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EXECUTIVE SUMMARY 
 
The Burdekin River basin encompasses two areas of land use with different water quality 
concerns, the huge Burdekin Rangelands dominated by grazing activities and the much 
smaller Lower Burdekin Area with both grazing and irrigated cropping.  Potential pollutants 
are identified and their association with different land uses are discussed.  A rating is given to 
each pollutant, based on their volumetric importance and their likely in-stream and down-
stream effects, to allow the overall impacts of the water-quality pollutants to be scaled.  This 
approach is followed for nutrients, suspended sediments and pesticides. 
 
The Burdekin region was divided into 51 minor sub-catchments for modelling with SedNet, 
for suspended sediments and ANNEX, for nutrients.  The latest results of this modelling, from 
the Meat and Livestock Australia (MLA) project were then compared to actual concentrations 
of nutrients and calculated loads from a number of monitoring programs.  Differences 
between the modelled and empirical results for different sub-catchments were tabled and 
discussed.  The SedNet model appeared to underestimate SS in a number of sub-catchments, 
notably Camel Creek and Dry River, while probably overestimating others, such as in 
rainforest catchments and in the East Burdekin and Bowen sub-catchments.  SedNet was 
particularly poor in predicting concentrations or loads from coastal catchments (e.g. Haughton 
River and Barratta Creek.  The ANNEX model also tended to overestimate PN and PP, as 
well as DON.  Better comparisons were seen with DIN, DIP and DOP, though the natural 
variation within and between sub-catchments was not predicted.  However, in the Townsville 
coastal catchment, DIN and DIP were grossly overestimated and the cause of this error needs 
investigation.  Loads from the major sub-catchments were also compared between the models 
and ACTFR calculations, with a number of deficiencies noted and a critical evaluation made 
of the differences.  Areas where empirical sampling data was sparse or non-existent were 
pointed out and suggestions made on possible or clearly-needed corrections to the models. 
 
A similar comparison was made for end-of-catchment estimates by SedNet and ANNEX 
models with sampled load calculations.  TSS was underestimated by around 25%, PN was 
greatly overestimated (by 74%), but DIN was only slightly underestimated (10%).  The 
impact of drought-breaking floods was shown to be a considerable complication to such 
estimates, with particulate exports during these years elevated by a factor of 2-3.  
Consideration was also given to problems with the models, in predicting trapping efficiency 
of the Burdekin Falls Dam, differences with particle size and lag times and the difficulty in 
applying ‘averages’ to a catchment like the Burdekin with highly variable temporal and 
spatial rainfall patterns. 
 
The extent of the Burdekin River influence on the marine environment was reviewed, with the 
recognition that most sediment is deposited within 10 km of the Burdekin delta and within the 
<10 ppt salinity zone.  Only a small percentage of the very fine particulate material is 
transported considerable distances north and into the 10-35 ppt salinity zone.  The effects of 
increased sediment runoff to the GBR lagoon since European settlement are hotly debated.  
The findings that wind-generated resuspension is primarily responsible for turbidity suggest 
few effects, while other research links runoff to increased primary production, impacts of 
marine snow, higher turbidity levels and reduced species diversity on some inshore coral 
reefs.  The impact of increased nutrient supply is very difficult to judge because of the 
complex cycling of N and P between different biotic communities within the inner GBR.  
Despite this uncertainty, two factors argue the case for nutrient impacts, the finding of 
biological gradients linked to nutrient runoff in the Mackay-Whitsunday region and the 
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existence of pristine, naturally-turbid inshore reefs in areas away from land-use inputs.  There 
is some evidence that enhanced nutrients may affect coral recruitment in combination with 
other stresses, contributing to phase shifts of coral reef ecosystems.  
 
A prioritization was made for the key water quality threats for GBR ecosystems.  
Those associated with the Burdekin Rangelands were: 
 1 Fine suspended sediment, PN, PP 
 2 Nitrate 
 3 DON 
 4 Tebuthiuron 
 5 Phosphate (particularly in the basaltic terrains) 
 
Those associated with the Lower Burdekin Area were 
 1 Nitrate, atrazine, diuron and 2,4-D 
 2 Ametryn, Hexazinone and Simazine 
 3 Insecticides and fungicides 
 
Important threats for freshwater bodies in the Burdekin region were (non-prioritised): 

·  Turbidity 
·  Weeds 
·  Dissolved Oxygen Reducing Substances (DORS – sugar, mill mud, dundar) 
·  Riparian vegetation (lack of) 
·  Eutrophication, via nitrate 
·  Pesticides – toxicity on freshwater systems 

 
A number of graphical, conceptual models are provided in Figures 16-27 to help understand 
the transport and fate of sediments, nutrients and pesticides from land catchments to the GBR 
lagoon.  Finally, the different ecosystem components in the transport chain are also modelled 
for the setting of water quality targets in Figure 28. 
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1.0 INTRODUCTION 
 
The Burdekin River basin encompasses two areas of different land use: The Burdekin River 
Catchment and the Lower Burdekin Area.  The Burdekin River Catchment contains a number 
of major sub-catchments, all of which are dominated by grazing activities; this catchment is 
defined as the Burdekin Rangelands (Fig 1a; Table 1).  Discharge from the Burdekin 
Rangelands proceeds through the Burdekin Falls Dam and eventually through to the mouth of 
the Burdekin River in Upstart Bay.  The Lower Burdekin Area (Fig 1b), comprises the broad, 
historical delta of the Burdekin, mostly lying north of and separated from the Burdekin 
Rangelands, but from which the area obtains irrigation water (from the Burdekin Falls Dam) 
for sugarcane land use (Mitchell et al., 2006).  However, with high banks along the lower 
reaches of the Burdekin River, little discharge from the Lower Burdekin Area flows into the 
actual Burdekin River, aside from probable groundwater inputs.  Instead, most discharge from 
the northern section of the Lower Burdekin Area occurs through the Haughton River and 
Barratta Creek system into Bowling Green Bay, while much discharge from the southern 
section of the Burdekin delta flows directly to Upstart Bay via small creeks (Fig 1b). 
 
These two systems have different water quality concerns.  Export from the Burdekin 
Rangelands is dominated by very high levels of fine suspended sediment, deriving from 
grazing-related erosion over this huge catchment area (~130,000 km2), while the dissolved 
nutrients (N or P) are at relatively low levels (as measured at the Burdekin Bridge).  By 
contrast, the water quality of the Lower Burdekin Area (LBA), which includes the Burdekin 
River Irrigation Area (BRIA) and the Burdekin Delta, is greatly affected by its fertiliser-
additive land use, mostly irrigated sugarcane.  Despite the relatively small size of cropping in 
the LBA (6.5%; Table 1), its exports contain high levels of dissolved nutrients and significant 
levels of herbicide residues.  Cropping is also carried out in two small areas of the Burdekin 
Rangelands.  Cereals are grown in the southern section of the Suttor sub-catchment, 
overlapping into the Belyando sub-catchment, while sugarcane is grown at the bottom end of 
the Burdekin River in the small delta area near Dalbeg, only some of which output drains into 
the actual Burdekin River.  These combined fertiliser-additive land uses add up to just 0.52% 
of the total catchment area. 
 
 
Table 1: Land use as a percentage for the major sub-catchments in the Burdekin Rangelands 
catchment and the Lower Burdekin Area catchment.  Land use allocations from QLUMP (1999).   
 

Subcatchment Natural TFTA Grazing Forestry Cropping Cereals Human Waterbodies 
Belyando 1.55%  97.45% 0.45% 0.03% 0.47% 0.01% 0.04% 
Bogie 0.89%  98.68%  0.03%  0.02% 0.38% 
Bowen 2.51%  97.11% 0.23% 0.01%  0.08% 0.06% 
Cape 4.08%  95.57%  0.00%  0.01% 0.34% 
Lower (incl. dam) 0.34%  98.47%  0.70%  0.02% 0.48% 
Suttor 0.82%  97.69%  0.02% 1.22% 0.01% 0.25% 
Upper Burdekin 2.88% 1.35% 95.41% 0.06% 0.01%  0.04% 0.25% 

Total Burdekin 2.52% 0.23% 96.21% 0.11% 0.28% 0.24% 0.08% 0.32% 

LBA (Haughton, 
Barrattas) 6.78%  84.49% 0.00% 6.54%  0.25% 1.94% 
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Figure 1a:  Land use in the Burdekin Rangelands is dominated by the cattle grazing industry 
which extends over 90% of the region.  The red outline represents the Burdekin Region and the 
adjacent receiving waters. 
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Figure 1b:  Land use in the lower Burdekin (Haughton, Barratta Creek and Burdekin River 
Delta) catchments is dominated by the sugar cane industry (insert from Figure 1a). 
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2.0 KEY POLLUTANTS FOR THE BURDEKIN RIVER WQIP REGION  
 
2.1 Potential pollutants 
All potential pollutants are listed in Table 2, along with their associated land uses and their 
relative importance.  A rating of 0-5 (0 = no apparent impact; 1 = minimal impact; … 5 = 
high impact) is given to each pollutant based on their volumetric importance and their likely 
in-stream and down-stream impacts.  Because knowledge of the relative toxicity and actual 
influence of these pollutants on the receiving environment is often incomplete, this rating is a 
somewhat subjective, but we think considered and useful index. 
 
2.2 Identification of key pollutants 
The identification of key pollutants from the Burdekin River basin will obviously be different 
for the two areas of different land use.  Hence, each pollutant is considered in relation to the 
two main land uses, cropping and grazing.  There are also deficiencies in the water-quality 
data available for each area.  Until recently, the bulk of reliable data was collected at the 
Burdekin Bridge and above (Mitchell et al., 2006), involving few sites in the Lower Burdekin 
Area sampled, most of these upstream and with no sites in the Burdekin Delta sub-catchment.  
Furthermore, most water-quality data are for concentrations of nutrients and suspended 
sediments, with relatively few or no samples taken for the myriad of potential pollutants listed 
in Table 1.  To cover gaps in data from certain areas and for these other pollutants, 
estimations are made and inferences are drawn from studies in other areas. 
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Table 2: Potential pollutants in the Burdekin Region  
 

Pollutant Industry Source Rating  Notes, land-use 

     
Nutrients    Sewerage also a point source 
Nitrate (NOX) Sugar, horticulture Fertilizer 5 Low natural levels 
Ammonia (NH4) Sugar, horticulture Fertilizer 2 Low natural levels 
DON Sugar, horticulture Fertilizer 2 Moderate natural levels, slow turnover 

PN 
Sugar, horticulture and 

grazing 
Fertilizer and 

erosion 
4 Moderate natural levels, loss to sediments 

Phosphate (PO4) 
Sugar, horticulture, 

grazing 
Fertilizer, salt 

licks 2 Low natural levels 

DOP Sugar, horticulture Fertilizer 1 Moderate natural levels, slow turnover 

PP Sugar, horticulture and 
grazing 

Fertilizer and 
erosion 3 Moderate natural levels, loss to sediments 

Silicate (Si(OH)4) Natural Erosion 0 
Varies greatly between areas, length of river, 
needed for diatom growth 

Sewerage Urban populations Direct, septic 5 Contains all N, P forms at high levels 
     

Suspended sediment    
Varies between sub-catchments, greatly 
increased by grazing 

Coarse (>63 µm) Grazing Erosion 0 No likely impact, forms delta fan 
Medium (2-63 µm) Grazing Erosion 2 Carried only short distance 

Fine (< 2 µm) Grazing, cropping Erosion 4 Carried widely over shelf, especially 
following dry year 

     
DO reducing 
materials 

   Mostly associated with sugar industry 

Sewerage Urban Direct, septic 5 
Organic matter causing BOD load, level of 
treatment reduces this 

Storm water Urban Run-off 2 Organic material increase 
Sucrose Sugar Harvest, trash 2 By-product of industry 
Dunder Sugar Mill waste 2 Relatively small product 
Organic matter Sugar + horticulture Harvest waste 2 Especially litter in stormflow  
Mill effluent Sugar Mill waste 3 Concentrated effluent 
Ethanol Sugar Mill waste 1 Future issue 
Manure Grazing Cattle waste 1 Widely spread over Burdekin catchment 
     
Herbicides     
Photosynthesis 
inhibitors - 

    

Diuron Sugar Weed control 5  
Atrazine Sugar Weed control 5  
Ametryn Sugar Weed control 3  
Hexazinone Sugar Weed control 3  
Simazine Forestry Weed control 3  
Tebuthiuron Grazing Woody weed 2  
Contact herbicides     
2,4-D Sugarcane Weed control 4  

Glyphosate Sugarcane, 
horticulture, urban Weed control 2  

Paraquat 
Sugarcane, 

horticulture, urban 
Weed control 1  

Endocrine disrupters, 
hormones 

Urban, sugarcane Sewerage, 
weed control 

1  

     
Insecticides     
Organochlorines  
(e.g. DDT, HCH, 
endosulfan) 

Sugar, horticulture 
Cane grub and 

stem borers 2 
Mainly ceased in 1987 apart from endosulfan 
(see Cavanagh, 1999; 2003; Lewis et al., 
2007) 

Many (see Lewis et al., 
2007) Horticulture 

Various insect 
control 1  

Chlorpyrifos Sugar Cane grub 1  
Other Council spread Mosquito 0 Largely unknown impact 
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Pollutant Industry Source Rating  Notes, land-use 

Fungicides     
Methoyetholmercuric 
chloride (MEMC) Sugar ?? 2  

     
Non insecticide 
organochlorines     

PCB’s Industrial  2 
Reduced use since the 1990s, but residues 
may still impact 

Dioxins 
Agriculture and 

industrial 

Impurities in 
herbicides such 
as 2,4-D, 2,4,5-

T, MCPA in 
early usage. 

2 

Also sourced from combustion of synthetic 
chlorinated compounds, and bleaching 
processes.  Also found naturally (e.g. 
burning organic matter in bushfires) 

PAH’s (polcyclic 
aromatic 
hydrocarbons) 

Cane firing, forest fires, 
oil spills  1 Unknown impact 

     
EDS’s ??   0 Unknown occurrence or impact 
PCBs     
     
Heavy metals     
Cadmium Sugar, horticulture Fertilizer ? Unknown occurrence or impact 
Mercury Horticulture Fungicide ? Unknown occurrence or impact 
Other trace elements ?  0 Unknown occurrence or impact 
Potassium Sugar, horticulture Fertilizer 0 No apparent detriment 
     
Salinity     

Dryland salinity Grazing Land clearing, 
cropping 

1 Particular areas of Burdekin catchment 
identified-? 

Irrigation salinity Sugar Irrigation ? Refs? 
     
Acid-sulphate soils     
Disturbance Sugar Expansion 1 Get refs 
Run-off Sugar Leakage 1 Get refs 
     
Temperature     
Sugar mill, Sugar ? 0 Unknown occurrence or impact 
Industry ? ?   
     
Oil or hydrocarbons Fuel-oil industry, Sugar Oil spills 1 Chiefly point or scattered sources 
     
Antifoulants     

Moored vessels Fishing 
Leaching, 
application 

1 Mostly an estuarine issue, TBT now banned 

     
Pathogens Hospital  0 Largely unknown occurrence and impact 
     
Waterway vegetation 
imbalance 

Sugar Eutrophication 3 Weeds, lack of open water, DO reductions 
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2.3 Nutrients 
Nutrient runoff from the land is increased by three mechanisms:  

·  Erosion (increased by land clearing, most human land uses, widely by grazing); 
·  Addition of fertilizer or sewerage (leakage from cropping or horticulture, human 

waste); 
·  Loss of natural trapping (increased by land clearing and grazing, reduced vegetation 

complexity - e.g. forest to crops, loss of freshwater lagoons, loss of riparian 
vegetation). 

 
To aid comparisons between different land uses, the median(s) and maximum for each 
nutrient form (and suspended sediment) for the major land-use areas in the Burdekin area and 
in other catchments of north Queensland is listed in Table 3, with the details of these data 
sources listed in Table 4. 
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Table 3: Statistics for nutrients and suspended sediment from different land uses.  Nutrient 
concentrations expressed (as N or as P) in mg/L; Suspended sediment (SS) concentrations expressed in 
mg/L.  Gray areas are within Burdekin River WQIP Area. 
 

# Stream/Land use Statistic  n NOX NH3 DON PN PO4 DOP PP SS 
1 Pristine (forest) median  636 19 14 92 38 3 7 4 1 
 NQ, Brodie & Mitchell max  316 100 7440 7750 537 298 795 111 
            
2 Savannah median  17 46 (DIN) 320 108 18 18 33 72 
 Normanby, Prange max  79 (DIN) 512 189 25 30 73 170 
            
3 Savannah median  18 50-170  200-285 100-300 10-20 10 30-55 20-300 
 Burdekin, Bainbridge 

& Post max  300  390 1000 30 10 330 1000 

            
4 Grazing median  626 119 21 131 314 17 4 75 246 
 Burdekin - Mitchell max  462 274 406 9100 147 75 1423 3559 
            
5 Grazing median  28 286 (DIN) 169 325 23 18 118 425 
 Burdekin, Prange max  712 (DIN) 411 923 79 44 332 1396 
            
6 Grazing           
 Upper Burdekin median  31 175 33 235 695 21 8 440 825 
  max  400 97 420 2940 38 14 1025 3930 
 Cape median  20 100 5 350 325 5 9 105 260 
  max  570 26 500 565 20 19 275 940 
 Belyando median  22 88 17 365 435 21 8 230 475 
  max  210 75 1650 1020 66 31 840 1440 
 Suttor median  9 220 23 400 650 20 8 390 320 
  max  330 51 445 825 35 16 450 815 
 Bowen median  97 400 52 350 2240 19 5 1475 2700 
  max  980 220 785 6040 115 34 3030 14000 
 Barratta Ck median  51 355 11 405 180 68 18 58 60 
  max  1820 128 818 773 185 50 158 290 
            
7 Sugarcane/Grazing median  44 50-600  200-410 200-300 40-100 10-20 60-90 90-160 
 L. Burd, Bainbridge max  1450  980 700 175 40 350 390 
            
8 Sugarcane 

(paddock) 
median  lots          

 L Burd, Ham max  32000 20000   3000    
            
9 Sugarcane median   939 13 442 220 6 20 28 9 
 Tully, Faithful max  13100 2430 10400 4200 61 87 834 1497 
            

10 Sugarcane median   818-1710 29-75 180-617 240-520 34-247 19-38 85-93 70-208 
 Mackay, Rohde max  1938 124 2116 1100 284 43 252 426 
            

11 Grazing median  4 251 (DIN) 375 254 89 50 33 248 
 Fitzroy, Prange max  393 (DIN) 423 274 321 76 36 530 
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Table 4: Sources used for data in Table 2. 
 

