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INTRODUCTION

Rivers collect the freshwater runoff from the land and deliver it to the sea at the coast.
The runoff also collects and carries sediment, nutrients, and contaminants depending
on the catchment characteristics and land uses. Once discharged from the river, the
runoff drives a buoyant plume into coastal and shelf waters. The plume eventually
spreads and mixes and moves around with the winds and currents. This mixing with
ambient coastal waters will ultimately dilute the runoff plume as well as any concen-
trations of sediments, nutrients, and contaminants carried within the plume. In the
wet and dry tropical catchments adjoining the Great Barrier Reef (GBR), river dis-
charges are highly seasonal and usually event-driven in nature and result from rain-
fall events associated with evolving monsoon troughs or passing tropical cyclones
(Wolanski, 1994).
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model’s governing three-dimensional equations. The model was designed to predict

TABLE 1 tidal, wind, and density-driven flows in bays and on continental shelves. MECCA has
M HHH 0, . . . . - . . .
Return Periods and Annual mxnmmmm:.nm Probabilities (AEP \ov. hm_.nc_m:x_ been extensively applied to study the salinity and temperature distribution in
for the Total Volume of Freshwater Discharged by the Burdekin River for Chesapeake Bay and surrounding shelf areas (Hess, 1986).
47 Water Years The MECCA model uses a three-dimensional grid to mathematically represent
Water Discharge Return , elements of the water column within the study region. King et al. (1998) designed a
Rank Year (megalitres) AEP (%) Period : grid that covered the entire shelf of the central section of the GBR from Cairns to
' 19731974 $3.878.655 127 787 Bowen ( see Em::.w 1). The H.E_dmlom_ mn.a Rvﬁwma::m the aoﬂ&:.:ma over 100,000
. 2 19901991 40,411,687 3.39 29.5 | computational points, that is, 5 layers in the vertical, 211 points in the along-shelf
. 3 19571958 28,068.880 5.51 18.2 direction, and 95 in the across-shelf direction. The grid elements spacing in the hor-
: M ”NM\“WMN wm“%wwm_. www “ww | izontal plane were 2 km X 2 km throughout, while the vertical grid spacing varied
6 19531954 N.N:_m,,md 11.86 3.4 ! according to the depth (sigma representation). For example, depths near the coast
i . . .
7 19711972 18,897,175 13.98 7.2 : were of the order of 5 to 10 m, thus the vertical grid spacing would be 1 to 2 m,
i . . . . . ~
8 19801981 17,967,853 16.10 6.2 ! respectively. While current computer hardware limitations prevent the use of a finer
_N __www|"www ”mmwwwhm WNMM ww ; grid at this stage, the 2-km resolution of the bathymetry is sufficient to represent the
- [REAVRGY, <. . i N P - . . .
i 19751976 11.828.423 22.46 45 ; individual reefs of %o.wa in this region.
12 19521953 10,968,693 24.58 4.1 _ The model was initially set up to simulatc a flood of freshwater from the
13 1956 -1957 9.859,008 26.69 31 » Burdekin River into the coastal waters of the GBR. King et al. (1998) verified this
q —1¢ - . . .
__M KMWA” ﬁwmw wmwwmmw wwww wm model for the entire 1981 flood event. This was achieved by forcing the model to
16 1088 1989 9.056.236 33.05 3.0 incorporate the daily variability in the river’s discharge and actual wind data (at
17 19821983 8,758,709 35.17 2.8 3 hourly intervals), against the historical field salinities reported in Wolanski and Van
18 1996-1997 8,703,774 37.29 2.7 Senden (1983). Comparisons between model results and field data for three different
19 19761977 8,565,482 394! 23 days of field surveys show very good nt between the observed and predicted
20 19741975 8.482.719 41.53 2.4 ys of field surveys show very good agreement between Hie served and predic
21 199721998 8.047.517 43.64 23 salinity distribution in coastal waters at corresponding times. King et al. (1998) also
22 19701971 6,136,544 45.76 2.2 undertook sensitivity analysis on the 1981 model simulations. The model showed that
Ww ”wwmluwww Mmmwmwm wwmw WA_V the main driving influences on the fate of the plume water were the dischrarge votume
25 _S.ﬂu_ﬂm mmqo”.éu 5212 19 Om. the .1<m.4 Qa the near field, that is, less than 100 km from the B,.E:: and the local
2 1959-1960 5,026,967 5424 1.8 wind forcing in the far field. Thus, each year, one would expect different plume tra-
27 1969-1970 4,856,183 56.36 18 jectories depending on the time-varying nature of both the wind and the rainfall.
ww Www<”wmm N.m%.ﬂwww Nww_w __w The time-step of the model was set to simulate the river dynamics at 30-s inter-
0 19871988 3791 881 6271 16 vals. Such high temporal .nnmo_:.:o: was required to ensure the A.”o:onﬁ representation
31 19641965 3,747,057 64.83 15 of the buoyancy terms, since discharge rates from the Burdekin can exceed 25,000
32 1972-1973 3,603,037 66.95 15 -.:N\m at times.
NM WMWHWMM wwmwkw wﬁ_yww "M Wind data (at 3-h intervals) were obtained from either the nearby Mackay
35 19661967 2.404.477 7331 4 weather station or from the nearby AIMS weather station.
36 19811982 2,330,380 75.42 13 Ambient salinity levels in the GBR fluctuate due to a number of processes such as
37 1965-1966 2,204,311 Wq.,ﬁ _w offshore oceanic upwelling events and direct rainfall. Wolanski (1994) shows that 35
ww “WMNHWMM “mmwwwm mw.wm WN ppt is typical for waters in the GBR, and hence, 35 ppt was defined within the model as
40 19841985 1,352,955 83.90 12 the background salinity. Hence, the model calculated the mixing of Burdekin fresh-
41 1960-1961 1,341,715 86.02 1.2 water with oceanic water and calculated a resulting salinity for each cell. A salinity of
42 19511952 931.768 88.14 L1 0 ppt is all freshwater, a salinity of 17.5 ppt is an even mix of freshwater and seawater,
s 19941993 794576 sl - a31.5 ppt means a 10% content of freshwater present, and a 33.5 ppt contains less than
4 19861087 579,662 9237 Ll 5 ppt means a 10% content of frest water present, and a 33.5 ppt contain e
45 1992-1993 561.551 94.49 1.1 5% freshwater. Regions of 35 ppt within the model domain contain no freshwater.
46 1991-1992 509.291 96.61 1.0 Daily discharge data for each river were obtained from the Queensland Water
47 1968-1969 351,184 98.73 1.0

