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This report has been produced as part of a contract for the Peel-Harvey Catchment Council 
to extend a suite of projects implemented by the WA Department of Environment, 
Department of Agriculture and the WA Environmental Protection Authority to improve water 
quality in the Peel-Harvey System. The original Coastal Catchments Initiative work 
undertaken in the Peel-Harvey is supported by financial assistance from the Natural 
Heritage Trust and the Government of Western Australia with additional funding provided by 
the Department of Environment for the completion of this report. 

A major output from these projects is the production of a Water Quality Improvement Plan 
(WQIP) for the Peel-Harvey, which sets in place a program of works required to meet water 
quality targets developed by the WA Environmental Protection Authority. 

The original project conducted by the WA Department of Agriculture (DAWA) was to 
develop, test and implement point and non-point source Best Management Practices 
(BMPs) for the control of nutrient export in the Peel-Harvey Catchment.  

Through the Coastal Catchments Initiative, the Department of Agriculture has produced a 
model called SSPRED which models the impact of land management practices on 
Phosphorus exports in the coastal catchment of the Peel-Harvey Inlets.  SSPRED also 
models costs and benefits of various scenarios involving of Best Management Practice 
changes to these land management practices 

� �  !��"�	��	#���	

As part of the Water Quality Improvement Plan a number of additional scenarios need 
clarification with respect to the lower Murray and the upper Serpentine. Additional work is 
required to indicate costs of BMP scenarios developed for the Peel-Harvey subcatchment 
by DoE using LASCAM. 

The Department of Environment has modeled the actions necessary to achieve water 
quality requirements in all Peel-Harvey CCI sub-catchments (Zammit et al 2005). These 
actions were modeled using the purpose built model LASCAM (Large Scale Catchment 
Model). A set of actions (BMPs) which will achieve water quality targets in most WQIP 
catchment – although not all, as in some areas land use change would be required – has 
been identified. This proposal had been designated the “LASCAM Scenario”. 

� �  ����$��%	��&�	

The Tender specifies that this Activity must: 

1. Develop estimates of BMP implementation costs/benefits for these additional actions:  

�  Point Source Management (removal) 

�  Septic Tank Management (connection to sewer) 

�  Soil Remediation (application of Alkaloam). 

�  High level fertiliser reductions (25%, 50%, 75% and 90%) 

2. Run additional SSPRED BMP model scenarios to estimate the indicative costs of actions 
necessary achieve anticipated water quality targets in CCI catchments (the LASCAM 
scenario). 
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3. Assess the features of and linkages between the SSPRED model and the LASCAM 
water quality model developed for the CCI project by the Department of Environment 
(Zammit et al 2005). Based on consultation with DEP staff involved in LASCAM modelling, 
indicate how these two models differ, and what each offers the WQIP. 

4. Combine the LASCAM scenario and other SSPRED results to prepare proposals for 
remedial actions in the WQIP. 

5. Present methodology and interim outcomes to CCI team for interim review. If necessary 
re-run scenarios and incorporate feedback into final summary report. 

� �  (��)���	��&��
�����	

Costs associated with implementation, such as publicity and catchment support staff, have 
not been included in BMP cost/benefit figures. An associated report has investigated 
“implementation measures that support, influence, encourage or require uptake of best 
management practices for nutrient management” (URS 2005). Additional costs of 
implementation are discussed there. 

A breakdown of costs between public and private is not provided in scenario results, as 
SSPRED is not currently set up to make this distinction. 

 *�"���	+����
�&��	

Nutrient exports, landuses, best management practices and catchment hydrology exhibit 
characteristics and properties which vary from place to place and can change with time. The 
preparation of this Report involved gathering and assimilating facts and other information—
including opinions—about these characteristics and properties, in order to carry out the brief. 
The facts and opinions reported in this document have been obtained by surveys and 
sampling, and interpretations of these using a variety of mathematical models. They are 
directly relevant only to the catchments and waterways and management practices at, about 
or for which the surveys and sampling were carried out, and are believed to be reported 
accurately. The mathematical models used are intended to provide indicative results only, 
and are dependent on input parameters. Any interpretation or recommendation given in this 
document is based on judgment and experience, and not on greater knowledge of the facts 
that the reported investigations may imply. The interpretations and recommendations are 
opinions provided for the sole use by the Peel Harvey Catchments Council, in accordance 
with a specific Tender Brief. Ecotones does not represent that the information or 
interpretation contained in this document address completely all issues relating to nutrient 
management in the CCI catchments. The responsibility of Ecotones is solely to its client, the 
Peel Harvey Catchments Council. It is not intended that this report be relied upon by any 
third party. Ecotones accept no liability to any third party. 
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The following management practices have been used in the LASCAM modelling to provide 
an indication of what would be required to meet EPA-set targets for water quality: 

�  Point Source Management (removal 

�  Septic Waste Management (septic tanks refit/connection to sewer) 

�  Soil Remediation and 

�  High level fertiliser reductions (25%, 50%, 75% and 90%). 

� �  (����	!�����	-
�
��&���	/��&�$
�0	

Point sources were located in the LASCAM model based on DoE License records – each 
was identified with a P surplus/application rate based on the Land use type that was taken 
to run sub-surface, with an additional Licensed export of 1kg/ha/yr understood to be 
released above surface. In all cases these were not ‘points’ or single outlets, but were areas 
of intensive land use such as feedlots, which have a licensed discharge. To remove these 
then would require works to physically isolate them from the surface hydrology, such as 
through waste processing and removal systems.  

Alternatively the industries could cease operation and return to a lower intensity land use, 
although the impacts of many of the point sources are not worse when expressed in terms 
of kg P/ha/yr than broad scale landuse such as cattle for dairy. It is worth noting that the 
modeled impacts of these point sources are very low relative to broad-scale agriculture or 
urban. 

To cost the removal would require a cost to be put on the cessation of the activity through 
one of two means: 

�  Licensing regulation requiring NO exports either above or below ground, which being 
extremely difficult to achieve would close the business; or 

�  Compulsory removal with the payment of compensation to the operator. 

In the first case the cost would be minimal, but the implications significant; in the second 
case both costs and implications would be significant. We are not in a position to be able to 
assess what level of compensation would be payable, but expect that it would be high. 

� �  !�"���	#
���	-
�
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Septic Tanks are a significant source of nutrients in both urban and peri-urban areas. The 
contribution of septage to P flux has been assessed as 30-40 kg P ha-1 yr-1 at a density of 
10 houses per ha (ie un-sewered urban) (Whelan et al 1981 cited in Gerritse et al 1990) . 
This equates to 3-4kg/household/yr. 

At these rates, depending on the size of peri-urban block, septage P contribution will be 
between 1.5-2 kg P ha-1 yr-1 (2ha blocks) and 0.4-0.5 kg P ha-1 yr-1 (8ha blocks). With the 
average area of peri-urban blocks being 2.35ha, we can ascribe an average of 1.5 kg P ha-1 
yr-1 as a median value of septage P contributions. 
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Landuse Houses per ha Septage P loss 

Urban 10 30-40 kg P ha-1 yr-1 

Peri-Urban 0.4 1.5-2 kg P ha-1 yr-1 

����������	�
��
�
������������������

SSPRED previously did not separate sewered and un-sewered urban land use: the project 
brief was focused on agricultural land use, did not deal with urban land uses in detail. In 
addition, sewered locations were not made available at the time the land uses were finalised 
for that model. With the addition of sewered locations (although not actual sewer connection 
rates) we can made a distinction between sewered and un-sewered urban, and ascribe a 
much greater export rate to un-sewered.  

Based on the work referred to above, we have added 30kg/ha/yr to the P surplus to account 
for septage P loss, bringing the P surplus rate for un-sewered urban up to 47.5kg ha/yr. The 
basic surplus rate for urban was left at 17.5kg/ha/yr. 

There are effectively three categories of urban land: 

�  urban land that was originally on septic tanks but is being sewered through the infill 
sewer program (with an attendant % rate connection); 

�  urban land that was never on septic tanks so is completely covered by sewer; and  

�  urban areas that have never been sewered and will not be provided with infill sewer 
(100% septic tanks).  

Delineation of these categories was carried out using data from the Water Corporation Infill 
Sewage Program, showing coverage under this program since 1994, and with the 
assistance of DoE staff (Jenny Longstaff, pers com).  