Code Reference Season  Scale Description 

1 Brodie and Mitchell, 2006 All year Stream 
North Queensland - Nutrient values from pristine sites, defined by 
land-use GIS. 

2 Prange et al., 2007 Wet End-of-pipe Normanby R, 2005-2006 wet season 

3 Bainbridge et al., 2006a, 
Post et al., 2004 

Wet Catchment Burdekin – Nutrient values in Fanning (2003/04) and Reid and 
Running Rivers during 2004-2005 wet season.  

5 Prange et al., 2007 Wet End-of-pipe Burdekin R, Inkerman, 2005-2006 wet season 

4 Mitchell et al., 2006 Most wet End-of-pipe Burdekin – Nutrients at Inkerman (and Clare); end-of-pipe 
sampling by AIMS. 

5 Bainbridge et al., 2006a Wet Catchment 
Burdekin – Nutrient values across catchment during 2004-2005 
wet season. 

6 Bainbridge et al., 2006b Wet Catchment Burdekin – Nutrient values across catchment during 2005-2006 
wet season. 

7 Bainbridge et al., 2006a,b Wet Catchment Lower Burdekin Area - Nutrient values across sub-catchment 
during 2004-2006 wet seasons. 

8 Ham, 2006 Most wet Paddock 
Burdekin – Runoff from 9 cane farms, max values estimates from 
graphs. 

9 Faithful et al., 2006 Wet Paddock Tully – direct runoff from cane farm, 2003-2006 

10 Rohde et al., 2006 Wet Catchment Mackay-Whitsunday – Nutrient values of streams draining sugar 
area. 

11 Prange et al., 2007 Wet End-of-pipe Fitzroy, Rockhampton, 2005-2006 wet season 

 
 
Nitrate from cropping 
N and P forms are both increased by fertilizer-additive land uses (non-point sources) and from 
sewerage runoff (mostly point sources).  Nitrate (assumed here as NO2 + NO3 = NOX) is 
given a pollutant rating of 5 because it is greatly enhanced by fertilizer-additive land use and 
because it is ‘bioavailable’ for in-stream uptake (e.g. weed growth) and for down-stream 
uptake (e.g. promoting algae on inshore coral reefs).  From Table 3, it can be seen that nitrate-
N has only a small natural occurrence in north Queensland from pristine sources (#1, median 
= 19 mg/L), moderate levels in grazing areas of the Burdekin (#4-6; medians = 119-460 mg/L), 
but high concentrations draining an intensely-studied sugarcane farm in Tully (#9, median = 
939 mg/L) and from streams draining sugarcane farms in the Mackay-Whitsunday area (#10, 
818-1710 mg/L).  Maximum concentrations recorded by Ham (2006) in runoff from 9 farms in 
the lower Burdekin Area reached 32000 mg/L (#8), around 100 times that of the maximum 
concentrations observed from pristine areas (#1). 
 
For the Tully River catchment, Mitchell et al. (2007) demonstrated a relatively linear 
relationship between the proportion of fertilizer-additive land use above a sampled site and 
the average stream nitrate-N concentration at that site.  The increase in nitrate-N draining 
from pristine land use (#1, Table 3) to that draining from fertilizer-additive land use was 
estimated to be 35 times, based on average concentrations in the Tully farm study (#9, Table 
3) and 49 times, based on median concentrations in this study.  For the Lower Burdekin Area, 
the direct nitrate-N export measurements from sugar farms by Ham (2006) suggest that the 
higher N-fertilizer application rates used in this irrigated area (Shannon, 2002) will lead to an 
even higher average factor increase here.  In recent studies of streams draining cane lands of 
the lower Burdekin (Bainbridge et al., 2006a; 2006b; #7), median nitrate-N concentrations in 
high flow events ranged from 50-600 µg/L, with maximum concentrations reaching 2,200 
µg/L.  Nitrate is therefore considered to be the key nutrient pollutant in the Lower Burdekin 
Area.   
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Nitrate from grazing 
For savannah lands in the Normanby and Burdekin catchments, under low grazing pressure 
(Bainbridge et al., 2006a), or in areas where grazing has been stopped (Post et al., 2004), 
median nitrate-N concentrations in high flow runoff conditions are relatively low (46-170 
µg/L (#2, 3; Table 2).  In grazing lands under common Burdekin stocking rates, median 
nitrate-N concentrations in high flow runoff are 115-413 µg/L (Bainbridge et al., 2006a; 
2006b).  While much less than that from cropping, this still represents a 6-20 fold increase 
from pristine levels. 
 
 
Ammonia from cropping 
Other N forms are considered less important in runoff.  Ammonia (NH3), the other dissolved 
inorganic nitrogen form is also bioavailable, but is usually present in lower concentrations, 
though high values are sometimes seen.  In the Tully sugarcane-farm study examined above, 
ammonia-N was sometimes elevated, but not usually (#9; median 13 mg/L; maximum 2430 
mg/L; Faithful et al., 2006).  However, measurements made by Ham (2006) suggest that very 
high runoff levels (#8; up to 20,000 mg/L) can occur from sugarcane farms in the Lower 
Burdekin Area.  Very high levels of ammonia-N are only ever observed in drains or creeks 
direct from farms and not in open streams or rivers.  The ammonia is either quickly taken up 
by in-stream or riparian vegetation or converted to nitrate. 
 
Ammonia from grazing 
Ammonia-N is generally only present at low concentrations from grazing lands (Table 3). 
 
 
DON from cropping and grazing 
Dissolved organic nitrogen (DON) is generally only elevated by cropping some 2-6 fold (#9, 
10; 180-617 mg/L), but quite high levels may occasionally be seen, even in pristine streams 
(#1, Table 3).  A similar increase is seen for grazing lands.  However, it should be noted that 
DON is not directly bioavailable and is apparently turned over very slowly in the 
downstream, marine environment, so always forms by far the largest pool of N present 
(Furnas, 2003).  Hence, while the export of DON from the Burdekin is substantial, it is given 
a considerably lower pollutant rating than that of nitrate. 
 
 
PN from cropping 
Particulate nitrogen (PN) is elevated by a factor of 5-10 in direct runoff or in streams draining 
cane lands (#9, 10; 220-520 mg/L).  However, as with DON, quite high levels of PN are 
occasionally observed in most areas during high discharge events, and also in pristine streams 
(Table 3).  Unfortunately, there is no data available on PN concentrations draining direct from 
cane paddocks in the lower Burdekin.  The median PN concentrations from the Lower 
Burdekin Area draining around 25% sugarcane land use is around 250 µg/L (#7, Bainbridge 
et al., 2006a; b).  In catchments of the Mackay Whitsunday region dominated by sugarcane 
(>25-61% of the catchment area), median PN concentrations measured during high flow 
events ranged between 240-520 µg/L (#10; Rohde et al., 2006).   
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PN from grazing 
Higher PN levels are generally observed in grazing lands, at least in part because grazing 
removes vegetation cover to allow erosion and because less trapping of particles occurs.  In 
the Burdekin catchment, erosion ‘hotspots’ are observed in parts of the Belyando-Suttor 
system, the Bowen River catchment and in part of the TFTA area (Table 3).  In the latter case, 
one stream, Main Creek had very high suspended sediment losses, compared to other creeks 
in this area, though no clear reason was obvious for the elevated erosion levels (Post et al., 
2004).  Some smaller tributaries in the Upper and East Burdekin sub-catchments (e.g. 
Elphinstone Creek) also have high PN concentrations, commonly around 6,000 µg/L.  While 
much of the PN falls out of the seawater column close to its discharge source, considerable 
amounts of the very fine fraction can be carried large distances and desorption of N from the 
particles may continuously occur (Devlin et al., 2003).  For this reason, PN is given a 
pollution rating of 4. 
 
 
Phosphate from cropping 
Of the phosphorus (P) nutrients, the dissolved inorganic, bioavailable form is potentially the 
most polluting, though the concentrations of this form (PO4-P) are usually low.  Although 
some phosphate fertiliser is used in sugarcane cropping, high phosphate-P concentrations are 
not generally seen in the Lower Burdekin Area (#7; median = 40-100 µg/L).  However, this is 
still considerably higher than found in runoff directly from sugarcane lands in Tully (#9, 
typically <10 µg/L).  In the Mackay Whitsunday Region phosphate-P concentrations were 
somewhat higher than those recorded in the lower Burdekin (#10; 34-247 µg/L: Rohde et al., 
2006).  The differences observed across the regions are probably a result of soil types and the 
absorption of phosphate onto different clay particles. 
 
Phosphate from grazing 
Relatively low levels of phosphate-P are generally seen from grazing in the Burdekin (#4-6; 
medians = 4-23 µg/L), but higher levels from similar land use are observed in the Fitzroy 
basin (#11, median = 89 µg/L). 
 
 
DOP from cropping and grazing 
Uniformly low DOP levels are observed in the Burdekin rangelands (#3-6; medians = 4-18 
µg/L), with slightly higher concentrations seen from cropping (#9, 10; medians = 19-38 
µg/L).  As for phosphate, higher levels were measured from the Fitzroy catchment. 
 
 
PP from cropping and grazing 
Relatively low PP values were typically associated with sugarcane crops (#9, 10; medians = 
28-93 µg/L), considerably lower than those associated with the grazing lands of the Burdekin 
region (#4-6; medians = 75-443 µg/L).  However, median PP concentrations between 400 and 
1500 µg/L are seen in a number of apparent erosion hotspots, including the Suttor and Bowen 
Rivers and some smaller tributaries in the Upper and East Burdekin sub-catchments (e.g. 
Elphinstone Creek) (Bainbridge et al., 2006a,b). 
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2.4 Suspended sediment 
We are mostly interested in the finer sediment fraction because: 

·  these particles travel further in the marine environment; 
·  have much greater proportional surface areas and hence carry most pollutants (e.g. 

adsorbed pesticides, trace metals and nutrients); 
·  they are capable of producing higher turbidity levels in the marine environment.   

 
As for PP, the TSS (‘Total suspended sediments’ is equivalent to ‘suspended sediments’ or 
‘suspended solids’) concentrations discharging directly from sugarcane areas are relatively 
low (10-208 mg/L) compared to the levels lost from erosion forces in grazing lands.  In these 
lands of the Burdekin region, typical median TSS concentrations range between 25-960 mg/L, 
except for a number of apparent erosion hotspots.  As above, these include the Bowen River 
and some smaller tributaries in the Upper and East Burdekin sub-catchments (e.g. Elphinstone 
Creek, Dry River and Camel Creek) and have median TSS concentrations between 3,000-
6,000 mg/L ((Bainbridge et al., 2006a,b). 
 
In a recent study by Lymburner and Dowe (2007), LandSat imagery of the Burdekin 
catchment from 1970 was compared to that from the year 2000 to determine any changes in 
this 30-year period.  The authors found large loss and removal of riparian vegetation in a 
number of sub-catchments, in particular the western Belyando, Suttor, Barrattas and Burdekin 
Delta regions.  Heavy grazing in the riparian zone, floodplain clearing and increased gullying 
have all apparently impacted on the potential for soil erosion within the Burdekin catchment.  
Increases in gullying/scalding are particularly noticeable in some subcatchments i.e. the 
Burdekin River immediately above the dam, and below the dam, Pelican Creek, Glenmore 
Creek and Bowen River. In other subcatchments there is an increase in low-cover hillslopes 
adjacent to the stream or areas of bare soil on the floodplain.  Bare soil on the floodplain is 
particularly prevalent in the ana-branching subcatchments in the Belyando and Suttor regions.  
Based on the ecosystem functions and erosion reduction indicators, the catchments that have 
undergone the greatest degree of change (in both sets of indicators) are Carmichael Creek and 
Sandy Creek. 
 
 
Summary of nutrients and suspended sediments 
Nitrate, as the main leakage form from N-fertilizer, is the key pollutant from the irrigation 
farms of the Lower Burdekin Area, while particulate material, whether as suspended 
sediments or as particulate nutrients, forms the most important export from the much larger 
Burdekin River catchment.  However, inter-annual variability of rainfall and as a 
consequence, the exports of particulate material from the Burdekin catchment vary 
enormously from year to year.  With 9 consecutive years of sampling at Inkerman, including 
3 drought years, Mitchell et al. (2006) found a 2.5-4 times increase in PP exports, a good 
proxy for soil loss, in the year following such a dry year. 
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2.5. Pesticides 
Tebuthiuron was the only herbicide detected in high flow runoff from the Burdekin grazing 
lands, although this data is based on limited opportunistic sampling (range from 0.02 to 0.08 
µg/L) of the major Burdekin sub-catchments  (Bainbridge et al., 2006b).  No insecticides were 
detected in the Burdekin rangelands.  Tebuthiuron is used to control large woody weeds in the 
Burdekin grazing lands (e.g. recommended for brigalow and eucalypt regrowth).  This 
herbicide is of particular significance because of it’s preference for the dissolved phase as 
well as its relatively long residence time (~1 year) in the environment (trigger values of 0.02 
99% and 2.2 95%).  Tebuthiuron concentrations were considerably higher in the O’Connell 
and Andromache Rivers in the Mackay Whitsunday Region with median concentrations of 
0.2 and 0.3 µg/L, respectively where grazing forms a significant proportion of the catchment 
(Rohde et al., 2006). 
 
Nine different pesticide residues were detected in the sub-catchment sites of the Lower 
Burdekin Area including ametryn (range from <0.01 to 1.80 µg/L: detected in 32 of 73 
samples), atrazine (<0.01 to 6.50 µg/L: 60 of 73), diuron (<0.01 to 3.80 µg/L: 54 of 73), 
hexazinone (<0.01 to 0.22 µg/L: 14 of 73), prometryn (<0.01 to 0.02: 1 of 73), simazine 
(<0.01 to 0.18 µg/L: 15 of 73), MCPA (<0.1 to 0.2 µg/L: 2 of 53), 2,4-D (<0.1 to 2.5 µg/L: 10 
of 52) and tebuthiuron (<0.01 to 0.02: 3 of 73).  The decay products of atrazine – desethyl 
atrazine (<0.01 to 1.20 µg/L: 42 of 73) and desisopropyl atrazine (<0.01 to 0.29 µg/L: 29 of 
73; also a decay product of simazine) were detected in the lower Burdekin as well.  Of the 
herbicides detected, ametryn, atrazine and diuron were the most commonly detected (and 
most concentrated e.g. some samples above >1 µg/L) in the major waterways and irrigation 
channels of the lower Burdekin.  Only atrazine (0.02 to 0.22 µg/L: 5 of 5) and hexazinone 
(<0.01 to 0.06 µg/L: 3 of 5) were detected in the Don River.  While atrazine was detected in 
all 5 samples taken from the Don River, its decay products were below detection limits.  
 
Ametryn, atrazine, diuron, hexazinone, MCPA, 2,4-D are all registered products used in the 
sugar industry and have also been detected in the streams draining sugarcane in the Mackay 
Whitsunday Region (Rohde et al., 2006) and in the Tully Basin (Faithful et al., 2007).  
Simazine is used in forestry and is found in streams draining forestry operations such as the 
Mary River (McMahon et al., 2005) and in the Murray River (Faithful et al., 2007).  Simazine 
is not used in cane cultivation and its presence in sites such as Iyah and Barratta Creeks 
cannot be explained at this time, although it may be used to control weeds in irrigation 
channels/drains.  Tebuthiuron is also not used in the sugarcane industry but was detected in 
three samples at Plantation and Sheep Station Creeks as well as at the Upper Haughton River 
site (Bill Britt Road).  These samples were all taken at low flow conditions and, in the case of 
Plantation and Sheep Station Creeks which are feed by irrigation water from the Burdekin 
Falls Dam, the tebuthiuron concentrations may be derived from the Burdekin rangelands 
above the dam.  Tebuthiuron, used to control woody weeds in the grazing industry, has been 
detected in the major Burdekin sub-catchments above the dam during event flow conditions 
(Bainbridge et al., 2006b).  This herbicide is very persistent in the environment (half life of 
360 days) and is strongly associated with the dissolved phase.  The tebuthiuron detected at the 
Upper Haughton River site is probably also derived from the grazing industry in this 
catchment.  Prometryn was detected in only the one sample at the West Barratta Creek site 
during low flow conditions.  This herbicide is used to control weeds and grasses and is not 
registered in the sugarcane industry but may be used in alternative crops such as beans and 
chickpeas.  
 



� � ����������
 

� � �16 

Table 5A (from Lewis et al., 2007) summarises the peak concentrations of the common 
herbicides detected in the Lower Burdekin Area and compares these with other sugarcane 
catchments including the Mackay-Whitsunday (Mitchell et al., 2005; Rohde et al., 2006) and 
Tully Regions (Faithful et al., 2007).  The results indicate that peak atrazine concentrations 
are higher in the Lower Burdekin Area compared to the other regions while peak diuron and 
peak hexazinone levels are lower in this area.  Table 5B compares the herbicide loads from 
the Lower Burdekin Area (Haughton River + 2 × West Barratta) with the loads from the 
Pioneer River during the 2002 (Mitchell et al., 2005) and the 2005 (Rohde et al., 2006) flow 
events.  Interestingly, the loads of atrazine from the Lower Burdekin were considerably 
higher compared to the Pioneer, but the loads of diuron and hexazinone were considerably 
lower.  Diuron and hexazinone can be used in combination in the sugar industry and these 
results suggest that these herbicides are more commonly used in the Mackay Whitsunday (and 
Tully) region. 
 
 
 

Herbicide peak 
concentration 

Lower 
Burdekin 1 

Mackay 
Whitsunday 2 Tully 3 

Atrazine (µg/L) 6.5 4.2 1.0 

Diuron (µg/L) 3.8 6.5 19 

2,4-D (µg/L) 2.5 1.1 N/A 

Ametryn (µg/L) 1.8 0.14 0.05 

Hexazinone (µg/L) 0.22 0.45 3.6 

Simazine (µg/L) 0.18 0.03 0.06 
1This study, 2Rohde et al. (2006), 3Faithful et al. 
(2007)  

 
 
 
 

Herbicide load Lower 
Burdekin* 1 

Pioneer 
River 
20032 

Pioneer 
River 
20053 

Atrazine (kg) 230 95 75 

Diuron (kg) 155 310 470 

2,4-D (kg) 50 N/A N/A 

Ametryn (kg) 6 9 22 

Hexazinone (kg) 5 45 28 

Simazine (kg) 5 N/A N/A 

1This study, 2Mitchell et al. (2005), 3Rohde et al. (2006) 
*Lower Burdekin is the combined load of the Haughton River 
and Barratta Creeks. The load for West Barratta was used to 
estimate the load for East Barratta. 

