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1. Introduction

This document is the first of two reports that will present the results of the final Stage (5) of
a Natural Heritage Trust-funded project titled “Evaluating Catchment Management Policies”.
The project was focussed on the catchments of two large inlets £+ Wilson Inlet and Oyster
Harbour + along with two smaller adjacent catchments: Torbay Inlet and Princess Royal
Harbour. All are located on the south coast of Western Australia.

The project has run over 3 years, and was designhed to comprise eight modular stages:

1.1 Literature review of Best Management Practices (BMPs) and Best Planning Practices
(BPPs) for achieving reductions in nutrient and sediment loads to receiving
waterways and sustainable agricultural development.

1.2 Background research of catchment status and issues and development of Rural Policy
Precincts; research of Socio-Economic Instruments (SEIs) for achieving reductions in
nutrient and sediment loads to receiving waterways and sustainable agricultural
development.

2 Limited Review of Software and Simulation Systems used to Assess Rural
Management Practices.

3.1 Localisation of BMPs, BPPs and SEls to achieve reductions in nutrient and sediment
loads.

3.2 Applicability of BMPs, BPPs and SEls to achieve reductions in nutrient and sediment
loads.

4 To develop a simulation framework to assess policy sets for nutrient and sediment
reductions in the Wilson Inlet and Oyster Harbour catchments.

5 Simulation of policy sets for nutrient and sediment reductions in the Wilson
Inlet and Oyster Harbour catchments.

6 Extension and refinement of BMP and BPP evaluation in the Wilson Inlet and Oyster
Harbour Catchments.

Stages 1.1, 1.2, 2, 3.1, 3.2 and 4 have been completed. An extension of the project to
provide additional modelling capability has also been completed (Neville, 2002A). Section 6
has been combined with Section 5.

The purpose of this report and the other produced as part of Stage 5 is to present the best
management and planning practices for managing nutrient production in the study
catchments, focussing on nutrient pollution of the receiving inlets.

The project objective was outlined in the tender as follows:

Use the WINCMSS mimic tool to evaluate a range of BMP options in each of the
Wilson Inlet and Torbay catchments. Prepare summary information that details the
outcome of this evaluation.
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Figure 1 — Wilson Inlet

Figure 2 — Torbay Inlet (foreground), Manarup Inlet and Lake Powell (background)
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The data used was prepared as part of Stages 3.1 and 3.2, and the modelling framework
was developed in Stage 4 and the extension. See Neville (2001), (2002A) and (2002B),
Deeley (2001), and Gravitas Consulting (2001) and (2001A) for details.

The major components of Part 5 were as follows:

Use the WINCMSS mimic tool to evaluate a range of BMP options in each of the
Wilson Inlet and Torbay catchments. Preparation of summary information that
details the outcome of this evaluation.

Use of the summary information and other data from the project as a basis for 2
catchment workshops where the BMP and landuse changes were discussed, verified
and modified by landholders and peers.

Using the outcomes of the workshop discussions to re-evaluate scenarios.

Preparation of a report on the results of the BMP and landuse evaluations, the
workshops held with landholders, and the changes in the evaluations as a result of
landholder input.

This report discusses the development of each of these components. A second report from
Stage 5B of the project will deal with Oyster Harbour and Princess Royal Harbour.

1.1. The Modelling Context

The modelling program initially used was CMSS (for “Catchment Management Support
System”) - a product of CSIRO Land and Water. Shortcomings in this product led to the
development of a new modelling platform using Microsoft Excel spreadsheets (see Neville,
2001 for details). This modelling tool is referred to as the “WINCMSS mimic tool” in the
project tender.

The modelling uses a simple scaled hierarchy of modelling units, following CMSS
conventions:

Catchment = the largest scale unit, representing the whole area to be modelled;

Catchment Region (CR) + small catchments will require only one of these, larger
catchments will have more;

Sub-Catchment (SC) + a number of these make up a catchment region. Each sub-
catchment drains to one point in the landscape; and

Mapping Unit (MU) £ used to sub-divide each sub-catchment into parcels. Areas of land
use are calculated and stored at the mapping unit level. If other attributes such as
rainfall, geology or slope are used, their area is also calculated and stored at the
mapping unit level.

For the current project, four Catchment Regions have been defined:
01 + Oyster Harbour;

02 + Princess Royal Harbour;

03 + Torbay Inlet; and

04 + Wilson Inlet.
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These catchment regions (or 2catchments®) have been split up into a total of 83 Sub-
catchments, based on the Rural Policy Precincts defined in Neville (1999), but modified in
order to be hydrologically sound. This process was described in Gravitas (2001).

The two catchment regions covered in this report - Wilson Inlet and Torbay Inlet+ have 39
and 6 sub-catchments respectively. These sub-catchment boundaries are shown in Figure 3
below:

Figure 3 £ Sub-catchment boundaries in Wilson Inlet and Torbay catchments.
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2. Project methodology

2.1. Evaluating BMPs

A number of BMP options have been developed in earlier stages of the project. These are
described in earlier reports, notably Neville (2002A and 2002B). Some of these have
already been tested in the Wilson Inlet, as part of development of the WinCMSS mimic
product (28SlowCoach®) described in Neville (2002A).

In this stage, individual scenarios were run for all BMPs developed for the project, providing
results on their performance on a sub-catchment basis for both Wilson Inlet and Torbay
catchments.

Based on these results, we developed composite policy sets, and ran scenarios for these
complementary BMPs. Effectiveness was assessed on a sub-catchment basis. A comparison
has been made of BMPs between the two catchments and differences discussed.

A small number of composite scenarios were developed:
Status quo (a model of the impact of current nutrient reduction efforts);
Highest-reduction policy set; and
Most cost-effective policy set.

In the case of the Wilson Inlet catchment, we undertook additional development of the most
cost-effective policy set by only implementing riparian buffers in specific sub-catchments
where the riparian buffer cost-effectiveness was greatest.

In addition we have modelled the impacts of some landuse change, namely:
Increase in residential area
Increase in plantations (WI)
In-fill sewering of residential areas
Point source BMP implementation
Point source phase-out
Increase in horticulture.

We wanted to develop scenarios in relation to nutrient reduction targets for the inlets, to
assess what level of implementation (and expenditure) would be required to meet such
targets. We therefore sought direction on nutrient reduction targets for the two catchments
from the WA Water and Rivers Commission. Such targets are, however, still in the
development stage.
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2.2. Consultation and catchment workshops

Meetings were held with land managers (from AgWA, W&RC, and LGAs) regarding policy
intentions. This assisted in the development of scenarios, and allowed some assessment of
policy implications and likely effectiveness.

We ran one catchment workshop each for Wilson Inlet and Torbay. Each workshop was
offered to landholders, landcare practitioners and agency staff. Workshops were held at
public venues (Elleker Hall and the Denmark Shire). We liaised with groups working on
catchment management in each catchment in an effort to ensure good representation at the
workshops. Although workshop attendances were lower than hoped, they were lively and
useful forums. Lists of attendees are given in the Appendices.

Each workshop was used to explain the project to the community, as well as provide
results. The results from the first part of the project were used to produce a small number
of demonstration scenarios for presentation. These scenarios comprised mainly BMPs, and
gave indicative cost/effectiveness information to be compared to desired nutrient
reductions.

The workshops carried out the following functions:
Provided an outline of the overall project;
Explained how the models have been constructed;
Presented the scenarios;
Sought clarification, comments or concerns, or changes to the scenarios presented;

Sought a workshop consensus on directions for nutrient reduction management for
the catchment concerned.

One of the important parts of the workshops was to give an opportunity for participants to
provide feedback on nutrient reduction efforts, and this feedback is discussed in Section 3.6
below.
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3. Project results

3.1. Base Catchment Exports

The model has been used to produce estimates of Nitrogen (N) and Phosphorus (P) exports
at a 2base® level. This is taken to be the current level of nutrient export before the
application of any BMPs or changes in land use.

Two estimates have been derived: at Source = being at the source of production (2off-
farm®), and Routed and Assimilated + being the level reaching the receiving waterbody or
inlet after passage along the riverine system. The latter figure is also termed 2at Inlet°.

3.1.1. Wilson Inlet catchment

Land Use

Base catchment exports by land use in the Wilson Inlet catchment are shown in Table 1
below. Based on the model, grazing is indicated as the key nutrient producer in the
catchment, with around 60% of both P and N production. Plantations are the second most
significant use, although it is worth noting that in most cases these have replaced grazing at
a lower rate per ha.

Dairying is also a moderate P exporter to the inlet as indicated by the routed and
assimilated figure of 10.7%.

Land Use Export at Source Routed and assimilated (at Inlet)
P N P N
Kg % Kg % Kg % Kg %
Remnant Vegetation 11419 2% 7481.84 3.5% 375 3.0% 2,404 35%
Grazing 245417 63.0% 137357.2 63.8% 7,544 59.5% 42,388 62.4%
Cropping 37 0.1% 210 0.1% 11 0.1% 64 0.1%
Annual Horticulture 2179 5.6% 108%6 5.1% 1109 8.7% 5550 8.2%
Perennial Horticulture 252 0.6% 1260 0.6% 127 1.0% 637 0.9%
Plantation 6365 16.3% 41908 195% 1,457 11.5% 9,551 14.1%
Sewered Urban 37.84 0.1% 189.2 0.1% 18 0.1% R 0.1%
Un-Sewered Urban 8748 0.2% 4374 0.2% 45 0.4% 223 0.3%
Peri-Urban 736 1.9% 3679 17% 327 2.6% 1634 24%
Wetland 40 0.1% 326 0.2% 1 0.1% A 0.1%
Dairying 2942 7.6% 83826 4.1% 1,359 10.7% 4,077 6.0%
Mt Barker Saleyards 160 0.4% 1200 0.6% 26 0.2% 1% 0.3%
Narricup BExport Abbatoir 0 0.0% 0 0.0% - 0.0% - 0.0%
Piggery - ExtensiveMeaners 344 0.9% 860 0.4% 208 16% 520 0.8%
STP - Denmark 59 0.2% 573 0.3% 49 0.4% 474 0.7%
Sullage - Denmark 20 0.1% 80 0.0% 14 0.1% 56 0.1%
Totals 38943 215,285 12,680 67,952

Table 1 £ Nutrient Loads by Land Use for Wilson Inlet catchment
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The modelling in Wilson inlet indicates high nutrient reductions through assimilation in the
river system, much higher than for Torbay, which reflects the much large catchments of the
Denmark and Hay rivers. Two notes can be made regarding this:

The level of assimilation would likely be much less in high rainfall years, when high
river flow would lead to much shorter residence times, and may also see the
mobilisation of in-stream sediments with retained nutrient loads; and

The assimilation figures used are based on research from the Eastern States, and
may not be as appropriate here, in particular regarding N assimilation. WA streams
are recognised to have a relatively impoverished fauna compared to their Eastern
States’ counterparts, and much of the upper reaches of the Hay River in particular
may be expected to lack their normal functioning due to degradation of riparian
vegetation and loss of stream form. However the effect of this on N assimilation may
be offset by higher levels of algae growth, due to the more open and therefore
sunnier conditions (higher temperatures).