 Total Fertiliser Septage 

Sewered Urban 17.5 17.5 0 

Un-sewered Urban 47.5 17.5 30 

Peri-Urban 11.5 10 1.5 

����������������������������������������������

Management of the issue comprises two major options: either the provision of sewer 
through an in-fill sewer program (realistically only an option in higher density urban areas, 
rather than peri-urban), or septic tank management to virtually remove loss from the septic 
system. 

 ����������	��	!�1��	

�  Full connection to Sewer – Sewered Urban 

Sewer exists for much but not all of the Urban land in the CCI area. Where it is being made 
available under the Infill sewage program, not all households are connected (Zammit, pers 
com). It is understood that the number of households not connected after 6 years of sewer 
availability is between 20 and 40% ie roughly 2-4 per ha. This equates to a P loss per ha of 
6-16kg that full sewer connection would avoid. The cost per connection is roughly $2-5,000 
per household, thus the cost of this measure would be $4,000-20,000 per ha. This is a cost 
born by the residential population. 

�  New infill sewer – Un-sewered Urban 

Providing new infill sewer would remove all of the septic emissions - 30-40 kg P ha-1 yr-1 at a 
density of 10 houses per ha (ie un-sewered urban). Provision of new sewers is a major 
infrastructure project with two cost components – the capital costs to Water Corp, and the 
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connection costs to the household. The Water Corporation Infill Sewage Program has a 
target of providing infill at a cost of $10,000-$12,000 per lot, which equates to $100,000-
120,000 per ha at 10 lots/ha (Infill Sewage Program Manager pers com.). It is estimated that 
infrastructure cost would be higher in rural areas where existing processing works would 
require upgrading.  At an average density of 10 households per ha the cost of connections 
would be an additional $20-50,000 per ha, this born by the residential population. In our 
modelling, sewered urban land is taken to include all areas currently scheduled to be 
sewered under the Infill Sewage Program, even though a small area is not scheduled to de 
done until 2007 or later. 

 !�"���	�
��	&
�
��&���	

Septic tank management is a cheaper option than infill sewer for un-sewered areas, and the 
only option suited to peri-urban. 

�  Septic Leach Drain Upgrade – Un-sewered Urban & Peri-Urban 

Most existing leach drains will be leaking nutrients. This can be greatly reduced by re-
building the leach drain using amended soils to receive the leachate, such as through an 
Eco-max system. 

 

  

������������
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The estimated cost for installing an Ecomax leach drain system is $4,000 if part of a large-
scale installation. In high density urban sites, the existing leach drain would require removal 
as well, involving pumping out and disinfecting the leach drain material, and tip fees. Cost 
would be approximately $2,500 for that, leading to a total cost of about $6,500. 

The measure also includes a pump-out and re-lining of the existing septic tanks, or a 
replacement plastic tank for the same cost. And additional cost is $1,000-1,500 for the tank 
sealing or replacement. This totals $7,500-8,000 per site in urban areas, and $4,000 per site 
in peri-urban. 

Cost per ha varies depending on the housing density in urban or peri-urban areas. An 
estimated cost of $8,000 per household equates to $80,000 per ha for un-sewered urban 
areas and $1,680 per ha for peri-urban, based on the median peri-urban household density 
of 0.42 households/ha. 

�  Septic System Replacement – Un-sewered Urban & Peri-Urban 

An alternative option is to replace the entire septic system with a new generation aerobic 
treatment system such a Bio-Max, Eco-Max or Biolytix system. The typical installation cost 
in Western Australia for an Eco-Max system is AUD$6,000 for a domestic scale system, 
with an additional maintenance cost of $500 per year  
(http://www.environmentdirectory.com.au/technologies/ecomax1.html), so cost per ha varies 
with density.  

At the estimated cost of $6,000 per household this would be $60,000 per ha for un-sewered 
urban areas and $3,400 per ha for peri-urban, based on the median peri-urban household 
density. On-going maintenance is approx $500 every five years, or $100 per hh yr-1. This 
would add maintenance costs of $1,000 ha-1 yr-1 in urban and $40 ha-1 yr-1 in peri-urban.  

Existing implementation of Eco-max or similar ATUs in recent rural subdivisions is 
significant, but accurate data on the rate is note readily available. We have therefore 
modeled this BMP at the conservative rate of a maximum of 50% implementation in peri-
urban areas1. For unsewered urban areas, it is likely that ATUs are far less common, so the 
implementation rate has been set at100%. 

                                                      
1 Ms Jenny Longstaff, DoE, pers comm.. 



PEEL-HARVEY CATCHMENT COUNCIL - PEEL HARVEY CCI PROJECT 

	 	 ��  

� �  !���	*�&���
����	/
""���
����	��	���
��
&0 	

Alkaloam is a high P binding material that is available in the Peel-Harvey, and has been 
specified as an agricultural soil amendment in previous BMP scenarios. It is applied to low 
PRI soils. See Neville (2004) for further description and information about Alkaloam as a 
nutrient BMP. 

In the modeling we have also used alkaloam soil amendment as a component of fertiliser 
management in order to achieve the high level fertiliser reductions required in the LASCAM 
model (see below). In doing so we model alkaloam at a lower level application rate for the 
75% and 90% reduction scenarios, recognising that it is already in place to some extent. 

� �  5��6	��$��	����������	����������	/��78	�478	,�7	
�� 	3470	
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To achieve very high levels of fertiliser reductions requires the combination of a number of 
BMPs, including the use of citrate-soluble fertiliser (RedCoat), which allows significant 
reductions in fertiliser use, Fertiliser Management, which further reduces fertiliser 
requirements, and the use of  soil amendment (in the form of Alkaloam), providing a 30% 
reduction in resultant outputs. The practices have been bound together into different 
practices for urban, peri-urban, and agricultural areas: costs are different in each case, and 
alkaloam may also be applied under a separate practice on large-scale agriculture. These 
are shown in Table 3 below. 

 

  Redcoat 
Fertiliser 
Reduction 

Effective 
Fertiliser 

Rate 

Fertiliser 
Management 

Reduction 

Intermediate 
Reduction 

Alkaloam 
Reduction 

Final 
Fertiliser 

P 
Reduction 

25% Reduction 
[50% Reduction @ Implementation 
rate of 50%] 

50% 100% 0.0% 50.0% 0% 50.0% 

50% Reduction 50% 100% 0.0% 50.0% 0% 50.0% 
75% Reduction 50% 80% 7.5% 64.5% 30% 75.2% 
90% Reduction 50% 40% 7.5% 86.0% 30% 90.2% 

������!������������������
�����"#�����$����%������
 �����������
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P reductions from these BMPs are calculated on the fertiliser P component of the P surplus 
for each urban land use. This provides lower more appropriate total P reductions are shown 
in Table 4.  

    
Total Fertiliser P Reductions 

 Total P 
surplus 

Fertiliser 
P 

Septage 
P 25%  50%  55%  90%  

Sewered Urban  17.5 17.5 0 25% 50% 75% 90% 

Un-sewered Urban  47.5 17.5 30 9% 18% 28% 33% 

Peri-Urban 11.5 10 1.5 22% 43% 65% 78% 

������&���������������
���������%���''������'������ ����������
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  Fertiliser Reduction Program  

 Fertiliser 
input 

25% 50% 75% 90% 

Cattle for Beef 98% 25% 49% 74% 88% 

Cattle for Dairy 64% 16% 32% 48% 58% 

Horses 29% 7% 15% 22% 26% 

Irrigated cattle for dairy 65% 16% 33% 49% 59% 

Mixed Grazing 81% 20% 41% 61% 73% 

������(���������������
���������%���''������'������ ����������
������'�������
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In all the urban landuses, we have assumed that reducing fertiliser use will have no real 
cost, as there are no outputs from these land uses dependant on fertiliser. It may be that 
reduced fertiliser use will impact on land prices through a loss of garden quality or the 
requirement to charge the plants grown, but we are not able to qualify this. 

For the agricultural land uses, we have used cost assumptions as follows: Redcoat fertiliser 
is assumed to cost the same as existing fertilisers, and while we have used a small benefit 
from fertiliser management, we have not costed reduced actual use of fertiliser as having a 
benefit, as such data is not available. We have assumed a cost from reducing the actual 
levels of fertiliser P in the 75% and 90% reduction scenarios, shown in Table 6 below.  