Table 5A:  Regional comparison of the peak concentrations of 
herbicides in sugarcane growing regions in the GBR catchments. 

Table 5B:  Comparison of herbicide loads in the Lower Burdekin  
Area with loads from the Pioneer River. 
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Lewis et al. (2007) identified that atrazine, diuron and 2,4-D were the herbicides of main 
concern in the Lower Burdekin Area (see Table 6).  These herbicides exceeded ANZECC 
water quality guidelines in several samples in the streams of the lower Burdekin.  Indeed 
diuron was detected in seagrass off Townsville, although this herbicide was below detection 
limits in intertidal sediments from the same area and its source is unknown (Haynes et al., 
2000).  The GBRMPA Marine Monitoring Program also detected low concentrations of 
diuron (0.0032 µg/L) in marine waters off Magnetic Island (Prange et al., 2007).     
 



� � ����������
 

� � �18 

Table 6:  Summary of the significance rankings of herbicide residues in the lower Burdekin.  The 
residues highlighted in orange signify those which are of most concern (see 3rd column: order of 
ecological significance) due to their concentrations exceeding ANZECC guidelines. 
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3.0 POLLUTANT SOURCES WITHIN THE BURDEKIN REGION 
 
3.1. Minor Burdekin sub-catchments 
The Burdekin Region was divided into fifty-one manageable minor sub-catchments (Fig 2) 
for SedNet and ANNEX modelling.  The division of these catchments was based on the 
tributaries of the Burdekin with catchment areas of ~100,000 to 600,000 Ha (e.g. Fanning 
River) as well as in proximity to established ACTFR monitoring sites; this allows some 
comparisons to be drawn to validate these models.  Some problems were encountered in this 
process which was related to variable catchment areas between the calculated area by ACTFR 
(CCI layer) and the CSIRO (Kinsey-Henderson and Sherman, 2007) SedNet/ANNEX model, 
due to the different stream networks used by the different GIS programs.  Appendix 1 shows 
the comparisons between the two GIS programs.  The majority of catchment areas were in 
close agreement (<10%), although some catchments particularly flood plains and smaller 
catchments with a number of channels showed some considerable differences (see Appendix 
1).   
 
The latest SedNet and ANNEX models from the Meat and Livestock Australia (MLA) project 
developed by CSIRO for the Burdekin Dry Tropics NRM (Kinsey-Henderson and Sherman, 
2007) were used to produce the maps and to rank the sub-catchments.  The sediment and 
nutrient loads for each of the sub-catchments were divided by the SedNet modelled mean 
annual flow to normalise the catchments against total annual discharge and to estimate the 
flow weighted concentration (mg/L for suspended sediment and µg/L for nutrient species).  In 
addition, to normalise the catchment areas we divided the loads by the catchment area (Ha) to 
estimate kg/Ha average erosion rates for sediment and nutrients.  Maps from these 
calculations are presented in Figures 3 and 4 and raw data and additional maps are shown in 
Appendices 1 and 2. 
 
The SedNet model suggests that areas of the ‘East’ Burdekin (includes Landers and Stones 
Creeks and Kirk River), the channel flood plains (Burdekin River below dam, Burdekin River 
at Blue Range, Burdekin River dam) the coastal plain (Haughton River) and the Bowen 
catchment (Pelican, Rosella and Glenmore Creeks) are all high contributors of sediment (Fig 
3).  Limited ACTFR monitoring data supports that the East Burdekin has relatively high mean 
TSS concentrations (e.g. Elphinstone Creek, Broughton River: Bainbridge et al., 2006b).  It 
should be noted that the SedNet model does not produce reliable results in flat areas including 
flood and coastal plains.  For example, two wet seasons of ACTFR monitoring data for the 
Haughton River catchment show that this catchment exports relatively low average TSS 
levels (160 mg/L) compared to the considerably higher flow weighted estimate from the 
SedNet model (760 mg/L).  Therefore, these areas (e.g. Belyando Floodplain, Burdekin River 
(dam), Haughton River, Barratta Creek) have been excluded in the maps.   
 
In addition, the “c-factors” applied in the SedNet model for streams draining rainforest 
catchments appear to be deficient.  Mean TSS concentrations monitored from rainforest 
catchments such as the Running (55 mg/L) and Star (80 mg/L) Rivers are considerably lower 
than the SedNet flow weighted estimate of 330 and 370 mg/L respectively.  The SedNet 
model also appears to underestimate sediment loads at some of the sub-catchments.  This 
underestimate is probably due to limited gully density mapping of catchments or limited land 
cover data.  For example, ACTFR monitoring data show Camel Creek (5,000 mg/L) and Dry 
River (4,000 mg/L) as very high contributors of sediment, although the SedNet models 
suggest that the flow weighted TSS concentrations are a more modest 500 and 480 mg/L 
respectively.  It should be noted, however, that monitoring data is often based only on data 
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from one wet season and that these catchments may be highly variable over years and with 
different sized flow events.  Additional monitoring data is required to help verify and improve 
these models.  Unfortunately no monitoring data are available for the tributaries of the Bowen 
catchment (e.g. Broken River, Pelican Creek, Little Bowen, Rosella Creek, Glenmore Creek 
sub-catchments) which is considered by the SedNet models to be high contributors of 
sediments. 
 
High kg/Ha erosion rates have been identified for areas of the ‘East’ Burdekin, Lower 
Burdekin (Haughton and Barratta) and Bowen River (Broken and Little Bowen Rivers and 
Pelican Creek) catchments (Fig 4).  These areas have already been discussed above in relation 
to their flow weighted concentrations such as the limits of the model to adequately predict 
floodplain erosion.  Presently we cannot confirm the validity of the results for the ‘East’ 
Burdekin and Bowen catchments, which appear to be excessively high (> 1000 kg/Ha) (Fig 4; 
Appendix 1).     
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 Figure 2:  Map of the fifty-one minor Burdekin sub-catchments used for source analysis in the Burdekin. 
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Figure 3:  Map of flow weighted TSS (mg/L) concentrations in the fifty-one minor Burdekin sub-
catchments based on the SedNet model. 
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Figure 4:  Map of TSS erosion levels (kg/Ha) normalised over catchment area for each of the fifty-
one minor Burdekin sub-catchments based on the SedNet model. 
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Suspended sediment losses: 
Because the erosion of sediment and associated particulate nutrients are the major issues for 
the Burdekin rangelands (see Bainbridge et al., 2006a; b), we have compiled a list of the top 
ten catchments in the region for suspended sediment losses, based on the flow-weighted, 
concentrations of suspended sediment from the SedNet model (Table 7-a), the available 
ACTFR monitoring data (Table 7-b) and the combination of the two datasets (Table 7-c).  
Note that the flood and coastal plain areas of the Burdekin have been excluded from this list.  
The combined data is primarily based on the ranking of measured and predicted flow 
weighted concentrations.  Further monitoring data and refinements of the models are required 
to improve this ranking. 
 
 
 

Ranking Sub-catchment 

SedNet 
Model 
(flow 

weighted 
mg/L) 

ACTFR 
monitored 

(event mean 
concentration 

mg/L) 

1 Landers Creek 1350  

2 Stones Creek 1300  

3 Sellheim River 1150  

4 Kirk River 900  

5 Pelican Creek 880  

6 Rosella Creek 800  

7 Haughton River 780 160 

8 Glenmore Creek 780  

9 Upper Belyando 760  

10 Fanning River 740 300 

 
 
 
 
 

Ranking Sub-catchment 
ACTFR 

monitored 
(mg/L) 

SedNet 
Model 
(mg/L) 

1 Camel Creek 5000 500 

2 Dry River 4000 480 

3 Upper Suttor 
River 950 470 

4 Basalt River 950 430 

5 Mistake Creek 600 600 

6 Bogie River 550 580 

7 Don River 400 650 

8 Fanning River 300 740 

9 Campaspe River 300 560 

10 Hann Creek 260 520 

 
 

Table 7-a:  Ranking of top ten Burdekin sub-catchments for suspended sediment losses, based 
on the SedNet model.  The data is compared to available ACTFR monitored data. 

Table 7-b:  Ranking of top ten Burdekin sub-catchments for suspended sediment losses, 
based on available ACTFR monitored data.  Data are compared to the SedNet predictions. 
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Ranking Sub-catchment 

1 Camel Creek 

2 Dry River 

3 Landers Creek 

4 Stones Creek 

5 Sellheim River 

6 Upper Suttor 
River 

7 Basalt River 

8 Kirk River 

9 Pelican Creek 

10 Rosella Creek 

 
 
Nutrient losses: 
The ANNEX model appears to have considerably overestimated particulate nitrogen and 
phosphorus as large offsets exist with all monitoring data (see in Appendices 1 and 2).  This 
overestimate is either due to an overestimate of the sediment load which produces a “carry-
on” effect to the particulate nutrients or to the limitations in the Australian Soil Resource 
Information System (ASRIS) database which the ANNEX model uses to estimate particulate 
loads.  The ACTFR monitoring data suggest that there is much room for improvement in 
estimates of particulate nutrient export in the Burdekin catchment.  Because of the low 
confidence in the particulate nutrients, a ranking analysis has not been conducted however the 
maps have been included in Appendix 2.   
 
Loads of the dissolved inorganic nitrogen and phosphorus derived from the ANNEX model 
have, in general, less divergence with ACTFR monitoring data than for PN and PP, although 
there are a number of gross differences for some catchments (refer to Appendix 1).  Flow 
weighted DIN and DIP modelled concentrations are predicted to be remarkably uniform 
throughout most of the grazed Burdekin rangeland sub-catchments, though the monitoring 
data suggest that there are considerable, unexplained (natural?) variations across these areas.  
DIN-modelled concentrations were particularly concentrated in the sugar and horticulture 
land use catchments including the lower Burdekin, Burdekin Delta and Haughton River (Fig 5 
and 6), as expected due to the fertilizer-additive nature of this land use.  However, these sub-
catchments contain grazing in the upper reaches and cropping in the lower reaches, so the 
apparent high concentrations over the whole sub-catchment is somewhat misleading.  DIP 
concentrations were predicted to be negligible throughout most of the Burdekin region, so this 
nutrient was therefore not considered a high risk (Appendix 2).   
 

Table 7-c:  Ranking of top ten sub-catchments for suspended sediment losses, based on 
the combined data from the SedNet models and ACTFR monitoring. 
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However, DIN and DIP modelled estimates in the ‘Townsville catchments’ area, 
encompassing the coastal region from Cape Cleveland north to around Crystal Creek (see 
Figures 5, 6; Appendices 2e, 2f), are almost certainly in gross error.  While relatively few data 
have been published for the streams in this large ‘sub-catchment’, collections from Ross River 
and Alligator Creek by AIMS (Alan Mitchell, personal comment) and Crystal Creek by 
CSIRO (Bramley and Muller, 1999) show consistently low levels of DIN and DIP.  From a 
land-use basis, there is no reason to believe that creeks to the north and south of Townsville 
will have elevated N or P concentrations.  Some exceptions can be made.  There are some 
new cane and fruit tree farms in the very north of this sub-catchment and fruit trees in the 
Alligator Creek area, though these are limited in area due to the marginal rainfall – this area is 
still in the Dry Tropics.  A creek adjacent to the Yabulu Nickel Refinery may have elevated 
ammonia levels from this industry, but the exported volumes are low.  The same comments 
may also apply to creeks draining the Copper Refinery and Sun Metals.  Some elevated N and 
P inputs may derive from the Townsville Sewerage Plant discharging into Sandfly creek, but 
these would only occur in the estuarine, lower reaches.  Hence, in a few small areas, some 
elevated nutrients may occur, but would seem unlikely to reach the same levels as seen in the 
Lower Burdekin Area.  The origin of this very high modelled DIN load (1235 tonnes; 
Appendix 1) is as mysterious as it is wrong and misleading.  It should be fixed up. 
 
The ANNEX model estimates for DON exports appear to be systematically higher than the 
ACTFR monitoring data (Appendix 2).  This result suggests that there may be some bias in 
the model that is contributing to this offset.  However, the modelled estimates for DOP 
(Appendix 2) are in close agreement with the ACTFR monitoring data (Appendix 1). 
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 Figure 5:  Map of flow weighted DIN (µg/L) concentrations in the fifty-one minor Burdekin sub-
catchments based on the SedNet model. 
. 
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Figure 6:  Map of DIN levels (kg/Ha) normalised over catchment area for each of the fifty-one 
minor Burdekin sub-catchments based on the SedNet model. 
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3.2. Loads from major Burdekin sub-catchments (modified from Bainbridge et al., 2006b) 
Loads data calculated from major sub-catchments monitored over three wet seasons (2002/03; 
2004/05 and 2005/06) have been averaged and adjusted to mean annual flow for comparison 
with SedNet and ANNEX modelling results from the MLA Project (Kinsey-Henderson and 
Sherman, 2007).  Tables 8 to 14 provide a comparison of suspended sediment and nutrient 
species (particulate, dissolved organic and dissolved inorganic phases of nitrogen and 
phosphorus) loads.  It should be noted that loads data were not available for some earlier wet 
season sites, and in this instance average monitored data is only based on 1-2 wet seasons.  
The 2003/04 wet season was not included due to the poor wet season and sporadic sampling.     
 
TSS loads for the major Burdekin sub-catchments were higher in the monitored data 
compared with the MLA data, with the exception of the Cape River, where TSS loads were 
overestimated by 60% (Table 8).  A reasonable agreement was found between modelled and 
monitored TSS loads for the upper Burdekin (within ~30%) and Belyando (~10%) sub-
catchments, while comparisons for the Suttor (80%) and Bowen (~65%) sub-catchments were 
poor.  The poor comparison for the Suttor River is most likely due to the lack of monitoring 
data for this sub-catchment, with only 1 small wet season monitored throughout the four year 
project.  The comprehensive data set for the Bowen sub-catchment, generated by the 
BDTNRM autosampler at Myuna Station suggests that the MLA model may be considerably 
underestimating sediment loads for the Bowen catchment.  Differences in the applied and 
actual land cover in this sub-catchment may account for this model underestimate.  However, 
the autosampler may be collecting some wash-load sediment (rather than suspended sediment 
at the surface) during large flow events which may account for some of the offset.  Bartley et 
al.’s (2004) high resolution SedNet model of the Bowen River and its tributaries provides a 
more comparable match with the monitoring data (within ~25%), although the sediment load 
was calculated for the end of the Bowen River catchment, which is approximately 25 km 
downstream of the autosampler site.   
 
The comparison between the SedNet model and monitoring data for the Lower Burdekin Area 
(Barratta Creek and Haughton River) is extremely poor (> 350% difference).  This suggests 
that the SedNet model does not perform well in the flat coastal plain areas.  In addition, the 
result supports the decision to remove the coastal plains from the sediment and associated 
particulate nutrients supply analyses.    
 
The MLA also model appears to be underestimating the end of catchment (Burdekin R at 
Inkerman) sediment load (by ~35%).  This difference is most likely due to the dam trapping 
algorithm applied to the Burdekin Falls Dam by the SedNet model.  ACTFR monitoring data 
suggest that dam trapping is highly variable which may be as high as 80% trapping in low 
flow events or as little as 15% during high flow events. 
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Table 8: Comparison of SedNet modelled TSS loads (tonnes) from CSIRO’s Meat and Livestock 
Australia project with flow adjusted loads based on the average of three wet seasons of monitored data 
for the major sub-catchments and end-of-catchment of the Burdekin 
 

Wet Season Monitoring Data (2002-2006) 

TSS tonnes 
2002-2003 Flow 

adjusted 2004-2005 Flow 
adjusted 2005-2006 Flow 

adjusted 

MLA 
Model 

Average 
monitored 
(flow-adj.) 

Burdekin R @ Inkerman   2,700,000 5,685,074 500,000 2,242,446 2,620,000 3,960,000 

Burdekin R @ Sellheim   1,700,000 2,728,368 1,760,000 2,471,580 1,760,000 2,600,000 

Cape R @ Taemas 65,000 241,968 110,000 200,879 31,200 335,529 420,000 259,000 

Belyando R @ Gregory Dev Rd     115,000 740,167 810,000 740,000 

Suttor R @ Mt Coolon Rd*     135,000 1,145,150 220,000 1,150,000 

Bowen R @ Myuna 368,000 1,929,364 340,000 1,627,559 180,500 1,578,473 580,000 1,710,000 

Bowen R @ end-of-catchment       690,000  

Bowen R @ end-of-catchment**             1,256,000  

Haughton River @ Bruce Hwy   38,700 62,600 35,200 49,200 276,300 55,900 

Barratta Creek @ Bruce Hwy   9,380 15,900 18,200 13,800 95,900 14,900 

*Based on hydrograph data from Suttor R at St Anns-Belyando R at Greg Dev Rd    **Bartley et al. (2004)  

 
 
Comparisons of the monitoring and modelled data for DIN and DIP were highly variable 
between catchments.  Comparisons for the Burdekin River at Inkerman and Upper Burdekin 
were good for DIN and DIP (within 30%), with good correlation for DIN also at the Cape 
River (Tables 9 and 12).  Poor correlations for DIN were found in the Belyando (100%), 
Suttor (85%) and Bowen (55%) sub-catchments, while DIP correlations were poor for the 
Cape (90%), Suttor (80%) and Bowen (45%) sub-catchments.  These poor correlations may 
be explained by a lack of monitoring data for the Belyando and Suttor sub-catchments, but no 
reasonable explanation can be given for the poor DIN correlation for the Bowen River sub-
catchment.   
 
Reasonable comparisons were found between the modelled and monitored data for DON 
(Table 10) and DOP (Table 13) with the exception of loads for the Suttor River DON which 
had a 90% difference between the two datasets.  As for TSS, limited monitoring data 
available for this sub-catchment may account for the difference. 
 