By sub-catchment

An alternative way of providing results on base export rates is to list nutrient generation by
sub-catchment. The results for Wilson Inlet catchment + both at source and at inlet - are

shown

in Table 2 below.

At Source Routed & Assimilated

Sub-Catchment P_Export % N_Export % P_Export % N_Export %
Cuppup Creek 1727 4.4% 9780 4.5% 1044 8.2% 5,916 8.%
Blue Lake 723 19% 2702 1.3% 146 12% 545 0.8%
Clear Hills 138 0.4% 953 0.4% 24 0.2% 166 0.2%
Mddle Denmerk 248 0.6% 1673 0.8% 79 0.6% 536 0.8%
Blue Gums 1467 3.8% 6576 31% 592 4.7% 2,655 3%
Chorkerup 598 15% 3171 15% 162 13% 861 1.3%
East Hay 1110 2% 5997 2.8% 357 28% 1,926 2.8%
Hay at Mitchell 1550 4.0% 6861 3.2% 843 6.6% 3,730 5.5%
Lake Bames 2251 5.8% 12333 5.7% 364 2% 1,998 2.9%
Lower Mitchell 67 0.2% 403 0.2% 25 0.2% 152 0.2%
Mid Springs 1155 3.0% 6238 2% 345 2% 1,863 2.7%
Passum Trapper 155 0.4% 1058 0.5% 39 0.3% 266 0.4%
Sheepwash 1081 28% 63%4 3.0% 421 33% 2,493 3%
Springs 2857 7.3% 16985 7% 550 4.3% 3,273 4.8%
Waterman 2427 6.2% 13683 6.4% 472 3% 2,663 3%
Cleerillup Creek 362 0.9% 2301 11% 30 0.2% 189 0.3%
Makoyup Creek 135 0.3% 804 0.4% 18 0.1% 110 0.2%
Merdeperup Creek 508 13% 3658 1.7% 40 0.3% 291 0.4%
Lake Sade 3386 1.0% 2033 0.9% 223 1.8% 1177 1.7%
Upper Little River 220 0.6% 1287 0.6% 146 12% 84 1.3%
Upper Mitchell 54 0.1% 369 0.2% 13 0.1% 0 0.1%
Kwornicup 2731 7.0% 15023 7.0% 182 14% 9938 15%
Ngogunillup 1027 26% 6119 2.8% 84 0.7% 498 0.7%
Pardelup 612 16% 4041 1.9% 55 0.4% 363 0.5%
Research Station Creek 1521 3% 9271 4.3% 207 16% 1,263 1.9%
Yamballup Creek 1447 3.7% 8447 3% 3A7 2% 2,024 3.0%
Harewood 482 1.2% 2917 14% 208 16% 1,257 1.8%
Scotsdale Creek 1027 2.6% 6291 2% 519 4.1% 3182 4.7%
Quickup 314 0.8% 1704 0.8% 183 14% 9% 15%
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Upper Sleeman
Ongerup (Spencer Rd)
Qoranggatup Creek
Denmark Foreshore
Denmark Town

Hay Estuarine
Lower Little River
Lower Sade/Nullaki
Lower Sleeman
Amuri Creek

Total - Wison Inlet

2504

1104
193

SERES

697
38,943

6.7%
4.8%
28%
0.5%
0.9%
5.6%
0.7%
1.7%
16%
1.8%

215,285

6.1%
4.8%
3.1%
0.6%
0.9%
4.8%
0.7%
16%
14%
2.2%

946
473
319
160
309
1521
240
468
458
64
12,680

7.5%
3.7%
2.5%
1.3%
24%
12.0%
1.9%
3.7%
3.6%
0.5%

4,767
2,578
1,956
1,060
1,601
7,131
1,336
2401
2,274
426
67,952

7.0%
3.8%
2.%
1.6%
24%
10.5%
2.0%
3%
3.3%
0.6%

Table 2 £ Nutrient Loads by sub-catchment for Wilson Inlet catchment

Such a large table, while providing detailed information on each catchment, does not
provide a clear understanding of the overall situation. We have therefore mapped the model
nutrient export from the catchment using a simple ordinal classification. Figure 4 shows
combined N & P export to the inlet aggregated by subcatchment. It clearly highlights the

most significant nutrient contributors on a subcatchment basis.

Figure 4 £ Combined nutrient export by subcatchment
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Alternatively, Figure 5 identifies the highest subcatchment nutrient export on a per-ha
basis. A small number of subcatchments figure in both maps, as such are indicated at
primary target areas for nutrient reduction efforts.

It is worth noting that some of these subcatchments have been identified through existing
stream water quality monitoring carried out by the Water & Rivers Commission (WRC) as
problem areas. The modelling indications are therefore reinforced or confirmed by the
monitoring results.

Figure 5 £ Combined nutrient export by area.

Model Comparisons

A comparison of the nutrient model results to monitoring results is possible for Wilson Inlet,
where the Water & Rivers Commission has been conducting sampling since 1995. The
comparison shown in Table 3 for the year 1999 (a moderate rainfall year) indicates that in
general terms, the model appears to under-estimate nutrient production, especially of N.
The model estimates 2at Source® = particularly of N + are much closer to the monitoring
results. This supports the comment above that more work is required on assimilation
effects.
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Station Monitoring Results Modeling Results Modeling Results as a % of

Monitoring
TN TP N P N P
Hay 59.62 13 317 59 53% 450%
Denmark 4942 132 1.7 13 16% 9%
Seeman 25.05 358 48 09 19% 26%
Cuppup 2511 202 59 10 24% 52%
Litle R 8.64 0.8 2.2 04 25% 48%

Total 168 9 522 95

Table 3 £ Modeling compared to Monitoring in Wilson Inlet catchment (1999)

There are known problems with interpreting monitoring results, as load estimations from
the data are affected by the sampling regime. However there are sufficient similarities to
the model for some satisfaction to be drawn from this comparison.

We should also note that the model was never intended to replace monitoring as some sort
of surrogate; nor is it a primary aim to derive 2accurate® estimates of stream loads. Rather
the aim of the model is to provide relative & indicative results which guide management of
nutrient exports.
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3.1.2. Torbay catchment

Base catchment exports by land use for the Torbay catchment are shown in Table 4 below.
Based on the model, grazing and dairying are indicated as the key nutrient producers in the
Torbay catchment. The importance of dairying in P export to the inlet is indicated by the
routed and assimilated figures, where it is responsible for over 50% of incoming P.

Land Use
Kg
Rermnant Vegetation 109
Grazing 5,524
Cropping 12
Annual Horticulture 1,610
Plantation 254
Sewered Urban 1
Un-Sewered Urban 5
Peri-Urban 397
Wetland 5
Annual Hort 500
Dairying 7,447
Piggery - Intensive 333
STP - Timewell Rd/Tree Farm 35

Totals 16,232

Export at Source
P

% Kg
0.7% 737.75
34.0% 31299.7
0.1% 785
9.9% 8049.2
1.6% 1864.4
0.0% 3
0.0% 27
2.4% 19836
0.0% 40.75
31% 2500
45.8% 22,342
2.1% 8322
0.2% 450

70,208

%
11%
44.6%
0.1%
11.5%
2.1%
0.0%
0.0%
28%
0.1%
3.6%
3L.9%
1.2%
0.6%

28

141

162
3054
41
10
5,607

P
%
0.5%
25.6%
0.1%
12.1%
0.9%
0.0%
0.0%
2.5%
0.0%
2%
54.4%
0.7%
0.2%

Kg
189
8471

3,388

703

810
9,163
102
126
23,362

N

Routed and assimilated (at Inlet)

%
0.8%
36.3%
0.2%
14.5%
15%
0.0%
0.0%
3.0%
0.0%
3.5%
39.2%
0.4%
0.5%

Table 4 £ Nutrient Loads by Land Use for Torbay catchment

Results for the relatively simple Torbay catchment is considered to have a lower level of
error due to possible problems with assimilation in the modelling.

By sub-catchment

An alternative way of providing results on base export rates is to list nutrient generation by
sub-catchment. The results for Torbay catchment + both at source and at inlet - are shown

in Table 5 below. Of the six sub-catchments, three

+

Torbay + are responsible for around 90% of nutrients entering the inlet.

Marbellup, Torbay East and West

At Source Routed & Assimilated
Code Sub-Catchment P_Export % N_Export % P_Export % N_Export %

301  Marbellup 4798  29.6% 22342 31.8% 589  105% 2742 11.7%
302 Seven Mile (Upper) 41 2% 2694 38% 86  15% 526 2.3%
303 Torbay East 5752  354% 23055 32.8% 3217 57.4% 12893 55.2%
305 East Torbay 349 2.2% 1902 2.1% 153 2.™% 836 3.6%
306  Seven Mile (lower) 1245 1.7% 6828 9.7% 349 6.2% 1913 8.2%
307  West Torbay 3647 225% 13383 19.1% 1213 21.6% 4452 19.1%

Total - Torbay Inlet 16232 70208 5607 23362

Table 5 £ Nutrient Loads by sub-catchment for Torbay Inlet catchment
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3.2. BMP Assessment

3.2.1. BMPs Assessed

As a result of the work from previous project stages, a small number of BMPs were selected
for assessment in this project. All BMPs were assessed at two nominal levels £+ LOW and
HIGH % representing relative upper and lower levels of expected implementations. In three
of the four areas of BMPs £ shown in Table 6 £+ we have modelled the BMP as a collection as
well, such as Riparian buffers on all streams. For a great deal of additional discussion about
BMPs and their implementations, see Neville, (2002B).

