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EXECUTIVE SUMMARY
The purpose of the current study was to estimate the potential of powered
recreational boats to increase bank erosion along the Murray River near
Echuca-Moama. In particular the study considers whether wake boats
substantially increase the rate of erosion relative either to other boat types or
other factors than lead to erosion in this section of the river.

The study clearly showed that wake boats can produce waves with greater
erosion potential than other types of powered vessels that use the Murray
River near Echuca. This is not surprising given that wake boats are both
designed and operated to produce maximum wash. That is not to say that
other boat types do not have the capacity to contribute to bank erosion. Jet
skis and runabouts also produced wakes with both high peak and total energy
density; jet skis, runabouts and ski boats all produced waves with similar
levels of total power.
The amount of sediment suspension caused by boat traffic varied with
location and was estimated at between 0.45 and 3.6 kg/ metre of bank/hour in
the Echuca region. In comparison, based on background turbidity levels, the
total suspended solid load passing a given point in the river was estimated to
be 25.4 tonnes/hr.
When the potential for erosion from boat induced waves is compared to the
potential from other sources, including flow and wind induced waves, it was
estimated that overall, boat wakes only contribute to a small percentage of the
total energy expended on the river bank at Echuca. Most of the energy
expended on the river bank in this region is associated with river flow, with a
smaller additional contribution from wind-induced waves.

1. INTRODUCTION
Rivers are constantly dynamic and bank erosion is a natural part of the river
system. Sediments are re-distributed along and across the channel by the
currents and eddies, sometimes aided by wind waves. In meandering rivers,
such as the Murray River below Lake Hume, channel positions change
laterally by eroding on the outside of bends and depositing sediment in bars
or ridges on the inside of bends. The vulnerability of streams to these natural
changes depends on factors such as the particle size, stratification and
cohesiveness of the bank materials, height and slope of the banks, type and
density of the riparian vegetation, stream gradient, river stage and discharge,
groundwater discharge, and wind waves. In many areas the inevitability of
channel movements has been acknowledged and river managers are
adopting the idea of allowing rivers to migrate freely within a defined corridor,
an “erodible corridor”, rather than use traditional bank stabilization techniques
(Piégay et al. 2005).
In addition to natural processes, human use of the riverine and riparian
environment can cause bank erosion. Removal of riparian vegetation,
dredging, de-snagging and modifications of the flow regime can all affect the
bank stability (Abernathy and Rutherfurd 1999, Brooks 1999, Steiger et al.
2005). As noted in an earlier review of the overall impacts of recreational
boating on water quality in lakes and reservoirs (Mosisch and Arthington
1998) the wake from recreational power boating may also cause bank erosion.
As a vessel moves through the water it creates a complex series of waves
(wake). The energy contained within the wave train from each boat passage
can be transferred to adjacent river banks, contributing to bank erosion. The
wake characteristics produced by a vessel will depend on a number of
interrelated factors including the displacement of the vessel, the length of the
vessel in contact with the water (e.g. whether or not the vessel is on the
plane), the speed of the vessel, the shape of the hull and so on (Maynord,
(2001; 2005). How much energy is transferred from each boat passage to the
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bank will depend in turn on how close the boat is to the adjacent shore and
the relationship between the wave characteristics produced by the boat
passage and the topography of the river bottom (Maynord, 2005).
While there have been a number of studies that have related general boat
characteristics to erosion potential (e.g. Maynord, 2005) applying the results
of these studies to practical management outcomes requires knowledge of
boat dimensions and boat speeds, thus it may not be easy to use in a
regulatory manner given the variety of possible recreational boat types and
sizes. This is especially true for newer, high-speed recreational boat designs
(wake boats) that, contrary to normal design principles, attempt to maximise
the wake produced by the vessel so that a person towed behind the vessel
can (potentially) use the enhanced wake for aerobatic tricks.
The alternate approach is to assess erosion potential from estimates of wave
energetics based on measured wave characteristics (e.g. Nanson et al., 1994;
Hill et al, 2002 ). The energy density1 per unit crest (J/m2) of an individual
wave is proportional to the square of the height of that wave:
ED = ρgH2/8