Very poor comparisons existed between modelled and monitored loads for particulate 
nitrogen and phosphorus for the Burdekin sub-catchments, with most sites differing by over 
70%, and in some extreme cases, over 120% (upper Burdekin, Burdekin at Inkerman, Cape at 
Taemas) (Tables 11 and 14).  Typically the model seems to be overestimating the loads, 
except for the Suttor River, where we lack monitoring data.  There are two possible 
explanations that may cause such considerable variations, which relate to assumptions by the 
ANNEX model.  Firstly, overestimated sediment loads in SedNet will have a carry-on effect 
to the particulate species of nitrogen and phosphorus in the ANNEX model.  Secondly, the 
ANNEX model estimates nitrogen and phosphorus concentrations in soils based on the 
Australian Soil Resource Information System (ASRIS) database, which appears to 
overestimate these nutrient concentrations.  As MLA sediment loads did not significantly 
overestimate the monitored sediment loads, it appears that the second hypothesis is more 
likely.   
 
Additional monitored data is required to further test the accuracy of these models, particularly 
in the southern region of the Burdekin (Suttor and Belyando sub-catchments).  This will allow 



� � ����������
 

� � �31 

further confidence in using modelled outputs to identify catchment point sources and 
consequent delivery to downstream environments.  SedNet models need improvement 
particularly in catchment specific land cover based on real data rather than catchment-wide 
blanket estimates.  In addition, the soils database which estimates particulate nutrient  
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considerably smaller dams with different flow regimes.  
 
 
Table 9:  Comparison of Annex modelled DIN loads (tonnes) from CSIRO’s Meat and Livestock 
Australia project with flow adjusted loads based on the average of three wet seasons of monitored data 
for the major sub-catchments and end-of-catchment of the Burdekin 
 

Wet Season Monitoring Data (2002-2006) 

DIN tonnes 2002-
2003 

Flow 
adjusted 

2004-
2005 

Flow 
adjusted 

2005-
2006 

Flow 
adjusted 

MLA 
Model 

Average 
monitored 

Burdekin R @ Inkerman   1,312 2,763 350 1,571 1,530 2,200 

Burdekin R @ Sellheim   496 796 365 512 520 660 

Cape R @ Taemas 24 89 225 411 6 69 130 190 
Belyando R @ Gregory Dev 
Rd     16 103 220 110 

Suttor R @ Mt Coolon Rd*     68 574 90 580 

Bowen R @ Myuna 82 430 110 527 49 426 200 460 

Bowen R @ end-of-catchment       210   
Bowen R @ end-of-
catchment** 

            310   

Haughton River @ Bruce Hwy   110 180 91 130 98 160 

Barratta Creek @ Bruce Hwy   47 80 120 91 136 86 

*Based on hydrograph data from Suttor R at St Anns-Belyando R at Greg Dev Rd    **Bartley et al. (2004)  

 

Table 10: Comparison of Annex modelled DON loads (tonnes) from CSIRO’s Meat and Livestock 
Australia project with flow adjusted loads based on the average of three wet seasons of monitored data 
for the major sub-catchments and end-of-catchment of the Burdekin 
 

Wet Season Monitoring Data (2002-2006) 

DON tonnes 2002-
2003 

Flow 
adjusted 

2004-
2005 

Flow 
adjusted 

2005-
2006 

Flow 
adjusted 

 MLA 
Model 

Average 
monitored 

Burdekin R @ Inkerman   1,100 2,316 270 1,211 1,650 1,770 

Burdekin R @ Sellheim   520 835 650 913 650 880 

Cape R @ Taemas 89 331 205 374 28 303 170 340 
Belyando R @ Gregory Dev 
Rd     92 590 280 590 

Suttor R @ Mt Coolon Rd*     108 916 100 920 

Bowen R @ Myuna 73 383     240 390 

Bowen R @ end-of-catchment       260   
Bowen R @ end-of-
catchment**             350   

Haughton River @ Bruce Hwy   84 136 82 115 65 126 

Barratta Creek @ Bruce Hwy   47 80 98 75 37 78 

*Based on hydrograph data from Suttor R at St Anns-Belyando R at Greg Dev Rd    **Bartley et al. (2004)  

 
 
 
 
Table 11: Comparison of Annex modelled PN loads (tonnes) from CSIRO’s Meat and Livestock 
Australia project with flow adjusted loads based on the average of three wet seasons of monitored data 
for the major sub-catchments and end-of-catchment of the Burdekin 
 

Wet Season Monitoring Data (2002-2006) 

PN tonnes 2002-
2003 

Flow 
adjusted 

2004-
2005 

Flow 
adjusted 

2005-
2006 

Flow 
adjusted 

MLA 
Model 

Average 
monitored 
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Burdekin R @ Inkerman   2,000 4,211 960 4,305 9,540 4,260 

Burdekin R @ Sellheim   1,000 1,605 1,590 2,233 6,570 1,920 

Cape R @ Taemas 132 491 110 201 36 386 1,260 360 
Belyando R @ Gregory Dev 
Rd     103 663 2,350 660 

Suttor R @ Mt Coolon Rd*     179 1,518 480 1,520 

Bowen R @ Myuna 329 1,725     2,940 1,730 

Bowen R @ end-of-catchment       3,380   
Bowen R @ end-of-
catchment**             3,540   

Haughton River @ Bruce Hwy   39 63 63 88 1,170 76 

Barratta Creek @ Bruce Hwy   13 22 59 45 328 34 

*Based on hydrograph data from Suttor R at St Anns-Belyando R at Greg Dev Rd    **Bartley et al. (2004)  

 
Table 12: Comparison of Annex modelled DIP loads (tonnes) from CSIRO’s Meat and Livestock 
Australia project with flow adjusted loads based on the average of three wet seasons of monitored data 
for the major sub-catchments and end-of-catchment of the Burdekin 
 

Wet Season Monitoring Data (2002-2006) 

DIP tonnes 2002-
2003 

Flow 
adjusted 

2004-
2005 

Flow 
adjusted 

2005-
2006 

Flow 
adjusted 

 MLA 
Model 

Average 
monitored 

Burdekin R @ Inkerman   85.0 179.0 31.0 139.0 170 160 

Burdekin R @ Sellheim   54.0 86.7 38.2 53.6 65 70 

Cape R @ Taemas 4.0 14.9 2.0 3.7 0.7 7.5 17 9 
Belyando R @ Gregory Dev 
Rd 

    3.6 23.0 28 23 

Suttor R @ Mt Coolon Rd*     5.7 48.6 11 49 

Bowen R @ Myuna 14.3 75.0 4.4 21.1   26 48 

Bowen R @ end-of-catchment       28   
Bowen R @ end-of-
catchment** 

            8   

Haughton River @ Bruce Hwy   11 18 10 14 6.7 16 

Barratta Creek @ Bruce Hwy   14 24 20 15 2.8 20 

*Based on hydrograph data from Suttor R at St Anns-Belyando R at Greg Dev Rd    **Bartley et al. (2004)  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 13: Comparison of Annex modelled DOP loads (tonnes) from CSIRO’s Meat and Livestock 
Australia project with flow adjusted loads based on the average of three wet seasons of monitored data 
for the major sub-catchments and end-of-catchment of the Burdekin 
 

Wet Season Monitoring Data (2002-2006) 

DOP tonnes 2002-
2003 

Flow 
adjusted 

2004-
2005 

Flow 
adjusted 

2005-
2006 

Flow 
adjusted 

 MLA 
Model 

Average 
monitored 
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Burdekin R @ Inkerman   28.0 59.0 11.3 50.7 83 55 

Burdekin R @ Sellheim   20.0 32.1 16.3 22.9 33 27 

Cape R @ Taemas 2.2 8.2 6.8 12.4 0.8 8.5 8.4 10 
Belyando R @ Gregory Dev 
Rd     2.6 16.9 14 17 

Suttor R @ Mt Coolon Rd*     1.4 12.0 5.1 12 

Bowen R @ Myuna 3.4 17.8     12 18 

Bowen R @ end-of-catchment       13   
Bowen R @ end-of-
catchment**             20   

Haughton River @ Bruce Hwy   3.1 5.0 5.2 7.3 3.4 6.2 

Barratta Creek @ Bruce Hwy   1.8 3.1 6.5 4.9 2.0 4.0 

*Based on hydrograph data from Suttor R at St Anns-Belyando R at Greg Dev Rd    **Bartley et al. (2004)  

 

Table 14: Comparison of Annex modelled PP loads (tonnes) from CSIRO’s Meat and Livestock 
Australia project with flow adjusted loads based on the average of three wet seasons of monitored data 
for the major sub-catchments and end-of-catchment of the Burdekin 
 

Wet Season Monitoring Data (2002-2006) 

PP tonnes 2002-
2003 

Flow 
adjusted 

2004-
2005 

Flow 
adjusted 

2005-
2006 

Flow 
adjusted 

 MLA 
Model 

Average 
monitored 

Burdekin R @ Inkerman   980 2,063 140 628 2,620 1,350 

Burdekin R @ Sellheim   720 1,156 783 1,100 2,590 1,130 

Cape R @ Taemas 48 179 37 68 10 112 350 120 
Belyando R @ Gregory Dev 
Rd 

    61 389 860 390 

Suttor R @ Mt Coolon Rd*     91 770 150 770 

Bowen R @ Myuna 216 1,132     870 1,130 

Bowen R @ end-of-catchment       960   
Bowen R @ end-of-
catchment** 

            1,020   

Haughton River @ Bruce Hwy   27 44 19 27 216 36 

Barratta Creek @ Bruce Hwy   9.2 16 16 12 92 14 

*Based on hydrograph data from Suttor R at St Anns-Belyando R at Greg Dev Rd    **Bartley et al. (2004)  
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3.3. End of Burdekin River catchment (derived from Sherman et al., 2007) 
Field measurements of nutrient and suspended sediment concentrations as well as discharge 
are available from a number of locations within the Burdekin River catchment spanning 
various periods of time. These data allow us to assess the performance of SedNet/ANNEX 
predictions (Cogle et al., 2006; Fentie et al., 2006). Here, we focus on loads measured at 
Inkerman, which is located not far upstream of the mouth of the Burdekin River and has the 
longest period of record. 
 
Sediment and nutrient loads in the Burdekin River at Inkerman are taken from the analysis by 
Mitchell et al. (2006) of long-term monitoring grab sample data collected by Furnas (2003) 
(TSS Jul 1995 - Jun 2000; PN, DIN Jul 1991 - Jun 2000) and event monitoring data collected 
by ACTFR and QNRW from July 2004 through June 2006 (Bainbridge et al., 2006a; 2006b).  
Contaminant loads were calculated for each year by linearly interpolating grab sample 
concentration data in time and then integrating the product of discharge, Q, and concentration, 

C i.e. Load= Q t C t dt . This method has been shown to produce the least biased estimate 

of event loads from stratified sampling data (Letcher et al., 1999).  Because SedNet/ANNEX-
predicted loads represent long-term (> 10 y) annual averages it is necessary to scale the 
measured loads to place them on a comparable basis with the observations.  This is done by 
multiplying the measured load for any specific water year (which runs from 1 July through 30 
June of the following calendar year) by the ratio of the mean annual flow (MAF) to the annual 
discharge for that water year.  The justification for this procedure in the Burdekin is based on 
the nature of flow and material delivery in the river.  Virtually all flow (generally greater than 
90%) and material delivery takes place in periods of high flow – called ‘event flow’ (Lewis et 
al 2006). Base flow contributes little of the total flow and even less (effectively zero) of the 
total sediment and nutrient delivery to Inkerman and the mouth of the river.  So the total flow 
can be considered the same as the total event flow and all material delivery considered to take 
place in events and scaled accordingly.  
 
A potential weakness in this procedure occurs if there is a strong correlation between 
discharge and concentration.  Data presented by Mitchell et al. (2006) show dissolved nutrient 
concentrations were virtually independent of discharge for all but the lowest flow conditions 
whereas suspended sediment concentration varied weakly (as the 0.25 power) with discharge.  
Therefore, this simple scaling procedure seems a reasonable method to facilitate comparison 
observed with modelled loads. 
 
The measured annual loads are shown in Table 15, along with the flow-weighted loadings for 
TSS, PN, DIN and PP.  The loadings are expressed over a discharge scale for the series in 
Figure 7, with years following drought years shown in red.  The scaled observed annual loads 
are compared with the corresponding model predictions in Table 16. Furnas (2003) has 
independently estimated the mean annual TSS load as 3.8 Mt based on transmissometer data 
with much higher temporal resolution which supports the scaled grab sample value of 3.8 Mt. 
Compared to the loads calculated from the field data, the SedNet/ANNEX estimates were 
20% less for TSS, 11% less for DIN, and 74% more for PN loads. We regard these 
comparisons as fair, very good and very poor, respectively (Sherman et al., 2007).  
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Table 15: Observed annual discharge and annual loads of suspended sediment (TSS), particulate nitrogen (PN), dissolved inorganic nitrogen (DIN) and 
particulate phosphorus (PP) in the Burdekin River at Inkerman (data from Mitchell et al., 2006; Bainbridge et al., 2006a; 2006b).  Years considered to be 
aberrant are shaded in yellow, while years of drought-breaking floods are shaded in gray.  Mean (average) calculations are made only over years that the 
Burdekin River was sampled. 
 

Year 90/91* 91/92 92/93 93/94 94/95 95/96 96/97 97/98 98/99 99/00 00/01 01/02 02/03 03/04 04/05 05/06 06/07 Mean 
Flow (million ML) 40.26 .53 .55 2.93 .77 2.16 8.67 9.04 6.00 13.84 8.76 4.48 2.09 1.52 4.27 2.0 8.50 4.6 
Number of samples (n) 7 40 43 127 41 59 91 39 70 100     13 13  54 
Measured TSS load (Mt)      1.5 6.8 3.5 1.4 4.0     2.7 0.5 6.1 3.3 
TSS flow-weighted 
loading (Mt/ML6)      0.69 0.79 0.39 0.23 0.30 

    
0.63 0.25 0.72 0.47 

Measured PN load (t)  43 37 3200 380 3400 9500 4300 3400 6400     2000 960 5650 3056 
PN flow-weighted 
loading (t/ML6)  81 67 1092 494 1574 1097 479 569 480 

    
465 480 665 625 

Measured DIN load (t) 2750 17 16 919 119 517 2660 1460 1948 1490     1300 350 1300 981 
DIN flow-weighted 
loading (t/ML6) 68 31 29 314 155 239 307 163 326 112 

    
302 175 153 196 

Measured PP load (t) 3000 4.6 5.4 560 37 440 2700 1200 440 miss     980 140 2800 651 
PP flow-weighted 
loading (t/ML6) 

75 9 10 191 48 204 312 134 74 miss 
    

228 70 329 128 

* Few samples, so limited confidence 
 
 
Table 16: Observed and scaled mean annual loads for TSS, PN, and DIN for the Burdekin River at Inkerman compared to SedNet/ANNEX predictions. 
 

 Mean obs Scaled obs SedNet/ANNEX 
Discharge for TSS (106 ML) 6.5 8.4 8.4 
TSS (Mt) 2.9 3.8 2.8 
Discharge for PN, DIN (106 ML) 4.6 8.4 8.4 
PN (t) 3100 5600 9900 
DIN (t) 990 1800 1600 
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The underestimate of TSS load may reflect several factors. A large proportion (~75%) of TSS 
generated upstream of Burdekin Falls Dam is predicted to be trapped by the dam. The 
reservoir trapping algorithm is based on the work of Brune (1953) and Heinemann (1981) 
which correlate trapping efficiency with hydraulic residence time. This correlation has not 
been rigorously confirmed for rivers characterised by dry tropical hydrology, i.e. where the 
vast bulk of inflow occurs over a period of a few weeks each year. There is some evidence 
from the Burdekin River that the actual trapping efficiency of the dam may be closer to 40%. 
This would lift modelled TSS delivery at Inkerman closer to the observed range of 3.5-3.8 Mt.  
 
The DIN comparison is very good being helped by the fact there is no loss of DIN to any 
extent anywhere in the system. This implies that the specified export concentrations for the 
various land use classes were basically correct thereby justifying the use of the plot-scale 
study data relating dissolved nutrient concentrations in receiving waters to upstream land use. 
Note that these concentrations were specified a priori to the use of the model and based solely 
on experimental results from various GBR catchments; no interactive calibration procedure 
was used to improve the model’s fit to observed loads. 
 
The overestimate of the PN load (74% too high) is particularly worrisome. Given the fact that 
TSS is under-predicted by 20% we are left to conclude that the amount of nutrient assumed to 
be associated with the sediment is very much too high. Recall that SedNet/ANNEX assumes 
that all nutrients are carried by the clay fraction and that both the clay fraction and soil bulk 
nutrient concentrations are specified using ‘pseudo-data’ that were determined indirectly from 
remote sensing data and then mapped into %clay, %N and %P using correlations derived 
largely from data outside the GBR catchments. 
 
The long-term Burdekin River monitoring data show high variability in sediment and nutrient 
loads (Table 15).  For example, the Burdekin River discharge in 1996/97 and 1997/98 were 
similar (~9 million ML) although the loads of TSS and PN in 1996/97 were 2-3 times higher 
than in 1997/98 (Mitchell et al., 2006; Table 15).  The 1996/97 discharge event was a 
‘drought-breaking flood’ in the Burdekin where higher concentrations of materials are 
exported from the rivers to the GBR lagoon (see McCulloch et al., 2003; Mitchell et al., 
2006).  These drought-breaking events as well as the highly variable nature of the Burdekin 
River will cause considerable difficulties in setting water quality targets for this catchment, so 
are analysed separately here.   
 
 
Drought-breaking floods 
In analysing the impact of drought-breaking floods, it was observed that the drought wet 
seasons of 1991-92 and 1992-93 were considerably different to other years (Table 15).  The 
wet season of 1991-92 immediately followed the huge deluge of 1990-91, with a discharge of 
40.3 x 106 ML.  The following year, 1992-93 was another extreme drought year.  Aside from 
the very low discharges (0.53 and 0.55 x 106 ML), the proportions of N-nutrients delivered 
through these years were quite unusual, with very low nitrate, lower than average PN, but 
greatly elevated DON (see Table 8, in Mitchell et al., 2006).  The proportions of phosphorus 
forms were not affected as much.  We consider these two years as aberrant.   Four drought-
breaking floods (1993-94, 1995-96, 1996-97 and 2004-05) were identified through the two 
sampled periods, so are also considered different from the norm (Table 15).  While 1995-96 
was a drought-breaking year, its low discharge of 2.2 x 106 ML also made this year a relative 
drought for the 1996-97 wet season to break.  Flow-weighted loadings for DIN, PN, PP and 
SS are plotted against annual discharge for the two sampled periods, 1990-91 to 1999-00 and 
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2004-05 to 2005-06 (Figure 7).  The six aberrant years are denoted by red symbols while the 
five ordinary years are indicated by black symbols. 
 