Resources Commission and supplied to the model for each simulation.
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152 Oceanographic Processes of Coral Reefs

Toward the end of the flood (Figure 5), all 450 km of inshore waters from Abbot
Point in the south to Cairns in the north and through the inter-reef waters of the
Central GBR were exposed to waters drained from the Burdekin River catchment.
The plume at this time was 25 to 100 km wide.

SIMULATING THE 1991 FLOOD EVENT

The 1991 simulation covers the period from 21 December, 1990 until 8 April, 1991,
and included the discharge from the massive amount of rainfall dumped during the
passage of Cyclone Joy (Puotinen et al., 1997) and then due to a sustained monsoon
activity over the Burdekin catchment arca. The total discharge from this flood was the
second highest on record (since 1920) and was about 40 billion tonnes of freshwater.
The monsoon activity kept the river discharging for 4 months with peak discharge
rates exceeding a massive 20,000 tonnes of water per second on two occasions. The
first of these peak discharges pushed plume water (<30 ppt) as far offshore as Old
and Stanley Reefs (Figure 6). At the time of the sccond peak discharge, a steady
southeast wind change occurred and pushed the plume waters northward, filling
Bowling Green Bay, Cleveland Bay, and Halifax Bay with surface waters <30 ppt
reaching to the Palm Island group. The plume was eventually pushed all the way
along the coast and mid-shelf reefs to Cairns.

SIMULATING THE 1972 FLOOD EVENT

This simulation covers the period from 6 December, 1971 until 22 April, 1972. The

o diceh m-th flo abo rate e
otat-d A > od 45864 S oRtonnes-o ESHW n n

included a massive peak discharge of 23,000 tonnes of water per second on
11 January, 1972 due to the passage of cyclone Althea. Afterward a tongue of fresh-
water (<5 ppt) stretched 60 km to the end of Cape Bowling Green and was sustained
for a week. Up to 3 weeks later, a 7.5-m s~ ' SE wind pushed the plume waters north-
ward with <30 ppt reaching to the Palms Islands.

A third and final downpour of rain over the catchment area started in late
February and the river again flooded, this time for a 4-week period. This event
occurred during lighter and variable winds, which created a pooling effect around the
river mouth. Offshore winds forced the freshwater to mix and drift farther offshore as
a patch toward the reefs. A low salinity event (<32 ppt or one part river water to nine
parts reef waters) occurred at the mid-shelf reefs after this period of offshore winds
and impacted Keeper, Lodestone, John Brewer, and Kelse Reefs (Figure 7).

SIMULATING THE 1979 FLOOD EVENT

This simulation showed a moderate continuous flood of the river from 21 January,
1979 until 16 April, 1979. The total discharge from this flood was over 15 billion
tonnes of freshwater. Table 1 shows that this volume corresponds to an event that has
an expected annual return period of every 4.9 years.
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Toward the end of the flood, 7.5 to 10 m s~ ' southerly winds pushed the plume
waters northward with water about 30 ppt reaching to the Palms (Figure 8). Then on
day 67, the plume reached mid-shelf reefs such as Keeper, Lodestone, John Brewer,
and Kelso Reef approximately 3 weeks after leaving the river mouth.