 
 75% Fertiliser Reduction Program Costs 90% Fertilis er Reduction Program Costs 

 Capital Annual 
Return 

Annual 
cost 

Annual 
Net 

Capital Annual 
Return 

Annual 
cost 

Annual 
Net 

Dairy          
Fert Prog $10.00 $9.40 $- $9.40 $10.00 $9.40 $- $9.40 
Alkaloam $140.00 $40.00 $7.00 $33.00 $140.00 $40.00 $7.00 $33.00 

Reduced Fert $- -$48.00 $- -$48.00 $- -$121.00 $- -$121.00 
 $150.00 $1.40 $7.00 -$5.60 $150.00 -$71.60 $7.00 -$78.60 
      Reduced production  

Beef                 
Fert Prog $10.00 $9.40 $- $9.40 $10.00 $9.40 $- $9.40 
Alkaloam  $140.00 $40.00 $7.00 $33.00 $140.00 $40.00 $7.00 $33.00 

Reduced Fert $- -$14.00 $- -$14.00 $- -$34.00 $- -$34.00 
 $150.00 $35.40 $7.00 $28.40 $150.00 $15.40 $7.00 $8.40 
      Reduced production  

Mixed Grazing                
Fert Prog $10.00 $9.40 $- $9.40 $10.00 $9.40 $- $9.40 
Alkaloam $140.00 $20.00 $7.00 $13.00 $140.00 $20.00 $7.00 $13.00 

Reduced Fert $- -$10.00 $- -$10.00 $- -$25.00 $- -$25.00 
 $150.00 $19.40 $7.00 $12.40 $150.00 $4.40 $7.00 -$2.60 
      Reduced production  

Horses                 
Fert Prog $10.00 $9.40 $- $9.40 $10.00 $9.40 $- $9.40 
Alkaloam $140.00 $10.00 $7.00 $3.00 $140.00 $10.00 $7.00 $3.00 

Reduced Fert $- $- $- $- $- -$40.00 $- -$40.00 
 $150.00 $19.40 $7.00 $12.40 $150.00 -$20.60 $7.00 -$27.60 
      Costs for extra feed  

������)������������������
�����
�����*�����'����

The production losses are derived using a Mitscherlich function to model the reduction in 
productivity from reduced actual P inputs2. The $ losses shown in Table 7 are based on 
average beef and dairy productivity/ha figures from ABARE using Meat and Livestock 
Australia (MLA) and Dairy Industry 2005 industry summaries. 

 

                                                      
2 D. Weaver, WA Department of Agriculture, pers com. 
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 Fertiliser 
P level 

Effective P 
Level 

Per Ha returns Production 
Cost 

Dairy   @ $1,070/ha/yr  

 80% 95.5% $1,022 $48 

 40% 88.7% $949 $121 

Beef   @ $300/ha/yr  

 80% 95.5% $287 $14 

 40% 88.7% $266 $34 
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Land use change as an option for reducing nutrient emissions would require moving from 
high-P releasing land uses to lower P releasing land uses. In the case of the Peel-Harvey, it 
means replacing urban and intensive agriculture with low intensity agriculture or even 
plantations. It would be a huge step and is unlikely to occur except in the direst 
circumstances and with enormous public support as a result of threats to community values. 
As will be seen below, even the costs of implementing nutrient management works in 
existing land uses are very large, and it is difficult to see investment at this level emerging. 

The costs involved in such change are likely to be massive and their quantification is not 
within the scope of this work. In addition, SSPRED is not able to calculate land use change 
directly, so such modelling would be very much external. 

 



SSPRED: THE SUPPORT SYSTEM FOR PHOSPHORUS REDUCTION DECISIONS – LASCAM  SCENARIO REPORT 

��  

�  �-(	-����	!���
����	

The LASCAM scenario combines results from a range of scenarios which were carried out 
over the entire CCI project area. This range involved successively higher effect BMP 
combinations, from the least effective (and least effort) – removal of point sources – to the 
highest effort: remove point sources, septic tanks and apply soil amendment, and reduce P 
fertiliser inputs by 90%. In each sub-catchment, the BMP set that just satisfied the EPA 
water quality target was adopted. These BMP sets were as follows: 

�
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The BMP sets were modeled individually and the basic results are shown in Table 9 below. 
Because P reductions are calculated differently using SSPRED and LASCAM, there are 
significant differences in estimates of reductions between these two models. We present the 
results from SSPRED to provide an indicative cost per kg removed and an indication of the 
P removal of each scenario. The results in Table 9 are averages for the entire CCI area; 
cost/benefit in some subcatchments is far better than the average. 

BMP name 
Total 

reduction 
10 Year 
Benefit 

10 Year 
Benefit 
per kg 

Total 
Capital 
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Scenario ID BMP Set Map Key 
0 No Change required No Change 
1 Remove point sources A 
2 Remove septic tanks B 
3 Remove point sources and septic tanks A & B 
4 Remove septic tanks and use soil amendment. B & C 

7 Remove point sources & septic tanks and use soil 
amendment 

A, B & C 

5 Reduce fertiliser P inputs by 25%, and remove septic 
tanks. 

25%, B 

6 Reduce fertiliser by 25%, remove septic tanks, use soil 
amendment 25%, B & C 

8 Reduce fertiliser by 25%, remove point sources & septic 
tanks, use soil amendment 25%, A, B & C 

9 Reduce fertiliser by 50%, remove septic tanks 50%, B 

10 Reduce fertiliser by 50%, remove point sources & septic 
tanks, use soil amendment 50% A,B & C 

11 Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

75% A,B & C 

12 Reduce fertiliser by 90%, remove point sources & septic 
tanks, use soil amendment 

90% A,B & C 

13 Land Use Change Needed Land Use 
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Modeling of individual BMPs indicates a very large range of cost for each kg of P removed, 
and some extremely expensive BMPs. On the basis of this modeling we excluded infill 
sewer as an option for unsewered urban, and used only septic upgrade. Dealing with 
unsewered urban septic wastes, either by infill sewer or septic upgrade, will be expensive. 
The measures provide no financial return, may involve ongoing costs, and while the amount 
of P removed per ha is significant, the overall cost per kg is very high. The comparison does 
not indicate the additional ability of infill sewer to deal with N, which most ATU systems will 
not remove. 
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The SSPRED P reductions differ from those calculated in LASCAM, in particular because 
SSPRED calculates P as seen by the inlet, whereas LASCAM calculates reductions at the 
48 outlet points of the WQIP catchments. THE SSPRED model therefore includes 
substantially greater assimilation than LASCAM due to where the loads are being modeled. 
LASCAM P reductions are always higher then SSPRED, and therefore the apparent cost 
per kg P is lower – in some cases substantially. As will be seen below, the % reduction of P 
as modeled by the two systems is often very similar. P reductions and cost benefit for the 12 
BMP scenarios run using LASCAM are shown in Table 10 below. This clearly shows the 
very high cost involved in removing septic tanks, such as in Scenario 2, and also how 
inclusion of soil amendment in a scenario improves cost/benefit, such as in Scenario 4. 

Table 10 also illustrates significant apparent differences in cost benefit between SSPRED 
and LASCAM P reductions.  

 
   SSPRED P 

REDUCTIONS 
LASCAM P 

REDUCTIONS 

Scenario 
10 Year 

Cost/Benefit 
Total 

Capital 
Total 

reduction 

10 Year 
Benefit 
per kg 

Total 
reduction 

10 Year 
Benefit 
per kg 
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Note that limitations of the SSPRED model occasionally leads to P removals in excess of 
estimated P generation. This occurs due to the large numbers of BMPs being applied at one 
time and errors in BMP effect applications. It does not affect estimates of cost. 
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The LASCAM scenario describes the set of BMPs required to reduce the P load and 
concentrations in each WQIP catchment below the EPA-set targets for water quality.  

The LASCAM scenario has been modeled in SSPRED at the LASCAM model 
subcatchment level, using 194 separate sub-catchments, which can be aggregated at the 
WQIP catchment or catchment outlet level, or examined individually. The final scenario 
costing is done by taking using the appropriate BMP scenario results for each 
subcatchment. These results are then aggregated by WQIP catchment in Table 11 below. 