%93 MBI $SSIHEBI/ 8 PSBPHQRIRQ
SISDUDQYHIHY

SISDIDONIHY &/ /2: $SOBNPV

SIDUDYMIHY $O*+ $SCBWHPV

SIDUDQYMIHY  WRBHY 2: 6HPRRG  REHMWPV
SIDUDQYMIHY  WRBHY 2: RBAMNIPYV
SIDIDQYMIHY - Q@G2UEH 2: RBAMNIPYV
SIDUDYMIHY GBS 2: RBAMNIPY
SIUDYMIHY  WRWBH I+ *+ REBMNIPYV
SIUDYMIHY - QB2+ *+ REAMMIPYV
SIUDYMIHY G2 BU+* + REAMMIPYV

3DXMB DIEALERS 0 DIHPHQV

SHBQQDBDAMBY +*+ * Q) YOLIRYVUDQDO) RHW
SHBGQDBDAMBY /2 *IQ CODQD0) RPY/
(1IHAMH) HIMDHBVH /2 $SSIED/ 8V  3RQMBRABH/
(1IHADMH) HMDHBVH +* + $SSIEDI/ 8V  3RQMBRABH/
0lQPXP N@IH \ROS; AR\Q

BRFNSRQNRO

BRFNERQNRD DMLODIHPHY [ /2: * QY

BRFNERQNRD DMLODIHPHY /|  +*+ dUille)

BRFNERQNRD DRLO DIHPHWWR\GE /2: *D QY

BRFNERQNRD DRLO DIHPHWWRIBH +*+ di]le)

BRFNSRQNRD DARLO DIHPHV QG2 G / 2: *D QY

BRFNERQNRD DARLO DIHPHW QG2 G +*+ di]le)

BRFNERQNRD DAL DIHPHV G2 / 2: *D QY

BRFNERQNRD DRLO DIHPHW G2WBH) +*+ di]le)

QMOH, CBMY 0 DIIHPHW

$QPOOQMNH,GBMY (IICHYODIIFPHYY / /2: ' DUHV  3UJHIEY
$QPDOQMNYH, G (IICHYODMIHPHYSY /| +*+ ' DURV  3UIJHIEY

" DY (11 GHYO DEIHPHW / 2: ' DUHY
" DU (11 GHYO DEIHPHQ + )+ ' DUHY
3LJHY (11GHYO DIIHPHV/ 2; 3UIHIEY
3LJHY (11GHYO DIIHPHV +,*+ 3UIHIHY

Table 6 - List of BMP options

The BMPs shown in the table were modelled for Wilson Inlet and Torbay Inlet, as discussed
in Section 2.1. The model provides a wide range of data for each scenario run. This data is
listed and explained in Table 7 below.
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YBH3 S6RAFHD

YBH1 SBRAIHD
3RIYO3 3 ([ RIWERUIHD
3RIYO3 1 ([ SRWERIFHD
993 3 BOARYERAUHD
993 1 WBRRYERAFHD
3RI¥O3 3 ([RWL/ (7@
3RWPO3 1 ([SRW1/ (7@
993 3 BEARY3L/ (7@
993 1 WBRIRD>1/ (7@
SCEANCERW
SCRABFRIAIRU

2Q*RQ &R

20Q*RQ SRR
SFCRRBIMD
3FCRRQUAMDHIRU
1HARD*RQ FRW
1THARIRQ FRIAIRU

THARW HOU
1HARKNBRU\ HOU
THVRWEBHLNI 3 3$7 62858 @
THVRWEHLN 1367 62858 @
THVRWELNI 3671/ (7
THVRWELNI 1387 1/ (7
5HPRIOD3 1 %7,1/(7@
5HPRYICB %7 ,1/ (7@
5HPROL 3$7 1/ (7@

QUBQV SRR 3 1P OIEXHVIQWH\XE FDRPHIV

QUBQV SRYR 1 1P OEEXHVIQWHWE FDRKPHV

([SRYR 3 |BP OGXH/DWLCSSTDIROR %93V

([SRYR 1 1P OEXH/D\WCSSEDIROR 963V

SQEDMOYHIR BOAROR 3 H SRYDNVRISH

$SQEDMOYHIR BOAIROR 1 H SRDARH

([SRVYR 3 1P OEEXH/DWLCSSTEDIROR 90 3VD/WHFHY-GDARHIGBV
([RYR 1 1P OEEXA/DWLCSSEDIROR 96 3VD/BRHYHGDAKHIGBIV
$SQIASDAGEM-IR WOAIROR 3 H SRVD/BHHYHSDARHIGBIV
$SQIASDAGEY-IR WOAIROR 1 H SR/ WFHYHGDAKHIGBIV

8S IRVCEMIFRWR 993

8S IRQVCEMICFRWAHLBRU YOO

2QJRQ \HI® FRWR %93 V

2QJRQ \HO® FRWHBRU YDIOFH

2QJRQ \HI® SFCRRQUIMO\ROIEZQUBP %93 V

2QIRQ \HI® SECRRQUIMOHIRU YOUDFH

THRQIRQ \HI® FRMERIMR 963 V 3BRGAIRISHMO? 2QIRQ FRIW

THRQIRQ \HID FRMSRIWAR YOIOFH

SCR\NFRIY 6P R QVRIRQ) FRWRH  \HDW
THARI HOUHIRU YOUDGH
THNRIY HUGYG-GE WHUGARIROIQ3 NI D/GRH
THNRIY HIUGYG-GE WHUGBRIRQIQL NI DSR4
THNRIY HIUGYG-GE WHWGRIROIQ3 NI D/WFHY-GE \WHIGBIV
THVRIY HIUGYG-GE WHUORIROIQL NI DVUFHYGE WHIGBIV
R3 1UWAHYGCE WHIGBWPRHGE \KHIH3 V
R 3 WHY-GE \WHIGBWHPRHGE WH03 V
R 1 GFHYGE WHIGBWBPRAGE \KHB3 V

Table 7 - Major outputs from Nutrient Model

Not all of the information from the model was used in BMP assessment. Instead, a small
sub-set of the data was collated for each BMP run, as shown in the example in Table 8.
These indicators are the key attributes of the BMP + how much N and P is removed, what
the net cost of implementation is, and the effective cost per kg removed. These indicators
were produced for every sub-catchment in the Wilson Inlet and Torbay Catchments, and are
presented in the following sections.

3903 HSRWL/ (7@

Ngedi  7iieYwi

3B([RW

1B([SRW
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3.2.2. BMP Results: Table Interpretation

The results from the modelling of BMP implementation have been assessed on the basis of
N & P removal and cost-effectiveness at both the catchment and sub-catchment scales. In
the following FOUR sections we provide a series of tables showing these results for the
range of BMPs in Wilson Inlet and Torbay Inlet.

In the first section (3.2.3), shading has been applied to highlight BMPs in particular sub-
catchments of Wilson Inlet which have the highest performance with respect to the entire
catchment. In the second section (3.2.4), while the table figures are the same, the shading
indicates the relative performance for within each sub-catchment.

Sections 3.2.5 and 3.2.6 provide similar tables for Torbay.

In the P & N removal tables, progressively darker shading indicates which BMP/sub-
catchment combinations remove the most nutrient (relative to the entire sub-catchment or
catchment).

Niriet Reldin @l $edrg
Leet

.

In the tables showing net cost per kilogram of nutrient removed, colours indicate the cost-
effectiveness + the least cost-effective options are shaded red, while the most cost-effective
are shaded green. Note that a negative number (eg -$123.0) indicates a net return to the
land manager from a particular BMP. Note also that the colouring is scaled on a catchment-
wide basis OR on a sub-catchment basis, depending on the table. Shadings are not directly
comparable between tables.

(oe-Hfetivees @l $edrg

lest (ichaio [N

Mxe (Udly hdh reaun’kg

These shadings allow a very quick assessment of the most significant options for nutrient
removal at the sub-catchment or catchment scale. Some sub-catchments will register a
[ $ -] figure where the BMP was not applicable due to an absence of a stream order.
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3.2.3. Wilson Inlet catchment + BMP Results: Catchment Scale

Ryaian Bifes - AL LONV(+ 204

Ryeien Bifes- Al HGH (+ 506019

Ryaien Bffes - 1 Qda LONV(+ 20%) SHEJD SHABONLY
Ryeian Bffes- I3 Odr LOV(+ 2%

Ryaien Bffes - 2d Qdr LON(+ 2%

Ryeian Bffes - 3d Qdr LOV(+ 2%

Ryeien Bffes - I3 Qdr HGH (+ 609

Ryeian Bffes - 2d Odr HGH (+60%)

Ryaien Bffes - 3d Ody HGH(+ 6%

ReaTid Ratues - HGH(@/AY504 IS

Rrarid Reues - LOV(+ 29

Hfetive Fetilisr Ue (Ue Agdicte LLS & Rint Suress - LONV(+ 209
Hfetive Fatilisy Ue (Ue Adicte LLs & Rirnt Suraes - HGH (+ 504
MrimumTillage - to MX(+ 134

Sak @rird/Wae Mregaret AL - LOV(+ 204

Sak @rird/Wae Mregaret AL - HGH (+ 6249

Sok @rird/\We Mregaet |4 Ody - LOV(+ 2%

Sak @rird/Wae Mregaet Ie Ody - HGH (+ 609

Sak @rird/Wae Mregaret 2d Od - LOV(+ 2%

Sak @rird/Wie Mregaret 2d Ods - HGH (+6049

Sak @rird/Wae Mregaret 3d Ody - LOV(+ 2%

Sak @rird/Wae Mregaret 3d Qdy - HGH (+ 609

Aind Ineswve IncLery Hivat Mregaret AL - LOV(+ 2%

Aindl Irtershe IrcLetry Bt Mregamet AL - HGH(+60%) [IISSE]

Cary Hfiiet Mregmet - LOV(+ 204
Cary Hfiuat Mregaet - HGH (+ 6%
oy Efuet Mregnet - LOV(+20%

Ry Hfiust Mregenett - HGH (+ 604

g
-

104
302
6.2
6.2
20
22
186
6.1
55

37.6
316
789
0.0
188
56.3
6.3
188
6.3
188
6.3
18.8
312

312

&
8

0.8
25

05
0.2
0.1
16
0.5
03

0.7
05
14

0.3
10
01
03
01
0.3
0.1
0.3
18.2
4.7
182
4.7

SIH 2D

52 15 36 7.6
14.8 44 99 21
34 12 18 -
34 12 18 49
01 03 02 14
17 0.0 16 12
101 35 54 14.6
03 09 05 4.3
44 0.0 41 31
465 196 40.7 56.7
18.6 79 155 27
104 44 83 129
26.1 109 207 323
93 39 77 113
279 118 232 340
31 13 26 38
93 39 77 113
31 13 26 38
93 39 77 113
31 13 26 38
93 39 77 113
378 - - 511
mE - s
378 - - 511

33
95
19
19
04
10
5.7
13
24
391
130
71
17.7

g o

101

S

55
16.0

32
13
10
95
39
26
50.1
16.9
10.2

LRUBR

134
22
22
14
10
6.7
42
25

65.5

218

124

310

109

04
11

03
0.0
01
0.8
01
03
39
13
09
23

PS3E]

6.5
16.1

0.8

By amn ath

16.5

Table 9 - BMP P reduction [WILSON INLET]
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Ryaian Bffas - AL LOV(+ 2%

Ryaien Bffes - Al HGH (+ 506099

Ryetien Bffas- Ig Qdg LON(+ 20%) SEEJD SRAVGONLY
Ryeien Bffes- I Qde LOV(+ 2%

Ryeian Bifes - 2d Qdy LON(+ 2%

Ryaien Bffes - 3d QGdr LOV(+ 2%

Ryaian Bffes - 18 Qdy HGH (+ 6099

Ryaien Bffes - 2d Qdr HGH(+ 60
Ryerien Bifes - 3d Ody HGH (+60%)