MINIMUM SALINITY ANALYSIS OF MODERATE
BURDEKIN FLOODS

The minimum salinity predicted at each grid cell of the model was extracted for each
wel season to examine the extent of impacts over different years. Two examples of
these are shown in Figure 9. From this figure it is possible to observe the spatial vari-
ability in plume dynamics from different years. Further, in the “big wet” years already
examined (1981, 1974, 1991, 1972, and 1979), their significant discharges ensured
that Burdekin plume waters always travelled northward due to Coriolis effects as the
river head pushes its way into coastal waters. The discharge volumes of 1983 and 1977
were typical of more common discharge events, calculated to occur once every 2.5 to
3 years (see Table 1). These years all show the characteristic extensive northward
movement of the plume in inshore waters. However, the far-field and offshore extent
of the plume varies, since it is significantly influenced by the wind patterns that
occurred at each time. Indeed, the influence and timing of wind events enabled more
Burdekin catchment runoff to be delivered to inshore reefs in years like 1983 and 1977
than some larger floods like 1981. In 1983, the plume took only 14 days to reach
Keeper Reef but had diluted significantly (<5% of original runoff water remaining).
All other model simulations of the Burdekin River (see McAllister et al., 2000), even
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PLUME INTRUSIONS IN THE CAIRNS REGION

In February 2000, moderate flood events occurred from all rivers near Cairns after
Cyclone “Steve” passed by. New data collected shortly afterward in the coastal and
reef waters offshore of Cairns between 22 and 24 February, 2000 (Figure 10) also
demonstrated an intrusion of river plumes into the mid-shelf reefs of the Cairns sec-
tion of the GBR. The across-shelf transects measured lower salinity water, which
appeared to have originated from coastal waters, and intruded into the mid-shelf reef
matrix near Norman Reef. The vertical profiles of salinity show that the plume waters
have created a stratified water column with lower salinity water at the surface to
depths of about 20 m. While this evidence shows that plume intrusions do occur in
this region, also, their frequency, intensity, and duration require further investigation.

DISCUSSION

The model simulations of King et al. (2000) and data presented in Wolanski (1994)
show that the plume formation from the Burdekin River in flood is significant. When
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Oceanographic Processes of Coral Reefs

FIGURE 1 Location map of the Burdekin, Herbert,
Tully, and Johnstone Rivers and adjacent coastline and
a three-dimensional rendered view of the bathymetry
and reef matrix of the Central Great Barrier Reef.

FIGURE 2 Time-series plot of total volume of
freshwater discharged by the Burdekin, Herbert, Tully,
and Johnstone Rivers for each water year 1972/1973 to
1997/1998.

FIGURE 3 The discharge hydrographs (flow rates) for
the Burdekin, Herbert, Tully, and Johnstone Rivers for
the wet season cnding (a) 1986 and (b) 1981 showing
the spatial and temporal variability in the flow rates
from the major rivers of the Central GBR.
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The 1974 Burdekin River Flood

FIGURE 4 Left insert shows the model predicted
surface salinity on 27 January, 1981 from discharges
from the Burdekin, Herbert, Tully, and Johnstone
Rivers. Right insert shows the Wolanski and Van
Senden (1983) distributions of measured surface
salinities from 26 and 27 January, 1981.

Wind tyeed 1A i

The 1979 Burde

e
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FIGURE 5 A three-dimensional rendered view of the
surface salinity distribution immediately following a
sustained discharge period over the 1973-1974 wet
scason. The yellow arrow on the compass represents
the wind vector at that time. This plume water is
predicted to stretch over 450 km along shelf and at
places 100 km offshore.

FIGURE 6 A three-dimensional rendered view of the
surface salinity distribution immediately following a
sustained discharge period. The insert shows the
discharge over the 1990-1991 wet scason. The yellow
arrow on the compass represents the wind vector at
that time. This wind pushed plume water into mid-
shelf reef waters over significant distances.

FIGURE 7 A three-dimensional rendered view of the
sustained discharge period. The insert shows the
discharge over the 19711972 wet season. The yellow
arrow on the compass represents the wind vector at
that time. This wind pushed plume water into mid-

shelf reef waters.

FIGURE 8 A three-dimensional rendered view of the
surface salinity distribution immediately following a
sustained discharge period. The insert shows the
discharge over the 19781979 wet season. The yellow
arrow on the compass represents the wind vector at
that time. This strong offshore wind pushed plume
water into mid-shelf reef waters.
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