estuarine system the relatively small size of the breaker zone will further limit the set-up of 

cross-shore transport as the surf zone is reduced to very small spatial scales 

2.2.6. Alongshore Transport 

Alongshore transport, also known as littoral transport, is an important process within the Murchison 

Estuary. Alongshore transport is the net transport of sediment parallel to the coast caused by the 

alongshore-directed component of the radiation stress of oblique wave action (Komar 1998). The 

combination of wave, wind and current action act to entrain sediment into the water column and 

transport it parallel to the coastline (Komar 1998). 

This is an important process both within the estuary and in the nearshore beyond the river entrance. It 

is suggested that incoming waves penetrate through the river entrance and arrive obliquely to 

Chinaman’s Beach along the south of the estuary. The action of incoming waves may be further 

exacerbated by prevailing south-westerly winds. These forces may set up an alongshore current within 

the estuarine system. Evidence of alongshore transport within the estuary was clear prior to 2006, with 

a prominent spit protruding from the southern bank into the estuary.  
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Assuming that total alongshore sediment transport is proportional to longshore energy flux it is 

possible to determine an empirical relationship between longshore transport and wave parameters. 

The alongshore component of energy flux (LEF) is defined as: 

                     2.2.6.1 

 

Where: 

E = Wave Energy Cgroup = Wave Group Velocity α = Incident wave angle 

Wave energy is calculated at the breaker line, and can be expressed by the following equation: 

   
 

 
     

  
2.2.6.2 

 

Wave group velocity is expressed thus: 

       √ 
  
  

 

2.2.6.3 

 

This alongshore energy flux is related to the submerged sediment transport rate (QI) by the following 

expression, known as the CERC formula (USACE 2002): 

        2.2.6.4 

 

Where K is a dimensionless co-efficient. The Shore Protection Manual suggests using a K of 0.39 

while (Komar 1998) suggests a value of 0.3. The K value is best used if the coefficient is calibrated 

for a particular site (Smith, Wang & Zhang 2003). Combination of the previous equations produce the 

following expression: 
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2.2.6.5 

 

The alongshore transport rate is calculated from the submerged transport by the following equation: 
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2.2.6.6 
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Where: 

K = 0.39  Hb = Breaking wave height γb = 0.78   

n = 0.4  s = 1.58 

This equation is consistent with that produced by the United States Army Corp of Engineers to 

describe volumetric sediment transport resulting due to littoral transport (as described by (Zheng & 

Hu 2003)): 

  
   

       

  (   )
           

2.2.6.9 

 

Longshore transport is also an important process outside the river entrance. The effects of alongshore 

transport were considered by (Bailey 2005), who considered the effects of a storm induced southward 

littoral drift moving dredged spoil from the disposal site back into the estuary. This process, he 

suggested, was important in the annual shallowing of the Murchison Estuary.  

2.2.7. Spit Formation 

A sand spit is defined as a narrow accumulation of sand with one end attached to the shore and 

another extending away from the shore in the direction of littoral transport (Dyer 1986). The 

extremities of a spit are known as the proximal end and the distal end, denoting the attached and 

unattached end respectively. The spit is created by littoral currents transporting sediment parallel to 

the coastline. Once the current reaches deeper water it slows, reducing the velocity to the point where 

it is no longer able to transport sediment depositing it, creating the spit. Spits are dynamic features, 

functions of variations in wave climate or river flow.  
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Figure 11. Murchison Estuary circa 31/12/2005, the prominent sand-spit is visible extending from the southern bank 

of the river 

 

Figure 11 depicts the 2005 estuary; clearly visible is the sand-spit extending from the eastern end of 

Chinaman’s Beach. This sand-spit was removed by the 2006 flood and has not been re-established. 

The dynamics of the spit and the conditions required for re-establishment are undefined, with 

potential re-development likely to block the location of the southern channel. 

2.2.8. Inlet Stability 

Inlet stability refers to the procedure used to predict the stable dimensions of an inlet based on tidal 

flow velocities (Bruun 1978). Inlet stability proposes that the movement of water through the inlet due 

to tidal exchange will scour sediment deposited by wave action. This balance will reach an 

equilibrium width and depth. Through analysis of inlet stability it is possibly to determine the 

equilibrium cross section of the channel (Hegge 2006). Dean (1971) provided the following 

relationship for inlet stability analysis relating the tidal prism (P) to the inlet area (AI): 

  
            

 
 

2.2.8.1 

 

The maximum tidal velocity (Vmax) required for a stable inlet was found to be approximately 1ms
-1

 

which has been accurately validated (Bruun 1978). Bailey (2005) and Hegge (2006) considered the 

concept of inlet stability within the context of the Murchison Estuary. 
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Bailey (2005) conducted his inlet stability analysis for the estuary with the sand-spit creating a range 

of hypothetically stable inlets, while Hegge (2006) analysed the inlet without the sand spit, 

determining the maximum tidal velocity experienced under the current estuary. Both studies 

suggested that dredging removed sediment prior to the system reaching equilibrium, thus limiting the 

impact of anthropogenic changes to the estuary in terms of inlet stability. 

From the relationship defined previously (2.2.8.1), it can be determined that the equilibrium inlet 

cross-sectional area is approximately 73m
2
. The estuary can be simplistically idealized as having a 

rectangular cross section. The equilibrium dimensions calculated for two estuary compositions; the 

current width of the estuary, and the design depth of -1.8mCD can be calculated: 

Table 1. Equilibrium dimensions of the idealized estuary 

Depth Width 

-1.8m 40m 

-0.3m 250m 

 

From table 1 it can be seen that an equilibrium channel with an adequate depth for boating access (-

1.8mCD) the channel will be 40m in width. Similarly, the equilibrium depth for the current width of 

the estuary (250m) will be 0.3m.  

These dimensions are for a channel that reaches equilibrium under tidal flows. Anthropogenic 

dredging, flow and wave events will affect this, possibly preventing this equilibrium from being 

reached. 

2.3. Wave Theory 

Wave motion is an important feature of nearshore systems. Waves carry energy transformed from 

wind energy across the ocean to dissipate in on a coastline (Dean & Dalrymple 1991). Wave energy 

has the ability to transport significant amounts of energy, impacting the structure and dynamics of a 

system. These processes generate currents capable of suspending sediment into the water column, 

transporting sediment and influencing the shape of beaches and estuaries (Bosserelle, Haigh & 

Pattiaratchi 2011). Thus an understanding of the wave processes and theory is significant in 

determining the sediment dynamics of the Murchison Estuary. 

There are a variety of wave theories used to describe the motions of a wave in the ocean. These are: 

1. Airy Wave Theory 

2. Stokes Wave Theory 

3. Cnoidal Wave Theory 
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The purpose of wave theory is to create expressions for the wave parameter; wavelength, wave height, 

celerity, energy, power and wave particle velocity (Dyer 1986). The most basic wave theory is linear 

wave theory, with the first order approximation known as Airy waves. These waves are sinusoidal in 

profile and occur in deep water where the wave height is insignificant compared to water depth. As 

waves propagate into shallower water the waves undergo transformation; shoaling, refracting and 

breaking (Bearman 1989). As waves alter they become more accurately approximated by higher order 

wave theories. The selection of the correct wave theory is important as the relationship between wave 

parameters differs depending on the type of theory used. Figure 12 illustrates the following range of 

validity for the differing wave theories. 

 

Figure 12. Ranges of validity of the various wave theories 

 

Waves within the Murchison Estuary can be considered shallow water waves, with Cnoidal wave 

theory being the best mathematical approximation of wave behaviour. However when considering the 

wave theories relationship with sediment transport. Dean and Dalrymple (1991) suggested that Airy 
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wave theory provided greater validity for approximations. Thus this study will use Airy wave theory 

to approximate wave parameters within the estuary. 

2.3.1. Airy Wave Theory 

Airy wave theory is used to describe the idealistic sinusoidal wave motion. This conceptual 

description of an ocean wave is described thus: 

  
 

 
   (

   

 
   ) 

2.3.1.1 

 

Where λ is the wavelength. 

In shallow water and under the Airy wave theory wave celerity is governed by water depth: 

  √   2.3.1.2 

 

Wave transformations result in a shallowing and lengthening in the troughs of waves and increasing in 

the height of waves. Though these transformations occur in the area of interest, Airy wave theory is 

still considered to have the most analytical validity to measured results. 

2.3.2. Maximum Orbital Velocity 

The maximum orbital velocity is the largest instantaneous velocity experienced by the fluid as a result 

of wave motion. Assuming that within the estuarine system wave motion will behave as a shallow 

water wave, the fluid particles will have an elliptical motion. Within the scope of sediment transport, 

the peak fluid velocity is of most interest at the sediment water interface. This velocity can be 

assumed to be the fluids peak horizontal velocity, as the wave-induced orbits become increasingly flat 

with depth. The maximum orbital velocity at the sediment water interface can be described by the 

following equation: 
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2.3.2.1 

 

Where: 

Hs = Significant wave height  TP = Peak spectral   k = 2π/λ h = depth 

2.3.3. Maximum Shear Stress 

The maximum shear stress is the shear stress associated with the maximum fluid velocity in a wave 

cycle. It can be expressed by the equation below (Jonsson 1980): 
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2.3.3.1 

 

Where fw is the friction factor; governed by the following equation. 
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2.3.3.2 
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2.4. Sediment Mobility 

Sediment transport refers to the tendency of a particular particle of sediment to become mobile as a 

result of hydrodynamic and/or wave forcing’s (Nielsen 1992). Sediment mobility has attracted 

considerable research; however it remains a difficult concept to quantify due to a number of intrinsic 

factors, and there is no accepted universal method of modelling sediment transport (Masselink et al. 

2005). Firstly, it is difficult to define ―initiation of motion‖, does sediment transport occur when 

1:1000 or 1:100 sediment grains become mobilised? Secondly the inherent complexities within a 

natural system are difficult to represent numerically (Bagnold 1956). For example the sea bed is not 

perfectly smooth, previous events will create irregularities which will induce localised increases in 

bed shear (Nielsen 1992).  

