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Background 
 

The Gippsland Lakes Future Directions and Action Plan (FDAP, 2002) identified 
projects and priority catchments for nutrient reduction to the Gippsland Lakes.  These 
priorities were based on the best information available at the time including the 
Gippsland Lakes Environmental Study (Webster et al., 2001) and catchment 
modelling undertaken for DSE (Grayson and Argent, 2002).   

 

Since the initiation of the FDAP, the Gippsland Lakes Task force has funded 
research projects to identify specific activities and refine the locations that would 
make the greatest contributions to nutrient reductions.   The purpose of this project 
is: 

� to update the priorities for nutrient reduction across the catchments to the 
Gippsland Lakes using the latest information and  

� to inform the next phase of investment in the region.    

The purpose of this report is to provide the technical background to sediment and 
nutrient sources to the Gippsland Lakes from the contributing catchments. 

 

The most relevant research studies to this report are: 

� a SedNet and sediment tracing study by CSIRO (Wilkinson et al., 2006);   

� an investigation into the effectiveness of wetlands in reducing nutrient loads 
(Boon et al., 2006);  and  

� a project to identify the most valuable BMPs for nutrient reduction (Ladson 
and Tilleard, 2006).  

 

 

In addition, there were several studies that provide useful background and context for 
interpretation of the results including: 

� a sensitivity study on key aspects of the original GLES modelling (Grigg et al., 
2004) 

� a study informing the potential for phosphorus stores in the Lakes to support 
algal blooms into the future (Longmore, 2006);  

� a study into the contributions of roads to sediment in the Tyers catchment 
(Sheridan, 2003 and Sheridan and Noske, 2005),  

� an analysis of sediment cores from the Lakes to identify net deposition rates 
(Hancock and Piestch., 2006) and; 

� the East and West Gippsland Water Quality Action Plans and supporting 
documentation. 

 

The project brief identified the following tasks: 

1. Using the latest data, prepare a summary of the contributions of TP, TN and 
TSS from each major catchment entering the Gippsland Lakes (presented as 



Loads and Sources to the Gippsland Lakes  

_______________________________________________________________________________________________________ 

 

_____________________________________________________________________

4 

average annual loads plus an estimate of the uncertainty or range in these 
loads). 

2. Using latest data, identify the 2-3 major sources of nutrients and TSS in each 
catchment. 

3. Prepare a map (conceptual diagram) that clearly shows the above information 
in a form that can be easily assimilated by decision-makers. 

4. For each priority area, list BMPs that will reduce the nutrient and/or TSS 
loads, and assess and identify which BMPs make the greatest impact on 
nutrient reductions and their associated costs. 

 

Tasks 1-3 were undertaken by Rodger Grayson  from Catchment to Sea Pty. Ltd. 
while task 4 was undertaken by Peter Cottingham.  This report relates to tasks 1-3. 

 

This report first presents an overview of the key findings from each of the new pieces 
of work, followed by a synthesis of these results and comparison to earlier estimates 
of sediment and nutrient sources.  Major differences are identified, reconciled and 
used along with additional information to develop a final set of source information and 
uncertainty estimates.   The report is intended to provide the technical background to 
the final investment priorities.  It is assumed that the reader is familiar with the 
Gippsland Lakes and the general issues of modelling and sourcing of sediment and 
nutrients. 

 

Overview of key findings from recent research 
 

SedNet modelling & sediment tracing (Wilkinson et al., 2006) 

This is the primary new basis for estimates of the sources of sediment and nutrients 
from the catchments to the Gippsland Lakes.  It builds on an earlier application of 
SedNet based on generic data (Wilkinson et al., 2005).  This application utilises 
improved information and some components are tested against sediment tracing 
results.  The main improvements over earlier modelling are as follows: 

- bushfire affected areas are assumed to have twice the generation rates of 
non-affected areas.  This is likely conservative for the immediate loads (water 
quality data still shows elevated levels of 2-10 times pre-fire estimates) but is 
realistic if averaged over 10 years to allow for recovery. 

- tunnel erosion for the Mitchell river area is included based on DPI data from 
one sampling location.  This provides better spatial detail for this process but 
quantification is still somewhat uncertain.  Gully density is as per the original 
report using generic results from the National Land and Water Audit along 
with local information for the streams flowing to the lower Latrobe River. 

- Modelling of N losses in reservoirs is improved.  

- The Hillslope Sediment Delivery Ratio (HSDR) is doubled from 0.05 to 0.1 
but still applied uniformly.  The HSDR is increased to better match tracer 
results and better estimate overall loads although overall loads are still low in 
some areas.  This is discussed in more detail in the next section. 

- The tracer results provide excellent information but not certain validation.  In 
most cases there are several ways to adjust sediment sources to explain 
tracer results, but they provide useful bounds on sources and total loads. 
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- The % fine sediment in banks remains at 50% for west but is decreased to 
35% for the east based on samples (and some ASRIS comparison).   

- There are no changes to point source inputs (that were underestimated in the 
initial modelling); the MID is not modelled as a managed irrigation area, 
resulting in likely underestimates of inputs; inputs from unsealed roads are 
not identified (estimates are suggested to be based on the number of 
crossings and average load per crossing based on Sheridan’s work);  
dissolved nutrient inputs from land uses remain as in the original report and 
are based on data from the Goulburn River catchment.  The impact of these 
assumptions is discussed in the next section. 

Overall the results are significantly more robust than in the earlier modelling but there 
are some anomalies that remain compared to other data sources and modelling.  
These relate to relatively lower inputs from the Latrobe and relatively higher inputs 
from the Mitchell River systems, resulting in an East/West ratio that does not match 
well with some other observations.  Nevertheless, there are reasonable explanations 
for the differences in absolute values and the patterns from the latest modelling are a 
significant improvement, providing better spatial resolution of sources and reducing 
overall uncertainty.  

The SedNet work is used as a base in the final analysis with anomalies being 
rectified using additional data.  This is explained in later sections.  