(Eqn. 1)

Where :
ρ is the energy density of water (kg/m3), g is gravitational constant (m/s2) and
H is the height of the wave (measured from the bottom of the preceding
trough to the top of the following crest – m).
The specific power per unit length of a wave (W/m) is related to the specific
energy by:
P = ECn

1

(Eqn. 2)

That is per unit horizontal area (Hill et al.2002).
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where C= the celerity (or wave speed – m/s) and n is the fraction of the wave
energy that travels forward with the wave – in deep water n = 0.5, in shallow
water n = 1. Wave speed is dependant on the ratio of the water depth (d) to
the wavelength (L - the distance between one wave crest and the proceeding
wave crest) of the wave. In deep water (defined as d/L > 0.5), wave speed is
proportional to the square root of wavelength, and the wavelength is
proportional to the square of the wave period (T- the time taken for two
successive crests to pass the same point). In shallow water (defined as d/L
<0.05) the wave speed is proportional only to the square root of the water
depth and is independent of either the wave length or wave period.
Wave energetics can then either be used to infer potential rates of erosion.
The purpose of the current study was to estimate the potential of powered
recreational boats to increase bank erosion along the Murray River near
Echuca-Moama. In particular the study considers whether wake boats
substantially increase the rate of erosion relative either to other boat types or
other factors than lead to erosion in this section of the river.

2. METHODS
Wave Measurements: Wake characteristics of passing vessels were
determined between the 9-11 January at 4 sites on the Murray River in or
near Echuca in northern Victoria. Site 1 was in a no-skiing zone downstream
of the Victoria St boat ramp, Site 2 was in an unrestricted boating zone
approximately 5 kilometres downstream of Echuca, and Sites 3 and 4 were in
zones where vessels speed were restricted to less than 8 knots (≈ 14.5
km/hr). (Sites 1,2 and 3 are also sites used in the bank profiling studyEchuca 4, Below Echuca 3 and Echuca 3 respectively – Baldwin and
Boulding, 2007).

8

Figure 1: Wave rod and logger in situ at Site 2.
_________________________________________________________
The wave characteristics at each site were measured using an Ocean
Sensors Systems Wavelogger fitted with a 1 metre wave rod which was
mounted on a purpose built frame (Figure 1). The frame was positioned 4
metres from the water line and depth of deployment was determined using a
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ruler; 0.35 m at Site 1, 0.69 m at Site 2, 0.57 m at Site 3 and 0.52 m at Site 4.
Instantaneous water height was recorded 30 times per second in
approximately one hour blocks. Time of each reading was estimated by
dividing the time of deployment by the number of data points collected. The
wave probe was deployed for a total of about 5 hours at Site 1, 4 hours at
Site, 2 hours at Site 3 and 1 hour at Site 4.
For each boat passage , the type of boat, its approximate speed, its direction
(upstream or downstream), its location on the river (nearest 1/3 of the width of
the river, middle 1/3 of the river or 1/3 of the river closest to the opposite bank;
river width was measured using a laser range finder and varied between 70
and 80 metres at the 4 sites) what it was towing (skier(s), wake boarder(s) or
towable inflatable), and the time the wake reached the wave rod was
recorded.
Boats were separated into 8 categories based on the following characteristics:
Wake boat – a boat which was either designed or retrofitted for wake
boarding. In the current study any boat fitted with a wake-tower (see cover
photo) was classed as a wake boat.
Ski boat - a boat which was designed specifically for towing a water skier. In
the current study, any boat (other than a wake boat) that had a rearward
facing seat adjacent to the forward steering position (for an observer, a legal
requirement for towing people behind a boat) was classified as a ski boat.
Aluminium fishing dingy (also called a tinnie) – Aluminium vessel typically
from 10 – 16 ft long fitted with a small outboard motor. Although capable of
planning, generally they are run on the semi-plane or in non-planing mode.
Runabout (also called a ski/fish boat) – Generally a multipurpose pleasure
craft, with sufficient power to pull a skier, but not specifically set up for skiing
(see above). The boat may have a forward half cabin.
Jet Ski – personal watercraft powered by a small two or 4 stroke inboard
motor.