Essentially the mobility of a sediment particle is governed by the balance between lift and settling 

forces. For the purposes of analysing the possible movement of a sediment particle it is important to 

consider 3 forces acting on the sediment; the gravitational force, intergranular forces and fluid forces 

such as a drag and lift that may occur (Nielsen 1992). 

Figure 13 depicts a sediment particle in a moving fluid. Fluid forces (drag and lift) act to move the 

particle from it position while the gravitational forces resist the vertical lift force.  
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Figure 13. Forces on a sediment particle at rest (Southard 2011) 

2.4.1. Gravity Forces 

The gravitational force acting on a sediment particle is equal to the immersed weight of the particle 

and is described by the following equation (Dyer 1986): 

   
 

 
(    )  

  2.4.1.1 

 

For particles suspended in the fluid the gravitational force manifests itself as a driving component of 

the settling velocity, which is governed by the combination of the gravitational and the drag forces.  

2.4.2. Intergranular Forces 

The intergranular forces of sediment are well understood for sediment that is dry or completely 

submerged, as the angle of repose (the maximum angle at which the sand will be stable) is a function 

of frictional co-efficient; defined by the ratio of effective normal stress σe and the maximum 

sustainable shear stress τmax (Nielsen 1992). 

2.4.3. Fluid Forces 

The flowing fluid around a sediment particle on the sea bed will exert a drag force on the particle. 

Dyer (1986) suggests that this drag force can be equated by the equation  

   
 

 
    

    
 

 
   

2.4.3.1 
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Where CD is the drag co-efficient. 

Lift forces are also created by the motion of fluid passing over the sediment (Dyer 1986). The 

pressure gradient across the particle will induce a lift force. Dyer (1984) provides the following 

expression for the lift force as a function of projected area and velocity: 

   
 

 
    

    
 

 
   

2.4.3.2 

 

The lift force diminishes significantly as the sediment particle is raised above the sea bed as the 

pressure gradient across the particle is reduced (Dyer 1986). 

2.4.4. Threshold for Sediment Mobility 

At a certain threshold velocity there will be sufficient lift force applied by the fluid as to overcome the 

retarding gravitational forces and move the sediment from its equilibrium position (Dyer 1986). This 

velocity is defined as the threshold or critical velocity, which has associated with it, a 

threshold/critical shear stress (Dyer 1986).  

Mobility Number 

The mobility number is a dimensionless measure of the fluid forces on a sediment particle under 

waves. For sand particles sand particles under waves with a typical excursion, amplitude of 0.1-2m 

the Kuelegan Carpenter number is very small, and the drag force will tend to dominate over the 

pressure forces (Nielsen 1992).  

The total disturbing force on a sand particle is approximately proportional to the square of the velocity 

amplitude Aω and the ratio between this disturbing force and the stabilizing force due to gravity is 

given by the mobility number: 
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2.4.4.1 

 

2.4.5. Shields Parameter 

Shields parameter represents a different measure of the balance between the disturbing and stabilising 

forces on sand grains at the bed. Suggested by Shields (1936) in a study of incipient motion of 

sediment in steady flow: 
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Masselink et al. (2005) suggested that the non-dimensional sediment transport rate, υ, is proportional 

to the Shields parameter by the following relationship: 

   (    )√  2.4.5.2 

 

Where k is a calibration coefficient (using a default k=8 as per a classical bedload transport 

(Masselink et al. 2005)) and θC is the critical Shields parameter at which no sediment transport occurs. 

Masselink suggests that 0.05 is a good approximation for    Based on this; a threshold free stream 

velocity can be calculated combining equation 2.3.3.1 with 2.4.5.1: 

           √
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2.4.5.3 

 

Where fw is the aforementioned friction factor, D50 is the median grain diameter and s is the ratio of 

sediment density and fluid density. From previous sedimentary analysis of the estuary undertaken by 

Bailey (2005), the median grain size can be assumed at 0.4mm. Fw and s are assumed to be 0.03 and 

1.58 respectively. 

From this the threshold flow velocity at which sediment movement will occur is calculated at 0.2ms
-1

. 

This value is an approximation and will changes with changes to sediment size and friction factor. 

2.5. Numerical Modelling 

Numerical modelling will be achieved through the software provided by the Danish Hydraulic 

Institute (DHI). Their spectral wave modelling software, MIKE 21 SW, uses a discretised 

unstructured mesh and applies a directionally decoupled formulation based on the wave action 

conservation equation to predict wave parameters and their transformations (DHI 2007). MIKE 21 

SW is a third generation wave model which solves the spectral action balance equation across a 

specified domain (Folley & Whittaker 2009). The model resolves wave processes; wave generation by 

wind, non-linear wave interaction, wave-current interaction, shoaling, refraction and dissipation due 

to bottom friction, white capping and breaking (DHI 2007). 

MIKE 21 SW has been accurately validated across coastal and offshore areas and across regional and 

local spatial scales (DHI 2007). 

2.6. Dredging and Southern Channel Pertinent Literature 

2.6.1. Current Dredging Program: 

Annual dredging of the Murchisopn Estuary is conducted by the DoT between October and November 

to ensure a navigable channel for the commencement of the WRL fishing season in November. This 
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time of year has been identified as the optimal time to dredge due to prevailing wind and wave 

conditions allowing for fewer disruptions (JFA 2006a).  

The dredging program involves the removal of sediment from the northern area of the estuary 

opposite Chinaman’s Beach. Figure 14 depicts the 2007 dredging exercise, indicating the dredged 

area and the deposition sites for dredged sediment (Appendix B). The program varies from year to 

year, but requires that a minimum of 20,000m
3 
be dredged with the average being approximately 

35,000m
3
 (DoT 2009).  

 

Figure 14. 2007 dredged area  and disposal sites 

 

The dredged channel is subsequently filled by fluvial sediment deposited from river flows and 

sediment transported over Oyster Reef and into the channel. As a result of this deposition the 

navigability of the channel is limited during the year as the channel shallows prior to the 

commencement of dredging in October; the channel is currently experiencing navigability issues as of 

April. The 2009 dredging exercise removed 36,680m
3
 of sediment at a cost of $402,061 (DoT 2009)) 
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Figure 15. Area of sediment removal (blue) and nourishment (red) of 2008 dredging exercise 

 

Figure 15 illustrates the areas of the estuary of sediment removal and nourishment for the 2008 

dredging program. Sediment was removed from the boating channel, while Chinaman’s Beach was 

nourished with dredged spoil. 

The Southern Channel Excavation Project Investigation (2006) was produced by JFA Consultants on 

behalf of the Department for Planning and Infrastructure in 2006. It details the annual maintenance 

dredging undertaken within the river mouth to create a navigable channel and outlines the opportunity 

to create a navigable channel to the south of the current dredged channel via excavation of a limestone 

rock outcrop. The investigation outlines the area and method of excavation and the timeframe 

required for completion 
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Figure 16. Dredging of the Murchison Estuary circa 2009 

 

Figure 16 depicts 2009 dredging exercise; creating a navigable channel to the north of the limestone 

outcrops in the estuary. The natural channel to the south of the dredged channel is visible, which 

would create an alternative channel for boating access. 

2.6.2. Kalbarri-Murchison River Mouth Annual Maintenance Dredging, 

Southern Channel Excavation Project Investigation (JFA 2006a) 

JFA Consultants produced a report detailing the results of wave penetration modelling undertaken by 

them on behalf of Oceanica and the DoT. The numerical model looks at the changes in wave climate 

likely to be experienced under the proposed excavation of a southern channel. Two channels were 

analysed, with depths of -1.0 and -1.8mCD, while 2 wave conditions were analysed corresponding to 

prevailing and storm conditions of 2004.  

Using the SWAN wave model (Simulating WAves Nearshore) the wave climate within the estuary 

was depicted under both wave conditions, before and after the excavation of the southern channel. 

The outputs of the model run simulating the prevailing conditions and measured bathymetry validated 

accurately with the visual observations. The simulations indicate that the area of proposed excavation 

occurs in an area of relatively low wave energy, suggesting that changes in the wave climate in the lee 

of the excavation are likely to be small. Models indicated that the maximum increase in the wave 



Wave Penetration Modelling of the Murchison Estuary    Daniel P O’Connell 

 

30 | P a g e  

 

height associated with excavation will be 0.1m however these increases will be limited to narrow 

regions of the estuary; approximately 50m to the east and south of the excavation area. 

The models were deemed to be accurate representations of the actual wave climate within the estuary, 

however there is significant scope for improvement which will improve the validity of predicted 

changes. The bathymetry for Chinaman’s Rocks and Oyster Reef were estimated and at 0 and 1mCD 

respectively and assumed to be uniform across the extent of the reefs. Improvement of these 

measurements will create a superior representation of the wave climate within the estuary. 

The modelling can be further improved by coupling the effects of wind, water level and the 

hydrodynamics on the wave climate. These will provide further improved predictions of the wave 

climate within the estuary and allow stronger conclusions to be formulated on the effects excavating a 

southern channel will have on the system. 

2.6.3. Effects of Sediment Dynamics on the Navigability of the Murchison 

River Ocean Entrance, Western Australia (Bailey 2005) 

This is a final year honours project from the University of Western Australia (UWA) undertaken by 

Joel Bailey. It analyses the wave climate offshore of the Murchison River entrance through numerical 

modelling and uses the information to draw conclusions to sediment dynamics of the estuary. In 

particular, the paper details the theory that a dominant feature in the sediment dynamics of the estuary 

is the passage of water over Oyster Reef, transporting ocean sediment into the estuary and 

subsequently into the boating channel. This process was determined through analysis of the 

hydrodynamics and wave conditions within the surf zone just beyond the rivermouth under storm and 

prevailing conditions.  

The hydrodynamic model uses also used the SWAN wave model, and resolves the wave climate in the 

coastal and offshore area adjacent to the Murchison River entrance. The information derived from 

these models regarding the sediment dynamics of the estuary can be extended by expanding the 

modelling area to include the estuary.  