    

Effectiveness of wetlands in reducing nutrient loads (Boon et 
al., 2006) 

This is an extensive piece of research that provides details on: 

� wetland processes,  

� characteristics of the wetlands of the Gippsland Lakes, including riparian 
corridors;  

� a review of national and international literature on relevant wetland 
processes;   

� specific consideration of nutrient reduction in natural and constructed 
wetlands in fresh and brackish conditions;  

� a modelling analysis of the potential for reductions in the catchments to the 
Lakes; and  

� consideration of Legal, social and policy matters.  

 

The relevant conclusions from the work are as follows: 

� natural freshwater wetlands offer little potential for nutrient interception in the 
Gippsland Lakes catchment.  This is because their nutrient retention is highly 
variable, large areas are required to effect the reliable removal of nitrogen 
and phosphorus, and there are likely to be unacceptable trade-offs with other 
wetland values. 

� Created and constructed wetlands offer significant potential to act as nutrient 
traps and, in the case of created wetlands, also offer other environmental 
services. 

� Brackish water natural wetlands offer little potential for nutrient interception, 
because of the very large areas required, legislative complications and 
substantial knowledge gaps. 
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� Modelling was applied to estimate the potential for two types of created and 
constructed wetlands (wetlands in gullies on farms and wetland trenches 
adjacent to streams) in three different regions with contrasting meteorological 
characteristics with the following results: 

o Results indicate that reductions in concentrations of TSS of about 60-
90 % are possible by created gully wetlands. Reductions in 
suspended loads by constructed stream-side wetlands are broadly 
similar, except for the high-rainfall zone (53 % reduction). Modelled 
reductions in concentrations of Total Phosphorus ranged from 42 % 
to 70 %, and for Total Nitrogen from 24 % (high-rainfall  zone) to 66 
% (moderate rainfall zone). 

o Modelling was undertaken also of a ‘typical’ farm in the Gippsland 
area, again in three contrasting regions of the catchment. Results 
showed the poorest reduction in pollutant concentration was recorded 
for Total Nitrogen from the high-rainfall zone (23 % reduction). 
Reductions of Total Phosphorus ranged from 37-70 %, and of 
Suspended Solids from 49-87 %. The best performance was 
predicted for an on-farm wetland complex in moderate rainfall zones, 
with nutrient interception predicted to decrease in both the low-rainfall 
and high-rainfall zones. 

These results are used as part of the final report on BMPs.  They do not directly 
affect the computation of sources and loads under present conditions. 

 

Identification of BMPs for nutrient reduction (Ladson and 
Tilleard, 2006).  

This project reviewed a wide range of BMPs for nutrient reduction and considered 
their likely performance under conditions specific to the Gippsland Lakes catchments.  
Extensive expert opinion was sought to provide realistic estimates of performance “in 
the field”.  These results are used along with the loads and sources from this report in 
the final report on investment priorities  by Cottingham and Grayson, (2006). 

 

Other studies 

In addition, there were several studies that provide useful background and context for 
interpretation of the results.  These are listed below along with the major relevant 
conclusions: 

� Sensitivity study on key aspects of the original GLES modelling (Grigg et al., 
2004).  This concluded that peak Chlorophyll a and bottom oxygen levels are 
relatively insensitive to key parameters, however bloom compositions are 
quite sensitive to these parameters and the N:P ratios. Scenarios that are 
affected by mixing (such as the second entrance) are sensitive to vertical 
exchange in the hydrodynamic model.   Despite these sensitivities, the overall 
conclusions of the original GLES remained robust.  Further work would be 
useful on sediment processes in the Lakes to better understand long term 
nutrient balances. 

� The potential for phosphorus stores in the Lakes to support algal blooms into 
the future (Longmore, 2006).  This study responds to the recommendations of 
the sensitivity work and is not yet complete.  Initial results indicate that on 
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average all but 8% of the P in sediments to 30 cm is in immediately available 
or potentially available forms. There were spatial differences, with the 
concentrations of most forms of P lower in Lake Wellington than in Lake 
Victoria, Lake King or Jones Bay. There were also differences with depth at 
all sites, with the concentration of most phases highest at the surface, and 
declining with depth. The results to date indicate that the sediment store to 30 
cm could support the diffusive fluxes for about 10 years in Lake Wellington, 
and about 20 years in the other lakes. This is a similar timeframe to that 
expected for significant reductions in catchment inputs.  

� Study into the contributions of roads to sediment in the Tyers catchment 
(Sheridan, 2003 and Sheridan and Noske, 2005).  This provides detailed data 
on the inputs of forest roads in a study catchment.  The results are much 
lower than other national and international studies and some of the reasons 
for this are discussed in the reports.  Sheridan, 2003 provides a synthesis of 
the results with other work and estimates likely loads and potential reductions 
for the Gippsland Lakes catchments.  These are updated and refined later in 
this report following discussions with Gary Sheridan and new data on the 
number and condition of road crossings in the catchment to the Gippsland 
Lakes. 

� Analysis of sediment cores from the Lakes to identify net deposition rates 
(Hancock and Piestch., 2006).  Cores were taken from Lakes Wellington, 
Victoria and King.  The cores from the Eastern lakes were in deep water and 
the results were confounded by the likely concentration of deposited material.  
Therefore net rates could not be reliably determined.  The Lake Wellington 
cores however produced good results with the estimated deposition over the 
past 60-70 years of 110-192 kt/yr with a likely value around 170kt/yr.  
Estimates over the last 3000-4000 years are 17+-3 kt/yr.  These are net rates, 
so total loads from the Western catchments would be larger due to material 
passing through McLennan Strait. 

� The East and West Gippsland Water Quality Action Plans and supporting 
documentation.  These provide an extensive description of the catchments 
and potential BMPs.  The modelling results are superceded by the most 
recent work and the priority BMPs are being refined by Ladson and Tilleard. 