In the first DIN graph (Figure 7, top), all data points contribute to the fitted curve.  The flow-
weighted DIN loadings rise quickly to a peak, before falling off with increasing annual 
discharge.  This pattern suggests that DIN loading is little mobilised by extreme drought-
level, wet-season flows (1991-92 and 1992-93), but with bigger wet seasons, DIN loading is 
thereafter rapidly mobilised to a peak at an annual discharge around 4 ML x 106.  Larger 
annual discharges produce progressively lower DIN loadings, indicating catchment 
exhaustion of nitrate (the major component of DIN) through the mid-to-end stage of these 
years.  This is a logical outcome, a similar pattern of which has been seen in the actual DIN 
concentrations with discharge in the Tully River (see Mitchell et al., 2007).  This pattern is 
extended when the very large 1990-91 discharge year (low sample numbers, so low 
confidence) is included (bottom DIN graph).  The aberrant years are not outliers to this 
pattern, so it can be concluded that DIN exports are not noticeably enhanced by drought-
breaking floods. 
 
For particulate forms, the level of exports is clearly raised in drought-breaking flood years 
(upper red symbols) above the level in normal years (Figure 7), a finding first raised by 
McCulloch et al. (2003) for suspended sediments.  In the case of PN, during ‘normal’ years 
(represented by the black symbols) the flow-weighted PN loadings are flat across the annual 
discharge range (average 500, range from 479-569 t/ML6), while in three of the drought-
breaking years the PN loadings are 100-200% higher (range 1092-1574 t/ML6).  During 2004-
05 however, the PN loading was much lower (465 t/ML6). 
 
The relationship between PP loadings and annual discharge is of a rising nature (first PP 
graph), though this flattens out if the large 1990-91 year (with small sample numbers) is 
included (lower PP graph; Figure 7).  Sadly, data for PP in 1999-2000 were lost (Mitchell et 
al., 2006).  Again, an increase is seen in the PP loading of around 100-200% for the drought-
breaking flood years (average 234, range 191-312 t/ML6), with the 2004-05 year also 
elevated.  These loadings should be compared to normal years (average 82, range 48-134 
t/ML6). 
 
Suspended sediments (SS) show the same flattish pattern, with about a 100% increase in 
loadings during the three drought-breaking years (average 0.70, range 0.63-0.79 Mt/ML6) that 
were sampled.  By contrast, loading in normal years were considerably lower (average 0.29, 
range 0.23-0.39 Mt/ML6).  A similar increase in SS exports appears to have occurred in 2006-
07 following the low discharge year of 2005-06 (Steven Lewis, data as yet unpublished).   
 
If proportions of the nutrient forms are considered, then for N, drought-breaking years are 
generally characterised by lower DON but higher PN yields while for P, by lower DIP but 
higher PP (see Table 8, in Mitchell et al., 2006).  From the overall period examined, drought 
(defined here as an annual discharge of around 2 million ML or less) was experienced in 7 of 
the 17 years, though in two instances two consecutive years of drought occurred.  If the 2006-
07 year is counted, there were 5 drought-breaking years in this 17-year period.  Both drought 
and drought-breaking years must be regarded as normal and regular occurrences in the 
Burdekin Rangelands.  As argued in Mitchell et al. (2006), higher erosion-driven losses of 
particulate material would be expected following drought stress to vegetation cover in grazed 
catchments of the Dry Tropics.  This issue will be addressed further in the Burdekin Target 
Setting Report (Brodie et al., in prep).  
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Figure 7: Flow-weighted nutrient and suspended sediment loadings plotted against yearly discharge 
for the 1991-1992 to 2005-2006 wet seasons (top 4 graphs) and for the 1990-1991 to 2005-2006 wet 
seasons (bottom 2 graphs).  All data sourced from Table 15 above.  Symbols shown in red indicate 
years of extreme drought (1991-1992 and 1992-1993 or years following drought-like wet seasons 
(1993-1994, 1995-1996 and 1996-1997).  The regression curves are only drawn through normal years 
(symbols in black), aside from DIN for which all data points have been used.   
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3.4 Point sources 
There are relatively few point sources of pollutants to water quality in the Burdekin 
Rangelands or in the Lower Burdekin Area.  A number of smaller regional cities and towns 
contribute sewerage-septic inputs while particular industries, sugar milling, mining and 
electricity generation make up other sources.  The major industrial sources identified in these 
two catchment areas are listed in Appendix 4a, along with the top pollutants.  The particular 
industries are described in Appendix 4b.  All data were obtained from the National Pollution 
Inventory (NPI), representing data from the 2005-06 year (April to March).  Data from the 
study of Pearson and Penridge (1992) were collated to examine the effects on some water 
quality parameters from sugar mill effluents (Appendix 4c).  No data were readily found for 
the sewerage-septic discharges from the population centres, so estimates have been made 
using Edmondson’s (1971) calculation of human wastes in Appendix 4d, with population 
figures from the Census of Population and Housing (2006). 
 
NPI industry source data 
The NPI industrial-source data are quite detailed, though the quality of these estimates is not 
tested against observed data and remains unknown.  Most of these pollutants are assumed to 
be emitted to ‘air’ rather than to ‘land’ or ‘water’.  In cases in which some pollutants are listed 
as going directly to ‘water’, it is usually a very small proportion.  It may be assumed however 
that emitted particulate material as dust will mostly fall to the ground, much of it nearby and 
may eventually be carried to local watercourses by rainfall.  The Oxides of Nitrogen pollutant 
category presumably mostly consists of nitric oxide (NO), nitrous oxide (N2O) and nitrogen 
dioxide (NO2) gaseous forms from combustion, but some, unknown proportion may be in the 
ionic forms of nitrite (NO2) or nitrate (NO3) and may be carried to land and water, if not taken 
up en-route by plants.  Similarly, some of the ammonia (NH3) gas may also be carried to land 
and water. 
 
Almost all of the pollutant levels in Appendix 4a are listed as ‘low’ by NPI, though the 
cyanide (inorganic) compounds from Carpentaria Gold P/L is rated as ‘high’ (rating = 100).  
A number of other substances, notably Hydrochloric and Sulfuric acids and fluoride 
compounds from the Collinsville power station, and the relatively large amounts of heavy 
metal compounds (Arsenic, Chromium and Lead) discharged from coal-mining activities may 
be a concern (Appendix 4a).  The emissions listed from Charters Towers, Ayr-Home Hill, 
Pentland-Greenvale and Mt Coolon-Collinsville comprise most industrial pollutants from 
sources identified in the Burdekin Rangelands.  If 100% of the particulate material from these 
sources was carried to waterways of the Burdekin, then this material would contribute just 
0.29% of the total SS load of the Burdekin River (see Table 7, Mitchell et al., 2006). 
 
Effluent from sugar mills 
Sugar mills may discharge to waterways as well as to the air.  Pearson and Penridge (1992) 
list the following major direct effects of mill effluents: 
 

1. Increase in temperature 
2. Increase in BOD of water and sediment 
3. Decrease in dissolved oxygen concentration 
4. Increase in suspended solids (especially ash) 
5. Increase in concentrations of ammonia, nitrate and phosphate 

 
However, increases in suspended sediments in the water were usually the result of 
malfunctioning of the treatment plant, with the release of ash, rather than a regular output 
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from the mill.  Nutrient increases were usually observed from mill discharges, but these 
increases were not usually dramatic unless at low-flow periods.  Changes between the site 
upstream of each sugar mill and the site downstream are summarised in Appendix 4c.  In 
general, it can be seen that the percentage changes are smaller with bigger streams, such as 
the Herbert and Johnstone Rivers, while the largest changes are seen in the small creeks – in 
other words, a volume-dilution effect.  None of the mills in the Burdekin area were 
investigated by Pearson and Penridge.  However, from the above observation it can be 
surmised that the greatest changes will be seen from the Pioneer and Invicta mills discharging 
into the smaller Barratta Creek and Haughton River respectively.   
 
BOD increases are also probably linked to organic, waste material (dunder, sugar, molasses, 
begasse, mill or filter mud, ash, trash) in mill effluent going into the local waterways.  
However, there has been no quantification of these contributions.  A recent study by Faithful 
and McShane (In Prep.) on the fate of nutrients supplied to sugarcane crops in biodunder is 
presently unavailable, though permission might be sought from CSR Ethanol for details. 
 
Effluent from sewerage-septic systems 
Sewerage plant discharges from the major population centres within the Burdekin Rangelands 
and Lower Burdekin Area have not been published.  A rough estimation may be made using 
the annual sewage contribution in Britain per person of 1.4 pounds of phosphorus (= 0.64 kg 
P) and 11 pounds of nitrogen (= 4.99 kg N) calculated by Edmondson (1971).  These sewage 
contributions are combined with 2006 Census populations for the major townships in 
Appendix 4c to estimate sewerage loads delivered to either the Burdekin River or the Lower 
Burdekin Area.   
 
These estimations assume no reductions from sewerage treatment and also for all sewage to 
input from sewerage treatment plants (i.e. no septic discharges).  To put these theoretical 
discharges into perspective, the maximum sewerage inputs from townships represents just 
2.2% of the average TN loading and 1.91% of the average TP loading (adjusted to mean flow) 
of the Burdekin River, measured at Inkerman (see Table 7, Mitchell et al., 2006).  Loadings 
were not calculated for the Lower Burdekin Area streams, though it might be assumed that the 
relative proportions of sewerage-septic discharge to agricultural losses would be similarly 
low. 
 
 



� � ����������
 

� � �42 

Appendix 4a: Major industry sources by postcode area and discharge streams with pollutant 
emissions (kg/year) obtained from the National Pollution Inventory (NPI) website in the reporting year 
of 2005-2006.  
  
Pollutant-Stream-
Source 

Charters 
Towers 

Ayr/Home 
Hill 

Brandon Giru Pentland-
Greenvale 

Mt Coolon-
Collinsville 

Postcode 4820 4807/06 4808 4809 4816 4804 
Adjacent discharge 
streams 

Burdekin Burdekin + 
Delta 

Barrattas Haughton Burdekin, 
Cape 

Bowen, 
Suttor 

Major Sources Newmont1 
Thalanga2 

Kalamia3 , 
Inkerman4 Pioneer5 Invicta6 Gold mine7, 

Ergon8 

Coal mining9, 
Fertilizer10, 

Pig farming11, 
Power Stn12 

Nutrients and SS (kg/yr) 
Ammonia*      110,000 
Oxides of Nitrogen* 81,000 390,000 320,000 370,000 590,000 4,000,000 
Particulate material** 260,000 1,300,000 46,000 370,000 1,300,000 5,600,000 
Organic compounds (kg/yr) 
Acetaldehyde     2.3  
Benzene     24 0.71 
Ethanol  36,000 13,000 31,000   
Ethylbenzene  2.5    29 
Formaldehyde     4.7  
n-Hexane  21     
Polychlorinated 
dioxins/furans 

 0.0000004 0.000000027 0.000000084  0.000079 

Polycyclic aromatic 
hydrocarbons 

0.79 550 450 520 5.1 6.4 

Toluene 
(methylbenzene) 

 23   8.8 340 

Total volatile organic 
compounds 

6,000 2,400 2.2 6.7 39,000 140,000 

Vinyl ethylene     1.2  
Xylenes 79 10   6.1 310 
Inorganic compounds (kg/yr) 
Antimony - based      3.2 
Arsenic - based 0.18 0.15 0.012 0.035 14 130 
Beryllium - 0.48 0.003 0.0002 0.001  29 
Boron - 14     380 
Cadmium - 0.39 0.045 0.004 0.011 1.1 11 
Carbon monoxide 55,000 1,400,000 1,200,000 1,400,000 240,000 840,000 
Chromium - 4.6 0.123 0.009 0.030 8.6 1,034 
Cobalt - 10    8 230 
Copper - 52 0.2 0.015 0.047 180 2,600 
Cyanide - 4,700    270,000  
Flouride - 230 4.2 0.33 1 160 28,000 
Hydrochloric acid      180,000 
Lead -  14 0.17 0.013 0.041 4.4 380 
Manganese - 540     8,100 
Mercury - 0.63 0.013 0.001 0.003  14 
Nickel - 8.2 9.5 0.74 2.3 12 980 
Selenium -      4.9 
Sulfur dioxide 3,000 210,000 150,000 170,000 28,000 3,400,000 
Sulfuric acid      350,000 
Zinc -      1,200 
** Ammonia and Oxides of Nitrogen emissions defined as to ‘air’; * Particulate material defined as that passing through a 10 
mm screen/filter; also emitted to ‘air’. 
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Appendix 4b: Industries indicated in Appendix 4a above; major purpose and emissions 
  
Citation 
number 

Postcode Company Location Industry 

1 4820 Newmont Pajingo P/L Charters Towers Heavy metal mine 
2 4820 Thalanga Copper Mines P/L Charters Towers Copper mine 
3 4807 Kalamia Sugar Mill Ayr Sugar mill 
4 4806 Inkerman Sugar Mill Home Hill Sugar mill 
5 4808 Pioneer Sugar Mill Brandon Sugar mill 
6 4809 Invicta Sugar Mill Giru Sugar mill 
7 4816 Carpentaria Gold P/L Ravenswood Gold mine 
8 4816 Ergon Energy Palm Island Power station 
9 4804 Collinson Coal P/L Collinsville Coal mine 
9 4804 Newlands Coal P/L Glenden Coal mine 
10 4804 Orica Australia P/L Glenden Fertilizer 
11 4804 QFCO P/L Delta Pig farm 
12 4804 Transfield Services P/L Collinsville Power station 

 
 
 
Appendix 4c: Average changes in water quality parameters from sites immediately upstream of sugar 
mill and immediately downstream of sugar mill (data extracted from Pearson and Penridge, 1992). 
  
Stream Sites Temp DO BOD NH3 NO3 PO4 
  Average change from upstream to downstream site 
  deg C mg/L mg/L � g/L � g/L � g/L 
So Mossman sm4-sm3 3.5 -1.5 3.4 103 200 55 
Mulgrave mg4-mg3 1.5 -2.3 0.5 40 -20 130 
Babinda Ck bc5-bc4 3.2 -2.5 3.6 253 825 121 
No Johnstone nj3-nj2 0.1 -0.6 -0.2 30 -75 3 
So Johnstone sj3-sj2 1.1 -0.8 0.5 -174 40 -22 
Herbert hr3-hr2 -0.5 -0.4 -0.5 73 300 0 
Bakers Ck bk4-bk3 -1.0 0.4 -2.1 46 866600 -80 
        
  Average percentage change from upstream to downstream site 
So Mossman sm4-sm3 16% -18% 210% 256% 33% 24% 
Mulgrave mg4-mg3 7% -24% 50% 67% -25% 52% 
Babinda Ck bc5-bc4 14% -27% 856% 748% 96% 78% 
No Johnstone nj3-nj2 1% -7% -16% 120% -8% 1% 
So Johnstone sj3-sj2 5% -12% 17% -72% 6% -7% 
Herbert hr3-hr2 -2% -5% -17% 21% 40% 0% 
Bakers Ck bk4-bk3 -5% 6% -43% 21% 684% -23%  
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Appendix 4d: Sewerage-septic load (kg) calculated for populations of major centres in the Burdekin 
by postcode area from the National Census website in the reporting year of 2006.  Calculations assume 
4.99 kg/year N and 0.635 kg/year P per person (Edmondson, 1971) and no reduction by sewerage 
treatment. 
  
Population Centre Charters 

Towers 
Ayr/Home 

Hill 
Brandon Giru Pentland-

Greenvale 
Mt Coolon-
Collinsville 

Postcode 4820 4807/06 4808 4809 4816 4804 

Discharge streams Burdekin R Burdekin 
+ Delta Barratta Cks Haughton R Burdekin, 

Cape 
Bowen, 
Suttor 

Population 10,238 15,174 783 1,065 8,331 2,395 
Sewerage calculations 
TN 51083 75711 3907 5314 41568 11950 
TP 6501 9635 497 676 5290 1521 
 Burdekin Rangeland inputs Lower Burdekin Area inputs 

TN proportion 180,311 kg/yr 
= 2.25% of TN @ Inkerman (see Table 7) 9,221 kg/yr 

TP proportion 
  22,948 kg/yr 
= 1.91% of TP @ Inkerman (see Table 7) 1,173 kg/yr 
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3.4 Additional considerations required to improve Burdekin catchment modelling 
 
3.4.1 Burdekin dam sediment trapping 
While the Burdekin Falls Dam (BFD: Lake Dalrymple) is a significant water resource with a 
total capacity of 1.86 million ML, it is small when the hydrology of the Burdekin catchment is 
considered (mean and medium annual Burdekin discharge of 8.4 and 6.1 million ML, 
respectively).  Current SedNet and ANNEX modelling of the Burdekin catchment suggests 
that the BFD is a very efficient trap for sediment and particulate matter.  The latest model 
estimates that the BFD traps 77% of suspended sediment (SS), and 79% of particulate 
nitrogen (PN) and phosphorus (PP), although dissolved materials are not effectively trapped 
(Fentie et al., 2006).  However, field studies using sediment traps, bottom profiling and water 
sampling within the dam reservoir during flow events do not support this high trapping 
efficiency.  The ACTFR water quality monitoring program in the Burdekin River catchment 
suggests that in moderate to large flow events the BFD may trap less than 15% of sediment 
(Bainbridge et al., 2006a) while in small events the dam may trap 90% of sediment entering 
the dam (Bainbridge et al., 2006b).  The trapping algorithm within SedNet is based on a well-
established relationship between trapping efficiency and the ratio of reservoir capacity (C) to 
annual inflow (I) for ‘normal ponded reservoirs’ which receive runoff that is more evenly 
distributed throughout the year than is the case for the Burdekin River.  We believe this 
algorithm is not relevant for the BFD, which experiences strong thermal stratification and 
highly episodic flows and therefore shorter residence times than is assumed by SedNet. 
 