The study also investigated the sediment composition within the estuary. Bailey (2005) found that 

sediment within the estuary varied from a D50 of 0.3mm to 0.8mm. He found significant spatial 

variation in the sediment with D50 changing up to 0.3mm over a 100m range. He suggested that the 

sediment distribution was highly influenced by the input of fluvial sediment into the system via river 

flows and the input of coarse sediment from the nearshore area into the system by wave action. 
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3. Methodology 

3.1. Numerical Modelling 

Numerical modelling was conducted using the MIKE modelling suite produced by DHI. 

The models were run under a variety of scenarios within the range of available input data; chosen to 

maximise the relevance of the outputs they produced. Each scenario was modelled for both the current 

bathymetry and the bathymetry associated with the excavation of the southern channel. The modelled 

scenarios are detailed in this section 

3.2. Inputs 

A variety of input data was required for the modelling efforts.  

3.2.1. Wind 

Wind data was available internally within UWA, having been provided by BoM for previous studies. 

The data was sourced from BoM’s field station on North Island, Abrolhos. Hourly recordings of the 

wind speed and direction were taken for the year of 2008. The data contained times of missing values, 

due to faults in the recording equipment. Numerical models require input time series to be uniform in 

their time step, thus the wind data had to be interpolated to fill these voids. This was assumed to be an 

accurate representation of the wind conditions experienced by the Murchison Estuary. 

Local variations in wind patterns due to the local topography were deemed to be negligible and the 

wind data was forced uniformly across the model to resolve the impact of wind on the wave and 

hydrodynamic climate within the estuary. Appendix A shows the raw wind data for 2008,  

3.2.2. Wave 

Measured wave data was not available for the waters offshore of the Murchison Estuary. Hindcast 

wave data from Bosserelle et al. (2011) was used in lieu of measured data. Hs, spectral period (TP) and 

mean wave direction was provided for the year 2008 from the hindcast model at the location 

27°49'59"S 113°49'59"E as illustrated previously in section 2.1.5. The MIKE 21 SW suite requires a 

measure of directional spreading of the wave. This was calculated using the following equation: 

                     (
    

  
)    (

     
  

)               

For spectral periods beyond the applicable domain, the directional spreading was assumed to be that 

of the nearest extreme value of spreading. 

3.2.3. Water Level 

There were no available measurements of the water level at the Murchison Estuary. The water level 

was taken from numerical sea level modelling produced by (Haigh & Pattiaratchi 2010), which 
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coupled the effects of tides, atmospheric pressure and wind set up to produce expected water levels 

for the year 2008. The raw data extracted from this model is shown in Appendix A: 

3.2.4. Bathymetry 

Bathymetry data was taken from a variety of sources to depict the estuarine and offshore system 

Offshore Bathymetry: 

Offshore bathymetry data was provided by Geoscience Australia at a 250m resolution. 

Estuary Bathymetry:  

Bathymetry for the estuary was recorded through boating surveys completed by the DoT following 

the flooding event of 2006. This produced high resolution depth readings throughout the estuary. 

However the data was limited to the regions of the estuary navigable by boat. As a result critical areas 

of interest including Oyster Reef, Chinaman’s Rocks and the reef area immediately adjacent to the 

boat ramp were not included in the surveys. 

Oyster Reef and Boating Reef:  

Data for the Boating Reef and Oyster Reef were gathered using aerial imagery analysis conducting in 

consultation with the DoT. Spot heights of these areas of interest were captured using Leica 

Photogrammetry Suite, allowing their relative heights to be extracted from aerial photographs 

(Einham 2011). This technology could not be used to produce bathymetry for Chinaman’s Rocks as 

the presence of breaking waves prevented the applicability of the photographs.  

Chinaman’s Rocks:  

Previous works by (JFA 2006b) on behalf of JFA Consultants applied a depth of -0.75mAHD across 

the entirety of Chinaman’s Rocks, which produced a wave climate that validated accurately with field 

observations. However this method does not accurately depict the natural channel between the 

headland at the entrance and the submerged rocks; detailed in section 2.1.1 and illustrated in Figure 

8). 

Thus for the purposes of this study the bathymetry across Chinaman’s Rock was taken to be                

-1.0mAHD across the main reef with -1.5mAHD for the deeper channel. 

Given the relatively arbitrary depths used for Chinaman’s Rocks, numerical models were run for a 

variety of depths representing Chinaman’s Rocks under a stationary wave to determine the sensitivity 

of wave penetration to changes in reef depth. The depths used were: 
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 Reef Depth 

(mAHD) 

Channel Depth 

(mAHD) 

1 -0.50 -1.00 

2 -0.75 -1.25 

3 -1.00 -1.50 

4 -1.25 -1.75 

5 -1.50 -2.00 

6 -1.75 -2.25 

Nearshore Area:  

The area immediately offshore of Murchison rivermouth was not represented by the boating surveys 

the coarse offshore bathymetry provided by Geoscience Australia does not represent the area with 

sufficient detail to resolve the nearshore wave processes. Thus depths were input into the model 

manually from navigation charts of the area. 

These bathymetry files were compiled to produce a complete bathymetry of the Murchison Estuary. 

The resulting surface plots (Figure 17) were produced in Matlab via the meshgrid function: 
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Figure 17. Surface plots of the Murchison Estuary (vertically exaggerated) 

 

Southern Channel:  

Bathymetry for the southern channel was created under the design proposed by the DoT in their 

project investigation (JFA 2006a). The bathymetry was adjusted to -1.8mAHD as per requirements 

through the area indicated in section 2.1.2. The removal of in situ depths and the creation of the 

southern channel were completed in Matlab and the MIKE ZERO mesh generator interface 

respectively. Batter slopes were not considered, with the MIKE software performing its own 

interpolation of the extremities for the channel. 

N 
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3.2.5. Coastline Files 

Coastline files were created using aerial photos taken from the Google Earth program. Paths from 

Google Earth were manipulated used Matlab to create files appropriate for the MIKE modelling 

software. 

3.2.6. Murchison River Flow Rates 

Flow data for the Murchison River was supplied by the DoW from its gauging station at Emu Springs. 

Data was recorded hourly over a 42 year time period from 1967 to 2009, providing an extensive 

historical data set of the Murchison River flow rate which is shown in Appendix A: 

3.3. Meshes 

The modelled domains of offshore and estuarine environments were discretized into an unstructured, 

triangular mesh.  

3.3.1. Offshore Mesh 

Offshore modelling was required to resolve the transformations of waves as they propagate across the 

continental shelf. An unstructured mesh was created that extended off the coast to the point of wave 

extraction from Bosserelle et al. (2011) hindcast wave model. Figure 18 illustrates the unstructured 

mesh used to represent the region offshore of the river entrance. Also illustrated is the location used 

for point extraction in the model. 
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Figure 18. Unstructured mesh for the area offshore of Kalbarri. The red dot indicates the location of point extraction 

for the offshore model 

 

3.3.2. Nearshore Model 

Figure 19 shows the estuarine mesh. Higher spatial resolution was given to areas of importance 

allowing the model to better depict the process occurring in that location, while regions beyond the 

estuary or further upstream of the study area were given lower resolution. 
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Figure 19. Unstructured estuarine mesh representing the Murchison Estuary; the black dots indicate the locations of 

point extraction from the model. 

 

Figure 19 also shows the locations at which wave parameters were extracted (visible as black dots). 

These were identified as areas of interest within the system, where values of, and changes in, wave 

parameters were significant. They corresponded to (left to right) the proposed southern channel 

location, Chinaman’s Beach and the Kalbarri boat ramp. 

3.4. Offshore Models 

The offshore model was forced with offshore wave conditions, wind data and water levels. The model 

was computed to depict the wave climate in the area adjacent to the Murchison River entrance and 

resolve transformations as waves propagate across the shelf. Due to high computational times the 

model was limited to runs spanning less than 3 months. Modelled scenarios were designed to reflect 

time periods of importance: 

1. 1/5/2008 00:00:00 to 31/7/2008 00:00:00 

This scenario was run to resolve the wave climate during the months of highest wave energy, 

encapsulating the largest wave event of 2008 in July. 
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The models produced an area series of the wave parameters across the offshore domain. HS, TP, mean 

wave direction and directional spreading were extracted at the point illustrated in Figure 18, which 

were then used to force estuarine wave models. 

3.5. Stationary Estuary Models 

The estuarine models were forced with standing waves representing a variety of wave conditions 

likely to be experienced by the system. These models were forced by wave action alone as well as 

coupled with additional forcing’s such as wind, tide and river flows. Without time-varying input data, 

these models created stationary wave conditions within the estuary. All models were run for the 

system under its current bathymetry and with the southern channel in place.  

3.5.1. Uncoupled Models 

Uncoupled models were run to depict generic wave conditions without incurring high computational 

times. Spectral Wave models were run for three stationary wave climates: 

1. HS = 1m ; TP = 8s ;  Dn = 270
o
 

2. HS = 2m ; TP = 11s ; Dn = 270
o
 

3. HS = 3m ; TP = 15s ; Dn = 270
o
 

With the following wave parameters were calculated: 

 HS; 

 Maximum wave height; 

 TP 

 Dn; 

 Wave power and; 

 Radiation stress 

The parameters were resolved across the entire estuarine system and point extracted at the locations 

illustrated previously (Figure 19).  

3.5.2. Coupled Models 

Stationary wave models were run with the wave action coupled with other forcing’s, including wind 

and river flows. Due to increased computation time these coupled scenarios were limited to 2 wave 

conditions: 

HS 

(m) 

TP 

(s) 

Dn River Flow 

(m
3
s

-1
) 

Wind Speed 

(ms
-1

) 

Wind 

Direction 

1 8 270 30 15 180 

4 14 270 30 15 180 
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The following wave parameters were resolved across the entire system and point extracted at the 

locations illustrated previously (Figure 19): 

 HS; 

 Maximum wave height; 

 TP 

 Dn; 

 Wave power and; 

 Radiation stress 

3.5.3. Chinaman’s Rock Sensitivity Analysis 

Stationary spectral wave modelling was produced for the estuary under a variety of bathymetries 

representing the depths of Chinaman’s Rock. This was done to provide insight into the sensitivity of 

wave penetration into the estuary with respect to the assigned depth of Chinaman’s Rock. 