 

WQIP catchment 
P 

Generation 

Indicated 
Total P 

reduction Total Capital 

10 Year 
cost per 

kg 
10 Year Cost-

Benefit 

Coastal Central 3,354 4,488 $1,446,465 -$50 -$2,321,031 

Coastal Western Harvey 4,787 3,472 $7,309,267 -$281 -$11,670,225 

Dandalup 6,012 -    

Dirk Brook Yangedi 2,493 656 $220,040 -$162 -$348,941 

East Harvey Peel Drains 23,302 10,637 $1,687,050 -$702 -$286,883 

Gull Road 306 354 $76,056 $17 $59,580 

Harvey Irrigation District 16,993 4,480 $30,841,313 -$1,639 -$48,274,097 

Harvey River Tributaries 23,254 18,344 $2,691,141 $13 $832,579 

Harvey River Tributary-Carratti 3,314 0 $1,426 -$18,400 -$2,261 

Lower Murray 21,482 -    

Mandurah 3,466 3,945 $4,309,156 -$189 -$6,877,679 

Meredith Drain 1,494 943 $508,409 $35 $355,401 

Nambellup 7,157 3,129 $1,633,220 $16 $616,134 

Peel Main Drain 724 491 $19,440,843 -$314,345 -$29,709,336 

Ungauged Lower Serpentine 13,574 13,921 $13,305,951 -$70 -$18,181,717 

Upper Murray 5,307 -    

Upstream Serpentine Dog Hill 4,151 2,782 $22,801,349 -$3,982 -$32,244,436 

Grand Total 141,170 67,643 $106,271,687 -$2,176 -$1 48,052,911 
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The same cost data can be combined with the P reductions from the LASCAM model itself, 
as shown in Table 12. These data are provided from LASCAM at the WQIP catchment 
outlet points (of which there are 48 for the 17 WQIP catchments).  

The LASCAM scenario as applied in Table 11 and Table 12 is per the LASCAM modeling of 
Zammit et al (2005) – no attempt has been made to select against highly cost-ineffective 
options in certain subcatchments, even though these exist.  
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LASCAM           

WQIP catchment P 
Generation 

Total P 
reduction 

Total Capital nYear 
Cost_Benefit 

nYear cost 
per kg 

Coastal Central 1,983 1,278 $1,446,465 -$2,321,031 -$117 

Coastal Western Harvey 3,797 3,279 $7,309,267 -$11,670,225 -$307 

Dandalup 6,111 -   $- 

Dirk Brook Yangedi 15,954 8,090 $220,040 -$348,941 -$2 

East Harvey Peel Drains 19,493 10,438 $1,687,050 -$286,883 -$1 

Gull Road 948 705 $76,056 $59,580 $6 

Harvey Irrigation District 30,599 11,767 $30,841,313 -$48,274,097 -$158 

Harvey River Tributaries 44,229 19,146 $2,691,141 $832,579 $2 

Harvey River Tributary-Carratti 7,891 2,485 $1,426 -$2,261 -$0 

Lower Murray 19,649 -   $- 

Mandurah 493 295 $4,309,156 -$6,877,679 -$1,395 

Meredith Drain 927 295 $508,409 $355,401 $38 

Nambellup 16,120 8,981 $1,633,220 $616,134 $4 

Peel Main Drain 4,514 2,875 $19,440,843 -$29,709,336 -$658 

Ungauged Lower Serpentine 65,284 47,381 $13,305,951 -$18,181,717 -$28 

Upper Murray 16,365 -   $- 

Upstream Serpentine Dog Hill 20,539 8,716 $22,801,349 -$32,244,436 -$157 

Grand Total 274,896 125,731 $106,271,687 -$148,052,911 -$1,142 
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In order to refine the BMP sets, we assessed which catchments would be excluded if 
catchment BMP works were only conducted where they cost less than $100, $200 and 
$300 per kg. We found that the cost-effectiveness of the entire LASCAM solution would be 
substantially improved by excluding works where the indicated cost per kg removed is very 
high. This is shown in Table 13 and Table 14.  

We found that the $300 per kg cutoff was the most appropriate way of excluding a small 
number of very expensive subcatchments (see Table 13 and Table 14). Based on the 
SSPRED P reductions, only applying the LASCAM Scenario’s BMPs in subcatchments 
where the modeled cost is less than $300/kg could reduce the capital cost by over $84 
million and the cost over 10 years by $130 million, while reducing the P reduction by only 
8,061kg or 12%. Based on the LASCAM P reductions, the same exclusion could reduce the 
capital cost by over $79 million and the cost over 10 years by $120 million, while reducing 
the P reduction by only 15,472kg - also 12%. 

       
Cutoff: Cost 

per kg P 
Reduced 

Total  P 
reduction 

%  P 
reduction 

10 Year 
Cost/Benefit Total Capital 

Capital Saving 
from Cutoff 

10 year saving 
from cutoff 

 $10   32,639  48%  $3,278,484   $5,521,532   $100,750,155  -$151,331,395  

 $100   50,842  75% -$4,069,862   $13,464,456   $92,807,231  -$143,983,049  

 $200   57,730  85% -$12,539,301   $18,788,822   $87,482,865  -$135,513,610  

 $300   59,582  88% -$17,619,644   $21,981,033   $84,290,654  -$130,433,267 

No Cutoff 67,643  -$148,052,911 $106,271,687   
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Cutoff: 
Cost per kg 
P Reduced 

Total  P 
reduction 

%  P 
reduction 

10 Year 
Cost/Benefit Total Capital 

Capital Saving 
from Cutoff 

10 year saving 
from cutoff 

$10 50,061 40% 1,765,947 6,604,465 $96,911,166 -$145,424,732 

$100 106,204 84% -18,835,520 21,333,716 $82,181,914 -$124,823,264 

$200 110,151 88% -23,385,355 24,296,722 $79,218,909 -$120,273,430 

$300 110,259 88% -23,657,938 24,477,682 $79,037,949 -$120,000,846 

NoCutoff 125,731  -143,658,785 103,515,631   
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Reducing the overall investment and ongoing cost in this way would cause concern in that 
for those subcatchments excluded by way of cost, no BMP works would be undertaken and 
P pollution would continue unchecked. A better alternative is to substitute an alternative 
BMP option that provides good reductions with a high cost/benefit. Further BMPs could be 
introduced in the future to address remaining P sources. 

The best alternative BMP option found is a 50% fertiliser reduction and soil amendments to 
provide moderate P reductions at a net benefit – we have titled this Scenario 10A, modifying 
Scenario 10 to remove septic tank removal. As can be seen from Table 15 overleaf, this 
scenario provides very good cost/benefit for virtually all subcatchments, including all but one 
of the subcatchments excluded on the basis of a $300 per kg cutoff. 
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The tender for this report specifies a combination of LASCAM Scenario and other SSPRED 
results to prepare proposals for remedial actions in the WQIP. In order to do this, we 
followed these steps: 

�  Assessed the BMP set proposed from the LASCAM modeling for each subcatchment, 
and looked to see if a more cost-effective option was available at a low net cost per kg 
for each subcatchment. In most cases, as shown in Appendix 2 – Alternate BMP 
Options for each Subcatchment, the BMPs chosen through the LASCAM modeling are 
the most cost-effective option to meet the reduction target. 

�  In addition, we used the $300 per kg cutoff to exclude LASCAM-indicated BMPs in a 
small number of very expensive subcatchments.  

�  For these catchments, where its cost was also below 300 per kg, we substituted the 
new Scenario 10A BMP set (Reduce fertiliser by 50%, remove point sources and use 
soil amendment). 

� �  -�������	�-(	(��"��
�	

Following these steps provides the set of BMPs shown in Table 16, and a total P reduction 
of just over 120 tonnes (verses 125T for the full LASCAM scenario). The capital cost is far 
reduced at $26.6M, and the 10 year cost is just over $21M. This set of scenarios can be 
seen in Figure 3, with the individual works required being detailed in Figure 4, Figure 5, 
Figure 6 and Figure 7. Note that the proposal would require all the works shown in these 
four figures. 