3.4.2 Particle size and lag time in the Burdekin system 
There is little published particle size data in the Burdekin River catchment during flow events 
or the associated lag times to transport sediment particles through the Burdekin catchment.  
Bartley et al. (2007) estimated that it may take decades to hundreds of years to transport 
coarse (> 0.2 mm) sediments through the Burdekin catchment.  However, coral records from 
the inner Great Barrier Reef show that the lag time of finer sediments are far shorter (few 
days) and are probably transported through the catchment in a single, moderate-sized flow 
event (McCulloch et al., 2003; Lewis et al., in press).  Particle size data of water samples 
taken from the Burdekin sub-catchments during flow events show that a very small fraction (< 
3%) of suspended sediments were above the sand classification (0.063 mm) (Bainbridge et al., 
2006b).  In addition, preliminary data collected during the 2005/06 wet season suggests that 
some sub-catchments (Suttor and Belyando) of the Burdekin may supply finer sediments 
which may travel further in the marine environment (Bainbridge et al., 2006b).  The finer 
sediments may be linked to the weathering and erosion of basaltic rocks which are prominent 
in these sub-catchments.  Particle size data of suspended sediments from Avon Lagoon 
(during no-flow conditions in the dry season) in the Suttor sub-catchment show that particles 
between 0.001 and 0.005 mm probably would rarely settle from suspension and would be 
transported quickly (in a few days) through the Burdekin catchment.  Additional data is 
required to investigate and trace the transport and final fate of these extremely fine sediments 
exported from the Burdekin River.   
 
 
3.4.3 The limitations of applying averages in Burdekin system 
The annual flow statistics of the Burdekin River demonstrate the highly variable nature of this 
catchment.  The annual discharge for the Burdekin River has ranged from 0.25 (1930/31) to 
54.0 (1973/74) million ML with a mean of 8.4 million ML (Lewis et al., 2006).  Therefore the 
sediment and nutrient loads exported from the catchment would also reflect this extreme 
variability.  We estimate that the (mean flow adjusted) average sediment load from the 
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Burdekin River is 3.8 million tonnes using sediment load data from seven years of monitoring 
at the Inkerman Bridge (data compiled from Mitchell et al., 2006; Bainbridge et al., 2006a; b).  
This equates to an event mean concentration (EMC) of 450 mg/L.  Assuming this EMC is 
consistent across flood events then the sediment load for the Burdekin catchment would range 
from 0.11 to 24.3 million tonnes.  This extreme range highlights the difficulty of applying 
“averages” to the Burdekin catchment and the significant challenge of setting water quality 
targets for this catchment.        
 
 
3.4. Land use basis 
The SedNet and ANNEX models as well as the monitoring data show that the vast majority 
(90-95%) of sediments (and associated particulate nutrients) exported through the Burdekin 
catchment are derived from the grazed catchments in the Burdekin rangelands.  Significant 
nitrate concentrations are also sourced from the Burdekin rangelands due to the high 
freshwater discharge of this catchment, although nitrate export is also considerable in the 
lower Burdekin area because of the addition of fertilisers in this catchment.  In addition, the 
export of herbicides in the Burdekin region is primarily sourced from the lower Burdekin with 
the exception of tebuthiuron which is used in the grazing industry in the Burdekin rangelands.  
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3.5. Delivery to the GBR lagoon 
If we assume that the underestimate of sediment export from the end of the Burdekin 
catchment is due to the SedNet model’s overestimate of dam trapping (section 3.3; also see 
Bainbridge et al. 2006a), we can systematically adjust the modelled TSS loads in the sub-
catchments above the dam to estimate the contributions of the major Burdekin sub-
catchments.  Therefore the ~80% trapping of sediments by the Burdekin Falls Dam has been 
adjusted to 43% to match the end of catchment “delivery” load.  In this case, we estimate that 
the upper Burdekin and Bowen sub-catchments contribute the highest proportion (32%) of 
sediments to the end of catchment export (Table 17).  Presumably, the relative contributions 
of the particulate nutrients would also be similar, although these nutrients could not be 
directly assessed because of problems with the ANNEX model (see section 3.4).  None of the 
dissolved nutrient species are trapped by the dam and so we can assume that the relative 
proportions provided by the ANNEX model are reasonable.  There is good agreement when 
the ANNEX proportions for DIN are compared to the relative proportions from the ACTFR 
monitored data (Table 17). 
 
 
 
 

Sub-
catchment 

TSS 
(million 
tonnes) 

TSS 
proportion 

ANNEX 
DIN 
(tonnes) 

ANNEX DIN 
proportion 

Monitored 
proportion  

Upper 
Burdekin 1.2 32% 540 34% 27% 

Cape 0.2 5% 150 9% 8% 

Suttor 0.2 5% 130 8% 23% 

Belyando 0.4 11% 250 16% 4% 

Bowen 1.2 32% 210 13% 18% 

Other (east 
Burdekin e.g. 
Landers 
Creek, 
Stones 
Creek, Bogie 
River) 

0.5 14% 320 20% 20% 

Total 3.7 100% 1600 100% 100% 

 
 
The TSS contribution from the Lower Burdekin Area (~70,000 tonnes per annum) is 
negligible when compared to the Burdekin River catchment (a contribution of around 2% for 
the whole Burdekin Region).  However, a considerably higher proportion of DIN (~15%) is 
exported from the Lower Burdekin (250 tonnes).  This finding is expected as losses of nitrate 
and ammonia from fertiliser-additive land uses is one of the major issues for the Lower 
Burdekin.  

Table 17:  An analysis of the Burdekin sub-catchment contributions of sediment and DIN 
delivered to the end-of catchment load based on the MLA SedNet and ANNEX models. 
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4.0 ISSUES FOR THE RECEIVING WATERS (derived from Lewis et al., 2006) 
 
4.1 Water Quality Issues  
Materials in the Burdekin River discharge may be transported with two phases: dissolved or 
particulate forms.  For example, nutrients may be transported in either the dissolved form 
(dissolved inorganic or organic) or adsorbed onto sediment particles (particulate).  Similarly, 
pesticide residues also may be transported in either form depending on their chemical 
properties.  The fate/transport of these two phases/forms in the marine environment is often 
considerably different: the dissolved forms are commonly transported long distances with the 
freshwater plume where they become diluted with seawater mixing or consumed by biological 
activity, whereas much of the particulates is typically deposited in close proximity (~15 km) 
to the river’s mouth before being reworked and redeposited in low energy north facing 
embayments. 
 
The Burdekin River is a large system with an average annual discharge of 8.5 million ML 
compared to the other rivers/creeks in the region such as the Haughton River (average annual 
discharge of 0.37 million ML) and Barratta Creek (0.28 million ML).  The marine extent of 
these smaller, localised streams is probably limited to Bowling Green Bay (S. Lewis, personal 
observation) and any potential environmental impacts from these streams would be restricted 
to this area.  However, it should be noted that Bowling Green Bay hosts a number of 
important marine and estuarine environments including mangroves and seagrass beds.  
Bowling Green Bay is also a well-known recruitment area for juvenile marlin and sailfish.  
The export of nitrate and herbicide residue from these lower Burdekin streams may therefore 
be of concern to these environments (see section 2).  The discharge from the Burdekin River, 
however, may impact far reaching environments and, from here on, this section will 
concentrate on the extent of the Burdekin River influence in the marine environment.     
 
Aerial mapping (Devlin et al., 2001), direct water measurements (Wolanksi and Jones, 1981; 
Devlin et al., 2001; Devlin and Brodie, 2005) and satellite imagery (Fig. 8 and Appendix 
3a,b,c,d) show that most sediment is deposited within 10 km of the Burdekin delta or within 
the 10 PSU (practical salinity units) salinity zone.  Suspended solid concentrations rapidly fall 
from ~500-1000 mg/L to < 50 mg/L around the 5-10 PSU salinity gradient (around 5-10 km 
from the river mouth) from biological and physio-chemical processes that cause fine sediment 
to flocculate and fall out of suspension (Fig. 9) (Wolanski and Jones, 1981; Devlin et al., 
2001; Brodie et al., 2004; Devlin and Brodie, 2005).  Suspended sediment concentrations in 
the 10-35 PSU salinity zone of the Burdekin River plumes are commonly between 1-10 mg/L 
which suggests that extremely fine-grained sediment and colloidal particles may travel large 
distances with the freshwater plume in the marine environment (Figs. 9 and 10) (Wolanski 
and Jones, 1981). 
 
The majority of fine sediments exported to the GBR lagoon are reworked from the Burdekin 
delta and transported northwards along the coast by resuspension from south-easterly trade 
winds where the sediments are deposited back onto the coast or retained in sheltered, low-
energy north facing embayments (Belperio, 1978; Bryce et al., 1998; Lambeck and Woolfe, 
2000; Woolfe and Larcombe, 2001).  Most of the fine sediment particles (~80-90%), exported 
from the Burdekin River are, thus, trapped in Bowling Green Bay (Fig. 11) (Belperio, 1983; 
Orpin et al., 2004).  Coastal progradation (the seaward migration of the shoreline due to the 
deposition of terrestrial sediments) is highest at the Burdekin delta (~2.5 m per year) while 
very low progradation rates occur further northwards in Cleveland and Halifax Bays (~0.1 m 
per year: Belperio, 1983).  Sediment accumulation on the inner shelf is also relatively low 
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(<0.2 mm per year: Belperio, 1983).  Only a small percentage of the extremely fine particles 
(clays and colloids) are transported large distances in the Burdekin plume and the final fate of 
these materials in the marine environment is largely unknown, but they are probably 
deposited within mid-shelf sediments (Belperio, 1983) (Fig.10). 
 
 
 

 

 

 

 

Figure 8:  Satellite image of the 2005 Burdekin River and Mackay Whitsunday River plumes.  The 
Burdekin River is characterised by a highly turbid plume near the delta followed by algal outbreaks 
further away from the river mouth.  In comparison, the Mackay Whitsunday plumes do not contain as 
much sediment as the Burdekin and algal blooms (dark green) occur closer to the river mouth which 
would regularly encounter inshore coral reefs.  Also note the highly turbid waters of the Burdekin 
Falls Dam. 
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Figure 9:  Suspended sediment concentrations (SSCs) in the 2002 Burdekin flood plume (not log 
scale on y axis) (from Brodie et al., 2004).  Sediments are rapidly removed by flocculation between 
the 0-10‰ salinity zone falling from concentrations of typically >50 mg/L to <10 mg/L.  SSCs 
remained between 1.8 to 5 mg/L in the 25-35‰ salinity zones which suggests that extremely fine 
sediment and colloidal particles from the Burdekin catchment may travel for 100’s of kilometres in 
the marine environment.   
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Figure 10:  Map of the extent of sediments exported from the Burdekin River in the GBR lagoon 
during very large-extreme events (red dashed line), large events (orange dashed line) and moderate 
events (yellow dashed line).  However, the majority of sediments are deposited in the 0-10‰ salinity 
zone.  The limit of this zone during the largest Burdekin flood on record (1974) is shown by the red 
shading.  Note that sediments in this zone become resuspended and are deposited in Bowling Green 
and Cleveland Bays (see Fig. 11). 
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The effects of increased sediment runoff to the GBR lagoon since European settlement are 
hotly debated in the literature.  One of the most complex and contentious issues for water 
quality on the GBR is related to whether turbidity levels on inshore coral reefs have increased 
since European settlement due to increased sediment delivery to the GBR lagoon.  Some 
inshore reefs of the GBR are considered to be situated in naturally turbid environments and 
have developed when a hard substrate has become available (e.g. Larcombe and Woolfe, 
1999b; Smithers and Larcombe, 2003).  Turbidity levels in the waters of the inshore GBR are 
controlled dominantly by the resuspension of sediment from wind-generated wave stress (e.g. 
Larcombe et al., 1995).  Wind speed and direction are, therefore, the major control of 
turbidity/suspended sediment levels on inshore coral reefs.  These parameters have probably 
been relatively constant for the last 5-6,000 years (Larcombe et al., 1995).   
 

Figure 11: The final fate of most fine Burdekin River sediments in the marine environment is within 
the sheltered north-facing bays of the region.  Bowling Green Bay is estimated to trap approximately 
80-90% of the fine sediment exported from the Burdekin River while Cleveland and Upstart Bays 
each hold around 5-10% of the Burdekin sediments.  The numbers in the red boxes indicate sediment 
accumulation rates (kg/m2/year) in these embayments from the Pb-210 dating of sediment cores (from 
Orpin et al., 2004).   
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Larcombe (2001) showed that a typical sediment resuspension event carries significantly 
more sediment than a river plume.  A river plume (10 km wide × 45 km long × 2-3 m deep × 
concentration= 3-10 mg/L) away from the 10‰ salinity zone holds less than 9,000 tonnes of 
sediment, whereas suspended sediment concentrations on a turbid day (~50 mg/L over an area 
of 200 km2 to a depth of 5 m) can commonly hold up to 50,000 tonnes.  While turbidity 
concentrations can reach as high as 50-100 mg/L on inshore coral reefs, sedimentation rates 
are typically low (Larcombe and Woolfe, 1999a). 
 
However, the substantial increase in the export of sediments and nutrients from river 
catchments to the GBR (e.g. models by Moss et al., 1993; Prosser et al., 2001; Furnas, 2003) 
since the arrival of Europeans have not only allowed more sediments to be deposited in the 
embayments, but also provided more favorable conditions for phytoplankton production 
which, in turn, may also influence turbidity levels (Fabricius and De’ath, 2001a).  Increased 
phytoplankton production causes particles to flocculate and settle out as a sticky “marine 
snow” which could severely damage coral reefs (Wolanski and Spagnol, 2000; Fabricius and 
Wolanski, 2000).  Fine, organic rich sediments are worse for corals than fine low-organic 
sediments (Weber et al., 2006).  In addition, the deposition potential of mud-size particles 
may have been reduced by the clearing of mangrove forests which would increase turbidity in 
the coastal zone (Wolanski and Spagnol, 2000; Duke and Wolanski, 2001).  Wolanski et al. 
(2005) determined the fine sediment budgets for the windward and leeward fringing reefs of 
High Island (off the coast near Gordonvale: 17.2° S) in the inner shelf of the GBR.  During a 
storm event, fine sediments were resuspended to depths of 12 m and 5.5 m on the windward 
and leeward sides of the island, respectively.  No resuspension occurred below these depths, 
which were characterised by significantly higher sedimentation rates during the storm event.  
It was proposed that these events provide a mechanism to transport fine sediments to deeper 
waters (Wolanski et al., 2005).  Below the storm-induced sediment resuspension depths of the 
windward (12 m) and leeward (5.5 m) sides of the island, coral cover decreased from 20-50% 
to 3-5%.   
 
Increased sediment accumulation in the embayments of north Queensland may allow more 
sediment to be reworked and resuspended under moderate to heavy sea conditions and lead to 
higher sedimentation rates and turbidity levels at coral reefs (e.g. McCulloch et al., 2003; 
McCulloch, 2003).  However, much of the fine-grained sediment exported from the Burdekin 
River is not deposited near inshore reefs northwards of the delta, but is transferred to the 
inshore coastal fringes in mangrove and creek systems (Bryce et al., 1998; Orpin et al., 2004).  
The extremely low sediment accumulation rates calculated for Cleveland Bay (~ 0.25 
mm/year) are further evidence that this particular embayment acts more as a sediment 
transport system, rather than as a sediment trap (Carter et al., 1993).  Nonetheless, the 
increased load of fine sediments, colloids and nutrients supplied from the rivers and creeks 
may have caused elevated turbidity levels at some coral reefs and result in more of these fine 
materials traveling further in the marine environment compared with the period prior to 
European settlement. 
 
Some inshore coral reefs of the GBR may have already experienced higher levels of turbidity 
since European settlement.  Deteriorating seawater visibility (as high as a 50% reduction since 
the 1920’s) has been reported for inshore reefs in the Cairns region (Low Isles; Wolanski and 
Spagnol, 2000) and a marked decline of mainland fringing reefs has been observed in 
historical photographs (Wachenfeld, 1997).  Increased turbidity levels may have played a role 
in reducing the species diversity of some inshore coral reefs of the GBR (Fabricius and 
De’ath, 2001a) and particularly affected soft coral and crustose coralline algae communities 
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(Fabricius and De’ath, 2001a;b).  The depletion of these communities has allowed the more 
“turbidity tolerant” species to dominate the inshore GBR (Fabricius and De’ath, 2001a).  
However, it is still unclear whether the extra suspended particulate matter is from clay (from 
rivers) or organic (phytoplankton, bacteria, organic detritus) sources.  
 
Despite reports of increased turbidity at inshore coral reefs since European settlement, it is 
difficult to separate the effects of natural and human-induced change.  Since no sediment is 
resuspended in waters deeper than 22 m (during rare cyclonic events; Orpin et al., 1999), the 
threat of terrigenous sediments to the GBR is almost entirely restricted to the inner shelf with 
the exception of the extremely fine and colloidal particles which may travel to the mid shelf.  
Sediments bring increased nutrients and also may absorb certain pesticide residues onto grain 
surfaces.  For example, particulate phosphorus can become desorbed from sediments (mainly 
in the anoxic zone) and return to the water column as phosphate (see McCulloch et al., 2003).  
Further research needs to examine the quantity of bio-available nutrients that different 
sediment types can carry and their potential release/desorption into the water column.  
Sediment tracing of the Burdekin sub-catchments will help understand and quantify sediment 
export from the Burdekin catchment.  In addition, sediment tracing would identify the 
potential sources of the extremely fine sediment and colloidal particles that may be 
transported large distances in river plumes.  The fate of these particles in the marine 
environment is being investigated in the MTSRF project 3.7.2.     