� The EPA network for estimating nutrient loads to the Gippsland Lakes is now 
operational and a report on the first year of data (2004/5) has been prepared 
(Davies and Martinez, 2006).   This provides details of loads from the major 
catchments including the impact of high flow events.  Analysis of these data 
will be an ongoing process, as will refinements to the monitoring and loads 
computation (see also Fox et al. 2005 for work on improved computational 
methods). The network is the most comprehensive monitoring of loads to the 
Lakes that has ever been in place and will for the first time provide a 
consistent estimation of nutrient loads to the Lakes.  
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Synthesis of results & comparison to other estimates 
“All models are wrong, but some are useful” 

 
It is critical to accept that our knowledge of sediment and nutrient sources is 
incomplete and will always be so.  We rely on bringing together a variety of 
information in the form of data at a range of scales (water quality monitoring, land 
use, vegetation, research study sites etc.) and observation (anecdotal evidence), 
along with general knowledge of processes.  Modelling is the most effective way to 
bring these various strands together however this requires a large number of 
assumptions and estimates, all of which add to the uncertainty in the final results.  
Nevertheless, good models reflect our current state of knowledge and should enable 
new information to be incorporated as it becomes available.   
 
Given that the modelling here will be used to assist in setting investment priorities, it 
is important to establish the credibility of the modelling and provide a basis for 
interpreting the results and uncertainty therein. 
  
There are also many different approaches to modelling of loads and sources, each 
with its own strengths and weaknesses (see CRCCH, 2004).  The latest modelling for 
this project utilises the SedNet and Annex models.  These models are used in 
combination and estimate the long term average loads of sediment and nutrients 
delivered from four separate sources – gullies, streambanks, hillslopes and in the 
case of nutrients, dissolved form (from different land uses).  For this project, the 
Gippsland Lakes catchments were divided up as shown in Figure 1, with the 
additional split of the Upper Thomson (above Thomson dam) and Upper Macalister 
(above Lake Glenmaggie) from the lower reaches of the Thomson and Macalister.  
The distribution of land uses is as shown in Figure 2. 
 

 
Figure 1.  Catchments used in SedNet/Annex modelling. Note that the Thomson/Macalister 

was further divided into upper and lower catchments, separated by the major dams. 
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Figure 2.  Land uses for SedNet/Annex modelling. 

 

The strength of SedNet/Annex for this work is the ability to separate sources into 
types that are more useful to inform management than the more broad-scale land 
use based approaches such as was used in the initial work for the GLFDAP by 
Grayson and Argent (2002).  In addition, the complementary sediment tracing work 
provides some level of independent testing, along with the load estimates based on 
water quality monitoring data. 
 
Nevertheless, there are still some key assumptions that underpin SedNet/Annex and 
limitations in the available data that mean there is still considerable uncertainty in 
some results.  The key assumptions are as follows: 

� HSDR, the factor that determines how much material that is generated from 
hillslopes reaches a river or stream, is applied uniformly and is difficult to 
accurately determine. 

� Accurate data on gully density is not available everywhere (this is probably 
not a serious problem since gullies are a relatively low overall contributor) 

� Bank heights are estimated from a regression relationship with catchment 
area based on local data.  Bank erosion rates are computed by multiplying a 
retreat rate by the bank height. 

� The presence of mapped riparian vegetation reduces estimated “bare bank” 
erosion by 95% - i.e. it is assumed that if vegetation is present (or mapped as 
present), there is very little erosion.  

� Nutrient loads are estimated by assuming a constant concentration on fine 
particulate material  (0.25 g of P per kg, and 1g of N per kg) and a dissolved 
contribution that is a function of land use.  This approach is widely used in 
modelling and the values used here are based on data from the Goulburn 
River catchment.  In general these fit well with other estimates from the 
literature and computed locally, with the exception of P from forests which is 
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at the lowest end of other estimates and P from Pastures that is at the upper 
end of estimates.  The implications of this are discussed later. 

� Deposition on floodplains is represented in SedNet/Annex and is an important 
process affecting the modelled delivery to the Lakes.  Figure 3 shows the  
ratio of delivery for the stream network used in the modelling.  This highlights 
the large difference in modelled “connectedness” between the Eastern and 
Western Rivers.  The Mitchell and Tambo Rivers have network deliveries of 
0.6-1 (i.e. 60-100% of material delivered to the stream network is delivered to 
the Lakes) whereas the mid to upper reaches of the Latrobe and 
Thomson/Macalister are more generally less than 0.6.  The high values for 
the Mitchell system also coincide with high “sfactor” values – a factor that 
relates to hillslope generation rates. 

 

 
Figure 3.  Network delivery ratio and “sfactor” map  (note that the Lakes are 

represented here as a network) 
 

The impact of these key assumptions will be discussed in the following section where 
the results are compared to other estimates of loads. 

Comparison with other work 

Previous work on the loads to the Gippsland Lakes has concentrated on loads from 
the major river catchments.  The comparison tables in this section therefore 
aggregate the results for the Latrobe (including the upper and lower Latrobe, 
Traralgon Ck., Moe, Morwell, Tanjil Rivers), the Mitchell (including the Dargo, 
Wonnangatta), the upper and lower Tambo and the Avon and Perry Rivers.  Tom’s 
Ck is added to the eastern contributions since it does not flow into Lake Wellington. 



Loads and Sources to the Gippsland Lakes  

_______________________________________________________________________________________________________ 

 

_____________________________________________________________________

11 

Table 1.  Comparison between SedNet/Annex load estimates with those from the 
AEAM modelling (Grayson and Argent 2002) and other studies based on water 

quality data analysis 

 

Catchment  TSS (T/yr) TP (T/yr) TN (T/yr) 

    

   LATROBE 
SedNet- Total 

50,000 102 620 

AEAM 123,500  156 1330 

                   Other studies 
111,800

1 

60,000-140,000
2
 

40,000-220,000
3
 

122
1
 

100-160
2
 

56-223
3
 

1320
1 

1000-1500
2
 

570-2200
3
 

 
 

  

                  
THOMSON/MAC. 