The BMP Sets used are as follows: 

0 No Change required 

1 Remove point sources 

2 Remove septic tanks 

3 Remove point sources and septic tanks 

4 Remove septic tanks and use soil amendment. 

5 Reduce fertiliser P inputs by 25%, and remove septic tanks. 

6 Reduce fertiliser by 25%, remove septic tanks, use soil amendment 

7 Remove point sources & septic tanks and use soil amendment 

8 Reduce fertiliser by 25%, remove point sources & septic tanks, use soil amendment 

9 Reduce fertiliser by 50%, remove septic tanks 

10 Reduce fertiliser by 50%, remove point sources & septic tanks, use soil amendment 

11 Reduce fertiliser by 75%, remove point sources & septic tanks, use soil amendment 

12 Reduce fertiliser by 90%, remove point sources & septic tanks, use soil amendment 

99 Land Use Change Needed (Uses Scenario 12 for reductions, targets not met) 

10A Reduce fertiliser by 50%, remove point sources and use soil amendment 

 

 



PEEL-HARVEY CATCHMENT COUNCIL - PEEL HARVEY CCI PROJECT 

	 	 ��  

 

9:1��5�
�������
���
%�����

���
%��
;������

./	�/#�
"#��	���

#;61�1�6�
"#��	���

.����
5�����<8�=��

�7�>����
����2"���'���

�7�>����

����
���8�� ��
����������

��
�����

����
���

8��

;
�����
�����
BC!77�

���8��

�	����0����4� ("� �� �� �� ��� ��� ��� ��� �#
��

5�
������  �� �� �� �� ��� ��� ��� ��� �#
��

������0����4� ��"� �� �� �� ��� ��� ��� ��� �#
��

� ���� �� �� �� ��� ��� ��� ��� �#
��

� ���� �� �� �� ��� ��� ��� ��� �#
��

�	����0����4� ���� �� �� �� ��� ��� ��� ��� �#
��

� ���� �� �� �� ��� ��� ��� ��� �#
��

� ��(� �� �� �� ��� ��� ��� ��� �#
��

6�'
�7��&�4�%����5���
� �� � �� �� ��� ��� ��� ��� ��� �#
��

� ��"� (� (� ���� ��� ��� ��� ��� �#
��

� ���� (� (� !�� ��� ��� ��� ��� �#
��

� ���� !� !� ���!� ��!���! �� ����� ���!��"�� �(�� �#
��

� ���� �� �� ��� ��� ��� ��� ��� �#
��

� ��!� ��� ��� � ��� ��� ����� ���� �""����!� �!��� �#
��

� ���� �� ""� �� ��� ��� ��� ��� �	�
��

� ���� ��� ��� �!��� �((� ��� ��� ���(�(�"� ��(� �#
��

� �("� (� (� ���� �����!"� ��� ��!�("�� ��(� �#
��

� � �� (� (� ���� ������ � ��(� �!���"�� ��� � �#
��

�	�'
���8�'
� �(�� ��� ��� ��"� ���(��� �� ������ �� ��"��� ������� �#
��

� �(!� �� �� �"�� ����"��!!� ����� �����(�(� �!  � �#
��

� �(�� �� �� � � ��(������ ������ ����"�(� ����(�� �#
��

� �(�� ��� ��� �"�� ���((�(�"� ��"(� ��("���(� ��� � �#
��

� �(�� ""� ���� ���� �(�� "� �!� �"����� �!(� �	�
��

� �((� ""� ���� ���� ������� ��� ���(��� ��!� �	�
��

� �( � ""� ���� ���� ����� ��� ��( � ��� �	�
��

�	�'
�����

���� � �� ""� ""� ("�� �� �����"� ������ ���"�� �� ����� �#
��

� � �� ��� ���� ���� ����� (� ��(� �!����"� �!��� �	�
��

� � !� ""� ""� ���� ��! "��!�� ���(!� �������"� �����"� �#
��

7��&�4�5���
'� � �� ��� ��� � ��� ���"���("� ��! � �!�"�"(�� �� �� �#
��

� � !�  � ���� � �� ����!�(� ��� ��"�"��� ��"� �	�
��

� �"�� �� �� ��"� ��(�(� ���� ��(�� ��� �#
��

� �"�� ��� ��� �  !� ��!��������� ����!� ��������� � �(��� �#
��

� ��!� ��� ��� ��(� ��!(����� ���(� �!(���(� ��(!� �#
��

� �� � �� �� !��"� ��(�(����� ����� ��� �(��� ����� �#
��

� ���� ��� ���� ��� � �"!��� � � � ��������� ��� � �	�
��

7��&�4��������
�� �!!� !� !� ��� ��� ��� ��� ��� �#
��

� �!�� !� !� ��!�� �������� ���� ������� ��� �#
��

7��&�4�)����
��4� �!�� �� �� �(" � �� ���"� ��� ����(��� ���� �#
��

� ��(� ��� ��� ��!� � �( ���(�� ��� ����� �! �� ����� �#
��

0�����
.� �(�� �� �� �"�� �!������� ����� ��� ���"� ���(��� �#
��

�
+��+��������

�
�� �� ��� ��� �(! �� ��� �� ��(�(� ��! � ��!�!���"��� �� �� �#
��

0�
����.� � �� ""� ���� ��(� ����� �� �"� �� �  (� ����� �	�
��

%����0��
�5���
� ��� ��� ���� �� �� ��(!����� ���� ��������� ���"� �	�
��

�����������

�
�� � � ��� ��� ����� ��  ��"�� �"� �!���!(�� ���(� �#
��

� !�� ��� ���� �(""� �������"�!� ���� ���!� �""�� �� �� �	�
��

5��*�2�		*� ��� "� "�  �"�� ��!� �"��� ���� ��������� ��(� �#
��

3�,������� �� �� ��  " �� ������!�� �(� ����!!����� �� �� �#
��

9����/	��� �!� ��� ��� (��� ��"�� �� � � �(������ ��� � �#
��

� � � � ������� �C��A0)7A-0�� � C�)A)++A-�)� � �

�������)���#���'����"#�����
�����'���9:1��;������	� �
��
%������

 

 

 



SSPRED: THE SUPPORT SYSTEM FOR PHOSPHORUS REDUCTION DECISIONS – LASCAM  SCENARIO REPORT 

��  

 

�������!���#���'����"#�����
�����'���������
�����



PEEL-HARVEY CATCHMENT COUNCIL - PEEL HARVEY CCI PROJECT 

	 	 ��  

 

�������&���"#��9��8��5�D������������#���'����./	�/# ����
�����������������
���



SSPRED: THE SUPPORT SYSTEM FOR PHOSPHORUS REDUCTION DECISIONS – LASCAM  SCENARIO REPORT 

��  

 

�������(���"#��9��8��5�D������������#���'����./	�/# ����
�������	�
��
����8�,
������



PEEL-HARVEY CATCHMENT COUNCIL - PEEL HARVEY CCI PROJECT 

	 	 ��  

 

�������)���"#��9��8��5�D������������#���'����./	�/# ����
�������	����/���������

 



SSPRED: THE SUPPORT SYSTEM FOR PHOSPHORUS REDUCTION DECISIONS – LASCAM  SCENARIO REPORT 

�'  

 

�������+���"#��9��8��5�D������������#���'����./	�/# ����
��������������������5���
�����

 



PEEL-HARVEY CATCHMENT COUNCIL - PEEL HARVEY CCI PROJECT 

	 	 �,  

� �  ;�6��	�-(�8	��
��	
��	<�������	

We have previously noted (see Neville, 2005) that concentrating on P at the land use level 
can lead to omission of other P reduction options that improve P assimilation in the 
waterway system. 

A range of management actions are available to increase the ability of waterways to strip 
nutrients before discharge to the inlets – including detention basins, nutrient stripping works, 
even processing facilities. The riparian works referred to in reports on the SSPRED model 
are principally intended as buffers between the agricultural land and the stream, although 
these is evidence that they increase stream nutrient removal as well. The fundamental focus 
in the agricultural BMPs identified here is to reduce the loss of P to the stream system, 
generally by reducing or increasing the efficiency of P use in agriculture. (See Neville 
2004A&B and Neville et al 2005 for more information). Likewise the options for urban land 
primarily focus on reduction of P loss from the land, rather than increasing P processing in 
waterways. These other options warrant investigation. 

For various reasons beyond our control, the CCI project has been designed to only deal with 
the nutrient phosphorus. This is unfortunate, as P is by no means the only nutrient of 
concern in the Peel-Harvey catchment. Indeed, it may not be the most important one.  

Nitrogen is known to be a problem in SW catchments, and it is now understood that the 
growth of algae in much of the Peel-Harvey is more likely to be N-limited than P-limited. 
Fortunately, some of the BMPs designed to deal with P are also likely to deal with N 
(Neville, et al, 2002). For example, replacing septic tanks with sewer will remove N, but 
septic upgrades will not reduce N in the way that they reduce P. Control of N would provide 
an important argument for using sewer rather than septic upgrades, even though the 
modeling here indicates that sewer would cost far more: $157M in capital investment for all 
unsewered urban verses $90M for septic upgrades. 

Previous modelling (Neville, et al, 2002) has suggested that riparian buffers are likely to be 
the most effective BMP for the control of N from agricultural land. This fact makes it even 
more important that we do not confine our restoration efforts just to BMPs that deal cost-
effectively with P, such as soil amendment with Alkaloam. 

It is significant that some of the WQIP catchments that do not require reductions to meet 
concentration targets for P (eg Lower Murray) are significant contributors of P from a load 
standpoint, and are likely to be important sources of N (M Robb, pers. com). It is important 
therefore to consider spreading the BMPs across all WQIP catchments on the basis of the 
precautionary principle.  