10

Paddle steamer –A number commercial paddle steamers operate in the
Echuca region. There are large vessels (around 30 m long and 10 m wide)
and are propelled by large rear- or side-mounted paddles.
House Boat – A number of firms in the Echuca area offer house boats for rent.
There are large, wide, flat sided, flat bottomed vessels with up to 12 berths.
Generally they are not capable of more than about 15 km/hr.
Pontoon (BBQ) Boat – motorised pontoons that can carry up to about 10
people. Generally they are not capable of more than about 15 km/hr.
Boats were further differentiated on whether or not they were towing a skier,
wake-boarder or inflatable.
Speed was estimated by timing most vessels passage between two fixed
points on the opposite bank a known distance apart and adjusting for parallax.
Vessel speed was then categorised as either slow (less than about 15 km/hr),
moderate (from about 15 to about 40 km/hr) and fast (greater than about 40
km/hr).
Data Analysis: The average wave period (Tav) for each wave train was
determined by dividing the total time a given wave train took to pass the
Wavelogger by the number of crests in the wave train. The peak wave energy
density (EDpeak) was determined from the height of the highest wave (Hmax)
within each wave train using Equation 1. The total energy density (EDtot) for
each wave train was determined by summing the energies of each individual
wave within a given wave train. The wavelength and speed of the highest
wave (Cmax) in the wave train were calculated using an algorithm written to
estimate velocities under water waves (Dalrymple, undated) using Hmax, Tav
and d as inputs. The average wave speed within the wave train (Cav) was
estimated using the same algorithm with the average wave height replacing
Hmax. The peak wave power (Ppeak) per unit length of wave was calculated
from equation 2 using EDpeak and Cmax, with n = 1. The total power per unit
length of wave (Ptot) of the wave train was calculated by multiplying EDtot by
Cav, again with n set to 1. Because there were only two runabout passages
towing skiers, these passages were not included in the analysis of EDpeak,
11

similarly because there were only 4 houseboats and two pontoon boat
passages with sufficient resolution to describe the full wave train, these
passages were omitted from the analysis of EDtot, Ppeak and Ptot.
Wave energy calculations were also performed on 10, 15-second blocks of
time (a total of 298 wave crests) at Site 3 during an extended period without
boat passages to estimate the impact of wind-generated waves.
Turbidity: Spot measurements of turbidity were taken 10 cm below the
surface at two distances (1.5 and 4 metres) from the shoreline using a
QANTA water quality metre to assess sediment redistribution following
incoming wash. To convert turbidly measurements to total suspended
sediment concentrations, samples of sediments from Sites 1 and 3 were
returned to the laboratory and various quantities of sediment were suspended
in laboratory grade water; the turbidity in the suspension was measured using
a Cole-Palmer 8391 turbidity metre and total suspended concentration
measured by filtering a known volume of the sediment suspension through a
pre-fired GF/C filter paper and drying to constant weight at 105 oC.