The models were run under 2 stationary wave conditions: 

1. HS = 1m ; T = 8s ; D = 220
o
 

2. HS = 3m ; T = 12s ; D = 220
o
 

These models were run for the bathymetries outlined in section 3.2.4. 

3.6. Time Series Models 

Numerical models were run with inputs varying temporally. These models were created to provide a 

temporally varying depiction of the estuary. Models were run under the current bathymetry and the 

system with the southern channel, allowing comparison between the results. The following scenarios 

were run using time series input data. 

3.6.1. Winter 2008 

The wave climate for the winter of 2008 was resolved through an uncoupled spectral wave model of 

the estuary. High computation times did not permit the effects of wind water levels and river flows to 

be used as forcing’s within the model. 

Wave parameters were depicted across the domain and point extracted at the locations shown on 

Figure 19. 

3.6.2. Maximum Wave Height 

High computation times limited the coupling of hydrodynamics, wind and water level forcing’s on the 

time series models. Thus periods of interest were identified to run coupled models with time series 

inputs. The estuarine model was run under the conditions experienced under the largest wave event. 
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This covered the time period 16-7-2008 to 19-7-2008. HS experienced during this period is shown in 

Figure 20: 

 

Figure 20. HS height for the nearshore (red) and offshore (blue) regions for the 16th of August to the 19th of August. 

 

The estuarine model was forced with this wave data along with river flows, water level and wind 

components.  

3.6.3. TC Emma Hydrodynamic Model 

The river flows experienced during TC Emma were modelled through a simple hydrodynamic model. 

The flows associated with TC Emma were considered a good proxy of extreme flow events through 

the river; the model depicted the hydrodynamics for such an event. To minimize computation time the 

model was forced only with river discharge, neglecting the effects of waves, wind and tides as they 

were deemed to be negligible in comparison to river flow.  

3.7. Model Validation 

Unfortunately there was no available data, either hydrodynamic or wave, to validate the modelling 

output against. Thus model validation was limited to on site observations. 

3.8. Alongshore Sediment Transport 

The CERC equation, explained in section 2.2, was applied to the wave parameters predicted at 

Chinaman’s Beach and at the boat ramp. This quantified the degree of alongshore transport expected 

at each location due to oblique wave action. This calculation was performed for wave parameters 
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taken from spectral wave modelling of the estuary encapsulating May, June and July of 2008 (Section 

3.6.1). 

This produced an instantaneous alongshore transport rate at 3-hourly intervals, in units of m
3
s

-1
. These 

values were multiplied by 10800 to determine the net 3-hourly transport volume of sediment which 

can be summed together to give a total volume transport. These values were then summed to provide 

a net volume of alongshore sediment transport for the given time period.  
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4. Results 

4.1. Offshore Wave Models 

Figure 21 illustrates predicted HS and wave direction generated by the offshore model for the 5
th
 of 

May 2008. The model resolves the wave refraction and attenuation experienced as the incoming 

waves propagate across the continental shelf. 

 

Figure 21. Hs and wave direction for 5/5/2008 9:00:00 as depicted by the offshore spectral wave model. 
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The wave climate is dominated by south west waves, which orientate themselves parallel to the 

coastline as they approach the shore. Incoming waves do not appear to experience much attenuation 

while refraction does not significantly change the until water depths of approximately 30m. 

The effects of wave attenuation and refraction were quantified through comparison of HS and wave 

direction input wave data at the western boundary condition and those extracted from the nearshore 

area. The results are depicted in Figure 22: 
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Figure 22. A comparison of wave parameters between the input data (green) and those extracted nearshore (blue).  
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The comparison between mean wave direction displays a noticeable change, with an increase from an 

average bearing of 242
o
 to 254

o
. Figure 22 does not reveal such discrepancies between the offshore 

and nearshore HS. Residual analysis between the offshore and nearshore produced the following 

results: 

  

Figure 23. Residual HS between offshore and nearshore points; raw (left) and as a percentage (right) 

 

Figure 23 indicates that HS generally decreases as the wave approaches the nearshore, with a median 

reduction of 4.2%. 

4.2. Stationary Estuary Models 

The results of estuarine models forced with stationary waves are detailed in the following. 

4.2.1. Uncoupled Models 

Spectral wave models were forced with stationary waves of heights 1m, 2m and 3m. Figure 24 shows 

the predicted wave climate associated with a 3m incident wave height while Figure 25 shows a 

magnified depiction of the area of interest of the wave climate in terms of HS (contours) and mean 

wave direction (vectors). 
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                              a) 

 b) 

Figure 24. 3m incident wave height with the southern channel (a) and the normal bathymetry (b) 
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                   a) 

 b) 

Figure 25. Magnified estuary illustrating wave penetration under normal conditions (b) and with the southern 

channel (a). The location of the proposed southern channel is indicated as the red square. 
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Modelled scenarios depicting the estuary under its normal bathymetry and with a southern channel 

both display a similar macro wave climate. HS decreases significantly as waves travel over 

Chinaman’s Rocks while wave refraction allows waves to propagate between through the passage 

between Chinaman’s Rocks and Oyster Reef. 

The majority of wave energy entering the estuary follows two directions; southwards to Chinaman’s 

Beach or south of east further into the estuary Figure 25. Both modelled estuaries depict these 

preferential directions of wave penetration, although the estuary with the southern channel shows 

slightly more preferential wave penetration along these planes. 

HS was extracted at the point indicated in Figure 19. Under a stationary incident wave forcing’s the 

wave heights within the estuary reach an equilibrium, the values for which are indicated in Table 2. 

Table 2. HS extracted at each point location 

Incident Wave 

Height 

Normal Bathymetry Southern Channel 

Boat Ramp SC Chinaman’s Bch Boat Ramp SC Chinaman’s Bch 

1m 0.099m 0.187m 0.123m 0.071m 0.183m 0.112m 

2m 0.141m 0.272m 0.179m 0.105m 0.268m 0.168m 

3m 0.163m 0.312m 0.206m 0.122m 0.304m 0.194m 

  

Table 2 shows wave heights decrease under the bathymetry of the Southern Channel by between 

0.004m and 0.041m. Table 3 illustrates the difference between the predicted HS at each location and 

under each wave regime. 

Table 3. Residual wave height between the two modelled scenarios. Positive indicates larger waves under normal 

bathymetry. 

Incident Wave Height Boat Ramp SC Chinaman’s Bch 

1m 0.028m 0.004m 0.011m 

2m 0.036m 0.004m 0.011m 

3m 0.041m 0.008m 0.012m 

Average 0.035m 0.005m 0.011m 

 

Minimal changes in HS were observed at the location of the southern channel, with the largest 

differential observed at the boat ramp, where wave heights were observed an average 0.035m. 

4.2.2. Coupled Models 

Wave models forced with stationary wave, river flows and wind speeds, the values for which are 

provided in section 3.5.1. They indicate the area of the proposed southern channel exists in an area of 
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naturally lower wave energy (Figure 25). The following stationary waves heights were produced 

within the estuary at the locations of point extraction: 

Table 4. HS at each point source location for coupled stationary models 

Incident 

Wave Height 

Normal Bathymetry Southern Channel 

Boat 

Ramp 

SC Chinaman’s 

Bch 

Boat 

Ramp 

SC Chinaman’s 

Bch 

1m 0.103m 0.197m 0.128m 0.074m 0.194m 0.116m 

4m 0.168m 0.327m 0.213m 0.123m 0.314m 0.195m 

 

These results show similar patterns to the results produced by uncoupled wave models. Largest waves 

are observed at the southern channel with the smallest predicted at the boat ramp. As per section 4.2.1, 

wave heights are predicted to decrease at each location, with the residual heights at each location 

shown in Table 5. 

Table 5. Residual wave height between the two modelled scenarios. Positive values indicate a decrease in wave heights 

under the southern channel bathymetric regime. 

Incident Wave Height Boat Ramp SC Chinaman’s Bch 

1m 0.029m 0.003m 0.012m 

4m 0.045m 0.013m 0.018m 

Average 0.037m 0.008m 0.015m 

 

HS decreases for all recordings. The southern channel was again shown to display the least variation 

in HS, with the boat ramp again displaying the most. The maximum change in HS was 0.045m at the 

boat ramp under a 4m incident wave height. 

Wave heights predicted by coupled models were predicted to exceed those predicted by uncoupled 

models, although differences were generally less than a centimetre. 

4.2.3. Chinaman’s Rock Sensitivity 

The bathymetry for Chinaman’s Rocks was varied to determine the sensitivity of wave penetration to 

changes in bathymetry (section 3.5.3). HS recorded in the estuary under each bathymetry are shown in 

Table 6. 

HS was predicted for two incident wave heights; 1m and 3m. Both wave conditions displayed an 

approximately linear change in HS for changes in depth (Table 6): 

 



Wave Penetration Modelling of the Murchison Estuary    Daniel P O’Connell 

 

50 | P a g e  

 

Table 6. Wave penetration across varying Chinaman's Rock depths under 1m and 3m incident wave heights 

Chinaman’s 
Rock Depth 

(mAHD) 

Significant Wave Height 
(m)/Percentage Reduction in Hs 

1m 3m 

-0.5m 0.139m 86% 0.183m 94% 

-0.75 0.160m 84% 0.210m 93% 

-1.00 0.189m 81% 0.242m 92% 

-1.25 0.218m 78% 0.276m 91% 

-1.5 0.250m 75% 0.310m 90% 

-1.75 0.276m 72% - - 
 

Both scenarios indicate a significant amount of energy is dissipated across Chinaman’s Rock. As the 

depth of Chinaman’s Rocks is increased, wave penetration into the estuary increases. Wave 

penetration is also higher for the smaller incident wave, with an average of 81% of wave height 

reduced across the reef for 1m waves, compared with 92% for 3m waves. 