In this case, we would recommend applying BMP set 10A to the entire Murray area, in order 
to address P loads. In addition, is is appropriate to conduct further assessment of N loss 
from unsewered urban land to understand the size of the N loss problem. It may be that 
more costly BMPs such as septic upgrade are justified in the Murray catchment. I may veen 
be that an assessment of the N risk justifies the extension of infill sewer. There are also the 
issues of equity and practicality to address in possible fertiliser management: equity would 
suggest that all the Peel-Harvey coastal catchment should be subject to restrictions on the 
type of fertiliser applied; while practicality suggests that regulations on fertiliser would be 
easier to apply in a broadscale fashion rather than piecemeal. 
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The LASCAM scenario has been costed as far as possible, and has been found to have a 
total capital cost of over $106M, a significant part of which would be septic removal or 
replacement in urban areas. The capital investment required in each WQIP catchment 
ranges from nothing in the Murray catchments and just $1,460 in Carratti catchment), to 
over $30M in the Harvey Irrigation District and over $20M in the Upstream Serpentine/Dog 
Hill catchment. Cost/benefit over 10 years is estimated as a net cost in excess of $148M - 
$48M of this in the Harvey Irrigation District. Cost per kg of P removed also varies greatly, 
from a peak of -$1,395 per kg P in Mandurah to $1 per kg P in East Harvey Peel drains. 

LASCAM P      

P Generation 
Total P 

reduction Total Capital 
10 Year 

Cost/Benefit 
10 Year cost 

per kg 

274,896 125,731 $106,271,687 -$148,052,911 -$1,142 

 

This scenario provides the greatest benefits, although the LASCAM modeling indicates 
targets will still not be met in all WQIP catchments, but at the greatest cost. 

 �=	-�������	�-(	(��"��
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A modified BMP option was proposed in order to provide most of the P reduction available 
from the LASCAM scenario but at a much reduced cost. To do this we propose excluding 
the LASCAM BMP set from 10 of the WQIP outlet subcatchments, where the cost per kg P 
removed would exceed $300 per kg P. This would provide a saving of nearly $80M in 
capital cost. The reduction in P through BMP implementation would be reduced by only 
12% to 110 tonnes, down from 125 tonnes. 

LASCAM P       

Total  P 
reduction 

%   of LASCAM 
Scenario 
reduction 

10 Year 
Cost/Benefit Total Capital 

Capital Saving 
from Cutoff 

10 year saving 
from cutoff 

110,259 88% -23,657,938 24,477,682 $79,037,949 -$120,000,846 

 

This scenario provides significant benefits to most catchments at a reduced cost. 

 �=	-�������	�-(	(��"��
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A second modification would be to conduct certain BMPs in the excluded catchments, 
referred to as Scenario 10A. These high cost/benefit BMPs are removal of point sources, 
50% reduction in fertiliser P use and use of soil amendment (alkaloam).  

LASCAM P      

Total P 
reduction 

%   of LASCAM 
Scenario 
reduction 

10 Year 
Cost/Benefit Total Capital 

10 Year cost 
per kg 

120,100 95.5% -$26,677,826 -$21,960,892 -$222.13 
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Under Option C, 38 subcatchments would have P reductions which would meet water 
quality targets as for the LASCAM Scenario. Two subcatchments would have the same 
reductions as for the LASCAM scenario, although would not meet the targets (land use 
would be change required for that). Four subcatchments would achieve P reductions of 
between 50 and 75% of the LASCAM scenario – although 2 of these require land use 
change to meet water quality targets. A further three subcatchments would only achieve 
reductions of between 30 and 50% of the LASCAM scenario, but of these 2 would require 
greater reductions in any case. 

This scenario provides significant benefits to almost all catchments at a reduced cost. 

 +=	-�������	�-(	(��"��
�	�	1��6	-���
%	

The final proposal is to implement C, and in addition implement 10A BMPs in the Murray 
River subcatchments even though these currently meet water quality targets. This would be 
done on the grounds of equity and practicality, and dealing with P across all catchments. 

This scenario would provide significant benefits to almost all catchments at a reduced cost, 
and implements a more precautionary and equitable approach. 

� �  *
�����	�-(	;"�����	

To summarise, the four BMP options presented are: 

�  A: Implement the LASCAM Scenario BMPs, which modeling estimates will meet the 
water quality targets (load and concentration) in most WQIP subcatchments, although 
not all (Zammit, et al 2005). 

�  B: Implement the LASCAM Scenario BMPs, but not in 10 WQIP outlet subcatchments 
where the cost of the LASCAM scenario BMPs would be over $300 per kg P removed. 

�  C: Implement the LASCAM Scenario BMPs, and substitute a cost/efficient scenario 
(designated 10A in this report) in WQIP outlet subcatchments where the cost of the 
LASCAM scenario BMPs would be over $300 per kg P removed. 

�  D: Implement C, and in addition implement 10A BMPs in the Murray River 
subcatchments which currently meet water quality targets, on the grounds of equity and 
practicality. 

We are not in a position to formally rank these projects, although our preference would be to 
implement option D. Clearly they need to be presented to the community, and the 
community needs to understand the nature of the trade-offs to be made, in addressing a 
number of questions: 

�  How important are water quality and public amenity in the Peel-Harvey? 

�  How much change is the community prepared to make in order to maintain water 
quality and amenity in the Peel-Harvey? 

�  How much is the community prepared to pay in order to maintain water quality and 
amenity in the Peel-Harvey? 

At some stage, some further questions also need to be answered, namely: 

�  Is Nitrogen a problem nutrient in Peel-Harvey waterways? 

�  If so, does the current LASCAM scenario deal adequately with N pollution? 

It is our understanding that N is a problem and that the measures proposed to date do not 
deal adequately with this. This means that additional work should be completed to assess N 
in the same way that LASCAM and SSPRED have assess P, to allow a subsequent set of 
N-specific BMPs to be proposed and costed. At the same time, other water quality issues 
exist that have not even begun to be addressed here, such as other nutrients and the issue 
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of acid-sulphate soils. If water quality is given a high priority by the community then attention 
needs to be focused on providing an integrated solution to all water quality issues in the 
Peel Harvey – P, N, other nutrients and other water quality problems. 

We hope that the information presented here allows for an appreciation to be made of the 
size of the costs involved. 
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 LASCAM SSPRED 
Name The Large Scale Catchment Model Support System for Phosphorus Reduction Decisions 

Background Developed by the Centre for Water Research at the 
University of WA and forms part of the DSS being 
developed by DoE for the CCI project. It has been 
successfully applied to many catchments in WA to model 
the effects of climate and land use change on flow and 
water quality in receiving water bodies. 

Developed by the W.A. Department of Agriculture as 
part of their assessment of agricultural best 
management practices for the Peel-Harvey CCI 
project. It builds a BMP assessment tool develop for 
policy evaluation in Wilson & Oyster Catchments) on 
the south coast of WA. 

Purpose To predict the impact of land use and climate change on 
the streamflow, salinity, sediment and nutrient loads in 
large catchments over long time periods 

To provide assistance for management decisions: 
assessing cost & benefits from different BMPs, to 
allow comparisons between them and decisions to be 
made as to where the most effective implementations 
are likely to be 

Model Type Complex conceptual model with a daily time step. Lumped-subcatchment model providing a single 
annual, averaged result. 

Model 
Process 

The basic building blocks are subcatchments organised 
around the river network. All hydrological and water 
quality processes are modeled at the subcatchment 
scale. 

The resultant flows and loads are aggregated via the 
stream network to yield the response of the catchment at 
the main outlet and at any number of intermediate points 
on the stream network. 

The nutrient export model used combines source 
factors (nutrient surplus) at the property scale, transfer 
factors (effective rainfall and erosion risk) at the 
landscape mapping unit scale and assimilation along 
the subcatchment-inlet route.   

The loads are aggregated to yield the response of the 
catchment at the inlet. 

Model 
timestep 

Daily Annual 

Inputs Daily rainfall and potential evapo-transpration. 

Landscape attributes relating to the A and B soil horizons. 

Yearly leaf-area index 

Mean annual percentage of deep-rooted vegetation, 
percentage of impervious area and riparian zone area for 
each of the subcatchments. 

The quantities and application dates of fertiliser in each 
subcatchment.  

P surplus data sourced from farm gate nutrient 
balances for agricultural land uses. 