SedNet- Total 
43,400 34 440 

AEAM 25,000 51 388 

Other studies 273,000
1
;  5,000-200,000

3
 136

1
;  17-142

3
 700

1
;  100-1060

3
 

    

  AVON 
SedNet- Total 

11,100  26 170 

AEAM 13,000 16 138 

Other studies 26,800
1
;  500-260,000

3
 16

1
;  1-95

3
 175

1
;  10-780

3
 

    

 MITCHELL 
4
SedNet- Total 

65,200 71 680 

AEAM 51,000 62 515 

Other studies 92,900
1
;  1,500-100,000

3
 77

1
;  8-150

3
 916

1
;  80-620

3
 

    

                     
NICHOLSON 

SedNet- Total 
3,100 4 45 

AEAM 4,300 3 33 

Other studies 18,800
1
;  5-6,800

3
 14

1
;  0.1-5

3
 196

1
;  1-80

3
 

    

                     TAMBO 
4
SedNet- Total 

25,100 37 313 

AEAM 13,800 14 169 

Other studies 112,200
1 
;  50-20,000

3
 29

1
;  0.2-30

3
 873

1
;  4-400

3
 

 
1 

Estimates from the 1970s by Graham et al. (SRWSC,1978) – Note these were based on pre Thomson dam 
data and included a very large event in the Avon and Thomson. 

2 
 Assorted authors, summarised in Grayson et al. (1994)  

3 
 EPA estimates from the period 1977-1990 

4. 
 Includes allowance for fire affected areas having 2x generation rates 

 
Notes on Table 1. 
 

� Overall SedNet contributions from the Latrobe appear low.  The total inputs to 
Lake Wellington are 104,000 T/yr compared to net estimates from the coring 
work of Hancock of 110,000-192,000 T/yr with a likely value around 170,000 
T/yr.  These higher numbers also accord with the estimates from Grayson et 
al., (2001) (not included in the table but based on water quality data).  It would 
appear that either bank or hillslope contributions are low, or else the delivery 
efficiency noted in Figure 1 is too low.  The tracing data indicated that 
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hillslope contributions are probably underpredicted and comparisons with 
bank retreat indicate that bank erosion may also be underestimated (DeRose 
et al., 2005).   

� Nutrient inputs from the Western Rivers will be underestimated in SedNet due 
to the way in which the MID and point sources are treated.  Loads of P and N 
from the irrigated areas in the west are estimated to be approximately 40T/yr 
and 70T/yr lower respectively than the MID load estimates from SKM (2002) 
and the most recent data from Southern Rural Water. 

� Point sources are likely to still be underestimated in the SedNet work.  
Ladson and Tilleard (2005) report that current values for TP are 8.7T/yr 
compared to 3.3T/yr used in SedNet.    

� The combination of more accurate point source data and MID inputs would 
raise the TP estimates from SedNet to very similar values to other studies. 

� The loads for the Eastern Rivers are generally in agreement with other 
studies, however the overall east/west ratio of loads for nutrients is 50/50% in 
the SedNet/Annex data which is different to other studies,  The historic water 
quality data estimates consistently point to around 35/65%.     The EPA 
monitoring data from 2004/5 for nutrients also shows a 35/65% split for TP 
and a 40/60 for TN.  It is reasonable to conclude that the apparent 
underestimation of the Latrobe river input is biasing the SedNet/Annex ratio.   
Better estimates of point sources and MID inputs would largely rectify the 
problem for nutrients although not for sediments.   

� The higher SedNet results for the Tambo likely reflect the increased input 
from bushfire areas.  The factor of 2 used in SedNet would seem reasonable 
(and likely at the lower end) given that the data for last year still showed 
levels of nutrients in the range 3-6 times and more for sediment. 

 
 
Table 2 shows the break up of sources from SedNet for each catchment expressed 
as T/yr, % of catchment input, % of East or West input and % of overall input.  Gully 
and Bank sources have been summed as have dissolved and hillslope to assist in 
initial comparisons.   
 
Gully inputs are generally very low.  The hillslope and dissolved sources have been 
added because the split between them is a direct artifact of the structure of SedNet 
and not well supported by observations.  Specifically, studies of the instream water 
quality data consistently show relatively low levels of dissolved nutrients for main 
rivers, while studies at paddock and farm scale show much higher soluble values.  
There are considerable transformations in nutrient form within streams, particularly 
turbid streams where adsorption onto particles can be rapid.  The term “dissolved” as 
used in SedNet really relates to land use-based generation of nutrients and not the 
specific form of the constituent. 
 
This table should be viewed in conjunction with the Figures in Appendix B.  In 
viewing these figures note that: 

� scales vary from figure to figure 
� streambank maps present data for “active banks”.  This is because SedNet 

uses relatively high resolution information on riparian vegetation coverage 
and so often only small sections of model reaches are actually eroding.  The 
average erosion per reach map spreads these high intensity sources along a 
reach whereas the “per active bank” maps indicate the reaches where these 
high intensity sources prevail.  Figure 4a and 4b show the predicted average 
bank erosion rate and pattern of bank and riparian vegetation condition from 
the Index of Stream Condition (ISC) observations.  These illustrate that the 
patterns are very similar.   
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Figure 4a.  Predicted average bank erosion rate from SedNet/Annex 

 
 

Figure 4b. Bank condition as represented in the ISC (lighter colours are poorer 
condition)
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Catchment  
TSS 
(T/yr) 

TP 
(T/yr) 