Rramid Reues- HGH (40509

Rrarid Reues- LON(+ 2

Hfetive Fetilisr Ue (Ue Adicte LLs & Rirt Surass - LON(+ 2%
Hfedive Fetilisr Ue (Ue Agdicte LL & Rirt Suraes - HGH (+50%9
Mimm Tillege - to MX(+ 154

Sak @rird/Wie Mregamat AL - LOV(+ 2049

ok @rird/ e Mregaet AL - HGH (+6809

Sak @rird/Wte Mregaret Ie Qdy - LONV(+ 2%

Sak @rird/Wie Mregaret I3 Qde - HGH(+ 604

Sak @rird/\Wie Mregaret 2d Ods - LOV(+ 24
Sak @rird/Wae Mregaret 2d Qdy - HGH (+ 604
Sak @rird/Wae Mregaret 3d Ody - LOV(+ 2%

Sok @rird/Water Mregaet 3d Ody - HGH(+ 60
Aind Ines\ve Indgry Efuat Mregamat AL - LOV(+ 24
Aind Intesve IrcLery Hfiuat Mregavet AL - HGH(+ 60
Cary Hfiuat Mregget - LOV(+ 2009

Cery Hfluat Mregmet - HGH (+ 604

Roay Hiuat Mregamet - LONV(+ 2%

Roay Hiwet Mreggrat - HGH (+ 609

IFLPIN £t

04

01
0.0
0.0
02
01
0.0
0.0
0.0
0.0
0.0

0.0
0.0

doLovy

18
53
13
13
03
02
38
09
0.6
26.6

chyuridiy

chgoed

17.0

55
16.6

> ChEUA

9.7
13
13
0.7
14
4.0
22
34
481
16.0
10.2

80
24.0

>BBD SHEIS

149
29
29
0.9
14
88
26
35

4.1

avprd

teLeeg Bt

256
54
54
20
14

16.2
6.0
34

417
25
58.7

208
62.5

6.9
208

6.9
208

6.9
208
171
512
171
512

744
248
140

242

a0 YRUE]

WOl MRLLE]

88
26
26

04
78

10
365
146

N A

140
405
8.6
8.6
24
29
259
73
73
1393
55.7
314
785

279

BN N Bva]

PEIINARS BVO]

16.0

LRLESG BVO]

10.7
11
11
0.8
20
33
25
50

46.9

187

119

207

94
281
31
94
31
94
31
94
89
26.6
89
26.6

BB Iy

0.6
19

0.3
0.8
0.0
0.9
0.9
01
49
16
10
26

0.8
24
0.3
0.8
0.3
0.8
03
0.8
0.2
05
0.2
0.5

2263
54
2263
754
226.3
2351
7052
2039
6116
312
9B.6

Table 9 (Continued) - BMP P reduction [WILSON INLET]
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Rygtien Bffes - AL LON (204

Ryerien Bifes - Al HGH(+5060%) [[4526)]

Ryerian Bffes - ¢ Qo LON(+ 29 EEID SRABONY
Ryeian Bffes- I3 Qdr LONV(+ 2%

Ryaien Bffes - 2d Qdr LON(+ 2%

Ryeian Bffes - 3d Ody LOV(+ 2%

Ryeien Bffes- 12 Qdy HGH(+ 6%

Ryeien Bffes - 2d Ody HGH (+ 6%

Ryaien Bffes - 3d Gdr HGH (+60%)

Rrarid Reues - HGH (040509

Rramid Reues - LONV(+ 29

Hfedive Fetilisr Ue (Ue Agdicte LS & Rirt Surces - LON(+ 2%
Hfetive Fetilisr Ue (Ue Agdicte LS & Rirt Sureess - HGH (+5049)
MhimmTillage - to MX(+ 184

Sak @rird/Wae Mregaret AL - LOV(H+ 204

Sak @rird/Wae Mregaret AL - HGH (+ 624

Sak @rird/\Wie Mregaret I3 Qdy - LOV(+ 2%

Sak @rird/Wae Mregaret Ie Qdy - HGH (+ 609

Sak @rird/Wae Mregaret 2d Ody - LOV(+ 2%

Sak @rird/Wie Mregaret 2d Ods - HGH (+6049

Sok @rird/\We Mregaret 3d Ody - LOV(+ 2%

Sak @rird/Wae Mregaret 3d Od - HGH (+ 609
Aind Intesve IrcLary Bfiuat Mregaret AL - LOV(+ 2%
Aind Irtasve IndLdry Hfiuet Mreget AL - HGH (+ 6024
Cary Hfiuet Mreget - LONV(+ 24

Cary Hfiuat Mregaet - HGH (+ 6%

Ropay Hivat Mregnet - LONV(+ 24

Ropy Hiuat Mregaret - HGH (+60%9

g
-

507.1

2771
2771
R.7
137.2
8312
2782
3431
7021
280.9
83.7
209.2
02
140.4
421.3
46.8
1404
46.8
1404
46.8
140.4
26.0
780

26.0
780

30.0
87.6
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6.5
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56.0

195

121
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6.3
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a7

31
94
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31
10
31
10
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54.7
18.2
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SRLLED SN

R
]

126.2
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149
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6.0
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supag

1978
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3920
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2617
1047
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53.2
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174
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1134
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1134

100.0

A B8

1779

.7
146
36.5

39.9
1196

PN B AH

2801
816.2

176.2
55.8
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528.7

167.3

1201

3025

121.0
24.1
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SUEg 9F]

144.6
411.8
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438
244.3
58.0
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102.7

PN BVO]
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71
18
33
213

g

149.3
4379
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298.6
89.7
496
411
155
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95
28
7.0

4.8
143
16
48
16
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16
4.8
05
14
0.5
14

2033
574.5
1198
1198
128
70.7
3595
383
176.7
2280
84.6
179
4.7

423
126.9
141
23
141
23
141

264.2

149.6
63.2
514

4489

189.5

1284

274.0
R4
197
49.2

2128
616.8
1038
103.8
65.5
436
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196.4
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3621
1207
245
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20 dhjjieEp
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9.3
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6.4
104
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Table 10 - BMP N reduction [WILSON INLET]
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Ryaian Bifes - AL LON(+ 204
Ryeien Bifes- Al HGH (+ 30609

Ryerian Bffes - 14 Qo LON(+ 29 EEID SREABONY
Ryeian Bffes- I3 Qdr LONV(+ 2%

Ryaien Bffes - 2d Qdr LON(+ 2%

Ryeian Bffes - 3d Ody LOV(+ 2%

Ryeien Bffes- I8 Odr HGH (+ 624

Ryeien Bffes - 2d Ody HGH(+ 6%

Ryaien Bffes - 3d Odr HGH(+60%)

Rrarid Reues - HGH (30405099

Rramid Reues - LONV(+ 29

Hfedive Fetilisr Ue (Ue Agdicte LS & Rirt Surces - LON(+ 2%
Hfetive Fetilisr Ue (Ue Agdicte LS & Rirt Suress - HGH (+50%9)
MhimmTillage - to MX(+ 184

Sak @rird/Wae Mregaret AL - LOV(H 204

Sak @rird/Wae Mregaret AL - HGH (+ 6249

Sak @rird/\Wie Mregaret I3 Qdy - LOV(+ 2%

Sak @rird/Wae Mregaet Ie Qdy - HGH (+ 609

Sak @rird/Wae Mregaret 2d Ody - LOV(+ 2%

Sak @rird/Wie Mregaret 2d Ods - HGH (+604

Sok @rird/\We Mregaret 3d Ody - LOV(+ 2%

Sak @rird/Wae Mregaret 3d Ody - HGH (+ 609
Aind Inteswve IncLery Hiuet Mregaret AL - LOV(+ 2%
Aind Ines\ve Indery Hiuet Mreggret AL - HGH(+ 604
Cary Hfuat Mregnet - LOV(+ 24

Cary Hfiuat Mregaet - HGH (+ 6%

Ropay Hivat Mregnet - LONV(+ 24

Ry Hiuat Mreggret - HGH (+ 609

IFLPIN £t
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42
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10
126
6.1
24
01

814
2391

57.8
57.8
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104
1734
39.6
26.1
1451
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9.3
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chgoed
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91.0
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16.3
40.7
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105.1

8
N

883 B
w NN [{e]

210.6
1100
1483
2752
9.7
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459
1376

1105
4.2
178

>BBD SHEIS

2578
7385

142.9
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69.7
428.7
1355
1744
3233
1293

432
1081

64.7
194.0

avprd

79.8
2347

51.3
194
9.1
1538
582
2.8
833
333
6.9
17.2

16.7

2219
1091

1110
3329
370
111.0
370
111.0
370
1110
171
512
171
512

476

142.8

84.0

735
193
482

36.7
1102

197

7729
309.2

62.5
156.2

154.6
463.7
515
154.6
515
154.6
515
154.6
70.1
2104
701
2104

BN N Bva]

214

g
162.0
4443

453
453
334
833
1358
100.2
208.3
2495
0.8
218
54.6
49.9
149.7
16.6
4.9
16.6
4.9
16.6
49.9
89
26.6
89
26.6

g
g

346
102.7

17.7
334
25
53.1
433
6.2
336
11.2
28
6.9

5.6
16.8
19
5.6
19
5.6
19
5.6
0.2
05
0.2
0.5

5 8

:

4,897.6
14,116.0

2,106.5
2,886.3
876.4
1,1539
8,658.8
25723
2,884.9
6,970.7
26204
639.2
1,598.0
10
13102
3,930.6
436.7
1,310.2
436.7
1,310.2
436.7
13102
2299
689.6
2039
6116
26.0
780

Table 10 (continued) - BMP N reduction [WILSON INLET]
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Rpeian Bffas- ALIOV(+204)  $1303  $11,008 $841  $2307

Romien Bffgs- Al HGH(+5060)  $1291  $11100 $847  $2306

Ryeien Bffes- I Qde LOV(+ 20/) HEID SRABONY  $1251 $828  $2298
Ryeian Bffes- I3 Oy LOV(+2)  $1251 $828  $2298

Reien Bffes- 2d Odr LOV(+2  $112 $3142  $2329

Ryeian Bffes- 3d Ode LOV(+2)  $1618 $731  $7123

Rreian Bffes- I Odg HGH(+60)  $1251 $828  $2298

Hfetive Fetilisy Ue (Ue Adicte LLs & Rirt Sures - LONV(+ 24
Hfetive Fetilis Ue (Ue Aplictle LLs & Rirt Sures - HGH (+50%4

ok @rird/Wae Mreget AL - LONV(+ 204

Sak @rird/Wte Mregamat AL - HGH (+ 6829

Sak @rird/Waa Mregaet 1 Gdy - LOV(+ 209

Sak @rird/Wae Mregaat Ig Qdy - HGH (+60%)

ok @rird/Water Mregret 2d Qdy - LOV(+ 2%
Sak @rird/Wae Mregget 2d Qo - HGH (+ 604 $33B  $1470  $4374  $277
Sok @rird/\Wae Mregnet 3d Ody - LOV(+2)  $137 $2294 $13178  $1547
ok @rird/Waer Mregmet 3d Qo - HGH(+ 6049
Aind Intesve IndLetry Hfiuat Mreget AL - LOV(+ 209
Aind Irtasve IndLdry Hfiuet Mreget AL - HGH (+ 6024