3. RESULTS
Boat traffic: An example of a wave train produced by a boat passage is
presented in Figure 2. A total of 287 boat passages were recorded during the
study period of which 10 either produced a wake pattern that was
indistinguishable from background waves or the class of boat wasn’t
recorded (Figure 3). Of the remaining wave trains, 45 boat passages were so
close together that it was not possible to unequivocally assign any of the wave
train to a particular vessel. Of the rest, it was possible to determine the wave
characteristics for the complete wave train for 167 passages, but only Hmax
(and therefore only EDpeak) for 67 transits.
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Figure 2 – Example of wave rod out put. The cut-away shows one wave train
in detail. Each dot in the cut-away represents a single height observation
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Figure 3 – Distribution of observed vessels passages between the different
boat types used in this study.
__________________________________________________________________
Although this study was not designed to accurately determine the frequency
of boat usage on the Murray River, the data shows that during the study
period ski boats and wake boats (with or without people being towed behind
the vessel) accounted for about 60% of the observed boat traffic.
Boat Wake Characteristics: Peak energy density was quite variable within
each class of vessel, but notwithstanding this variability, wake boats produced
waves with significantly greater EDpeak than most other classes of vessels on
the Murray River (Figure 4).
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Figure 4 – Box and whisker plot showing the distribution of peak energy
density (EDpeak) produced by different types of boats. The Box borders the
25th and 75th percentiles; the median is represented by the solid line within the
box, the mean by the dotted line; the whisker caps encompass the 10th and
90th percentiles and the circles show the 5th and 95th percentile. Letters above
the boxes represent statistically significant differences between groups (i.e.
regions with one letter are statistically different from sites with a different letter
p < 0.05).
_________________________________________________________________
Total energy density of the wave train produced by wake boats, particularly
wake boats that are towing skiers (or their equivalent) was also higher than
other vessels in the study (Figure 5).
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Figure 5 – Box and whisker plot showing the distribution of Total energy
density (EDtot) produced by different types of boats. The Box borders the 25th
and 75th percentiles; the median is represented by the solid line within the
box, the mean by the dotted line; the whisker caps encompass the 10th and
90th percentiles and the circles show the 5th and 95th percentile. Letters above
the boxes represent statistically significant differences between groups (i.e.
regions with one letter are statistically different from sites with a different letter
p < 0.05).
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The peak wave celerity for wake boats was also greater than for most other
vessels (Figure 6), which resulted in both significantly more peak power
(Figure 7) and total power (Figure 8) delivered to the shoreline from the wash
from wake boats than most other vessels. The estimated wavelength of wake
boats (3.8 ± 0.4; mean ± standard error) was similar to that estimated for jet
skis (3.6 ± 0.5) and ski boats (3.7 ± 0.4) but longer than fishing dinghies (3.3 ±
0.2), runabouts (2.2 ± 0.3) and paddle steamers (2.0 ± 0.3). The wavelength
of waves from both wake boats and ski boats that were towing skiers etc (3.1
± 0.4 and 3.2 ± 0.3 respectively) was shorter than for those vessels without
tows.
Wind generated waves: A detailed assessment of wind generated waves
was undertaken at Site 3 on the morning of the 11th January 2008. Boat
traffic at in the morning at this site was significantly lower than Sites 1 and 2
and therefore observed waves were more likely to be caused by wind than
residual reflections from earlier vessel passages. The regional wind speed at
the time of sampling was 19 km/h (Bureau of Meteorology, undated) and was
blowing from the north-north west and therefore there was a fetch of about
500m. Wind generated wave heights varied from 0.002 – 0.037 metres. The
total wave energy density varied between 2.4 – 18.2 J/m2, for each of the 15
second blocks, while peak energy density varied from 0.27 to 1.7 J/m2. The
mean energy density per wave was 0.36 J/m2. The mean specific power for
the wind generated waves was 0.016 W/m per wave, while peak specific
power measured was 0.23 W/m.
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Figure 6 – Box and whisker plot showing the distribution of celerity (wave
speed) produced by different types of boats. The Box borders the 25th and
75th percentiles; the median is represented by the solid line within the box, the
mean by the dotted line; the whisker caps encompass the 10th and 90th
percentiles and the circles show the 5th and 95th percentile. Letters above the
boxes represent statistically significant differences between groups (i.e.
regions with one letter are statistically different from sites with a different letter
p < 0.05).
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Figure 7 – Box and whisker plot showing the distribution of peak power (Ppeak)
produced by different types of boats. The Box borders the 25th and 75th
percentiles; the median is represented by the solid line within the box, the
mean by the dotted line; the whisker caps encompass the 10th and 90th
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percentiles and the circles show the 5th and 95th percentile.
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Figure 8 – Box and whisker plot showing the distribution of total power (Ptot)
produced by different types of boats. The Box borders the 25th and 75th
percentiles; the median is represented by the solid line within the box, the
mean by the dotted line; the whisker caps encompass the 10th and 90th
percentiles and the circles show the 5th and 95th percentile.
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Sediment remobilisation: Individual boat passages increase the turbidity in
the water immediately adjacent to the shore line (Figure 9) and there is some
indication, at least at Site 1 (Figure 9 A) that the resultant turbidity is positively
correlated with Hmax. The turbidity spikes were also relatively short lived.
The amount of turbidity produced with each boat passage was also site
dependent, with much higher turbidity levels measured at Site 3 than at Site 1
and 2 (figure 9). This is undoubtedly a function of sediment composition. The
sediment at Site 3 was dominated by clay while that at Site 2 was mostly sand
– data not shown.
The boat induced turbidity doesn’t extend very far from the shoreline (Figure
10). For example the relationship between boat waves and turbidity at Site 1
shows that only one (relatively large) boat passage resulted in a substantial
increase in turbidity 4 metres from the waters edge (Figure 11). Similar
observations were also made at Sites 2 and 3 (data not shown).