4.3. Time Series Models 

4.3.1. Winter 2008 

Model scenarios representing the wave conditions from 5/5/2008 to 31/7/2008 produced the following 

wave climates at the locations of point series extraction. Represented in Figure 26 is HS: 

a) b) 

c) 

Figure 26. Predicted HS at the boat ramp (a), 

Chinaman’s Beach (b) and southern channel (c) under 

the normal estuarine bathymetry (blue) and the estuary 

with the southern channel (red). 
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Figure 26 shows a decrease in HS at the boat ramp and Chinaman’s Beach while HS is not observed to 

experience significant change at the location of the southern channel. The boat ramp shows an 

average reduction in wave height of 0.036m (approximately 30%), significantly more that the 

reduction experienced at the southern channel and Chinaman’s Beach; 0.002m (<1%) and 0.011m 

(6%) respectively.  

 

Figure 27. Comparison of predicted HS with the normal estuary(x-axis), and with the southern channel (y-axis)  

 

Figure 27 shows a scatterplot, comparing HS in the estuary under normal conditions and with the 

southern channel. Comparisons are made between predicted HS at the southern channel, boat ramp 

and Chinaman’s Beach. Comparisons from these three locations are visible in Figure 27 as three 

bands of scatter points. Predicted HS at the location of the southern channel are visible as the scatter 

points which exhibit the largest values and the greatest variability. This location also shows the least 

difference between predicted HS, with the scatter showing strong correlation with the line representing 

a situation of no change, indicated in Figure 27 as the red line. 

Scatter data representing predicted HS at the boat ramp is apparent in Figure 27 as the group of points 

exhibiting the lowest HS. HS shows the spread at this point, while there is a strong, consistent variation 

between the HS predicted under the normal estuary and with the southern channel. This difference is 

reflected, though less pronounced, in the scatter produced for Chinaman’s Beach and reflects the 

smaller wave climate experienced at location under an estuary with the southern channel. 

A summary of the predicted HS at each location is shown in Table 7: 
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Table 7. Summary of HS results from modelled scenarios between 5/5/2008 to 31/7/2008 

Significant 

Wave 

Height 

Normal Estuary Southern Channel 

Boat Ramp Southern 

Channel 

Chinaman’s 

Beach 

Boat Ramp Southern 

Channel 

Chinaman’s 

Beach 

Average 0.157m 0.275m 0.192m 0.116m 0.273m 0.181m 

Min 0.121m 0.201m 0.144m 0.085m 0.199m 0.131m 

Max 0.183m 0.335m 0.226m 0.136m 0.324m 0.213m 

Range 0.061m 0.133m 0.083m 0.051m 0.125m 0.082m 

St Dev 0.013m 0.029m 0.018m 0.011m 0.7m  0.018m 

 

Incoming waves are largest at the location of the southern channel and decrease in average HS as they 

propagate into the estuary, with the boat ramp experiencing the smallest average HS.  

Wave action at the boat ramp also displays the least variability in height, with a variation in HS of 

0.06m and 0.05m for the normal and southern channel estuary respectively. Variation in HS at each 

site does not change significantly with the change in estuarine regime; the range of HS varies by 0.006 

and 0.001m at the southern channel and Chinaman’s beach respectively. The boat ramp is anomalous 

in that the range of HS at this location changes from 0.061 with the normal estuary to 0.051 with the 

southern channel estuary, indicating a more uniform wave climate associated with the excavation. 

The wave direction observed at each location is shown in Figure 28: 
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a) b) 

c) 

Figure 28. Predicted wave direction at the (left to right) 

boat ramp (a), Chinaman’s Beach (b) and southern 

channel (c) under the normal estuarine bathymetry (blue) 

and the estuary with the southern channel (red).  

 

All locations experience waves from the north west quartile, with wave direction varying from 309.3 

to 344.1 degrees from true north. Waves at the boat ramp show the most westerly orientation while 

waves at Chinaman’s Beach experiences the most northerly waves. A summary of the predicted wave 

directions at each point are shown in Table 8: 

Table 8. Summary of wave direction (direction of the origin) results from modelled scenario between 5/5/2008 to 

31/7/2008 

Wave 

Direction 

Normal Estuary Southern Channel 

Boat Ramp Southern 

Channel 

Chinaman’s 

Beach 

Boat Ramp Southern 

Channel 

Chinaman’s 

Beach 

Average 313.7 318.4 342.8 309.6 317.4 343.9 

Min 313.0 316.4 341.1 309.3 314.3 342.3 

Max 314.4 319.0 343.2 309.7 318.2 344.1 

Range 1.4 2.6 2.1 0.43 3.9 1.8 

St Dev 0.2 0.4 0.2 0.04 0.7 0.2 

 

Wave direction at boat ramp shows less volatility for the estuary with the southern channel than for in 

situ conditions. Under normal conditions waves orientate themselves from an average bearing of 
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313.7 degrees with a standard deviation of 0.2, while under an estuary with the southern channel 

waves are from an average bearing of 309.6 degrees with a standard deviation of 0.04. These changes, 

illustrated in Figure 28, are the largest changes in wave direction observed from point source 

extraction. Comparatively, waves at the southern channel experience an average change in orientation 

of 1 degree while Chinaman’s Beach experiences an average change in orientation of 1.1 degrees. 

4.3.2. Alongshore Transport 

Instantaneous alongshore transport rates were calculated using the CERC formulation detailed in 

section 3.8. Using the previously calculated wave parameters representing HS  and wave direction, the 

alongshore transport rate was calculated at Chinaman’s Beach and the boat ramp. The transport rates 

at each point are illustrated in Figure 29: 

  



Wave Penetration Modelling of the Murchison Estuary    Daniel P O’Connell 

 

55 | P a g e  

 

 

 a) 

 b) 

Figure 29. Instantaneous alongshore transport rates for Chinaman’s Beach (a) and boat ramp (b). Red indicates the 

estuary with the southern channel, while blue indicates the estuary under normal conditions 
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Using the interpolation method described in section 3.8, the net alongshore transport was calculated 

for each location across the modelled time frame: 

Table 9. Net alongshore transport volumes calculated at each site under both estuarine regimes 

 Normal Estuary Southern Channel Estuary 

Chinaman’s Beach 4861m
3
 3994m

3
 

Boat ramp 5193m
3 

2410m
3 

 

4.3.3. Maximum Wave Event 

The largest wave event experienced during the available 2008 wave data was encapsulated within the 

time period 16/7/2008 6:00:00 – 19/7/2008 6:00:00. Coupled with time series data for river flow, 

water level and wind forcing’s the following wave climate was depicted for that time period: 
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a) 

b) 

Figure 30. HS for the estuary with normal bathymetry (top) and with the southern channel (bottom) under the wave 

climate predicted for 18-7-2008 10:00:00 
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Figure 30 depicts a macro wave climate consistent with that produced by stationary models. Large 

scale anomalies between the two estuaries appear minimal. Figure 31 and Figure 32 illustrate the 

outputs of HS and mean wave direction at the locations of point extraction.  

 a)  b) 

 c) 

Figure 31. HS at the locations of point series extraction: 

boat ramp (a), Chinaman’s Beach (b) and the southern 

channel (c). Blue indicates the current estuary with red 

showing the estuary with the southern channel. 

 

  

a) b) 

c) 

Figure 32. Wave direction in degrees (indicating the 

direction the waves are propagating from) at the 

locations of point extraction: boat ramp (a), Chinaman’s 

Beach (b) and the southern channel (c). Blue indicates 

the current estuary with red showing the estuary with 

the southern channel. 
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Figure 31 illustrates a consistently lower wave height at the 3 locations where point extraction 

occurred.  

Figure 32 suggests that at the locations representing the boat ramp and Chinaman’s Beach wave 

direction will be orientated from a more westerly direction under the southern channel regime. The 

converse will apply at the location of the southern channel as waves will be orientated more from the 

north under the proposed regime. Wave direction at Chinaman’s Beach is observed to become less 

erratic under the southern channel regime. These results reflect those produced by uncoupled wave 

models over the May-July time frame, detailed in section 3.6.1. 

Figure 33 represents predicted HS for the estuary under normal conditions and with the southern 

channel: 

a) b) 

Figure 33. Scatter plot of predicted HS under the normal bathymetry and with the southern channel at the boat ramp 

(a) Chinaman’s Beach (b).  

 

Figure 33 shows a consistent decrease in HS under the southern channel estuary. This decrease is more 

pronounced at the location of the boat ramp, where HS experienced less variability approximately 

0.07m compared with 0.1m at Chinaman’s Beach. 
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4.3.4. TC Emma Hydrodynamic 

The flood event associated with TC Emma was modelled hydrodynamically, yielding the following 

results: 

 

Figure 34. Significant flows associated with TC Emma 

 

Current speeds were derived in excess of 2.5ms
-1

 through areas of the estuary, while the majority of 

the system between the boat ramp and Chinaman’s Rock experiencing current speeds exceeding     

1ms
-1

. Figure 34 indicates a preferential flow course of higher current speeds. Noticeable is the 

preferential flow path of the water, illustrated by the high current speeds. 
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5. Discussion 

5.1. Wave Climate at Kalbarri 

The wave climate experienced in Kalbarri as depicted by offshore wave modelling is somewhat 

anomalous compared with other areas along the west coast of Australia. The offshore wave climate 

was resolved through spectral modelling, allowing for analysis and comparison of the predicted wave 

climate with respect to wave height and direction. 

As waves propagate across the continental shelf they undergo transformations as they interact with 

their environment; wind forcing promotes wave generation while wave attenuation and wave 

refraction will occur as the waves interact with the ocean floor. Offshore wave models resolved these 

changes, providing representation of the wave climate experienced at Kalbarri. 