Transfer and delivery factors from existing framework 
for P loss risk for Western Australian soils. 

Nutrient assimilation applied at the subcatchment 
scale and for routed flow to the inlet. 

BMP reductions and cost/benefit data. 

 

Calibration The model is calibrated on daily/monthly/annual timestep, 
to mimic the observed flux in flow, nutrient loads and 
sediment at one of several points on the catchment.  

The model output was compared for a series of sub-
catchments that had been monitored over a number of 
years and some calibration undertaken on the basis of 
the monitored data. 

Output 
Products 

Hydrological and water quality estimates including daily 
averaged nutrient load and nutrient concentrations for 
each subcatchment. 

Subcatchment annual averaged estimated P loads, 
BMP reductions and BMP costs/benefits. 

Modelling In order to use LASCAM as a tool to model the effect of 
BMPs, the inputs of the model (eg P inputs from 
fertilisation) are varied to represent the effect of a BMP. 
The model is then run under the new input conditions and 
results are produced. Outputs are calculated at the outlet 
point (or points) for each subcatchment. 

SSPRED includes a simple and easy front end to 
allow scenario generation using various combinations 
of BMPs in various locations. 

Outputs are calculated at the inlet (bottom of 
catchment). 

Strengths Results have high levels of accuracy resulting from the 
highly calibrated model, subject to quality of data inputs 

Projections over time and historic estimations. 

Accounting for climate change. 

Accounting for landuse change.  

Accounting for behavioural change in term of stocking 
rates, fertiliser uses, fertiliser practice, irrigation. 

Physical process modelling of BMPs 

Easy to model BMP application 

Costs/benefits of BMPs. 

Weaknesses More difficult to model and articulate  BMPs application as 
BMPs have to be expressed at subcatchment scale 

No cost data. 

Lower level of accuracy and in loads only. 

Annual only. 

No projections. 
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The Large Scale Catchment Model (LASCAM) was developed by the Centre for Water 
Research at the University of WA and forms part of the DSS being developed by DoE for 
the CCI project. It has been successfully applied to many catchments in WA to model the 
effects of climate and land use change on flow and water quality in receiving water bodies. 
LASCAM provides quality modelling results, however without a fancy interface for 
presenting results.  

The final product, the DSS, will be based on a suite of scenarios which will have been 
modeled by LASCAM. These scenarios have been chosen in consultation with the 
stakeholders involved in the Coastal Catchment Initiative projects and local catchment and 
community groups. The scenarios include existing and various future land use and land 
management practices, in particular, the changes outlined in the Water Quality 
Improvement Plan. 

 ��	!�&&
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The Large Scale Catchment Model (LASCAM) has been d eveloped to predict the 
impact of land use and climate change on the stream flow, salinity, sediment and 
nutrient loads in large catchments over long time p eriods. 

LASCAM is a complex conceptual model with a daily t ime step. The basic building 
blocks are subcatchments organised around the river  network. All hydrological and 
water quality processes are modeled at the subcatch ment scale; the resultant flows 
and loads are aggregated via the stream network to yield the response of the 
catchment at the main outlet and at any number of i ntermediate points on the stream 
network. 

The inputs to the model are daily rainfall and pote ntial evaporation, landscape 
attributes relating to the A and B soil horizons, l eaf-area index, percentage of deep-
rooted vegetation and percentage of impervious area , for each of the subcatchments. 
The quantities and application dates of fertiliser in each subcatchment are also 
required.  

Calculation of the daily fluxes of water, salt and sediments through the soil and discharge to 
the stream is based on three soil moisture stores representing the near-stream perched 
aquifer, the permanent deep groundwater system (B store), and the intermediate 
unsaturated zone (F store). In order to represent the large mass of salt stored in the soil 
profile just above the water table (typical of the south west of Western Australia) the model 
incorporates an additional salt store, called the P store. 

Nutrient storage in soils occurs primarily in the uppermost few centimeters where it is 
accessible to shallow-rooted vegetation. Surfaces water fluxes interact with this layer and 
can dissolve some of the soluble nutrient stores, as well as causing erosion of the organic 
and adsorbed stores. As none of the water stores in LASCAM is dedicated solely to this 
upper layer, calculation of the daily fluxes of nutrients through the soil and discharge to the 
stream requires the introduction of a new store (U) containing nutrients in the upper layer of 
the unsaturated zone. The existing A store is assumed to account for all nutrients in the 
saturated riparian zone. Phosphorus and nitrogen are modeled in both dissolved and 
particulate forms. In the case of nitrogen, the soluble component is further discriminated into 
nitrate-nitrogen and ammonium-nitrogen. The soluble nutrients are transported in surface 
and subsurface water fluxes, and once in the stream they are routed conservatively. 
Particulate nutrients, which are assumed to be either organic, or inorganic components 
attached to eroded sediment material (derived from upslope erosion, or from bank and bed 
erosion in the stream channel), are transported non-conservatively. That is the particulate 
exchanges between the bed and the flow mean that the mass of particulate nutrients in 
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suspension is not conserved. However the particulate routing model is conservative in the 
sense that it assumes that there is no cycling or uptake of nutrients once they are in the 
stream. 

For each subcatchment, a set of physically-based relationships is used to describe the 
processes which direct water, salt, soluble phosphorus, total phosphorus, nitrate, 
ammonium and total nitrogen between stores and to distribute rainfall either into the stores 
or directly into the stream. The associated parameter set is global, however the impacts of 
some parameters are modified in an objective way by local landscape attributes for 
application to individual subcatchments. 

The hydrological and water quality model has 87 parameters, which describe each of the 13 
potential flux paths. Of these, 30 define the water balance, 5 define the salt balance, 6 
define the sediment balance and 29 define the nutrient balance (11 for the phosphorus 
model and 18 for the nitrogen model). A further 7 parameters define the initial storage 
values and 10 define the disaggregation of the initial average stores to each subcatchment. 
While some parameters are physically meaningful and even measurable (e.g., solute 
concentrations in the throughfall3) or can be estimated from literature values (e.g., nutrient 
harvest fractions and the enrichment ratios for nutrient erosion), most of the parameters are 
conceptual and can only be quantified by calibration against streamflow or stream nutrient 
load data. The model is calibrated to optimise an objective function relating one or more 
pairs of observed and predicted fluxes. The objective function is based on the daily model 
efficiency statistic with a Box-Cox transformation (Box and Cox, 1964) of data values, ie. the 
model uses the calibration to arrive at assimilation values for each sub-catchment. 

The fundamental outputs of LASCAM are hydrological and water quality measures. In order 
to use LASCAM as a tool to model the effect of BMPs, the inputs of the model (eg P inputs 
from fertilisation) are varied to represent the effect of a BMP. The model is then run under 
the new input conditions and results are produced. Outputs are calculated at the outlet point 
(or points) for each subcatchment 
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SSPRED has been developed by the W.A. Department of Agriculture as part of their 
assessment of agricultural best management practices for the Peel-Harvey CCI project 
(Neville, 2004B & 2005). It builds on “Slowcoach”, a BMP assessment tool developed by the 
Department for the PEWOC (Policy Evaluation Wilson & Oyster Catchments) project on the 
south coast of WA (Weaver et al 2003). 

 !�&&
�%	

SSPRED is a lumped-subcatchment model providing a s ingle annual, averaged 
result. The basic building blocks are subcatchments  organised around the river 
network.  

SSPRED is primarily aimed at providing assistance f or management decisions: cost 
& benefits from different BMPs, to allow comparison s between them and decisions to 
be made as to where the most effective implementati ons are likely to be. 

Fundamentally the model provides indicative or rela tive information to guide 
decisions on nutrient management and does not aim t o definitively quantify nutrients 
produced from certain areas or land uses. 

The nutrient export model used is an adaptation of the P indicators approach of Heathwaite 
et al. (2003) which combines source factors (nutrient inputs and soil mineralisation), transfer 

                                                      
3 Throughfall represents the rainfall after interception by vegetation canopy. 
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factors (effective rainfall and erosion risk), and delivery factors (land drainage or hydrological 
connectivity).  

Source factors were represented by P surplus data sourced from farm gate nutrient 
balances for agricultural land uses (Neville [2004A]), or derived from published work for 
urban land uses (Gerritse, et al., 1990; Kelsey and Zammit, 2003). Transfer and delivery 
factors were represented by an existing framework for P loss risk for Western Australian 
soils (van Gool et al. 2001). This P loss risk weights the ability of soils to store, transfer, and 
deliver P based on soil and landform qualities. Nutrient assimilation is then applied and 
considers both assimilation within each sub-catchment where nutrients are generated, as 
well as subsequent assimilation as nutrients pass through downstream catchments and 
other significant hydrological features. The model output was compared for a series of sub-
catchments that had been monitored over a number of years and some calibration 
undertaken on the basis of the monitored data. 