Rypaian Bffas- 2d Qde HGH(+609 $1121  $9676 B $15517 $3142  $2329
Ryaien Bifas - 3d Qdr HGH (+ 604 | $12123
Rrarid Reues- HGH (04059
Raarid Reues- LON(+ 24

$52
$52

Cary Hiluat Mregmat - LOV(+ 209
Cary Hfluat Mregmnat - HGH (+ 609
Ropay Hiluat Mregaret - LOV(+ 2009
F@ayEﬂILm Mregaet - HGH (+ 604

Table 11 - BMP P reduction net cost $/kg [WILSON INLET]
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$157
$157

$142
$142

SLEg 3F)
PN BVO]
s pu

$2,633
$2,654
$2872
$2872 - $3136
$2,493 - $3998
$2,227 $4,078
$2872 $3136
$2,493 $3,998
$2,227 $4,078

$3432
$3417

o) wsy

$11,635
$11,748

$12,609
$12160

$9,115
$12,609
$12,160
$9,115

T2t

zggﬁ
= g
e T %% 2 b &

$4018 $3158 _I
$292  $1837 _I
$4159  $3743 i

$4018 $3158

22



Ryaian Bffas- AL LON(+ 224
Ryaian Bffas- Al HGH (+ 50680/
Ryeian Bffes - ¢ Qdar LOV(+ 2004 FEIED SEABONY
Rytien Bffas - 1¢ Ody LOV(+ 20 [JESEESE
Ryaien Bffes - 2d Odr LOV(E+ 20 [JESEE
Ryeian Bffes - 3d Ody LOV(+ 2% -
Ryeian Bffes- 14 Qdg HGH(+ 6049
Ryeian Bffas - 2d Gy HGH (+ 609
Ryeien Bffas- 3d Qdr HGH (+ 6%
Rrarid Reues- HGH(Q45% > ‘ | 8395 $lo8 72 $I51 $I76  $165 118 8158 $168  -$208  SI31  -%68L
ReaTid Rsures - LOV(+ 2% ‘ 1 ‘ 1 1 1 1 ‘
Hfetive Fetilisr Ue (Ue Adicte LLs & Rirt Suras - LOV(+ 2009
Hfetive Fetilisr Ue (Ue Agdicte LLs & Rirt Suress - HGH(+504
NrimumTillege - to MX(+ 134
ok @rird/Wae Mreget AL - LONV(+ 204
Sak @rird/Wte Mregamat AL - HGH (+ 6829
Sak @rird/Waa Mregaet 1 Gdy - LOV(+ 209
Sak @rird/Wae Mregaat Ig Qdy - HGH (+60%)
Sok @rird/Wte Mregpnet 2d Oy - LOV(E20%) [JE00EH
Sak @rird/Wete Mreggmet 2d Qs - HGH(+60) [JES00ESH
Sak @rird/Wte Mreggmet 3d Oy - LOVE20%) [JEESSESS)
ok @rird/Waer Mregmet 3d Qo - HGH(+ 6049
Aind Intesve IndLetry Hfiuat Mreget AL - LOV(+ 209
Aind Irtasve IndLdry Hfiuet Mreget AL - HGH (+ 6024
Cary Hiluat Mregmat - LOV(+ 209
Cary Hfluat Mregmnat - HGH (+ 609
Ropay Hiluat Mregaret - LOV(+ 2009
F@ayEﬂILm Mregaet - HGH (+ 604

Table 11 (Continued) - BMP P reduction net cost $/kg [WILSON INLET]
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SIH ED

&

Ryaian Bffas- AL LON(+ 224

Ryaian Bffas- Al HGH (+ 50680/

Ryeian Bffes - ¢ Qdar LOV(+ 2004 FEIED SEABONY

Ryeden Bffes- 1 Qdy LONV(+ 2%

Ryerian Bffes - 20d Ody LOV(+ 249

Ryeien Bffes - 3d Qds LOV(G+ 2%

Ryerien Bffes - I8 Qdg HGH (+60%)

Ryeian Bffes- 2nd Qdy HGH (+6049

Ryarian Bffes - 3d Qdy HGH (+63%9

Ryerid Retues - HGH(@4050%9

Raarid Reues- LON(+ 24

Hfettive Fetilisr Ue (Ue Agicte LU & Rirt Suraes - LONV(+ 2%

Hfetive Fetilisr Ue (Ue Adicte LLs & Rirt Sures - HGH (+ 5%
Mimmllae- toMX(+134 | $20 8§

ok @rird/Water Mregmet AL- LOVE2 | $9 ‘ $147

Sak Grird/\Wate Mregamet AL- HGH(+60%) | $9 ‘ ‘ ‘ $211  $WU7  $163

Sok @rird/\Wate Mregaet I Qdy - LOVE20Y) | 85 . 85 $12  $6  $11  $14 $161  $8  $143

Sak @rird/\We' Mregaet |4 Qo - HGH (+ 609 3 1 $161  $89  $143

Sok @rtrd/Wte Mreggret 20 Oy - LOVE2D) | 85 $158 $9 362

Sak @rird/Wéte Mregamet 20 Oy - HGH(+609 [ 85 8158 $9 362

Sak @rrd/Wte Mreggmet 3d Oy - LOVGFDY) | 8181 s247 $47  $2  $32  $289  $20

Sak @rird/\Waer Mreggret 3d Ody - HGH(+ 609

Aind Intesve IrcLetry Bfuet Mregenet AL - LOV(+ 2%

Aind Irtasve IndLdry Hfiuet Mreget AL - HGH (+ 6024

Cary Hfluat Mregat - LOV(+ 2%

Cary Hfiuat Mregenat - HGH (+ 609

Ropay Hiluat Mregaret - LOV(+ 209

RggayEﬂiwﬂ\&*eg&rmt-l—lG—l&@/o

supang
cheyop

1 B8
IBPIN B AN
S o]
IBPIN BVO]
g py
Eobky wrey
ezt
Ealllcy
(RUBR\
D djisp

£
g

$498 $478
$505

SHRLLEC SN

D chadpay
9% 2]
B omn ath

$69
$70
$81
$81- $575
$67 $493
$94 $144 $29 $58 $44 $479 $373 $330
$73 $230 $31 $88 so1 [ $575 $536
$R2 $186 $31 $83 $67 [SIORL $493 $469
$44 $479 $373

Table 12 - BMP N reduction net cost $/kg [WILSON INLET]
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DAB
[P Eth
douow
chjurdi
gy
b0
DB LpEE]
woL U]
auEns A4
ERE Yo
PRINARS BV

Ryaian Bffas- AL LON(+ 224
Ryeian Bffas- Al HGH (+50607) [JRSaoss|
Rygien Bffes- 18 Qds LON(+ 20%) SEIED SFABONLY \
Rygtien Bffes - 1g Qdyr LON(+ 2%
Ryaien Bffes - 2d Gdr LOV(E+ 20 [RS8
Rytien Bffers - 3d Odz LOVE 2009 [T
Rygtian Bffes - 1g Qdy HGH (+63%)
Ryaian Biffes - 20d G HGH(+ 607 [iies|
Rypaian Bffgs- 3d Qdg HGH (+ 60) oS
Rearid Reues - HGH(4050) | $160 TIESI04 =507 ‘ ~ $3%  $51  $28  $31  $29  $28  $8  $0  $B  $5  $P
Rrarid Raures - LOV(+ 2% \ i ; 1 ‘ ; 1 1

Hfettive Fartilisr Ue (Ue Adictie LLs & Rirt Sures - LON(+ 20
Hfettive Fertilisr Ue (Ue Adictle LUt & Rirt Suraes - HGH (+50%)
NrimumTillege - to MX(+ 134 % s 3 8-

Sock @rird/Wte Mregnet AL - LOV(+ 2 ‘ ‘ % %2 $6  $- S0 85

Sack @rird/Weter Mreganet AL - HGH(+60) [RS2siss| 1 ‘ . s- %2 %6 8- %0  $5
Sak @rird/\Wite Mregamat I8 Qo - LOV(+20%) [RSadsl ) ‘ ‘

Sak @rird/\Wter Mregget 19 Qd - HGH (+60%) \
Sok @rird/Wae Mregret 2d Gy - LOV(+ 20 [JESE808] T Tsis)
Sok @rird/Wae Mreaget 2d Ody - HGH(+60) [JESERE8]  $18
Sok @rird/Wae Mreget 3d Od - LOV(+20y) RIS 27
Sock @rird/Wte Mreganet 3d Qo - HGH(+64

Cary Hfluat Mregmnat - HGH (+ 609
Ropay Hiluat Mregaret - LOV(+ 2009
RglgayEﬂILm Mregaet - HGH (+ 604

Table 12 (Continued) - BMP N reduction net cost $/kg [WILSON INLET]
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3.2.4. Wilson Inlet catchment + BMP Results: Sub-Catchment Scale

£ £ o2 f fFo§oE 8

Roian Bffes- ALLOVE2) 104 08 02 08 52 15 36 76 33 03 34 04 42 55 46 03 02 04

Rygien Bffes- Al HGH(E30624) | 302 25 07 23 148 44 929 21 95 07 [7d02T 11 119 160 134 08 05 11

Rygien Bffas- Ig Qdr LOV(+20%) HEOBDSAABONY 62 - - - 34 12 18 - 19 - - - 25 - 2.2 - - -
Ryarian Bffers- I Oy LOV(+ 2% 62 05 01 05 34 12 18 49 19 01 23 02 25 32 22 02 01 03

Rpgien Bffers- 2d Qdgr LOV(+ 2% 20 02 00 01 01 03 02 14 04 00 07 01 03 13 14 00 00 00

Ryaian Bffers - 3d Qo LOV(+ 209 22 01 01 03 17 00 16 12 10 01 05 01 14 10 10 0.1 01 0.1

Rygien Bffes- I¢ Qdr HGH(+60) 186 16 04 14 101 35 54 146 5.7 04 69 07 76 95 67 05 03 08

Ryaian Bffers - 20d Qdgr HGH (+ 604 6.1 05 01 03 03 09 05 43 13 01 21 02 08 39 42 01 01 01

Reaian Bffes- 3d Qdg HGH (+ 604 55 03 02 06 44 00 41 31 24 02 11 03 35 26 25 02 01 03