Analysis of changes in HS represent changes in wave energy, while changes in wave direction are 

indicative of the effect of refraction. Figure 22 shows a comparison of HS and wave direction between 

the offshore and point extracted nearshore area. Wave height does not appear to change significantly, 

an observation quantified in Figure 23, where HS was predicted to decrease by an average of 4.2%.  

Low attenuation creates a relatively high energy wave environment at Kalbarri. This lack of 

attenuation is anomalous compared with much of the west coast; with HS decreasing by 63% at 

Yanchep (Pattiaratchi et al. 2011), as previously mentioned in section 2.2. Much of this discrepancy 

can be attributed to the characteristics of the continental shelf offshore compared with more southern 

locations. The majority of offshore regions of the west coast between Mandurah and Geraldton are 

dominated by sub-sea ridges, reefs and islands. These contribute to the significant energy losses 

experienced as waves propagate to the nearshore. These offshore features extend as far as the 

Houtman-Abrolhos Islands, sheltering the coastline behind them. 

Kalbarri’s location north of the Houtman-Abrolhos Islands limits the sheltering impacts of these 

geological features. While offshore modelling by Bailey (2005) suggests that some sheltering is 

experienced during some swell, it is still considerably less than for the areas to the south. As a result 

the wave climate at Kalbarri is more energetic than experienced in areas to the south.  

The relatively low wave attenuation indicates minimal impact due to bottom friction on the wave 

climate. While this may be true given the relatively deep, smoother continental shelf exhibited off 

Kalbarri, it may not reflect in situ conditions. Spectral modelling exercises used a uniform factor to 

represent bottom friction when resolving the offshore wave climate. The friction factor, fw, was 

assumed to be 0.0212, representing an ocean floor composition of smooth sand. It is unlikely that the 

entirety of the ocean floor within the model domain was composed of smooth sand. The presence of 

reef, seagrass meadows, irregularities within sand or unresolved bathymetric variations not 

represented by the Geoscience Australia data will create greater bottom friction; causing higher 
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attenuation. However limited understanding of this spatial variation and composition limit the ability 

of the model to accurately reflect the in situ conditions. 

Despite the possible inaccuracies between the offshore wave climate and that predicted by the 

numerical models, it does not undermine the achievement of the stated objectives. The primary 

outcome of this study was to determine the possible changes in wave climate associated with the 

excavation of the southern channel. That the wave climate being forced into the estuary is not a 

perfect representation of in situ conditions is adequate for comparison; provided the input wave 

climate is consistent across estuarine regimes. 

The nearshore wave climate was not able to be resolved through the offshore wave modelling as 

bathymetry data supplied by Geoscience Australia did not provide sufficient resolution to model the 

nearshore processes adequately. Nearshore processes were resolved through estuarine wave modelling 

however the spatial scale of these models was limited to approximately 2km of coastline to limit 

computation time and allow greater resolution across the estuarine system.  

5.2. Nearshore wave climate and estuarine wave penetration  

The nearshore wave climate adjacent too, and the wave penetration into, the Murchison Estuary were 

depicted by the previously detailed numerical modelling exercises. Wave parameters including HS, TP, 

and wave direction were calculated across the spatial domain to quantify wave climate and depict 

governing wave processes. 

The nearshore environment is dominated by shoaling and breaking, as waves reach shallow water. 

The breaking of waves across Chinaman’s Rocks is a dominant process in sheltering the estuarine 

system from the high wave energy experienced at Kalbarri. This process is visible in all modelled 

scenarios, with HS observed to significantly decrease over Chinaman’s Rocks. 

The degree to which Chinaman’s Rocks shelter the estuary was unable to be resolved through the 

numerical modelling exercise. A lack of information regarding the bathymetry of the reef prevents an 

accurate depiction of the breaking process.  

Section 4.2.3 details sensitivity testing undertaken to measure the responsiveness of wave penetration 

to changes in reef depth. Wave height was observed to increase in the lee of the reef as the depth was 

increased. This is consistent with the idea that wave breaking will dissipate more wave energy across 

a shallower reef. The large variation in wave penetration across a 1.5m range of reef depths suggests 

that a greater understanding of the reef’s contours will improve modelling efforts. 

Section 4.2.3 also suggested that wave penetration across Chinaman’s Rocks was a function of 

incoming wave height, with greater wave penetration being recorded for smaller waves. This can be 

attributed to larger waves breaking further offshore, thus having a greater distance with which to 
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dissipate energy. Extrapolation of this suggests that for larger waves the increased sheltering of the 

reef will limit excessive wave impacts within the system. 

Estuarine modelling exercises used a depth of -1mAHD for the main reef with-1.5mAHD for the 

natural channel adjacent to the headland. Table 6 indicates that 80% of wave height is reduced under 

low energy wave environments (1m incident wave) while wave heights decrease by more than 90% 

under higher energy systems under this depth regime. 

The bathymetry of Chinaman’s Rocks was varied spatially, resolving a natural channel in the reef, 

expanding on the works of (JFA 2006b). The effects this natural deepening appeared to be minimal. 

Wave penetration through this area did appear slightly greater than the shallower region of the reef; 

however a natural deepening behind the reef restricted this wave propagation into the estuary, 

stimulating wave propagation northwards. The effects of spatial variation in wave penetration over the 

reef were further limited by the relative importance of such penetration to the wave climate within the 

estuary. Wave penetration through the deeper boating entrance was observed to be more important to 

wave climate within the estuary, thus limiting the effect of wave propagation over Chinaman’s Rocks. 

Refraction is an important process governing the wave climate within the estuary. Visible in all area 

series depictions of HS are waves refracting around Chinaman’s Rock into the estuary through the 

boating channel (Figure 25, Figure 30). This refraction is reflected in JFA (2006a) wave modelling 

and visible through observations during site visits. This refraction is the dominant source of wave 

energy into the system. 

The process of refraction is important within the estuary as well as in the initial penetration of wave 

energy into the system. Depicted in all representations of the estuary are two dominant planes of wave 

penetration (Figure 35). These correspond to the locations prominent regions of the southern reef: 

 

Figure 35. Dominant directions of wave penetration within the estuary 
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The preferential direction of wave propagation follows the shallower areas of the estuary, creating the 

locations of higher and lower wave energy. The location of the proposed southern channel occurs in 

an area of lower wave energy. 

The direction of wave propagation into the estuary is important in the setting up alongshore currents 

within the system, particularly at Chinaman’s Beach. Extraction of wave parameters at a point on 

Chinaman’s Beach indicated that wave action acted at an angle of approximately 16-19 degrees to the 

shoreline. This oblique wave action is likely to induce alongshore transport of sediment, discussed 

further in section 5.4 

While the wave direction is likely to be relatively consistent, the angle of the beach is dynamic, being 

a function of river flows, tidal forces, wave action and sediment nourishment. The modelling 

exercises do not resolve any variations to the shoreline orientation that will create changes to the 

incident wave angle. Thus predicted wave climate is representative of a particular structure for 

Chinaman’s Beach depicted in the modelling exercises, and may change with changes in shoreline 

orientation. 

The wave climate at the Kalbarri boat ramp is significant, as it represents a significant point of 

terrestrial use within the estuary. Wave action, its induced currents and sediment deposition or erosion 

can affect the use of the boat ramp, with sediment deposition around the ramp a noted ―nuisance‖ for 

the local population (JFA 2006a). The boat ramp exhibits a relatively low wave energy climate 

compared with other areas of the estuary. This is due primarily to its position within the estuary. It’s 

greater distance from the river entrance, wave energy experiences greater attenuation due to bottom 

friction over a longer length of propagation. 

HS is further reduced by the presence of boating reef. This reef creates a location for wave breaking 

within the estuary. This process was observed during site visits and is reflecting in model runs. This 

creates an area of low wave energy behind it, sheltering the boat ramp from wave energy. Prior to the 

removal of the sand-spit, it is likely that the boat ramp would have experienced even less wave 

energy, as the spit prevents any wave penetration from reaching the boat ramp. However under the in 

situ conditions the predicted wave heights at the ramp are sufficiently low as to allow for boat access 

throughout the year. 

Spectral wave modelling was unable to perfectly resolve the processes underpinning the wave climate 

in the estuary. Various site visits over the year revealed wave overtopping of Oyster Reef during large 

swell events to be an important process within the system. Unfortunately wave run-up and 

overtopping was not resolved by numerical modelling. This process did not create waves in the 

estuary; however significant volumes of water were input into the system, inducing a southward 
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current which was an important sediment pathway. An inability to depict this process prevents these 

currents, and their effect on the system, from being resolved by the modelling exercise. 

5.3. Changes in Wave Climate associated with Southern Channel 

Construction 

All modelled scenarios were run under an estuarine system reflecting normal conditions and with the 

southern channel. Comparisons between these two bathymetric regimes illustrate the changes in wave 

climate that may be experienced due to excavation of the southern channel. 

Modelled scenarios show minimal changes in wave climate between the two estuaries. Area series 

outputs indicate the southern channel estuary experiences a marginally greater degree of preferential 

wave propagation compared with the normal estuary, suggesting that an increased amount of wave 

energy travels along the path discussed in section 5.2. Correspondingly, there is greater degree of 

spreading in wave energy predicted by the current estuarine system. These changes, visible in Figure 

25, are likely caused by excavation of the southern channel, which alters the refractive properties 

through this area of the estuary. The deeper channel will exacerbate the effect of the southern reef on 

wave climate as previously discussed in section 5.3. 

Point series extraction provides further insight into the changes in wave climate at particular locations. 

Results taken from the boat ramp and Chinaman’s Rocks show a decrease in wave height, suggesting 

a lower wave energy environment under the proposed excavation. This difference is most pronounced 

at the boat ramp, while wave heights at the location of the southern channel show almost no 

discernible decrease. 

Chinaman’s Beach is viewed as an important point within the estuary, as popular swimming location 

changes in the wave climate along it were deemed to be significant. Wave parameters, extracted from 

a point at its eastern end, were taken to be an accurate representation of the wave climate at the beach. 