TN 
(T/yr) TSS (%total) TP (%total) TN (%total) TSS (%total) TP (%total) TN (%total) 

      
individual 
catchment 

individual 
catchment 

individual 
catchment WEST/EAST WEST/EAST WEST/EAST 

LATROBE 50,000 102 620             

Hillslope + 
Dissolved 

4,600 77 523 9 75 84 4 48 43 

Bank + Gully 45,400 23 95 91 23 15 43 14 8 

THOMSON 43,400 34 440             

Hillslope + 
Dissolved 

1,200 12 357 3 35 81 1 7 29 

Bank + Gully 42,200 21 85 97 62 19 40 13 7 

AVON 11,100 26 170             

Hillslope + 
Dissolved 

3,500 21 150 32 81 88 3 13 12 

Bank + Gully 7,600 4 16 68 15 9 7 2 1 

TOTAL WEST 104,500 162 1,230             

Hillslope + 
Dissolved 

9,300 110 1,030       9 68 84 

Bank + Gully 95,200 48 196       91 30 16 

                 

MITCHELL 65,200 71 680             

Hillslope + 
Dissolved 

15,100 33 529 23 46 78 16 29 51 

Bank + Gully 50,100 37 151 77 52 22 54 33 15 
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NICHOLSON 3,100 4 45             

Hillslope + 
Dissolved 

1,200 3 38 39 75 84 1 3 4 

Bank + Gully 1,850 2 6 60 50 13 2 2 1 

TAMBO 25,100 37 313             

Hillslope + 
Dissolved 

10,400 26 266 41 70 85 11 23 26 

Bank + Gully 14,700 12 48 59 32 15 16 11 5 

TOTAL EAST 93,400 112 1,038             

Hillslope + 
Dissolved 

26,700 62 833       29 55 80 

Bank + Gully 66,650 51 205       71 46 20 

                    

OVERALL TOTAL 197,900 274 2,268 
  

          

Hillslope + 
Dissolved 

36,000 172 1,863 
      

      

Bank + Gully 161,850 99 401 
      

      

Notes on Table 2. 
 

� Bank and gully erosion are estimated to be the main source of TSS for all rivers, representing over 90% of contributions from the 
Latrobe and Thomson/Macalister systems, 70% for the Avon, 77% for the Mitchell and approximately 60% for the Nicholson and 
Tambo.  The higher proportional contributions of hillslope sediment for the Eastern catchments are also impacted by the bushfire areas 
in the high-runoff portions (i.e. high elevation regions) of the Mitchell and Tambo river systems. 

� Conversely, hillslope and dissolved sources dominate N sources with 80-90% for all catchments. Dissolved TP sources are 
underestimated in the West as noted above and if MID values are added, hillslope and dissolved sources dominate in the West and in 
the Nicholson and Tambo (see final results presented later in this report).  TP sources are estimated to be equally split between 
bank/gully and hillslope/dissolved for the Mitchell.  This is the result of high sub-soil erosion predicted in the Mitchell along with the large 
forested area (see later discussion). 
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Comparisons have also been made between estimates from SedNet/Annex and 
Grayson and Argent (2002) for all sources based on land use.  In the case of 
SedNet/Annex results, this relates to the land use adjacent to streams and gullies.  
The authors of the work warn against analysing in this way at too fine a resolution so 
the results presented here are only for the major river systems.  There are also some 
differences in land use definitions – “other” and “urban” should be considered 
together and probably combined with “points”.  Table 3 shows the results in terms of 
percentages of the catchment output. 
 

Catchment  
Area 
(km2) 

TSS TP TN 

    
% 

AEAM 
% 

SedNet/Annex 

% 
AEAM 

% 
SedNet/Annex 

% 
AEAM 

% 
SedNet/Annex 

West Other 150 0 7 0 6 0 5 

West Urban 80 5 2 5 2 3 1 

West Forest 6590 43 19 36 20 37 48 

West Irrig 530 1 23 21 13 7 6 

West Hort 70 3 1 3 1 3 1 

West Pasture 3400 47 48 31 58 46 39 

West Point   1 0 4 0 4 0 

East Other 8 0 2 0 2 0 1 

East Urban 30 2 0 7 0 2 0 

East Forest 6866 72 44 72 44 66 62 

East Irrig 60 1 5 1 4 1 2 

East Hort 20 1 1 0 1 0 0 

East Pasture 1640 24 48 16 49 27 34 

East Point   0 0 4 0 4 0 

All Other 160 0 5 0 4 0 3 

All Urban 110 4 1 5 1 2 1 

All Forest 13410 50 31 44 30 45 54 

All Irrig 590 1 15 16 9 6 4 

All Hort 90 3 1 2 1 2 1 

All Pasture 5030 41 48 28 54 41 37 

All Point   1 0 4 0 4 0 

 



Loads and Sources to the Gippsland Lakes  

_______________________________________________________________________________________________________ 

 

_____________________________________________________________________

17 

 

Catchment  
Area 
(km

2
) 

TSS TP TN 

    % % % % % % 

Latr Other 76 0 9 0 7 0 7 

Latr Urban 64 7 2 7 2 4 1 

Latr Forest 2036 21 22 19 19 20 37 

Latr Irrig 184 1 8 15 5 4 3 

Latr Hort 64 5 1 5 2 4 1 

Latr Pasture 2296 64 59 50 65 62 50 

Latr Point   1 0 4 0 6 0 

Thom Other 72 1 5 0 5 1 3 

Thom Urban 16 0 1 0 1 0 0 

Thom Forest 3264 89 15 62 20 74 66 

Thom Irrig 224 2 44 29 39 13 11 

Thom Hort 0 0 1 0 1 0 0 

Thom 
Pasture 

92 8 33 4 35 11 19 

Thom Point   0 0 5 0 1 0 

Avon Other 4 0 5 0 3 0 2 

Avon Urban  0 3 0 1 0 1 

Avon Forest 1224 65 22 60 21 52 48 

Avon Irrig 124 1 16 20 19 9 8 

Avon Hort 4 0 1 0 1 0 1 

Avon 
Pasture 

1008 33 53 20 53 39 41 

Avon Point   0 0 0 0 0 0 

Mitc Other 4 0 3 0 2 0 1 

Mitc Urban 16 2 0 3 0 1 0 

Mitc Forest 4032 74 45 79 47 73 68 

Mitc Irrig 40 1 7 2 5 1 2 

Mitc Hort 16 1 2 0 1 0 1 

Mitc Pasture 808 21 44 11 43 19 28 

Mitc Point   0 0 5 0 6 0 

Nich Other   0 3 0 3 0 2 

Nich Urban  0 0 0 0 0 0 
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Nich Forest 528 55 57 50 55 61 77 