SIH ED

aplang
Bl
LRUBR

>0 dj|EEp
dvom
chedpan

o5 2P
Byepn &th

Reaid Rers- HGADA0Y) [IEESE 20 08 TN 65 MESSNNNTI %7 ML - 7o S oMM NS IES I sl oo M2
Ryamid Reues- LON(H+ 2% 37.6 0.7 03 2.8 186 79 155 2.7 130 - 30 11 14.8 16.9 218 12 0.9 13 16 81
Hfetive Fetilisy Ue (Ue Adicte LLs & Rirt Sures - LONV(+ 24 31.6 05 0.2 23 104 44 83 129 71 - 75 0.8 86 10.2 124 07 05 09 6.5 6.6

Fate Ftlisr U (42 Ao L &R0t Suus- HGH(+ 33 T8O 14 |06 (ST o1 EOSY 207, 3 [ w7 - [ESTNNNSINNSMNZES] 30181323 [sINes)

Mrimum Tillage - to MX(+ 1349 00

Sok @trd/Wie Mregnet AL-LOV(+2%) 188 03 01 14 93 39 77 113 65 - 15 05 74 8 109 06 04 07 08 41

Sak @rird/\Waer Mregget AL - HGH (+60%4 ; 10 04 SN 270 EEENINZE2Y 340 | 195 - 45 16 %4 28 18 13 20 24 22

Sak Qrird/\Wte Mregenet I¢ Qs - LON(+ 2% 01 00 05 31 13 26 38 22 - 05 02 25 28 3 02 01 02 03 14

Sak Qrird/\Wte Mregeet 14 Qo - HGH(+ 60 18.8 03 01 14 93 39 77 13 65 - 15 05 74 8 109 06 04 07 08 41

Sok @rird/\Wae Mregrret 20 Qdr - LOWGZP) 63 01 00 05 31 13 26 38 22 - 05 02 25 28 3 02 01 02 03 14

Sak @rird/Wie Mregnet 20 Ode - HGH(+6») 188 03 01 14 93 39 77 113 65 - 15 05 74 8 109 06 04 07 08 41

Sak @rird/Wie Mregnet 3dOdr - LOVE+2®) 63 01 00 05 31 13 26 38 22 - 05 02 25 28 3 02 01 02 03 14

Sak @trd/Wée Mregnet 3O - HGH(+6»9 188 03 01 14 93 39 77 113 65 - 15 05 74 8 109 06 04 07 08 41

Aind Irtersive Irclery Hfiuet Mregevet AL- LOV(+209 |~ 812 182 - - | 318 - - 51 - - - 05 - - - - - - - -
Aind Inereve IrcLstry Bt Mregnet AL - HGA(+60) [INSSEINNSATN - S - B84 - - - 14
Dty Hfiuert Mreggnert - LOV(+ 209 - 182 - - 378 - - 5Ll - - - 05
Coiry Effat Mreggnet - HGH(+ 604 - M7 - S - B84 - - - 14

Rapy Hfluat Mregaret - LOV(+ 2% 312
Ry Hfiust Mregenet - HGH(+60/) |[INE86Y

Table 13 £+ BMP P reduction [WILSON SUB-CATCHMENTS]
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Ryeian Bffes- ALLON(+20%

Ryaian Bffas- Al HGH (+ 50680/

Ryeian Bffes- ¢ Qdar LOV(+ 2004 FEIED SEABONLY
Ryaian Bffas- 14 Gdy LONV(+ 24

Ryeien Bffas - 2d Qdr LON(+ 2%

Ryeian Bffes - 3d Qdy LOV(+ 2%

Ryeian Bffes- 14 Gdg HGH(+ 6049

Ryetian Bffes - 2d Oy HGH(+60%9

Rraian Bffes- 3d Qdr HGH (+ 6%

Rrarid Reues - HGH(45%)

Raarid Reues- LON(+ 224

Hietive Fertilisy Ue (Ue Adicte LLs & Rirt Sures - LON(+ 24
Hfetive Fetilis Ue (Ue Aplictle LLs & Rirt Sures - HGH (+50%4
MhimmTillage - to MX(+ 184

Sak @rtrd/Wae Mreggrat AL - LON(+ 209

Sak @rtrd/Wae Mreggret AL - HGH (+ 6839

Sak @rird/Waa Mregaet 1 Gd - LOV(+ 209

Sak @rird/Wae Mregaat Ig Qdy - HGH (+60%)

Sak @rird/Wae Mregarat 2d Gda - LOV(+ 2%

Sak @rird/Wata Mregret 2d Gdy - HGH (+60%)
Sak @rird/Wae Mregamet 3d Od - LOV(+ 2%

Sak @rtrd/Wae Mreggret 3d Oda - HGH (+604
Aind Intesve Ircletry Bfiuat Mregaret AL - LOV(+ 24
Aind Inersve IndLgtry Hiuat Mregamet AL - HGH(+ 604
Cary Hiluat Mregmat - LOV(+ 209

Cary Hfluat Mregmnat - HGH (+ 609

Roay Hiuat Mregaret - LOV(+ 209

Ropy Hiuat Mregaret - HGH (+60%9

IFLPIN £t

0.1
04

01
00
00
0.2
0.1
00
00
00
00
00

00
00
00
00
00
00
0.0
00

douovy

18
53
13
13
03
0.2
38
0.9
0.6

89
48
119
00
44
133
15
44
15
44
15
44

chyuriiy

08
24
0.6
0.6
01
0.2
18
0.2
05

43
24
6.1

21
6.4
0.7
21
0.7
21
07
21

cheprd

05
16

03
0.2
0.1
10
05
0.1

27
17
43

13
40
04
13
04
13
04
13

11
6.8
17.0

55
16.6
18
55
18
55
18
55

> A

97
13
13
07
14
40
22
34

16.0 6.0 2.7
10.2 7.9 19.7 36 235
80 30 9.8 31 208
20 50 129518218
27 10 33 10 6.9
80 30 938 31 208
27 10 33 10 6.9
80 30 938 31 208
27 1.0 33 1.0 6.9
80 30 9.8 31 208
171
51.2
17.1

21
6.0

13
03
0.6
38
0.8
14

> SHEIS

149
29
29
09
14
88
26
35

196

18
54

12
04
0.2
36
13
05

6.1

88
256
54
54
20
14
16.2
6.0
34

21
0.6
05
6.4
18
12

128

97

6.4
192
21
6.4
21
6.4
21
6.4

g g g g z B
g g 2 = 4 g R é
SR —
3.0 14.0 17 3.9 0.6 110.7
88 40.5 52 10.7 19 319.6
26 8.6 1.7 11 49.1
26 8.6 17 11 0.3 66.8
24 - 0.8 0.8 196
04 29 - 20 0.0 24.8
78 259 52 33 0.9 200.3
73 25 0.9 572
10 73 - 50 01 62.1
BECIE Wz 160
23 14.6 55.7 9.7 6.4 18.7 16 452.7
18 85 314 73 135 119 1.0 312.0
waanAz] s 26 (178001
- - - 01 - - 0.2
12 73 279 48 32 94 0.8 226.3
TUssIELe] w6 [WS! 96 [Nl 24 [N670)
04 24 93 16 11 31 0.3 754
12 73 279 4.8 32 94 0.8 226.3
04 24 93 16 11 31 0.3 754
12 73 279 4.8 32 94 0.8 226.3
04 24 93 16 11 31 0.3 754
12 73 279 48 32 94 0.8 226.3
- 70.1 - 89 0.2 235.1

- a0 - o5
- 70.1 - 89 0.2 203.9
- 20e - mmE] o5 es)
- - - - - 312
936

Table 13 (Continued) - BMP P reduction [WILSON SUB-CATCHMENTS]
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8D dhjjiep
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{

SRLUED SN
woag
theyop
fe1 A
PPN B A
SuEg ]
PN BVO]
S pn

]

B\ 9N &dh

Roerien Bffes- ALLON(+20) | 507.4 134 M5 1978 626 1548 2801 1446 122 1493 29 2083 2642 2128 156 243
Rpetian Biffes- Al HGH (+ 50609 -—-——-—-—_-
Rperian Bifers - 18 Oy LON(+ 20 FLETED SHABONY - 8L4 - 1198

Ryaian Bffas- 14 Gdy LONV(+ 24 277.1 18.7 6.8 246 130.7 48.9 77.0 176.2 814 71 95 125 1198 149.6 103.8 9.3 a7 158
Ryaien Bffas - 2d Qdr LON(+ 24 R.7 6.5 23 51 48 136 6.7 55.8 193 18 299 41 128 63.2 655 21 12 25
Ryaian Bffas- 3d Qdr LON(+ 24 137.2 48 43 149 624 01 7.2 481 43.8 33 198 6.4 70.7 514 436 42 28 6.0
Ryaian Bffas- |14 Gdy HGH (+ 629 ‘ ‘
Ryaian Bffas- 2d Qdy HGH (+ 609 278.2 195 6.8 152 144 409 201 167.3 58.0 54 89.7 122 3383 1895 196.4 6.4 35 7.6
Ryerien Bffes - 3d Odr HGH (+ 604 3431 121 108 372 155.9 0.2 1779 1201 1095 82 496 16.0 176.7 1284 108.9 104 71 151

Rearid Reues- HGH(Q05) | 7021 183 61 524 2617 - 2093 325 2053 - 41 258 280 2740 8621 282 158 07
Ryerid Reues- LOVE+2) 2809 63 21 210 1047 797 1210 684 - 155 95 846 R4 1207 77 53 102 106 463
Hfettive Fetilisr Ue (Ue Agice L & Rirt Surces - LON(+ 0% 87 19 07 60 213 7.5 146 241 129 - 27 28 179 197 245 18 11 28 17 129
Hfetive Fatilisr Ue (Ue Adicde Ls & Rirt Suaes- HGHES) 2092 47 17 151 532 187 3B5 602 R4 - 317 70 447 492  6l3 46 29 7o 22
Mrimm Tllae - to MX (+ 194 02 - - - - - - - - - - - - - - - - - - -
Sak @rird/\Wae Mreggret AL- LOV+2) 1404 31 11 105 523 200 329 605 42 - 78 48 423 462 603 39 26 5.1 53 231
ok @rird/Wae Mregmet AL- HGH(+649 = 4213 94 32 315 1570 600 1196 1815 1027 - 233 143 1269 1386/ 1810 116 7.9 154 159 694
Sak @rtrd/\Wde Mreget |4 Qo - LOV(E 2009 4638 10 04 35 174 67 133 202 114 - 26 16 141 154 201 13 09 17 18 77
Sak @rird/\Wae Mregget Ig Qdy - HGH(+604 1404 31 11 105 523 200 329 605 42 - 78 48 423 462 603 39 26 5.1 53 231
Sak @rird/\Wter Mreggmet 2d Qo - LOV (G 29 4638 10 04 35 174 67 133 202 114 - 26 16 141 154 201 13 09 17 18 77
Sak @rird/\Wde' Mregenet 2d Oce - HGH(+E) 1404 31 11 105 523 200 309 605 342 - 7.8 48 423 42 603 39 26 51 53 231
Sak @rird/\We' Mregeet 3d Qde - LOV(+ 20 4638 10 04 35 174 67 133 202 114 - 26 16 141 154 201 13 09 17 18 77
Sak @rird/\Wae Mreggret 3d Ods - HGH(+60) 1404 31 11 105 523 200 309 605 342 - 7.8 48 423 42 603 39 26 51 53 231
Aind Intersve IncLetry Bfiuat Mregenert AL - LOV(+ 2% 260 182 - - 378 - - 511 - - - 05 - - - - - - - -
Aind Irtes\e IndLary Efluet Mregamet AL - HGH (+ 609 780 AT - - 1134 - - 1534 - - - 14
DCiry Hfiuat Mregnet - LONV(+ 2% - 182 - - 378 - - Bl - - - 05
Ciry Efiiat Mreggmat - HGH (+ 6049 - s - - 1134 - - 1534 - - - 14