Wave heights were observed to decrease at this location, reflecting a lower wave energy climate under 

the proposed excavation. This decrease is observed in all wave models of the estuary. This decrease is 

relatively small, with predicted changes ranging between 0.011m and 0.018m.  

Care should be taken when analysing predicted wave parameters at the location representing 

Chinaman’s beach; in particular when extrapolating the data to the entire beach. Given the small 

spatial scale of the estuary, Chinaman’s Beach, approximately 250m in length and encapsulating the 

majority of the southern bank of the estuary, is likely to experience a variety of wave conditions 

beyond those experienced at a specified point. While the point chosen is significant as it represents the 

previous location of the sand-spit and thus a point critical to the dynamics of the system, extrapolation 

of its predicted wave conditions to the entire beach should be conducted with caution. 



Wave Penetration Modelling of the Murchison Estuary    Daniel P O’Connell 

 

66 | P a g e  

 

Changes in the wave climate at the boat ramp are of particular significance as it may affect the 

viability of the ramp as a boat launching location. Although Kalbarri experiences a high wave energy 

environment the sheltering effects of the reef systems at the river entrance limit wave energy 

impacting the boat ramp. Prior to the 2006 flood event the sand-spit further limited wave energy at the 

ramp. Removal of the sand-spit has slightly increased the wave environment at the boat ramp, 

although communication with local mariners has suggested that instances of high wave energy 

preventing the launching of boats are rare. The possibility that the excavation of the southern channel 

will increase the wave climate at the boat ramp is one of the primary concerns associated with the 

project. Models show the boat ramp experiences the largest changes in wave climate, a trend observed 

in stationary, coupled and uncoupled models. Section 4.3.1 suggests HS at the boat ramp location will 

decrease by an average of 0.041m, representing a 30% decrease in wave height, while direction is 

predicted to change from 313
o
 to 309

o
. 

These predicted changes suggest that the wave climate at the boat ramp will become less energetic 

with the proposed excavation of the southern channel. The decrease in wave heights will further limit 

the impact of wave action on the boat ramp, preventing large scale wave action hindering terrestrial 

use of the location. As discussed previously, this decrease is likely attributed to increased refraction of 

waves north through the estuary.  

The changes in wave climate as defined by results extracted at the chosen locations are consistent, 

predicting a decrease in wave climate in the lee of the proposed excavation. 

However care must be taken in classifying changes in the wave environment from the point series 

extraction. The locations of point extraction are biased towards the southern banks of the estuary 

(Chinaman’s Beach and the boat ramp) limiting the extrapolation of trends from these points beyond 

the southern bank of the estuary. Thus it is not prudent to speculate as to changes that may occur in 

the north of the estuary such as the dredged area. 

Computation cost has limited some of the modelling exercises. High computational times were a 

necessary limitation to provide adequate spatial representation of the estuary. Scenarios reflecting the 

estuarine system forced with wave, wind, tidal and river flows were limited by high computational 

costs and thus confined to shorter time frames. These scenarios were chosen to maximise the 

relevance of their result, while longer models were forced purely with waves. As a result some 

modelled scenarios are not perfect representations of the wave climate within the estuary. As 

previously detailed this may reduce the modelled conditions reflection of in situ wave climate; 

however it is still a good comparison tool between the wave climates of the two estuaries. Provided 

both estuaries are forced with consistent wave conditions, it is the changes between the wave 

parameters that reflect the impact of the southern channel rather than the wave parameters themselves. 
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5.4. Sediment Dynamics of the Estuary 

Numerical modelling was unable to directly resolve the sediment dynamics within the estuary, due to 

a number of factors. An inability of the models to vary sediment characteristics across the estuary 

created problems as reef outcrops were quickly eroded, significantly changing hydrodynamic 

processes within the system. Combined with this, unreasonably high computation times restricted 

models from iteratively solving for bed level changes. As a result, conclusions relating to the sediment 

dynamics within the system were restricted to site visits and empirical derivations via the CERC 

formula. 

The Murchison Estuary experiences seasonally varying sediment dynamics which affect the system. 

While not to the extent of other estuaries within south west WA such as the Wilson Inlet which 

seasonally close from the ocean (Ranasinghe & Pattiaratchi 1999), the estuary shallows and deepens 

in relation to wave and flow events. An understanding of these sediment pathways and the processes 

governing them was an outcome of this study. Sediment dynamics are governed by a balance between 

numerous processes including wave action, river discharge and tidal flows as well as anthropogenic 

factors relating to the annual dredging program. 

Wave action is a critical factor underpinning the sediment dynamics of the estuary. Within the context 

of this study it is of greatest significance, as the proposed excavation of the southern channel will alter 

the wave climate, and hence sediment pathways, within the estuary. Wave penetration modelling 

indicated wave action arrives obliquely to the southern bank of the estuary. This orientation of wave 

action is reflected in all wave models. As outlined in section 2.2.6, oblique wave action will induce 

alongshore currents and a net transport of sediment. 

This alongshore transport of sediment is quantified using the CERC formula detailed in section 3.8. 

Using the wave parameters extracted from numerical modelling exercises, both sites indicated a net 

movement of sediment due to alongshore transport, with Table 9 detailing the volumes. In all cases a 

positive value indicates a net movement of sediment east.  

The largest quantity of sediment transport is predicted at the boat ramp under the normal estuarine 

system, despite the relatively low wave energy at this point. This can be attributed to the angle of 

wave action. Extracted wave direction at this site suggests waves impact the shoreline at an angle of 

45 degrees. From the CERC formula is can be seen that this angle of penetration is the angle that will 

induce the largest alongshore transport rates, accounting for the large values predicted at this location.  

The values predicted by the CERC formula are reasonable for the locations. The dredging program 

nourishes Chinaman’s Beach with an order of magnitude of 1000m
3
 of dredged spoil during the 2009 

dredging exercise. The predicted ranges of alongshore transport, 2410m
3
 to 5193m

3
, are reasonably 

consistent with the volume of terrestrial inputs used to nourish this region of the estuary. While the 
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consistency between the volumes of sediment nourishment and alongshore transport along the 

southern bank of the estuary is desirable, the importance of the calculated alongshore transport 

volumes lies in the changes in predicted values. 

Sediment dynamics along the southern bank of the estuary are not completely resolved through 

quantification of alongshore transport. The CERC formula resolves the sediment movement induced 

by oblique wave action. While this pathway is quantified, the effects of river flows and tidal currents 

are neglected (Van De Graaff & Van Overeem 1979). Sediment transported into the estuary through 

entrance due to wave action is also unresolved. Without these factors it is not possible to create a 

sediment budget for this area of the estuary. 

Despite these limitations, the values produced through CERC calculations are important tools for 

analysing changes in sediment dynamics associated with the southern channel excavation. This 

projects primary focus is on quantifying the changes to the estuarine system associated with the 

southern channel excavation, thus changes in alongshore transport are the of greater significance to 

the project than an accurate depiction of in situ transport rates. As previously mentioned, alongshore 

transport due to waves is predicted to decrease for an estuary with the proposed excavation. 

Hydrodynamic modelling of river flows associated with TC Emma illustrates the expected flow 

patterns experienced within the estuary during large river flow events. The higher flows illustrate the 

preferential flow path of the river, indicated by the areas of flow in excess of 2.5ms
-1

. This area 

corresponds to the natural channel that now exists in the estuary. This path is likely dictated by the 

local geological features of the estuary; the rock outcrop immediately adjacent to the boat ramp would 

limit flow following the southern boundary of the system while the low point of the southern reef (the 

location of the proposed channel) funnels water through the estuary. 

Quantification of the flow velocities required to mobilise sediment suggested that 0.2ms
-1

 would be 

sufficient to induce sediment transport. Thus the model indicates that the high flow rates were 

responsible for scouring out the current southern channel and future flood events would likely follow 

a similar flood path. 

High flow velocities are not limited to the areas of preferential flow. Velocities exceeding 1ms
-1

 are 

recorded along the length of Chinaman’s Beach and at the boat ramp. These velocities would be 

sufficient to induce sediment transport, scouring these beaches.  

One of the most important sediment pathways is the movement of sediment from the area 

immediately east of Oyster Reef south into the estuary. This process is particularly significant as it 

results in shallowing of the dredged boating channel, requiring that it be annually dredged. The 

process was alluded to in works by (Bailey 2005) and observed during site visits, with overtopping 
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wave action and sediment movement visible on site. Unfortunately this process was not able to be 

resolved through modelling efforts, with the inherent complexities associated with the process beyond 

the computational abilities of the MIKE 21 SW program. 

An understanding of this process is therefore dependent on conceptual analysis of the empirical 

relationship outlined in section 2.2.4. This relationship suggests that wave run-up and overtopping are 

directly related to wave heights, with larger waves associated with higher run-up and larger volumes 

of overtopping. Based on this, it can be assumed that during larger wave events a greater volume of 

water will overtop Oyster Reef. This process requires further understanding to accurately quantify its 

impact on the estuary. In situ conditions of Oyster Reef pertaining to its slope, roughness factor and 

relative elevation will influence overtopping discharges, as will wave conditions such as wave height 

and breaker parameter. 

The displacement of water into the area behind Oyster Reef induces a southward current, as water 

travels into the greater estuary. Associated with this movement of water is a net transport of sediment 

southwards into the estuary, encroaching into the dredged boating channel. The entrainment of 

sediment into this induced current is governed by the local flow velocity, as detailed in section 2.4. 

Velocities of this current have not been quantified, as information detailing discharge and water depth 

are not available. However site visits suggest the currents display a high variation in local velocities, 

due in part to the irregularity of the governing wave overtopping events, as well as local variations 

bed level creating localized higher velocities. This lends itself to the notion that the sediment 

movement associated with wave overtopping of Oyster Reef is highly variable and episodic. 

The presence of the sand-spit is strong evidence of littoral transport of sand along Chinaman’s Beach. 

The stable nature of the spit prior to the flooding event suggests that at its equilibrium state the 

estuary will possess a sand-spit, or certainly a narrower throat than is current. However the notion of 

―equilibrium‖ is problematic in the context of a dynamic system shaped by erratic wave and flow 

events, and it is difficult to speculate as to whether the spit will regenerate over time. 