Nich Irrig 4 2 4 0 4 0 2 

Nich Hort  0 0 0 0 0 0 

Nich 
Pasture 

92 44 37 50 38 39 19 

Nich Point   0 0 0 0 0 0 

Tamb Other 4 0 2 0 2 0 2 

Tamb Urban 12 3 0 13 0 4 0 

Tamb Forest 2288 70 41 56 40 52 51 

Tamb Irrig 16 1 1 0 1 1 0 

Tamb Hort 4 0 0 0 0 0 0 

Tamb 
Pasture 

736 26 57 31 57 43 47 

Tamb Point   0 0 0 0 0 0 

 
 
Notes on Table 3. 

� TSS from irrigated areas is predicted in SedNet to be significant due to gullies 
and unstable banks.  These processes were not represented in AEAM 
modelling and the new data should be considered more accurate. 

� Given the issues raised previously regarding point sources and the MID, the 
results are reasonably consistent other than the consistently lower TP % for 
forests and higher TP% for pasture for SedNet/Annex compared to the AEAM 
modelling.  This is the result of i) higher resolution land use data used in 
SedNet, picking up small areas of pasture in high rainfall mountain reaches, 
ii) higher dissolved P concentrations for pasture and lower for forest than 
used in the AEAM modelling.  As noted above the SedNet/Annex 
concentrations are at the upper end of literature values for pasture and lower 
end for forest so it is possible that there is a slight bias towards 
overestimating the relative inputs of pasture areas.  However in terms of what 
can be done about loads, much of forest input is naturally occurring so 
human-accelerated inputs are much more important in pasture areas.  
Therefore in terms of priorities on investement in BMPs, any such bias is not 
significant.  

� The results for TN are remarkably consistent. 
 
When absolute loads are considered (rather than percentage contributions), the 
same observations as noted earlier become apparent- i.e. the Latrobe system loads 
appear to be underestimated in SedNet, particularly for TSS. 
 
 

Summary comments on modelling and source update: 
 

� The revised SedNet/Annex provide a sound basis for the improved targeting 
of BMPs but the following needs to be considered: 

o Latrobe River contributions for sediment are low and do not match 
well with other observations including water quality data, coring in 
Lake Wellington and estimates of bank retreat (DeRose et al., 2005).   

� The SedNet-predicted rate of channel expansion in lowland 
reaches of the Latrobe is 0.08 m/y; lower than the rate 



Loads and Sources to the Gippsland Lakes  

_______________________________________________________________________________________________________ 

 

_____________________________________________________________________

19 

measured from historical channel surveys (0.16-0.32 m/y). and 
for the Avon River the predicted rate is 0.1 m/y, less than the 
measured rate (0.2-0.35 m/y)   

� The very high stream-network delivery ratio for the East 
compared to the West (Figure 3) is likely over estimating 
deposition in the West.  This is likely because of the fine 
sediment in the system and modifications in the catchment that 
reduce connection between floodplains and the streams. 

o There is no obvious reason to alter the patterns from SedNet/Annex, 
but absolute values need to be adjusted upwards to better match 
observations of total loads.  Following discussions with Scott 
Wilkinson and advice from A/Prof Brian Finlayson, the sources of 
Sediment in the Latrobe River system are increased by a uniform 
factor of 2.    

o The results for nutrient sources from irrigated areas in the west are  
replaced with data specific to the MID.  This increases the TP loads 
from the Latrobe and Thomson in particular.  The new data used to do 
this comes from Southern Rural Water.  The averages from these data 
show almost identical loads to those used in the SKM (2002) report for 
nutrients from the MID as used in the AEAM modelling. 

o The high loads from bank erosion in the Mitchell river system are due 
largely to estimates of localised high intensity bank erosion in the 
Wonnangatta, Dargo and upper sections of the Mitchell.  While there 
is some uncertainty around the absolute values of these estimates, 
there is on-ground evidence of these high intensity erosive areas.  
These need to be mapped on-ground as a priority to determine which 
can be treated and with what likely efficacy.   

o The relatively high contributions from hillslopes in the burnt areas of 
the Tambo and Mitchell are reasonable based on water quality data 
and separate modelling of the 2003 bushfires (Sheriden et al., 2006; 
Grayson et al., 2006). 

o Inputs from unsealed roads are not explicitly accounted for.  New data 
from DSE including the number and condition of stream crossings is 
used to better estimate the likely inputs for each catchment.  This is 
explained in more detail below. 

 
In summary then, the final load and source information presented in Tables 4-6 
incorporates the following: 

� SedNet/Annex results from Wilkinson et al. (2006) for all land uses and 
catchments except: 

o Replaced point source data from Jodie Halliwell and EPA to reflect 
latest data 

o Replaced MID nutrient information based on SRW data and SKM 
(2002) information.  Note that the values for the Latrobe river 
include drains that flow directly to Lake Wellington. 

o Sediment loads from all sources in the Latrobe River system are 
doubled to better match a range of observations 

o Land uses are grouped into the following categories: 
� Forest-Reserve 
� Forest - Production 
� Forest – Plantation 
� Grazing/Pasture  
� Irrigated (largely of pasture) 
� Horticulture  
� Residential  
� Mining  
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� Other (includes lakes, marshes, transport, communications) 
� Point  
� Road crossings 

o Road crossing data was included via an analysis based on DSE data 
of number and condition of crossings.  Following discussions with 
Gary Sheridan, Tony Ladson and Chris Barry, the following analysis 
was undertaken: 