Roy Hiuat Mregaret - LOV(+ 209 260
Roay Hiuat Mregret - HGH (+ 609 780

Table 14 + BMP N reduction [WILSON SUB-CATCHMENTS]
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§ 3 £ 77 £%F¢f8¢8g§§g 77z P
= & 2 * g 8 5 E 5 B g
d 2 g g g g g & 3 2 g E
8 g 2 g Z
g 3 f
Rygtien Bffes - AL LON(+ 20/ 72 8.4 45 310 1063 1662 1029 2578 798 3674 2088 1568 1223 5520 715 1620 346 48976
Ryerian Bifes - Al HGH (+ 50604 ; ‘ ‘ - 87 15950 - 14,1160
Ryarien Biffas - 14 Qdar LON(+ 20%) SLEIED SRABOLY 578 282 648 702 142.9 237 1284 - 059 3293 715 453 21065
Rygtian Bffars - 18 G LON(+ 204 42 5718 282 183 648 702  6L1 1429 513 2237 1284 1024 059 3203 715 453 177 28363
Ryaien Bffes- 2d Odz LOV(+ 2% 20 132 42 87 187 37 136 452 194 815 46 280 1009 B4| B4 8764
Rygian Bffas- 3d Qdy LOV(E+ 204 10 104 91 39 29 593 282 697 91 62 328 264 - 165 1218 - - 83 25 11539
Rygtien Bffes- 1g Gdgr HGH (+60%) 2106 -[ swme w9 -2EE 1358
Rygtien Bffes- 20 Oy HGH (+64 61 36 126 262 51 1100 408 1355 582 2446 1428 840 - - 327 - - 1002 433 25723
Rygien Bffas- 3d Oy HGH (+60%4 24 261 27 98 572 1483 704 1744 28 1554 819 661 411 3045 - - 2083 62 28849
Reaid Retures - HGH (050 01 105 3233  833[ 5648 4004 2204 7729 ES70] 1012 86 69707
Reatid Reues - LOV(+ 2% 00 484 257 186 701 917 442 1293  3¥3 219 135 735 132 747 3092 548 405 98 112 26204
Hfettive Fatilisr Ue (Ue Ardictle LU & Rirt Sures - LON(+20%) 00 93 55 46 163 208 178 432 69 437 264 193 34 147 65 143 253 218 28 639.2
Hetive Fetilisr Ue (Ue Ardictle LLs & Rirt Sures - HGH (+50%) 00 233 138 114 407 50 446 1081 172 1001 661 482 86 8 1562 HO B3 546 69 1580
Nrimum Tilage - to MX ¢+ 15%) - 01 - - - - - - - - - - - - - - 07 - - 10
Sak @rird/Wte Mregget AL - LOV(+20%) 00 242 128 93 30 459 21 647 167 1110 667 367 66 374 1546 274 202 499 56 13102
Sak @rtrd/\Wae Mregaet AL - HGH (+ 6099 01 725 35 278 1061 1376 663 1940 500 3829 2002 1102[0797 121 46377822 607 1497 168 39306
Sak @trd/\Wae Mregaet I Ody - LOV(+ 2% 00 81 43 31 17 153 74 216 56 370 22 122 22 125 515 91 67 166 19 436.7
Sak Q@rtrd/\Wter Mreget Is Qdy - HGH (+ 6% 00 242 128 93 30 459 21 647 167 1110 667 37 66 374 1546 274 202 499 56 13102
Sak Q@rtrd/\Wter Mregamet 2rd Qs - LON(+20%) 00 81 43 31 17 153 74 216 56 30 22 122 22 125 515 91 67 166 19 436.7
Sak @rtrd/\Wae Mreganet 2d Ods - HGH (+60%) 00 242 128 93 B0 459 21 647 167 1110 667 37 66 374 1546 274 202 499 56 13102
Sok @rtrd/\Wate Mregeret 3d Ode - LOV(+ 2% 00 81 43 31 17 153 74 216 56 30 22 122 22 125 515 91 67 166 19 4367
Sak @rird/Wete Mregpret 3d Qo - HGH(+60% 00 242 128 93 30 459 21 47 167 1110 667 367 66 374 1546 274 202 499 56 13102
Aind Irtersive IrcLetry Hiuet Mreganet AL - LOV(+204 - -1 - - 701 - 89 02 299
Aind Interdve Incletry Hfiuet Mregenert AL - HGH (+60%) 512 2104 %6 05 689.6
Cxiry Hfiuet Mregpmat - LON(+20%) 171 701 89 02 2039
iy Hfivat Mregert - HGH (+ 604 512 2104 %66 05 6116
Roay Hiuat Mregaret - LOV(+ 209 - - - 260
Aoy Hiuat Mregaret - HGH (+ 6049 780
Table 14 (Continued) - BMP N reduction [WILSON SUB-CATCHMENTS]
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2 f
ggw

SHRULED SN

Rreian Bffes- ALLONV(+ 2%
Rreian Bffes- Al HGH (+ 30604
Ryetien Bffes - g Qcr LON(+ 20/ FEEIED SHABONY
Ryaian Bifes - I Qdar LON(+ 2% 961028 $17660  $828  $2298  $1466
Ryerian Bifas - 2d Gdgr LOV(+ 20%) [FSEI21EN60/676 8 651,395 $15517) 631142 862,320 61,2250 S N62.0150 1621495 8 1656,306 553,006 $1450  $4018  $3158 $3334 24791 $B%E 00 & &

Ryeien Bffas - 3d Qdy LON(+ 2% I 3 I ‘ ‘ ‘ ‘ ‘ | ‘ ‘

Ryaian Bifers - I Qdr HGH (+ 6% ! i

Rreian Bffes- 2d Qdr HGH (+60%
Ryeian Bffes - 3d Qde HGH (+ 6%
Rramid Reues- HGH(0405049 | 840 $643 5814 /06 5285 326 > 25 $23 11§69 $33%6 $98  $m 9w

Hfative Fatilisr Ue (Ue Aglicte LLs & Rirt Suras- LOV(+209 [ $484 61993 $2017 975 412 $407  $365 238 9882 & 558 - SM47 $783 9841 %2007  $1379

Hfetive Fetilisr Ue (Ue Adicte LLs & Rirt Suras- HGH(+509 | $484 61998 $2017  $o75 412 $407  $365 238 9882 & 558 . SM47 9783 8841 %2007 $1379
Mrimm Tillage - to MX (+ 15%) ‘
Sak @rird/Wte Mregamet AL - LOV(+ 2%
Sak @rird/Wte Mregaret AL - HGH (+ 604
Sak @rtrd/\Wae Mregamet 18 Ody - LOV(+ 2%
Sak @rird/Wte Mregaet I8 Ody - HGH (+ 6%
Sak @rird/Waa Mregmet 2d Gd - LOV(+ 2%
Sak @rird/Wae Mregaret 2d Qdy - HGH (+60%)
Sak @rird/Wate Mregamat 3d Qdy - LONV(+ 2%
Sak @rird/Waa Mregamet 3d Gdy - HGH (+ 6809
Aind Ines\e Indgry Hiuat Mreget AL - LOV(+ 29
Aind Intersve Ircletry Hfiuat Mregavet AL - HGH (+ 6099

Cdry Hfiuat Mregret - LOVF29 0 & 810 %% 8% % % % s s s 8% % %% s s s $

Ropey Hiuat Mregaret - LOV(E+209 | 815
Aoy Bfluat Mregamet - HGH(+60) | $15

Table 15 £ BMP P reduction net cost $/kg [WILSON SUB-CATCHMENTS]
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JpooverH
80D SHETS
drpid
uiesp &th

IRLPI £th

Fiperian Biffers - AL LOW/(+ 20/ | e o s s o 0 s
Foetien Biffrs - Al HOH(+ 50607 | RS 1 G W6 A6 W L6 R WE@6 S W0

Ryaian Bffas- 14 Gdy LONV(+ 24
Ryeien Bffas - 2d Qdr LONV(+ 2%
Ryetin Biffars - 3d Qo LOV(+20/) | ESOTRMNIES 55003
Ryeian Bffes- 14 Qdg HGH(+ 6049
Ryaian Bffas - 2nd Qdy HGH (+ 60 |00 s 101005 SR
Rreian Bffes- 3d Odr HGH (+60/) |PESSSIEERNSSIE0 ! ‘ _ $1313  $3528  $1555  $4682  $1543  $1012
Rearid Reues- HGH(04050) | $102 8570 WI5$685 705  -§89% 9568 $3%5  §l08 272  $I51  $176 165 118 $I58 168 208  $131 %68l
Rrarid Rdues- LOV(+2) | $102 8570  $58 105 8% 9568 $3%5  $l08 272 §I51 176 165  $118  $I58 168 208  $I131 368l
Hfetive Fetilisr Ue (Ue Agicte LLs & Rirt Suras - LOV(+ 2% ‘ ‘ ‘ 1 :
Hfetive Fetilisr Ue (Ue Agdicte LLs & Rirt Suress - HGH(+504
NrimumTillege - to MX(+ 134
Sok @rird/Weter Mregamet AL - LOVE20%) [IESERS
Sak @rtrd/\Wae Mrecgamat AL - HGH (+ 6809
Sak @rird/Waa Mregaet 1 Gd - LOV(+ 209
Sak @rird/Wae Mregaat Ig Qdy - HGH (+60%)
Sak @rird/Wae Mregamat 2d Gda - LOV(+ 2%
Sak @rird/Waa Mregret 2d Qdy - HGH (+60%)
Sok @rird/Wae Mreget 3d Gy - LOV(+ 20 [0S $372 $214 s
Sok @rird/Wae Mregrret 3d Ods - HGH(+60/) [0S $372 263 $214 2B §|
Aind Ines\e Irdgry Hiet Mreget AL-LOVE2DH | & 0 & % % %% s % %% s s 8§ § 8