 
Nutrient concentrations have been monitored for the 1997 and 1998 Burdekin River plumes 
(Devlin et al., 2001).  Dissolved inorganic nitrogen (DIN) concentrations were 10-15 µM in 
the low salinity zone (0-5‰) and fell to 0-2 µM in the 25-35‰ salinity zones (Figure 12, 
Devlin et al., 2001).  These concentrations are significantly higher than the typical DIN 
concentrations in the ambient inshore marine environment (0.10 µM: Furnas and Brodie, 
1996).  Similarly, dissolved inorganic phosphorus (DIP or orthophosphate) concentrations 
were relatively high in the 0-10‰ salinity zone (0.7-5.0 µM) and remained above ambient 
levels (0.09 µM; Furnas and Brodie, 1996) in the outer reaches of the plume (~0-0.2 µM; 
Devlin et al., 2001).  Dissolved nutrient species in the Burdekin plume are significantly 
elevated (10-100 times) compared to ambient seawater conditions and these elevated 
concentrations can be traced for hundreds of kilometres from the mouth of the Burdekin River 
(Figs. 13-15) (Devlin and Brodie, 2005).  The dissolved inorganic nutrient species are readily 
bio-available and rapidly consumed by phytoplankton once the suspended solid concentration 
falls below 10 mg/L (Turner et al., 1990; Dagg et al., 2004).  This concentration occurs 
around the 25‰ salinity zone in a typical Burdekin River plume (Devlin et al., 2001; Devlin 
and Brodie, 2005) and phytoplankton blooms are thus restricted to this zone.  Dissolved 
nutrients in the 0-25‰ salinity zone behave conservatively and become progressively diluted 
as the freshwater plume mixes with seawater.  Figures 13-15 show the spatial extent of 
dispersal of dissolved nutrients during different sized events.        
  
Dissolved organic nitrogen (DON) and phosphorus (DOP) concentrations were also 
significantly higher in the Burdekin plume (17.2-28.9 µM and 0.8-0.9 µM respectively: 
Devlin et al., 2001) than ambient levels (4.7 and 0.32 µM respectively: Furnas and Brodie, 
1996).  The DON form makes up the largest proportion of nitrogen in the GBR lagoon.  
However, this phase is not highly bio-available, with the exception of some amino acids, and 
is not rapidly consumed in the water column (Brodie and Mitchell, 2005). 
 
Particulate nitrogen (PN) and phosphorus (PP) are also significantly elevated in the Burdekin 
River plume compared to ambient conditions (Devlin et al., 2001) although sediment 
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resuspension events may also contribute some N and P to the water column (Walker and 
O’Donnell, 1981).  While most particulate nutrient phases are removed in the 0-10‰ salinity 
zone from the flocculation and settling of fine sediments, they remain elevated in the plume 
waters in comparison to ambient GBR waters (Fig. 12) (Brodie and Mitchell, 1992; Devlin et 
al., 2001).  The majority of P is exported to the GBR lagoon as a particulate form but P may 
become desorbed to DIP in the estuarine mixing zone (Fox et al., 1985).  This process was 
observed in the Fitzroy River plume during the 1991 flood.  The majority of phosphorus near 
the river mouth was in the DIP form although further away from the delta, increasing 
proportions of PP were measured which suggested that DIP had been consumed by 
phytoplankton and reabsorbed to particulate materials (Brodie and Mitchell, 1992).  
Particulate nutrient phases are continuously desorbed into the water column over long periods 
and provide a long-term nutrient source for the GBR lagoon (Devlin et al., 2001).  
 

 

 

 

 
Pelagic and benthic microbial communities process and mineralise the particulate and 
dissolved nutrients that enter the GBR lagoon and most nitrogen may be denitrified and 
returned to the atmosphere (Alongi and McKinnon, 2005).  Significantly, the mineralisation 

Figure 12:  Nutrient concentrations (mM) have been measured in the 1997 and 1998 Burdekin 
River plumes following Tropical Cyclones Justin and Sid (from Devlin et al., 2001). 
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rates of nutrients by microbial communities exceed the nutrient loads delivered annually by 
rivers (Alongi and McKinnon, 2005). 
 
Because the nutrient demand by microbial communities far outweighs supply, any effect of 
the increased nutrient delivery to the GBR lagoon since European settlement on the marine 
environment is not particularly obvious.  The complex cycling of nutrients in the GBR lagoon 
is not well understood.  The effects of increased nutrient supply on marine ecosystems may 
not become apparent until the nutrients are recycled many times by pelagic food webs (Furnas 
et al., 2005).  The dissolved organic nutrient species found in high concentrations (up to 4.7 
µM) in the ambient GBR lagoon waters may represent the steady-state level of the nutrient 
cycle in the marine environment.  The dissolved inorganic phases are recycled in the system 
many times before “transforming” to the relatively non bio-available dissolved organic forms.  
There appears to be a significant upward trend in the DON concentration of ambient 
seawaters in the Cairns region over the last 20 years (De’ath, 2005 with data from M. Furnas, 
unpublished).   
 
The organic matter produced by phytoplankton can be transported over large distances and be 
transformed into forms such as marine snow which could become deposited onto coral reef 
and seagrass communities (Fabricius et al., 2003; Fabricius, 2005).  The enhanced nutrient 
supply may have changed the balance of microbial communities in the GBR lagoon which, in 
turn, may have caused an increase in the mass of the larger forms of phytoplankton (>2 µm) 
(Brodie et al., 2005).  Large phytoplankton species are a major food source of the crown of 
thorns starfish (COTS) larvae.  The increase in the production of these larger forms of 
phytoplankton may have enhanced survival rates for the COTS larvae by up to ten-fold 
(Brodie et al., 2005). 
 
Algal blooms as a result of increased seawater nutrient concentrations may reduce 
photosynthesis and cause seagrass decline (Waycott et al., 2005); however, increased nutrient 
levels in the waters surrounding Green Island have been associated with increased seagrass 
cover (Udy et al., 1999).  Most seagrass communities in the GBR lagoon are, in fact, nutrient 
limited and may provide a short-term sink for N and P (Udy et al., 1999; Mellors et al., 2005).  
The leaves of seagrasses from the GBR lagoon contained significantly higher N and P 
concentrations compared to earlier studies in the 1970’s on the same species and from similar 
locations which suggests an increase in nutrient flux to the GBR over the last 30 years 
(Mellors et al., 2005).   
 
Seagrasses and other macroalgal communities may have benefited from the increased nutrient 
supply to the GBR lagoon (Schaffelke et al., 2005).  In turn, coral reefs probably would be 
unaffected by increased macroalgal growth provided herbivory remains normal (McCook, 
1999).  However, following a coral mortality event, increased macroalgal growth could 
potentially out-compete new coral recruits and may compromise reef recovery (McCook et 
al., 2001), although corals growing in areas of considerable terrestrial influence still appear to 
be capable of out-competing macroalgae communities (McCook, 2001).   
 
The increased nutrient supply to the GBR lagoon may impose a subtle, acute stress on coral 
reefs, of which the full effects may not become obvious until another disturbance such as a 
tropical cyclone is imposed (Brodie and Furnas, 1996).  Distinct biological gradients have 
been recognised in the Mackay Whitsunday Region and linked to increased sedimentation, 
turbidity and in particular, nutrient levels (van Woesik et al., 1999).  Unlike the sediment-
dominated Burdekin River system, the relatively small coastal rivers in the Mackay 
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Whitsunday region drain landscapes dominated by cropping and urban development and, as a 
result, these rivers carry significantly lower sediment concentrations, but have elevated 
nutrient levels.  Satellite imagery of the Burdekin and Mackay Whitsunday plumes in 2005 
shows the contrast between these two regions (Fig. 8).  The Burdekin River is clearly marked 
by a distinct brown turbid plume near the mouth followed by a dark green band (algae 
outbreaks) further away from the river.  The Mackay Whitsunday Rivers export significantly 
less sediment than the Burdekin and, therefore, suspended solid concentrations in the plume 
are much lower allowing algal outbreaks to occur near the river mouth (Fig. 7).  These algal 
outbreaks from elevated nutrient concentrations may have caused a decline in the coral cover 
in this region (van Woesik et al., 1999).   
 
Since the pioneering study of van Woesik et al. (1999), distinct biological gradients have been 
identified in coral, algal and fish assemblages from areas of the GBR lagoon, adjacent to the 
Mackay Whitsunday Region (van Woesik and Done, 1997; Fabricius et al., 2005).  These 
gradients coincide with a changing water quality gradient from the inner to outer shelf (Udy et 
al., 2005).  A “pristine” naturally turbid inshore reef system (Princess Charlotte Bay) 
contained significantly higher species diversity than inshore reefs adjacent to river catchments 
that have been subject to increased land-use (Fabricius et al., 2005).  The decline in species 
diversity has been linked to a corresponding increase in chlorophyll ‘a’ concentrations in the 
central inshore GBR lagoon (Fabricius et al., 2005; Brodie et al., 2006).  However, Larcombe 
(2001) suggests there would be “natural” nutrient gradients northwards along the inner shelf; 
these gradients would influence chlorophyll a levels along the coastal waters.  Fine sediments 
contribute a significant nutrient load to the water column from sediment resuspension (Walker 
and O’Donnell, 1981).   
 
Szmant (2002) reviewed several laboratory and field studies which investigated the direct 
effects of inorganic nutrient enrichment on coral reefs and concluded the results were 
inconclusive.  She argued that elevated nutrients have only played a secondary role in the 
world-wide degradation of coral reefs compared to other stresses such as sedimentation, 
overfishing and global warming.  While increased dissolved inorganic nutrient concentrations 
have impacted poorly flushed environments such as lagoons and embayments, their direct 
impact on a regional scale is unsubstantiated (Szmant, 2002).  In fact, some “pristine reefs” 
periodically experience high nutrient fluxes from upwelling at the edge of the shelf, river 
runoff and resuspension (Szmant, 2002). 
 
Recent experiments, however, are providing support that elevated nutrients do have direct 
impacts on coral reef ecosystems.  These impacts include physiological stress (which limits 
coral growth) and stimulative effects (which causes irregular coral growth) which may occur 
even with high herbivory on reefs, although these direct effects are often complex to separate 
from ‘top down’ effects (Littler et al., 2006a; 2006b).  In addition, elevated nutrients cause 
several indirect impacts on coral reefs including algal overgrowth (McCook et al., 2001), 
disease (Bruno et al., 2003), COTS outbreaks (Brodie et al., 2005) and enhanced microbial 
activity (Smith et al., 2006).     
 
Fabricius (2005) agreed that it was difficult to assess the specific cause of coral reef decline 
and that the direct impacts of nutrients were largely restricted to heavily polluted and poorly 
flushed environments.  However, there is increasing evidence that enhanced nutrients reduce 
coral fertility, embryo development and larval survival lowering the potential for coral 
recruitment (Fabricius, 2005).  In addition, elevated dissolved inorganic nutrients may lead to 
an enrichment of benthos, sediments and particulate organic matter.  These increases, in turn, 
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can affect coral communities by lowering light levels as well as increasing sedimentation and 
dissolved nutrient concentrations (Fabricius, 2005).  In combination with other acute and 
chronic stresses such as storms, disease, bleaching, decreased herbivory and sedimentation, 
increased nutrient levels may contribute to phase shifts of coral reef ecosystems.       
 
 
4.2 2006/07 Flood plume 
A massive flood plume associated with the 2007 wet season is shown for the 9th and 11th 
February, 2007 in Appendix 3a and b.  While much of the suspended sediment has sunk by 
the 11th February, the chlorophyll bloom is shown extending seaward and to the north under 
the influence of Coriolis forcing and the south-easterly wind.  Images interpreted for 
suspended sediment and chlorophyll in a February 2005 plume are shown in Appendix 3c and 
d, clearly showing the eastward drift of this plume toward mid-shelf reefs in the reef matrix 
under the influence of northerly winds. 
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Figure 13:  The maximum extent of dissolved and particulate nutrients in the Burdekin River 
plume.  Data based on King et al.’s (2001; 2002) model of the 1974 Burdekin flood. 
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Figure 14:  Extent of nutrients in the Burdekin plume during a very large 
event.  Data based on King et al.’s (2001; 2002) model of the 1981 flood. 
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Figure 15:  Extent of nutrients in the Burdekin plume during a moderate event.  Data 
based on King et al.’s (2001; 2002) model of the 1988 flood.  Interestingly, the plume 
waters extend further in this model than for the larger 1981 flood at this particular 
time of Burdekin discharge.  
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5.0 PRIORITISATION OF KEY WATER QUALITY ISSUES 
 
Based on the proceeding information priority threats for GBR ecosystems associated with 
Burdekin rangeland grazing lands are:  
 

1. Fine suspended sediment, PN, PP 
2. Nitrate 
3. DON 
4. Tebuthiuron 
5. Phosphate (particularly in the basaltic terrains) 

 
Priority threats for GBR ecosystems associated with Burdekin sugarcane cropping lands are:  
 

1. Nitrate, Atrazine, Diuron and 2,4-D 
2. Ametryn, Hexazinone, Simazine 
3. Insecticides and fungicides 

 
Important threats (non-prioritised) for Burdekin catchment freshwater bodies are: 
  

·  Turbidity 
·  Weeds 
·  Dissolved Oxygen Reducing Substances (DORS such as sugar, mill mud, dundar, 

weeds and their control) 
·  Riparian vegetation (lack of) 
·  Eutrophication via nitrate 
·  Pesticide – toxicity on freshwater systems 
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6.0 CONCEPTUAL MODELS 
 
The following diagrams show initial conceptual models of catchment processes in the 
Burdekin Region (Fig 16), with a focus on sediment transport in the catchment and marine 
environment (Fig 17).  Many parallel efforts to develop conceptual models of catchment to 
reef processes are currently underway, including those of the REEF PARTNERSHIP, 
GBRMPA and Queensland EPA.  More detailed models (series of flow charts) of these 
processes can be found in Haynes et al. (2007).    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16a-b: Conceptual models of catchment land use activities in pre-European (a)  
and current (b) conditions (from Bass et al., in prep). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a) 

b) 

Nutrient and sediment inputs 
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Figure 17a-c: Conceptual models of sediment loss and transport in the Burdekin rangelands and 
coastal floodplain, with amount of loss indicated by arrow size (a), and (b) resultant impact on marine 
ecosystems in the receiving waters.  Figure 17c provides a legend for the conceptual model (from Bass 
et al., in prep). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a) 

b) 

c) 
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The following models represent the movements and fate of sediments (Figs. 18 and 20) as 
well as the cycling of nutrients (Figs. 19 and 21) in the marine environment.  These models 
were developed as part of the Coastal Zone CRC reports for the Fitzroy River and are directly 
applicable to the Burdekin catchment. 
 

 
Figure 18: Conceptual model of the factors which control suspended sediment concentrations in large 
estuaries of the GBR catchments (example from the Fitzroy catchment from Webster et al., 2003). 
 
 

 
Figure 19: Conceptual model of the biogeochemical processes affecting the nitrogen cycle in the 
estuarine waters (example from the Fitzroy catchment from Webster et al., 2003). 
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Figure 20: Conceptual model showing the removal of sediments in a flood plume (example from the 
Fitzroy River; from Robson et al., 2006). 
 

 
Figure 21: Conceptual model showing the cycling of nutrients in the marine environment (example 
from the Fitzroy River; from Robson et al., 2006). 
 
 
 
 
The following conceptual model (Fig 22) highlights the effects of increased loads of 
sediments and nutrients on corals of the GBR (from Fabricius, 2007). 
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Figure 22: Conceptual model of the relationships between the four main water quality constituents 
(blue) and biotic responses (yellow). External and physical factors (grey boxes) further shape the 
relationships (from Fabricius, 2007). 
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The following conceptual model (Fig 23) shows the movement of groundwater in the 
Burdekin River delta (from Charlesworth and Bristow, 2004). 
 
 

 
Figure 23:  Conceptual model of groundwater movements in the lower Burdekin Area (from 
Charlesworth and Bristow, 2004). 
 
 
The following conceptual models have been developed by Joelle Prange (Prange, in prep) and 
present the processes of sediments, nutrients and pesticides in the marine environment and the 
recommendations of how targets are set to achieve water quality objectives. 
 

 
 
Figure 24: Model of sediment processes in the GBR lagoon (from Prange, in prep). 
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Figure 25: Model of nutrient processes in the GBR lagoon (from Prange, in prep). 
 

 
Figure 26: Model of pesticide processes in the GBR lagoon (from Prange, in prep). 
 
 



� � ����������
 

� � �70 

 
Figure 27: Model of sediment processes in both wet and dry catchments of the GBR (from 
Prange, in prep). 
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Figure 28: Model of recommendations for target setting to achieve water quality targets 
(from Prange, in prep).
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Appendix 1 
 

Raw data table of SedNet and ANNEX modelling results comparison with monitoring data for the Burdekin minor sub-catchments 
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Stream Location 
CSIRO 

Catchment 
area Ha 

ACTFR 
catchment 

area 

% 
Difference 

SedNet 
modelled Mean 

Annual Flow 
TSS load kt  

TSS Flow 
weighted mean 
concentration 

mg/L 

ACTFR TSS mean 
event concentration 

mg/L 

TSS 
kg/Ha Total Bedload kt 

Stones Creek 76600 77000 0.52% 65049 85 1300  1110 20 

Landers Creek 95400 107000 10.84% 118503 67 1350  1640 15 

Allingham Creek 119000 109000 -9.17% 71667 23 320  190 4 

Running River 109500 110000 0.45% 285581 94 330 55 860 34 

Fanning River 109900 111000 0.99% 108507 81 740 300 730 9 

Burdekin Delta 56700 113000 49.82% 113317 150 1350  2650 -726 

Bowen River floodplain 122700 114000 -7.63% 98179 117 1200  950 11 

Barratta Creek 100900 117000 13.76% 178423 96 540 70 950 7 

Upstart Bay catchments 43800 118000 62.88% 78493 36 460  830 1 

Abbott Bay catchments 83800 119000 29.58% 139025 70 500  840 22 

Don River  103700 121000 14.30% 214461 140 650 400 1350 75 

Douglas Creek  122700 123000 0.24% 165886 68 410  550 21 

Kirk River 101600 135000 24.74% 84713 76 900  750 13 

Sellheim River  140400 140000 -0.29% 97280 114 1150  810 49 

Rollston River  144800 145000 0.14% 86529 53 610  370 20 

Little Bowen 145500 147000 1.02% 208254 123 590  840 13 

Rosella Creek 145900 147000 0.75% 95337 77 800  530 18 

Burdekin River below dam 185600 147000 -26.26% 190720 721 3780  3900 596 

Pelican Creek 145200 148000 1.89% 161268 142 880  980 21 

Camel Creek 158600 158000 -0.38% 140446 70 500 5000 440 25 

Glenmore Creek 156700 161000 2.67% 112887 88 780  560 50 
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Stream Location 
Particulate 
Nitrogen 

Load tonnes 

PN Flow 
weighted 

mean conc. 
ug/L 

ACTFR PN 
mean event 
conc. ug/L 

PN 
kg/Ha 

Dissolved 
Inorganic 
Nitrogen 

Load tonnes 

DIN Flow 
weighted 

mean conc. 
ug/L 

ACTFR DIN 
mean event 
conc. ug/L 

DIN kg/Ha 

Dissolved 
Organic 
Nitrogen 

Load tonnes 

DON Flow weighted 
mean conc. ug/L 

ACTFR DON 
mean event 
conc. ug/L 

DON 
kg/Ha 

Stones Creek 401 6150  5.23 10 160  0.14 13 200  0.17 

Landers Creek 339 6800  8.35 25 400  0.49 23.9 400  0.50 

Allingham Creek 42 590  0.35 11 160  0.10 14 200  0.12 

Running River 614 2150 255 5.60 42 150 65 0.38 52.5 180 235 0.48 

Fanning River 428 3950 900 3.89 17 160 280 0.16 21.5 200 260 0.20 

Burdekin Delta 408 3600  7.20 135 1190  2.39 22.7 200  0.40 

Bowen River floodplain 237 2400  1.93 15 150  0.12 19.2 200  0.16 

Barratta Creek 328 1850 190 3.25 136 760 440 1.34 37.1 210 440 0.37 

Upstart Bay catchments 83 1050  1.89 33 430  0.76 14 170  0.31 

Abbott Bay catchments 216 1550  2.58 26 180  0.31 27 200  0.32 

Don River  494 2300 820 4.77 35 160 210 0.34 42.4 200 180 0.41 

Douglas Creek  294 1800  2.40 26 160  0.21 33 200  0.27 

Kirk River 330 3900  3.25 14 160  0.13 16.9 200  0.17 

Sellheim River  430 4400  3.06 15 160  0.11 19.4 200  0.14 

Rollston River  197 2300  1.36 14 160  0.09 17.2 200  0.12 

Little Bowen 603 2900  4.14 33 160  0.23 40 200  0.28 

Rosella Creek 221 2300  1.51 15 160  0.10 19.3 200  0.13 

Burdekin River below dam 1881 9850  10.14 40 210  0.22 37.3 200  0.20 

Pelican Creek 597 3700  4.11 26 160  0.18 32.5 200  0.22 

Camel Creek 240 1700  1.51 22 160  0.14 28 200  0.18 

Glenmore Creek 386 3400  2.46 18 160  0.12 22.5 200  0.14 
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Stream Location 
Particulate 

Phosphorus 
Load tonnes 

PP Flow 
weighted 

mean conc.  