� Load per crossing = rainfall x runoff factor x road area  x 
delivery factor x concentration, where 
rainfall = rainfall; runoff factor=0.8; road area = 300 m2 for 
class <400 m2, 1200 m2 for class 400-2000 m2; 3000 m2 for 
class 2000-4000 m2, 6000 m2 for class >4000 m2; delivery 
factor based on linkage - Direct=1; Full=0.8; Partial=0.7; 
No=0.5; concentration scaled from 0.5-5g/l based on combined 
crossing and surface stability classes.  A separate spreadsheet 
is used to analyse these data and explore the sensitivity to 
various assumptions.  Within any reasonable bounds of 
assumptions, overall sediment inputs from road crossings is 
small - about 3000 T/yr out of 250000 T/ty – only 1-2%.  One 
point that is noted by Gary Sheridan is his data indicates that 
there is a very large range of values for the amount of TP on 
road sediments.  His data shows a 45 fold range and this factor 
is the most sensitive of any in his work. For the present 
purposes, a uniform value is assumed for all TP on sediment 
so clearly this is a source of considerable uncertainty.  It is 
likely however that this TP will be much less bio-available than 
other forms from more intensively managed land uses. 

o Some errors were noted in the designation of land uses. In particular, 
the Nicholson, lower Tambo and lower Mitchell had extensive areas 
listed as plantation that are in fact production forests; the horticulture 
area of the lower Mitchell was mis-labelled irrigation. 

 

Final Results 
 
The final results are presented in tabular and graphical form in Tables 4-7 and 
Figures 5 to 27 respectively.  The results are presented for loads from each land use 
and source within each catchment in Table 4.  Aggregated results for river basins are 
presented in Table 5 and for the Eastern and Western catchments in Table 6.  Table 
7 shows the contribution of each catchment to the overall loads.  Note that the data 
for the Latrobe River and Lower Latrobe River include the inputs from the MID that 
drain directly to Lake Wellington.  The data in these tables and graphs are used as 
the basis for identifying investment priorities in Cottingham and Grayson (2006).   

 

Uncertainty Estimates 

 
The preceding discussion includes consideration of how the latest estimates relate to 
other estimates and independent analyses.  It is not possible to provide definitive, 
quantitative estimates for all sources and loads because the “true” average annual 
loads are not known.  Nevertheless, based on comparison with other estimates, 
expert analysis of results and data sources, and sensitivity of the final contributions to 
key assumptions, the following summarises uncertainty in Tables 4-7 based on a 5 
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level ranking of confidence – very high (likely within 20%), high (likely within 40%), 
average (likely within 60%), low (likely within 100%), very low (possibly >100%). 
 

� Ranking of the top 3 sources in each catchment – VERY HIGH 

� Absolute values of loads from the top 3 sources in each catchment – HIGH 

� Catchment level loads – HIGH except Nicholson river where the effects of 
the dam is not modelled so rating is AVERAGE 

� Point source estimates – VERY HIGH 

� MID nutrient sources – VERY HIGH 

� Road Crossings – AVERAGE-LOW (although the final results are not 
sensitive to a wide range of assumptions) 

� Gully/Bank and Hillslope/Dissolved contributions – HIGH when aggregated to 
the catchment level; AVERAGE when considered on the basis of land use 
within the detailed catchment areas.  It is recommended that the hillslope and 
dissolved contributions are not used individually 

� The SedNet/Annex results for streambank erosion in the Upper Mitchell are 
high and dominated by very high intensity localised erosion.  This simulation 
result has some supporting observational evidence but the exact location of 
sites and the potential for them to be repaired needs to be assessed on the 
ground.  

 
The EPA has a relatively new monitoring network for loads to the Gippsland Lakes 
from each of the major basins.  Over time, this will provide the data needed to 
confirm the overall contributions of TSS, TP and TN at the basin scale.  The smaller 
catchments used in this report are not monitored at the required frequency to 
establish loads at a similar accuracy.  The MID is relatively well monitored and point 
sources are required to report up to date information to EPA.   
 
In order to improve the confidence in the results described in this report,  there would 
need to be monitoring locations duplicating the EPA “end-of-basin” network at (or 
close to) the outlets of each catchment.  In addition, sites where land use is 
predominantly uniform would need to be established to validate (or modify) the 
results from this synthesis.  Finally, monitoring of major bank erosion would need to 
be intensified beyond that used for the ISC assessments to enable quantification of 
loads and the effects of mitigating activities.  These monitoring tasks would be 
expensive and would need to be in place for 5-10 years before reliable estimates of 
average load could be computed.   
 
There are also other considerations of importance such as the bioavailabliity of 
different forms of nutrients and the sources of any particularly important forms,  and 
more refined estimates of the efficacy and adoption rates of BMPs that should also 
be part of any enhanced monitoring program.   
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Upper Latrobe - TSS (24,800 T/yr total)
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21%
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Residential (0.3% of catchment area)
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Road crossings

Upper Latrobe  - TP (22 T/yr total)
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Residential (0.3% of catchment area)

Mining (0.1% of catchment area)

Other (2.4% of catchment area)

Point (0% of catchment area)

Road crossings

Upper Latrobe  - TN (200 T/yr total)

6%

52%

2%
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2%

0%

0%
Forest-Reserve (7.8% of catchment area)
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Residential (0.3% of catchment area)

Mining (0.1% of catchment area)

Other (2.4% of catchment area)

Point (0% of catchment area)

Road crossings

Upper Latrobe  -  TSS sources
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Sediment

Hillslope Sediment
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25%
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Dissolved P
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89% Gully and Bank N