The sand spit was likely formed by alongshore transport of sediment along Chinaman’s Beach. 

However strong river flows would promote erosion of the spit, as alluded to previously. Thus the 

presence of a spit within the river is a balance between the accreting force of wave action and the 

erosional forces of high river flows. Assuming that the presence of the sand spit is governed by these 

two forces, its ability to re-form will hinge on the long term wave and river flow climate. 

Comparisons of the estuary between 2007-2008 indicate the spit begins to regenerate (Appendix B). 

This year experienced very little river flows (Figure 5), thus the accreting wave action was able to 

begin spit regeneration. However site visits show the spit is yet to regenerate, as the balance between 

the governing forces continues to affect its growth. The impact of tidal velocities is unknown, 
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although analysis of inlet stability suggests the estuary does not reach the equilibrium composition at 

which such velocities govern sediment movement. 

It is unknown what impact the dredging program had on the behaviour of the sand-spit. Nourishment 

of Chinaman’s Beach would have likely provided a source of sediment for the spit, transported from 

the beach along the spit by oblique wave action, as detailed previously. The annual deepening of the 

estuary will decrease the tidal velocities (section 2.2.8) which may reduce the scouring effect of tidal 

flows, thus stimulating spit development. Excavation of the southern channel may render the dredge 

works redundant, thus increasing tidal flows through the constructed southern channel. This likely 

promote scour, retarding the deposition of sediment and shallowing of the channel. 

5.5. Changes in Sediment Dynamics Associated with the Southern Channel 

Excavation 

The southern channel excavation will affect the sediment dynamics within the estuary; influencing the 

governing wave action, tidal forces and river flows. Variations due to the southern channel excavation 

are resolved by numerical models, thus enabling the resulting changes in alongshore transport to be 

quantified at the site representing the boat ramp and Chinaman’s Beach. 

Section 5.3 detailed the predicted changes in wave climate within the estuary. These predicted 

changes to wave height and direction will induce changes to the alongshore current set-up by the 

oblique wave action. Both locations indicate a decrease in alongshore sediment transport, consistent 

with the reduced wave action observed at these points and discussed in section 5.3. These decreases 

suggest that there will not be an increase in scour along the southern bank of the estuary. 

The changes in river flows associated with the excavation and the effect it has on the sediment 

dynamics are of less interest to this study. As the majority of changes to sediment dynamics are likely 

to happen downstream of the excavation, they do not affect the areas of interest, particularly 

Chinaman’s Beach and the boat ramp. Furthermore, the excavation of the southern channel will likely 

stimulate water flow through the preferential flow path detailed in illustrated in section 4.3.4. This 

will be advantageous as it will promote the natural channel, limiting the need for terrestrial dredging. 

Thus, within the context of river flows, negative externalities are not a major concern to the viability 

of the proposed excavation. In terms of inlet stability, the proposed excavation will not have a great 

impact on the estuary. Due to its position away from the throat of the estuary, the concept of inlet 

stability is not valid. Furthermore the proposed excavation of 20m of reef in the context of a 300m 

cross section of the estuary is insignificant, thus there are not expected to be any adverse changes to 

the system in this context.  
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5.6. Viability of Excavation of the Southern Channel 

Changes to the estuary due to the excavation of the southern channel were observed to be minor. 

Wave heights and alongshore transport rates were predicted to slightly decrease due to the excavation, 

mitigating concerns that there may be an increase in wave climate in the lee of the channel. Based on 

wave climate quantification, the excavation of the southern reef and creation of the southern channel 

is a viable option. 

Negative changes to sediment transport within the estuary do not appear to be a factor limiting the 

viability of the excavation. However the possible regeneration of the sand-spit will limit the viability 

of the channel. If the sand-spit were to return at its previous path, it will block the current southern 

channel, removing it as an option for boating access. 

This study is concerned with changes to the physical system that may occur due to the excavation of 

the southern channel. As such, ecological and economic effects of the excavation are beyond the 

scope of the report and are not included in this study. 

Based on the results produced by this study it is suggested that the excavation of the southern channel 

will not produce significant changes to the system, and is thus a viable project. 

5.7. Limitations of Numerical Modelling 

Care must be taken when analysing the results produced by numerical modelling. Limitations from 

both the modelling software and imperfections within the input data will contribute to modelling 

outputs not perfectly representing in situ conditions.  

Modelling exercises seek to resolve natural processes that have an inherent complexity that cannot 

currently be reflected by mathematical expressions. In particular the lack of resolution of wave 

reflection, diffraction and overtopping limit the ability of wave modelling to accurately represent the 

estuarine system. 

Numerical models have imperfections which limit the validity of the results they predict. Mesh 

discretisations are, by definition, not perfect representations of their domain. Due to computational 

costs grid sizes were limited to 50m
3
. This is problematic within a system such as the Murchison 

Estuary where important changes in bottom contours can occur over smaller spatial scales than those 

represented in the grid. Furthermore the size of the proposed excavation is only 200m
2
, thus it may 

not be perfectly resolved by the grid.  

Imperfections in input data also create inconsistencies between modelled and in situ wave climate. 

Input data used was the available data that best reflected the natural system. Improvements could be 

made through a specific data collecting regime, however it was assumed that the data used was a good 

representation of the in situ conditions. 
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Notwithstanding these imperfections, numerical modelling provides important insight into wave and 

hydrodynamics of the system. The produced outputs allow accurate conclusions to be formulated, on 

which more informed, and appropriate decisions can be made.  
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6. Conclusion 
Through numerical wave modelling, the wave climate experienced adjacent to the Murchison Estuary 

has been identified as relatively high energy compared with other regions along the west coast of 

Australia. This was attributed to the lack of geological features and a relatively deep continental shelf 

offshore of Kalbarri.  

The impact of this energetic wave climate within the estuary was limited; as nearshore reef systems 

induce depth limited wave transformations, dissipating a significant percentage of their energy. 

Estuarine wave modelling suggested that refraction of waves through the river entrance represented 

the dominant pathway of wave energy into the estuarine system. Waves then propagated east into the 

estuary with oblique wave action impacting the southern shoreline of the estuary, inducing eastward 

alongshore currents. The location of the proposed southern channel was observed to occur in an area 

of naturally low energy. 

Models scenarios were run representing the wave climate for two bathymetric regimes; normal 

conditions and with the proposed southern channel in place. Comparisons between the outputs 

produced by each suggested that the wave heights at Chinaman’s Beach and the Kalbarri boat ramp 

will experience a decrease in wave heights as a result of the excavation. Decreases were most 

pronounced at the boat ramp, where wave heights were predicted to decrease by 30%. With the 

proposed southern channel, the estuary displays an increase in wave refraction, directing more wave 

energy north, sheltering the southern shoreline of the estuary. 

Given sediment movement within the estuary is a dynamic process, relying on a balance between 

wave, river and tidal forces, it is intuitive that changes in any of these will alter the sediment 

dynamics of the estuary. Based on the results produced by the spectral wave models, the proposed 

excavation of the southern channel will not adversely affect the wave climate within the estuary. 

Wave heights will decrease in areas of interest and alongshore sediment transport will reduce along 

Chinaman’s Beach, reducing the need for periodic nourishment. The long term viability of the 

proposed southern channel requires further research as development of the sand-spit will encroach 

over the channel. 

Analysis of the flood conditions within the estuary suggested that the preferential flow path taken by 

floodwaters will stimulate scouring of the southern channel, advantageous as it may supplant 

terrestrial dredging to maintain navigability through the passage. Tidal flows were also predicted to 

experience minimal changes as a result of the excavation. Therefore it is suggested that the viability of 

southern channel construction will not be limited by potential negative changes to wave climate or 

sediment transport. 
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7. Recommendations 
It is recommended that the numerical modelling be improved. Superior computational ability of 

computer software would allow unstructured grids to represent the estuary at a higher resolution. This 

would improve the ability of the model to reflect in situ conditions. 

Sediment dynamics within the estuary were unable to be depicted through the numerical models; due 

to an inability to spatially vary the sediment characteristics. It is recommended that the variation in 

sediment within the modelled domain be quantified. This would allow sediment dynamics to be 

resolved through numerical models, creating a superior depiction of the changes associated with the 

excavation of the southern channel. 

Bathymetric information pertaining to the nearshore and reef systems requires further work to 

improve resolution. Depths used for Chinaman’s Reef, a dominant geological feature within the 

system, were simplistically assumed to be -1/ -1.5mAHD. Actual measurements for this area would 

significantly improve the accuracy of the model. Increased resolution of the nearshore bathymetry 

will also improve the accuracy of wave processes in the nearshore system. 

Measurements of the wave climate within the estuary are also recommended as a way of validating 

and calibrating model results. This would also improve confidence in the results predicted by the 

models. 

Analysis of the sediment composition within the estuary is also advised. An understanding of spatial 

variations in sediment size and structure would create a better understanding of the sediment 

dynamics within the system. A sampling regime that encapsulated changes over time would also 

improve the understanding of the roles wave events and river flows play in varying the sediment 

composition of the system. 

It is also recommended that the history of the sand-spit be investigated. An understanding of the 

estuarine environment which enabled the spit to be formed would allow a stronger conclusion to be 

developed pertaining to the future formation of the spit, and hence the viability of the channel. 
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Appendix A 

Model Input Data 

 

Wind Speed 
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Wind Direction 
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River Flows 
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Sea Level 
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Offshore Significant Wave Height 
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Offshore Wave Direction 
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Appendix B 

Murchison Estuary Dredge Survey Information 

a) 2007 Dredge Area 

b) Proposed Southern Channel Area 

c) Analysis of Surveys; March 2007 – April 2008 

d) 2009 Dredge Levels 
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b) 



Wave Penetration Modelling of the Murchison Estuary    Daniel P O’Connell 

 

88 | P a g e  

 

 c) 
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 d) 

 