Figure 10 – Observed turbidity plume at Site 1following a boat passage. Note
the turbidity doesn’t extend very far from the bank.
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A strong empirical relationship was found between observed turbidity and total
suspended solids for sediments from Site 1 and 3 up to turbidity levels of
about 2500 NTU:
TSS (g/L) = 4.74x10-3 + 1.41x10-3*turbidity (NTU); r2 = 0.98. (Eqn. 3)
This relationship could then be used to estimate wave induced bank erosion.
After first correcting for background turbidity (50NTU), and converting the
turbidity measurement to suspended solids concentration (equation 3), the
area under the turbidity curves (Figure 8) can be used to calculate the total
suspended sediment concentration per unit time. For Site 1 (11 boat
passages) this equates to 2.14 g/L/hr, for Site 2 (16 boat passages) this
equates to 1.12 g/L/hr and for Site 3 (10 boat passages) this equates to 9.00
g/l/hr. If it assumes that the turbidity plume extends 2 metres from the bank,
to a depth of 0.2 metres then this equates to sediment loads of between 0.45
kg/l metre of bank/hour at Site 2 to 3.6 kg/m/hr at Site 3. In comparison, based
on the background turbidity levels (about 50 NTU) and flow in the river at the
time of the study (about 8100 ML/day) the total suspended solid load passing
a given point in the river would have been about 25.4 tonnes/hr.
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Figure 11: Turbidity measured 4 metres from the bank (closed circles) at Site 1
relative to changes in water height.

4. DISCUSSION
Wave Characteristics: The shape of a wave is influenced by water depth
when the ratio of the water depth to the wave length is less than 0.5. At
depths less than this ratio the wave begins to interact with the bottom,
changing both the wave height, wave speed, wave energy and wave power
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(Sorensen, 1993). Therefore, ideally wave characteristics should be
measured in deep water where the interaction between the wave and the river
bottom is negligible. In the current study this was not possible. With
maximum river depths not much greater than 2 metres, the wave rod would
have had to have been placed the middle of the river channel where it would
have posed a significant hazard to navigation, and would have undoubtedly
influenced the way the boats were being operated. Therefore, the placement
of the wave rod was a compromise between obtaining reliable estimates of
wave characteristics, while not posing a risk to the general public. For this
study, probably the most important wave characteristic was wave height,
because of its relationship to both wave energy and wave power. Although
wave height is affected by water depths at intermediate and shallow depths
(d/L< 0.5), the effect is only minor at d/L of >0.1; the wave height is decreased
at most by less than 10% (Sorensen, 2006). All but one of the wave
measurements in this study were at d/L > 0.1 and that wave train was
removed form further consideration. Therefore, while the this study might
underestimate the real value of wave energy produced by boat passages, the
effect is minor and is probably no greater than other sources of error
encountered in field studies. Wave speed, and hence wave power, is also
affected by the d/L ratio. However, the relationship between celerity and the
d/L ratio is well defined and can be computed.
Boat wave energy and power: There was significant variation with each
class of boat. This is not unexpected. In general wave characteristics will
vary between each boat, depending on a number of factors including
differences in hull design, speed and distance from the wav rod (Maynord,
2005). Notwithstanding this variation, the study clearly showed that wake
boats as a general class can produce waves with greater erosion potential
than other vessels. This is not surprising given that wake boats are designed
and operated to produce maximum wash. That is not to say that other boat
types do not have the capacity to contribute to bank erosion. Jet skis and
runabouts also produced wakes with both high peak and total energy density;
jet skis, runabouts and ski boats all produced waves with similar levels of total
power.
25