Hillslope and

Dissolved N

Figure 5 
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Moe/Morwell - TSS (16,700 T/yr total)
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Moe/Morwell  - TP (45 T/yr total)
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Moe/Morwell  - TN (200 T/yr total)
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Figure 6 
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Lower Latrobe - TSS (59,500 T/yr total)
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Lower Latrobe  - TP (70 T/yr total)
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Figure 7 
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Upper Thomson - TSS (44 T/yr total)
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Figure 8 
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Upper Macalister - TSS (3,700 T/yr total)
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Figure 9 
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 Figure 10 Lower Thomson/Macalister - TSS (39,900 T/yr total)
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Avon/Perry - TSS (9,900 T/yr total)
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Upper Mitchell - TSS (29,100 T/yr total)
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Lower Mitchell - TSS (36,400 T/yr total)
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Nicholson - TSS (3,200 T/yr total)
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Upper Tambo - TSS (19,300 T/yr total)
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Lower Tambo - TSS (6,100 T/yr total)
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Proximal to Lakes - TSS (2400 T/yr total)
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Latrobe - TSS (101,000 T/yr total)
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 Figure 19 Thomson/Macalister - TSS (44,000 T/yr total)
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Mitchell - TSS (65,500 T/yr total)
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Tambo - TSS (25,400 T/yr total)
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 Figure 22 Western - TSS (155,000 T/yr total)
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Eastern - TSS (94,000 T/yr total)
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 Figure 24 Overall - TSS (251,000 T/yr total)
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Figure 25 Contributions - TSS (251,000 T/yr total)

1% 10%

7%

24%

0%

1%
16%

4%

12%

14%

1%
8% 2%

Proximal to Lakes (8.6 % of catchment area)

Upper Latrobe (6.3 % of catchment area)

Moe/Morwell (6.5 % of catchment area)

Lower Latrobe (10.5 % of catchment area)

Upper Thomson (2.4 % of catchment area)

Upper Macalister (8.6 % of catchment area)

Lower Thomson/Macalister (6.5 % of catchment area)

Avon/Perry (10.4 % of catchment area)

Upper Mitchell (13.9 % of catchment area)

Lower Mitchell (9.3 % of catchment area)

Nicholson (2.8 % of catchment area)

Upper Tambo (7.9 % of catchment area)

Lower Tambo (6.3 % of catchment area)

Contributions - TP (330 T/yr total)

4%
7%

13%

20%

0%

1%

14%

6%

10%

12%

1%
9%

3%

Proximal to Lakes (8.6 % of catchment area)

Upper Latrobe (6.3 % of catchment area)

Moe/Morwell (6.5 % of catchment area)

Lower Latrobe (10.5 % of catchment area)

Upper Thomson (2.4 % of catchment area)

Upper Macalister (8.6 % of catchment area)

Lower Thomson/Macalister (6.5 % of catchment area)

Avon/Perry (10.4 % of catchment area)

Upper Mitchell (13.9 % of catchment area)

Lower Mitchell (9.3 % of catchment area)

Nicholson (2.8 % of catchment area)

Upper Tambo (7.9 % of catchment area)

Lower Tambo (6.3 % of catchment area)

Contributions - TN (2,400 T/yr total)

3% 8%

8%

12%

3%

7%

10%5%

19%

10%

2%

8%
5%

Proximal to Lakes (8.6 % of catchment area)

Upper Latrobe (6.3 % of catchment area)

Moe/Morwell (6.5 % of catchment area)

Lower Latrobe (10.5 % of catchment area)

Upper Thomson (2.4 % of catchment area)

Upper Macalister (8.6 % of catchment area)

Lower Thomson/Macalister (6.5 % of catchment area)

Avon/Perry (10.4 % of catchment area)

Upper Mitchell (13.9 % of catchment area)

Lower Mitchell (9.3 % of catchment area)

Nicholson (2.8 % of catchment area)

Upper Tambo (7.9 % of catchment area)

Lower Tambo (6.3 % of catchment area)



Loads and Sources to the Gippsland Lakes  

_______________________________________________________________________________________________________ 

 

_____________________________________________________________________50 

 Figure 26 Contributions - TSS (251,000 T/yr total)
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Figure 27 Contributions - TSS (251,000 T/yr total)
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Appendix A   
 

A conceptual model of prioritising nutrient reduction  

for the Gippsland Lakes and catchments  

 

Objective :   

• To develop a conceptual model for prioritising locations and actions for nutrient reduction in 

Gippsland Lakes catchments 

 

Background: 

• Gippsland Lakes Future Directions and Action Plan identifies some suggested projects and priority 

catchments for nutrient reduction to the Gippsland Lakes. 

• These are based on findings from a range of sources including the Gippsland Lakes Environmental 

Study. 

• The Gippsland Lakes Task Force has funded research projects to identify and refine the specific 

activities and locations that would make the greatest contributions to nutrient reductions.   This has 

included a SEDNET study by CSIRO, an investigation into the effectiveness of wetlands in reducing 

nutrient loads, and a project to identify the most valuable BMPs for nutrient reduction. 

• With the commencement of the next phase of investment in the Gippsland Lakes Future Directions 

and Action Plan the Taskforce believe it opportune to reassess the priority areas that will be the 

focus of the Task Force’s actions in the next 3 years.  

• These priority areas will form the basis of the investments made by the Task Force (in many cases in 

collaboration with CMS’s, DSE, DPI, EPA, etc). 

 

Proposed Approach: 

• Using the latest data, prepare a summary of the contributions of TP, TN and TSS from each major 

catchment entering the Gippsland Lakes (probably best as annual loads plus an estimate of the 

uncertainty or range in these loads). 

• Using latest data, identify the 2-3 major sources of nutrients and TSS in each catchment. 

• Prepare a map (conceptual diagram) that clearly shows the above information in a form that can be 

easily assimilated by decision-makers (see following figure as example of final outcome). 

For each priority area, list BMPs that will reduce the nutrient and/or TSS loads, and assess and 

identify which BMPs make the greatest impact on nutrient reductions and their associated costs. 
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Appendix B – Maps of sources from SedNet/Annex 
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Appendix C – Tables of results from SedNet/Annex Phase 4 
report draft. 
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