ACTFR PP 
mean event 
conc. ug/L 

PP 
kg/Ha 

Dissolved 
Inorganic 

Phosphorus 
Load tonnes 

DIP Flow 
weighted 

mean conc.  

ACTFR DIP 
mean event 
conc. ug/L 

DIP kg/Ha 

Dissolved 
Organic 

Phosphorus 
Load tonnes 

DOP Flow weighted 
mean conc. 

ACTFR DOP 
mean event 
conc. ug/L 

DOP 
kg/Ha 

Stones Creek 76 1150  0.99 1.3 20  0.017 0.7 11  0.009 

Landers Creek 65 1300  1.59 2.4 41  0.051 1.2 19  0.024 

Allingham Creek 40 560  0.34 1.4 20  0.012 0.7 10  0.006 

Running River 91 320 45 0.83 5.0 18 10 0.046 2.7 9 6 0.025 

Fanning River 94 860 160 0.85 2.2 20 20 0.020 1.1 10 10 0.010 

Burdekin Delta 104 910  1.83 1.8 16  0.032 1.3 11  0.023 

Bowen River floodplain 68 670  0.56 2.0 20  0.016 0.8 8  0.007 

Barratta Creek 92 520 80 0.91 2.8 16 90 0.028 2.0 11 25 0.020 

Upstart Bay catchments 23 290  0.52 1.3 17  0.030 0.7 9  0.016 

Abbott Bay catchments 56 400  0.66 3.5 25  0.042 1.4 10  0.017 

Don River  121 560 280 1.16 4.3 20 100 0.041 2.1 10 6 0.020 

Douglas Creek  66 400  0.54 3.3 20  0.027 1.6 10  0.013 

Kirk River 80 950  0.79 1.7 20  0.017 0.9 11  0.009 

Sellheim River  96 980  0.68 1.9 20  0.014 1.0 10  0.007 

Rollston River  47 540  0.32 1.7 20  0.012 0.9 10  0.006 

Little Bowen 200 960  1.37 3.9 19  0.027 2.0 10  0.014 

Rosella Creek 64 670  0.44 2.3 24  0.016 1.0 10  0.007 

Burdekin River below dam 441 2300  2.37 3.7 19  0.020 1.8 9  0.010 

Pelican Creek 123 760  0.85 3.9 24  0.027 1.7 11  0.012 

Camel Creek 70 500  0.44 2.8 20  0.018 1.3 9  0.008 

Glenmore Creek 83 740  0.53 2.2 19  0.014 1.2 11  0.008 

 



� � ����������
 

� � �84 

Stream Location 
CSIRO 

Catchment 
area Ha 

ACTFR 
catchment 

area 

% 
Difference 

SedNet 
modelled 

Mean Annual 
Flow 

TSS load 
kt 

TSS Flow 
weighted mean 
concentration 

mg/L 

ACTFR TSS mean 
event 

concentration 
mg/L 

TSS 
kg/Ha 

Total 
Bedload 

kt 

Keelbottom Creek 162700 164000 0.79% 197885 91 460  560 13 

Gray Creek 166700 170000 1.94% 128613 71 550  430 22 

Hann Creek 186700 184000 -1.47% 110513 57 520 260 310 12 

Star River  198800 199000 0.10% 374994 137 370 80 690 8 

Dry River  194600 202000 3.66% 169257 81 480 4000 420 31 

Belyando floodplain 491500 203000 -142.12% 171685 33 190  70 -34 

Diamond Creek 241700 214000 -12.94% 86013 37 430  150 3 

Broken River 219300 229000 4.24% 942374 256 270  1150 37 

Haughton River  218200 232000 5.95% 356136 276 780 160 1270 0 

Bogie River  222700 238000 6.43% 306244 178 580 550 800 20 

Rosetta Creek  252000 244000 -3.28% 144232 80 550  320 13 

Townsville catchments 169700 265000 35.96% 380853 121 320  710 38 

Lower Cape River 238200 265000 10.11% 129261 71 550  300 16 

Burdekin River Blue Range  218600 272000 19.63% 135731 267 1960  1220 157 

Basalt River  289700 286000 -1.29% 186748 80 430 950 280 21 

Sandy Creek  302600 319000 5.14% 110510 55 490  180 10 

Fox Creek 317900 321000 0.97% 112696 46 410  140 5 

Lolworth Creek 322000 348000 7.47% 225206 87 390 240 270 45 

Burdekin River (dam) 526600 390000 -35.03% 318615 409 1300  780 69 

Logan Creek 337200 403000 16.33% 137275 67 490  200 6 

Upper Burdekin River  442200 448000 1.29% 579853 161 280  360 55 
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Stream Location 

Particulate 
Nitrogen 

Load 
tonnes 

PN Flow 
weighted 

mean 
conc. ug/L 

ACTFR PN 
mean 
event 

conc. ug/L 

PN 
kg/Ha 

Dissolved 
Inorganic 
Nitrogen 

Load 
tonnes 

DIN Flow 
weighted 

mean 
conc. ug/L 

ACTFR DIN 
mean event 
conc. ug/L 

DIN 
kg/Ha 

Dissolved 
Organic 
Nitrogen 

Load 
tonnes 

DON Flow 
weighted 

mean 
conc. ug/L 

ACTFR 
DON mean 

event 
conc. ug/L 

DON 
kg/Ha 

Keelbottom Creek 515 2600  3.16 27 140  0.16 35 180  0.21 

Gray Creek 246 1900  1.48 21 160  0.12 26 200  0.15 

Hann Creek 180 1650 270 0.96 18 160 420 0.09 22.1 200 410 0.12 

Star River  813 2150  4.09 50 130  0.25 64.4 170  0.32 

Dry River  253 1500  1.30 27 160  0.14 33.9 200  0.17 

Belyando floodplain -36 -210  -0.07 26 150  0.05 34 200  0.07 

Diamond Creek 60 690  0.25 15 180  0.06 18 210  0.07 

Broken River 1680 1800  7.66 121 130  0.55 150 160  0.68 

Haughton River  1174 3300 220 5.38 98 280 430 0.45 64.7 180 360 0.30 

Bogie River  721 2350 850 3.24 48 160 350 0.22 60.4 200 600 0.27 

Rosetta Creek  286 2000  1.14 23 160  0.09 29 200  0.11 

Townsville catchments 545 1450  3.21 1235 3250  7.27 71 190  0.42 

Lower Cape River 245 1900  1.03 20 160  0.09 26 200  0.11 

Burdekin River Blue Range  764 5650  3.50 21 150  0.10 26.6 200  0.12 

Basalt River  207 1100 240 0.71 30 160 90 0.10 37.1 200 260 0.13 

Sandy Creek  177 1600  0.58 17 150  0.06 21 190  0.07 

Fox Creek 94 830  0.29 18 160  0.06 22 200  0.07 

Lolworth Creek 257 1150 480 0.80 32 140 160 0.10 41.5 180 380 0.13 

Burdekin River (dam) 1139 3600  2.16 49 160  0.09 62.7 200  0.12 

Logan Creek 117 850  0.35 35 260  0.10 31 230  0.09 

Upper Burdekin River  626 1100  1.42 90 160  0.20 114 200  0.26 
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Stream Location 

Particulate 
Phosphorus 

Load 
tonnes 

PP Flow 
weighted 

mean 
conc. 

ACTFR PP 
mean 
event 

conc. ug/L 

PP 
kg/Ha 

Dissolved 
Inorganic 

Phosphorus 
Load 

tonnes 

DIP Flow 
weighted 

mean 
conc.  

ACTFR DIP 
mean event 
conc. ug/L 

DIP 
kg/Ha 

Dissolved 
Organic 

Phosphorus 
Load 

tonnes 

DOP Flow 
weighted 

mean 
conc. 

ACTFR 
DOP mean 

event 
conc. ug/L 

DOP 
kg/Ha 

Keelbottom Creek 109 550  0.67 3.5 18  0.022 1.8 9  0.011 

Gray Creek 132 1050  0.79 2.6 20  0.016 1.3 10  0.008 

Hann Creek 54 490 110 0.29 2.2 20 8 0.012 1.1 10 15 0.006 

Star River  131 350  0.66 6.4 17  0.032 3.3 9  0.017 

Dry River  134 790  0.69 3.4 20  0.017 1.7 10  0.009 

Belyando floodplain -7 -41  -0.01 3.4 20  0.007 1.8 10  0.004 

Diamond Creek 22 260  0.09 1.9 22  0.008 0.9 10  0.004 

Broken River 493 520  2.25 16.0 17  0.073 7.7 8  0.035 

Haughton River  216 610 100 0.99 6.7 19 40 0.031 3.4 10 20 0.016 

Bogie River  143 470 250 0.64 6.0 20 80 0.027 3.0 10 10 0.013 

Rosetta Creek  69 480  0.27 2.9 20  0.012 1.4 10  0.006 

Townsville catchments 97 250  0.57 43.3 110  0.255 3.4 9  0.020 

Lower Cape River 73 570  0.31 2.5 19  0.010 1.3 10  0.005 

Burdekin River Blue Range  160 1200  0.73 2.7 20  0.012 1.4 10  0.006 

Basalt River  227 1200 190 0.78 3.7 20 85 0.013 1.9 10 10 0.007 

Sandy Creek  63 570  0.21 2.1 19  0.007 1.1 10  0.004 

Fox Creek 38 340  0.12 2.2 20  0.007 1.1 10  0.003 

Lolworth Creek 220 980 170 0.68 4.1 18 40 0.013 2.1 9 15 0.007 

Burdekin River (dam) 313 980  0.59 6.7 21  0.013 3.1 10  0.006 

Logan Creek 48 350  0.14 4.4 32  0.013 1.8 13  0.005 

Upper Burdekin River  210 360  0.47 11.5 20  0.026 5.7 10  0.013 
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Stream Location 
CSIRO 

Catchment 
area Ha 

ACTFR 
catchment 

area 

% 
Difference 

SedNet 
modelled 

Mean 
Annual Flow 

TSS 
load kt 

TSS Flow 
weighted mean 
concentration 

mg/L 

ACTFR TSS 
mean event 

concentration 
mg/L 

TSS 
kg/Ha 

Total 
Bedload 

kt 

Upper Suttor River  521000 515000 -1.17% 250285 118 470 950 230 17 

Lower Suttor (before dam) 476800 542000 12.03% 256681 220 850  460 62 

Native Companion Creek 546000 548000 0.36% 224908 142 630  260 16 

Upper Belyando River  584000 583000 -0.17% 288939 221 760  380 36 

Mistake Creek 601800 587000 -2.52% 257060 153 600 600 250 -2 

Clarke River  645000 647000 0.31% 444172 305 690  470 90 

Campaspe River 814100 674000 -20.79% 501541 279 560 300 340 60 

Carmichael River 469500 751000 37.48% 158276 104 660  220 15 

Cape River 948800 914000 -3.81% 442663 187 420   200 34 
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Stream Location 

Particulate 
Nitrogen 

Load 
tonnes 

PN Flow 
weighted 

mean 
conc. ug/L 

ACTFR PN 
mean 
event 

conc. ug/L 

PN 
kg/Ha 

Dissolved 
Inorganic 
Nitrogen 

Load 
tonnes 

DIN Flow 
weighted 

mean 
conc. ug/L 

ACTFR DIN 
mean 
event 

conc. ug/L 

DIN 
kg/Ha 

Dissolved 
Organic 
Nitrogen 

Load 
tonnes 

DON Flow 
weighted 

mean 
conc. ug/L 

ACTFR 
DON mean 

event 
conc. ug/L 

DON 
kg/Ha 

Upper Suttor River  303 1200 700 0.58 40 160 380 0.08 50 200 300 0.10 

Lower Suttor (before dam) 658 2550  1.38 40 160  0.08 50.6 200  0.11 

Native Companion Creek 496 2200  0.91 36 160  0.07 45 200  0.08 

Upper Belyando River  796 2750  1.36 46 160  0.08 57.5 200  0.10 

Mistake Creek 359 1400 530 0.60 44 170 65 0.07 50.9 200 380 0.08 

Clarke River  931 2100  1.44 71 160  0.11 88.6 200  0.14 

Campaspe River 854 1700 350 1.05 78 160 100 0.10 98.8 200 350 0.12 

Carmichael River 278 1750  0.59 25 160  0.05 31.6 200  0.07 

Cape River 523 1200   0.55 68 150   0.07 87 200   0.09 
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Stream Location 

Particulate 
Phosphorus 

Load 
tonnes 

PP Flow 
weighted mean 

conc. 

ACTFR PP 
mean 
event 

conc. ug/L 

PP 
kg/Ha 

Dissolved 
Inorganic 

Phosphorus 
Load 

tonnes 

DIP Flow 
weighted 

mean 
conc.  

ACTFR DIP 
mean 
event 

conc. ug/L 

DIP 
kg/Ha 

Dissolved 
Organic 

Phosphorus 
Load 

tonnes 

DOP Flow 
weighted 

mean 
conc. 

ACTFR 
DOP mean 

event 
conc. ug/L 

DOP 
kg/Ha 

Upper Suttor River  80 320 350 0.15 5.1 20 15 0.010 2.5 10 6 0.005 

Lower Suttor (before dam) 208 810  0.44 5.1 20  0.011 2.6 10  0.005 

Native Companion Creek 159 710  0.29 4.5 20  0.008 2.2 10  0.004 

Upper Belyando River  253 880  0.43 5.8 20  0.010 2.9 10  0.005 

Mistake Creek 147 570 250 0.24 5.3 21 35 0.009 2.6 10 15 0.004 

Clarke River  802 1800  1.24 8.9 20  0.014 4.4 10  0.007 

Campaspe River 249 500 120 0.31 10.0 20 10 0.012 4.9 10 15 0.006 

Carmichael River 124 790  0.26 3.2 20  0.007 1.5 9  0.003 

Cape River 138 310   0.15 8.6 19   0.009 4.4 10   0.005 
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Appendix 2 
 

SedNet and ANNEX modelling results for the Burdekin minor sub-catchments for particulate 
nutrients, dissolved inorganic phosphorus and dissolved organic nutrients 
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Appendix 2a:  Map of flow weighted PN (µg/L) concentrations in the fifty-one minor Burdekin 
sub-catchments based on the SedNet model. 
. 
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Appendix 2b:  Map of PN levels (kg/Ha) normalised over catchment area for each of the fifty-one 
minor Burdekin sub-catchments based on the SedNet model. 
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Appendix 2c:  Map of flow weighted PP (µg/L) concentrations in the fifty-one minor Burdekin sub-
catchments based on the SedNet model. 
. 
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Appendix 2d:  Map of PP levels (kg/Ha) normalised over catchment area for each of the fifty-one 
minor Burdekin sub-catchments based on the SedNet model. 
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Appendix 2e:  Map of flow weighted DIP (µg/L) concentrations in the fifty-one minor Burdekin 
sub-catchments based on the SedNet model. 
. 
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Appendix 2f:  Map of DIP levels (kg/Ha) normalised over catchment area for each of the fifty-one 
minor Burdekin sub-catchments based on the SedNet model. 
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Appendix 2g:  Map of flow weighted DON (µg/L) concentrations in the fifty-one minor Burdekin 
sub-catchments based on the SedNet model. 
. 
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Appendix 2h:  Map of DON levels (kg/Ha) normalised over catchment area for each of the fifty-
one minor Burdekin sub-catchments based on the SedNet model. 
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Appendix 2i: Map of flow weighted DOP (µg/L) concentrations in the fifty-one minor Burdekin 
sub-catchments based on the SedNet model. 
. 



� � ����������
 

� � �100 

 
 
 

 
 

Appendix 2j:  Map of DOP levels (kg/Ha) normalised over catchment area for each of the fifty-
one minor Burdekin sub-catchments based on the SedNet model. 
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Appendix 3 
 

Flood plume images from the 2006/07 wet season 
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Appendix 3a: Flood plume on 9th February 2007. 
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Appendix 3b: Flood plume on 11th February 2007. 



� � ����������
 

� � �104 

 
 
Appendix 3c: Suspended sediments on 2nd February 2005. 
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Appendix 3d:Chlorophyll on 2nd February 2005.
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