Boats and erosion: This study wasn’t able to measure the amounts of
erosion caused by different types of boats –there was no control over the
timing of most of the boat passages. Therefore it wasn’t possible to
unequivocally say that wake boats create more erosion than other boats.
However, the Ptot produced by a wash determines how much material can be
moved by the wave (ref) while the Ppeak determines what size particles can be
moved – the higher the power the large the particles that can be resuspended.
There is no doubt that high speed recreational vessels can contribute to bank
erosion. This study has shown that boat passages can be linked to spikes in
turbidity immediately adjacent to the bank. From these measures it is also
possible to get an approximate value for how much material was moved into
the water column from the bank because of boat passages. (However, it was
not possible to directly determine how much of this material was simply
resuspended, and how much was removed from the consolidated bank
material.) The critical question then becomes how important is recreational
boating to bank erosion compared to other sources of erosion.
There are a number of factors that affect river bank erosion including:
•

The nature of the bank material – especially the composition, size
characteristics and degree of particle cohesion and;

•

The total and peak power expended on the bank by the erosive force

•

The vertical extent of wetted bank (leading to bank slumping) ;

•

The extent of riparian vegetation and other factors that can limit energy
dispersion on the underlying substrate.

This study has shown that different bank materials can produce different
amounts of bank erosion. The highest turbidities were observed were at Site
3. Site 3 was in an area where speeds were restricted to less than 8 knots
and was subjected to passages from boats with low wash characteristics
(paddle steamers and aluminium fishing dinghies). However the bank material
consisted of easily dispersed clays. Conversely, the lowest observed
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turbidities were at Site 1, which although was in an unrestricted speed zone
and subjected to many high speed boat passages, had a sandy bank. With
the exception of bank armouring, bank composition is often beyond the control
of most river managers. However bank composition could be used to
determine whether or not boating that produces wakes with large erosion
potential is allowed in certain areas.
This study has estimated the amount of power that can be created by
passages of different boat types. Other sources of erosive power include
wind waves and flow.
The amount of energy associated with wind produced energy was determined
when the reported wind speed was 19 km/hr, which is not unusual for this
region. Energy is power multiplied by time. Therefore, if the mean observed
power per wind-generated wave is multiplied by the number of waves
produced per unit time, a value of the total energy expended on the bank by
wind generated waves can be estimated; in one hour this is equivalent to 115
J per metre of bank. The mean Ptot of all boat passages was 16.4 W/m.
Therefore, the total energy of wind generated waves in one hour when the
wind was blowing at 19 km/hr with a 500 m fetch was equivalent to about 7
average boat passages occurring in the same hour (or one passage from the
boat with the highest Ptot - a wake boat with tow).
While wind generated waves have some erosion potential it is not necessarily
the same as boat generated waves. The highest wind generated wave
measured during the sampling period was 0.037 m and the average was
0.015. This compares to the highest wave height produced by a recreational
vessel of 0.26 m (a wake boat doing less than 15 km/hr) and an average
maximum height for all vessels of 0.094 m. Clearly wind generated waves
were significantly smaller than waves produced by boats, meaning they had
substantially lower EDpeak and Ppeak, which in turn equates to a substantially
reduced ability to remobilise larger particles (e.g. Maynord et al, 2007).
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High river flows can also lead to substantial erosion. It is possible to calculate
the total stream power per unit length of river (Ω, W/m) using the equation:
Ω = γ.Q.s