Overlaying the P model is a framework which allows the likely effect of different nutrient 
reduction BMPs to be estimated. This framework also allows costs and benefits of 
implementation to be estimated, as each BMP is specified with a particular P reduction, 
capital or implementation cost, and on-going (eg maintenance) cost. In addition, any 
potential benefits (reduced costs, greater productivity) are also calculated, usually on a per 
ha basis. The model assumes a current level of application, and allows BMPs to be applied 
at specific levels and to specific sub-catchments. 

SSPRED includes a simple and easy front end to allow scenario generation. 

BMPs are estimated to have impacts on P produced according to research results, or in 
some cases general principles. The impacts take effect at the appropriate place in the 
model calculation of P export: either at the source (as in the reduction of P through use of 
perennial pastures) or in the delivery (ie through riparian works to reduce the release of P 
from a property). BMPs are applied to specific land uses, specific soil types (eg low PRI 
sands) or to specific stream orders (eg through riparian works).  

, �  -����	+����������	

A comparison of similarities and differences is found in Table 17. 

LASCAM provides load AND concentration at the bottom of each reporting catchment and 
for each delineated subcatchment (internal contribution), while SSPRED provides only the 
load and usually only from an estuary point of view (although it can estimate load at the 
subcatchment scale). LASCAM is calibrated and reporting at a range of timescales, 
including over time (years). SSPRED is calibrated and reports only for a single average 
year. 

A basic assumption in LASCAM is that all the catchment properties & attributes are 
homogenised at the subcatchment scale, whereas SSPRED is working at the cadastral 
scale, with its basic data being an intersection of landuse with soils/mapping units in each 
subcatchment. Assimilation of nutrient is calculated at the subcatchment scale. 

LASCAM does not provide costs and benefits, whereas SSPRED is aimed at providing this 
information to guide management decisions – “what should be done, and where?” When 
you ask a question in SSPRED and LASCAM you don’t ask it in the same way. Say for 
example you wanted to model a particular BMP change on 50% of all beef cattle landuse. In 
SSPRED you would apply this BMP to 50% of the actual cattle landuse (ie at the property 
scale, wherever these are in a catchment (which may be on good ie non-sandy soils). In 
LASCAM in each subcatchment you would change 50% of all beef landuse across all soils 
and subcatchments irrespective of where beef cattle landuse actually is in each 
subcatchment. 
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WQIP Reporting 
Catchment 

Catch. 
Outlet 

Load 
(kg) 

Reduction 
Required 

kg LASCAM Proposal 
Most Cost-Effective Option that produces the 

required reduction - Recommendation Alternate 
Lower Murray 79 19,517 0 No Change required No Change required - 

Dandalup 84 6,111 0 No Change required No Change required - 

Upper Murray 109 659 0 No Change required No Change required - 

  112 10,809 0 No Change required No Change required - 

  121 4,897 0 No Change required No Change required - 

Lower Murray 155 62 0 No Change required No Change required - 

  156 9 0 No Change required No Change required - 

  157 61 0 No Change required No Change required - 

             

East Harvey Peel 
Drain 

158 924 45 Remove point sources Remove point sources - 

  159 162 122 Remove point sources & septic tanks and use soil 
amendment 

Remove point sources & septic tanks and use soil 
amendment 

- 

  160 64 30 Remove point sources & septic tanks and use soil 
amendment 

Remove point sources & septic tanks and use soil 
amendment 

- 

  161 5,817 2663 Remove point sources and septic tanks Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Remove septic tanks and use soil 
amendment. 

  164 773 41 Remove point sources Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Remove septic tanks and use soil 
amendment. 

  243 4,759 2824 Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

- 

  245 278 7 Remove septic tanks Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Remove septic tanks and use soil 
amendment. 

  246 6,082 4314 Reduce fertiliser by 50%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 50%, remove point 
sources & septic tanks, use soil amendment 

  279 355 242 Remove point sources & septic tanks and use soil 
amendment 

Remove point sources & septic tanks and use soil 
amendment 

- 

  280 279 150 Remove point sources & septic tanks and use soil 
amendment 

Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Remove point sources & septic tanks and use 
soil amendment 

Coastal West 272 179 109 Reduce fertiliser by 50%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 50%, remove point sources & septic 
tanks, use soil amendment 

- 

  273 387 296 Reduce fertiliser by 25%, remove septic tanks, use soil 
amendment 

Reduce fertiliser by 25%, remove septic tanks, use soil 
amendment 

Reduce fertiliser by 50%, remove point 
sources & septic tanks, use soil amendment 

  274 67 48 Reduce fertiliser by 25%, remove septic tanks, use soil 
amendment 

Reduce fertiliser by 25%, remove septic tanks, use soil 
amendment 

Reduce fertiliser by 50%, remove point 
sources & septic tanks, use soil amendment 

  275 606 491 Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

- 

  276 746 678 Land Use Change Needed Land Use Change Needed - 

  277 804 701 Land Use Change Needed Land Use Change Needed - 

  278 1,008 958 Land Use Change Needed Land Use Change Needed - 

Coastal Central 281 980 791 Land Use Change Needed Land Use Change Needed - 

  282 550 262 Reduce fertiliser by 90%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 90%, remove point sources & septic 
tanks, use soil amendment 

- 

  283 453 226 Land Use Change Needed Land Use Change Needed - 

  220 5,612 2202 Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

- 
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WQIP Reporting 
Catchment 

Catch. 
Outlet 

Load 
(kg) 

Reduction 
Required 

kg LASCAM Proposal 
Most Cost-Effective Option that produces the 

required reduction - Recommendation Alternate 
Harvey Drains 182 4,136 1825 Reduce fertiliser by 75%, remove point sources & septic 

tanks, use soil amendment 
Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

- 

  183 3,632 921 Reduce fertiliser by 25%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 25%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 50%, remove point 
sources & septic tanks, use soil amendment 

  190 984 449 Reduce fertiliser P inputs by 25%, and remove septic 
tanks. 

Reduce fertiliser by 25%, remove septic tanks, use soil 
amendment 

Reduce fertiliser by 25%, remove point 
sources & septic tanks, use soil amendment 

  192 6,870 2883 Reduce fertiliser by 50%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 50%, remove point sources & septic 
tanks, use soil amendment 

- 

  203 414 217 Reduce fertiliser by 50%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 50%, remove point sources & septic 
tanks, use soil amendment 

- 

  208 8,951 3269 Remove septic tanks Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Remove septic tanks and use soil 
amendment. 

Harvey Tributary-
Carrati 

233 588 55 Remove point sources and septic tanks Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Remove point sources & septic tanks and use 
soil amendment 

  234 7,303 2430 Remove point sources and septic tanks Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Remove septic tanks and use soil 
amendment. 

Harvey Tributary 231 8,577 2798 Remove septic tanks and use soil amendment. Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Remove septic tanks and use soil 
amendment. 

  167 35,652 16348 Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

- 

Meredith 174 927 295 Reduce fertiliser by 25%, remove septic tanks, use soil 
amendment 

Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 25%, remove septic tanks, 
use soil amendment 

             

Ungauged Serpentine 1 65,284 47381 Reduce fertiliser by 90%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 90%, remove point sources & septic 
tanks, use soil amendment 

- 

Mandurah 285 493 295 Land Use Change Needed Land Use Change Needed - 

Peel Main Drain 16 4,514 2875 Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

- 

Upper Serpentine 28 2,877 2142 Reduce fertiliser by 50%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 50%, remove point 
sources & septic tanks, use soil amendment 

  30 17,662 6574 Reduce fertiliser by 50%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 50%, remove point sources & septic 
tanks, use soil amendment 

- 

Dirk Brook 46 15,954 8090 Reduce fertiliser by 50%, remove septic tanks Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 25%, remove point 
sources & septic tanks, use soil amendment 

Nambellup 5 16,120 8981 Remove septic tanks and use soil amendment. Reduce fertiliser by 75%, remove point sources & septic 
tanks, use soil amendment 

Remove septic tanks and use soil 
amendment. 

Gull Road 13 948 705 Reduce fertiliser by 90%, remove point sources & septic 
tanks, use soil amendment 

Reduce fertiliser by 90%, remove point sources & septic 
tanks, use soil amendment 

- 

 