Eqn 4.

where γ is the unit weight of water (9800 N/m3; which is equivalent to
multiplying the specific density of water by the gravitational constant), Q is
stream discharge (m3/s) and s is the slope (e.g. Jain et al.2006). For the
Murray River at Echuca during the study period, the flow was 8100 ML/day or
93.75 m3/sec, and the bed slope is about 5.15 x 10 -5, giving a stream power
of about 47 W/m. In a one hour period this equates to about 170,000 J/m of
river. Not all of the stream energy is dissipated on the bank. The most
appropriate stream flow power to use for comparison with wave energy is
specific stream flow power in the near bank region (Hill et al., 2002, Maynord
et al., 2007). Based on studies on both the Chilkat River (Hill et al., 2002) and
the Kenai River (Maynord et al, 2007) the near shore stream power of the
Murray river should be about 1.5% of the total power – equivalent to a total
energy of about 2500 J/m in a one hour period. This is the same energy in
about 150 boat passes by boats with an average Ptot, or just under 30 boats
with the highest recorded Ptot in the same one hour period. Although the
energy vector is different for waves generated by boats (approximately
perpendicular to the shore) and river flow (approximately horizontal to the
shore) nevertheless, near shore flows in the Murray River contain
substantially more energy than individual boat passages. Furthermore, unlike
flows, intense boating activity in the Murray is restricted to a limited period
over the warmer months. Therefore it would appear that relative to river flow,
the energy produced by boat wakes is relatively small. This is consistent with
other studies that have estimated that wave energy produced by boats is
between 2 and 5% of the total energy dissipated against banks in large rivers
(Hill et al., 2002: Maynord et al., 2007).
Another possible cause of bank erosion that can be caused by boats is
increase in the wetted area of the bank. Wetting can decrease the adhesion
of particles and can lead to bank slumping. The largest wave measured in the
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current study was 0.26 m high and was produced by a wake boat doing less
than 15 km/hr in the restricted speed zone. As the wave height oscillates
around the average water height (e.g. see Figure 2), a wake height of 0.26 m
equates to at most an extra 0.13 m wetting of the vertical bank profile. A
survey of approximately daily river heights for the Murray River near Echuca
in the period 1987-1993 showed that out of 1175 readings, the daily rate of
change of river height was greater than 0.13 m on 253 (or about 22%) of
occasions (Victorian Water Resources Data Warehouse – undated).
Therefore, although boating can increase the extent of vertical bank wetting,
its impacts are probably no more detrimental than normal river operations.
Riparian vegetation, particular emergent macrophytes can mitigate against the
effects of boat induced waves. However, during the second part of this study
(measuring bank erosion at different locations along the Murray River
between Yarrawonga and Torrumbarry weirs; Baldwin and Boulding, 2007) it
was obvious that there are very few stands of emergent macrophytes. What
the cause of this is unknown (and beyond the scope of this study). However,
as part of the current investigation there was evidence to suggest that areas
of intense boating activity can affect emergent macrophytes. Figure 12 shows
a stand of emergent macrophytes at the start of the unrestricted skiing zone
immediately downstream of Echuca (about 500 m downstream of Site 1). The
macrophytes have been flattened as a consequence of repeated wash.
Therefore, if riparian vegetation management is being considered as a
potential management action to reduce bank erosion, then consideration
should be given to the density of high wash boats using reaches of the river
undergoing restoration.
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Figure 12 – Impact of repeated boat wakes on riparian vegetation
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