$160
$160

$93
$93
$172
$172

FBggggese
S BEBBEE
996688

Roay Hiuat Mregaret - LOV(+ 209
Ropay Hfluat Mregaret - HGH (+ 609

Table 15 (Continued) - BMP P reduction net cost $/kg [WILSON SUB-CATCHMENTS]
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Ryetian Bifes - ALLOV(+20) ISR ST
Ryetian Biffs - Al HGH(+ 5060 | O]

Rygien Bffas - 1g Qdar LOV(+ 2% . ®5 %7 %Ol $73  $230 8 %1 $5 5 $% %
FimmefedeO(hrLCW&Z‘,% | .88 $67 S $AB  $e0  $
Rymian Bifes - 3d Qdyr LOV(+ 20%) 3 i ‘
Ryaian Bffas- |14 Gdy HGH (+ 629
Rygtien Bifes - 2d Oy HGH (+64
Ryien Biffes - wowkm&ec%—l
Ryarid Reues- HGH (04059 U S O % s %7 % $0 s $8 $lor $7 $l7 $6 w
Ryamid Reues- LOVE2H | 6 Sidt $16 96 61T 564 o™ s % s $ s $38 $lor 7 7 $6 w
Hfettive Fertilisr Ue (Ue Adictle LLs & Rirt Suraes - LON(+ 204 ‘ 202 287 $208 128 6 S S8 HME2 S04 BA07  $42%6 $L1%9 638 13§13 8165
Hfettive Fertilisr Ue (Ue Adictle LLs & Rirt Sures - HGH (+50%) ‘ S22 87 $208 I8 %6 S S8 HME2 S04 $A07  $42%6 $L19 638 138 $13 8165
NhimumTillage - to MX(+ 134
Sok @rird/Wter Mregnet AL - LOV(+ 2%
Sock @rird/Wete Mregnet AL - HGH (+604)
Sk @rtrd/ Vet Meregenet It Qo - LOVG-20 | 55 | SISIRRNSSS)
Sok @rird/Wte Mreganet I8 Qdy - HGH(+604) % 2 % sl si4 o DINSSINNNGS @ 8
Sak @rird/Wate Mregamat 2d Qdg - LOV(E+ 2% ‘ ;
Sak @rird/Waa Mregret 2d Gdy - HGH (+60%)
Sak @rird/\Wte Mregaat 3d Qd - LOV(+ 2% (ONSLE6 NI  sis o [ENSSO
Sak @rird/\Water Mrecgmat 3d Qds - HGH(+ 604 ‘ ) 1 )
Aird Intergve IndLetry Bt Mreganet AL - LOV (204
Aind Interdve IrcLetry Bfiuat Mreggert AL - HGH (+60%)
Diiry Hfivert Mregamart - LON(+ 2% ‘ s & 5 88 & & & & & & %
Diiry Eficert Mregaart - HGH (+ 604 ‘ % & % B8 & & & & & & %
Ropy Hiuat Mregaret - LOV(+ 204 B T S

Ropey Hiuat Mregaret - HGH (+ 60 B S S .

Table 16 £+ BMP N reduction net cost $/kg [WILSON SUB-CATCHMENTS]
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aneo yrua

WoL YRUE]

s AH

B 3N Bvo]

PRIINAPS Bv0]

RHIE:: N Yo

B0 Iy
ENINS - 0L

Ryeian Bffes- ALLON(+ 2% 02| $141  $147  $1%  $114  $0  $M4  $9 976
Rpetian Bffas - Al HGH (+ 30609 : 8115 51 5 80 975
Rygien Bffes- 14 Qds LON(+ 20 SEIED SFABONLY 1
Ryaian Bffas- 14 Gdy LONV(+ 24
Ryeien Bffas - 2d Qdr LONV(+ 2%
Ryeian Bffes - 3d Ody LOV(+ 2%
Ryeian Bffes- 14 Qdg HGH(+ 6049
Reeian Bfis - 21O HOH(+@0)
Ryeian Bffes- 3d Qdr HGH (+ 604 ‘
Rearid Reues- HGH(04A050g | 8160  $I04  $o7 102 %62 81  $77 %60 986 51 8§81 20 3 8 30 8  §5 400
Rrarid Rdues- LOV(+2%) ~ $160  $104 o7 102 %62 31  $7 S0  $6 51 8 1 9 3 8  $0 B 5 W
Hfetive Fetilisr Ue (Ue Agicte LLs & Rirt Suras - LOV(+ 2% ‘ ‘ ‘ 1 1

Hfetive Fetilisr Ue (Ue Agdicte LLs & Rirt Suress - HGH(+504
NrimumTillege - to MX(+ 134
Sok @rird/Wete Mregpret AL - LOVE 20 [EESESSI
Sak @rtrd/Wete Mrecgret AL - HGH (+ 604
Sak @rird/Waa Mregaet 1 Gd - LOV(+ 209
Sak @rird/Wae Mregaat Ig Qdy - HGH (+60%)
Sak @rird/Wae Mregamat 2d Gda - LOV(+ 2%
Sak @rird/Waa Mregret 2d Qdy - HGH (+60%)
Sak @rird/Wte Mregamet 3d Oy - LOVE20%) [ESEES)
Sok @rird/Wae Mregaret 3d Qdz - HGH(+60%) -
Aind Intersve Irdlgtry Hfiuet Mregavet AL - LOV(H 22
Aindl Intersive IrcLetry Hluert Mrecarert AL - HGH (+60%)
Cary Hiluat Mregmat - LOV(+ 209
Cary Hfluat Mregnat - HGH (+ 609
Roay Hiuat Mregaret - LOV(+ 209

Ropay Hfluat Mregaret - HGH (+ 609

FEEREG

Table 16 (Continued) - BMP N reduction net cost $/kg [WILSON SUB-CATCHMENTS]
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3.2.5. Torbay catchmentt BMP Results + Catchment Scale

iy
(eth) s Logs
A0
feqo. 57
(8vo) SN s
feqn. B

Ryetien Bifes- Is O, Low (+ 204 6.1 05 199 14 16 79 374
Rymtien Bffes - 18 Qdkr, Hoh (+604 183 14 59.7 43 49 237 1122
Ryetien Bffes - 2nd Qd, Low (+ 2% 20 02 69 01 04 32 127
Ryetin Bffes - 2d Gdkr, Hoh (+604 6.0 05 206 02 13 96 381
Rraian Bffes - 3d G, Low (+ 2% 15 02 54 00 08 10 9.0
Rymien Bffes - 3d Qdg, Heh (+ 504 37 06 135 01 20 26 225
Rymtian Bifes - Al LON(+20%) 96 09 322 15 29 121 59.1
Rymian Bffes - Al HGH (+ 50604 280 25 038 45 82 359 1728
RreTid Reues - LOV(E+ 2 218 45 410 57 838 43 86.1
Rretid Retues - HGH (4059 545 112 1025 142 21 108 2154
Hiative Fetilisr Ue (Ue Aplicte LLs & Rirt Sures- LOV(E 204 11 22 330 37 82 101 684
Hfattive Fetilisr Ue (Ue Alicetle L & Rirt Sures - HGH (+ 5% 278 56 826 93 204 253 1711
MHmmTillage - to MX (+ 154 - - 01 00 0.0 00 01
Sak @rtrd/\Wter Mreganet AL - LON(+ 204 109 22 205 28 44 22 431
Sak @rtrd/\Wter Mreganet AL - HGH (+ 604 R7 6.7 615 85 133 65 1292
ok @rird/\Wter Mreget Is Qg - LOV(+ 204 36 07 6.8 09 15 07 144
Sak @rtrd/\Weter Mreganet Is Od - HGH(+604 109 22 205 28 44 22 431
Sak @rtrd/\Wter Mregamet 2d O - LOV(+ 204 36 07 6.8 09 15 07 144
ok @rird/Wter Mreggmet 2d O - HGH (+604 109 22 205 28 44 22 431
ok @rtrd/\Wter Mreggmet 3d O - LOV(+ 204 36 07 6.8 09 15 07 144
Sak @rtrd/\Wter Mregamet 3d O - HGH(+ 604 109 22 205 28 44 22 431
Aind Itersive IrcLetry Efiuert Mregement AL - LON(+ 2% 835 - 3080 - 01 1303 5219
Aindl Intesve IrcLetry Bluat Mregamert AL - HGH(+ 604 2506 - 9240 - 04 3009 56581
Diry Efiert Mregamert - LON(+ 2% 22 - 3075 - - 1284 4581
Criry Effuart Mregarert - HGH (+604) 66.7 - 926 - - 362 [LEEAm
Py Efiert Mregmett - LOV(+ 204 613 - 05 - 01 19 638
Ry Efiuat Mreget - HGH (+604 1839 - 14 - 04 5.7 1914

Table 17 - BMP P reduction [TORBAY INLET]
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iy

(eth) siN e
BA Ao
feqn. ¥
(av0) s LBss
feqoL B

Ryrien Bffgs - I3 G, Low (+ 20%) 180.7 251 604.0 611 69.3 2304 11705
Rytien Bffes - I8 Qd, Hh (+60%) 5420 754 8119 1832 2080 6911 W358
Ryerien Bifes - 2d Qd, Low (+ %) 67.9 88 2483 43 199 9%5.0 444.3
Ryerien Bffes - 20d Gdg, Hoh (+60% 2038 265 744.9 128 50.8 2851 13329
Rymien Bffes - 3d O, Lov (+ 2% 486 100 204.6 21 H3 R7 3334
Rymien Bffes - 3d Qdg, Hgh (+ 504 1215 251 511.6 53 88.2 818 8335
Ryerien Bffgs - Al LOV(+ 294 297.2 440 | 1,069 674 1245 381 | 19482
Ryaien Bffgs - Al HGH (+ 0604 867.3 1270 80684 2013 3560 | 10580 INS6E00
Rearid Retures - LOV(+ 2% 1206 217 2767 322 503 285 536.0
Rrarid Retues - HGH(405%) 3016 69.2 6917 805 1258 713 13401
Hiative Fetilisr Ue (Ue Aplicte LLs & Rirt Sures - LOV(E 204 205 46 67.0 69 146 180 1317
Hfetive Fetilisr Ue (Ue Alicetle L & Rirt Sures- HGH (+ 50 512 115 167.6 17.3 366 450 3293
NHmm Tilage - to MX(+ 134 - - 03 02 01 00 06
Sak Qrird/We Mregaret AL - LOV(+ 2% 603 138 1383 161 252 143 2680
Sak Qrird/Wie Mregaret AL - HGH (+ 6%) 1809 415 4150 483 755 428 804.0
ok @rird/\Wter Mreget Is Qg - LOV(+ 204 201 46 461 54 84 48 893
Sak Qrird/Wie Mreget Ig Qd - HGH(+60%) 603 138 1383 161 252 143 2680
Sak @rtrd/\Wter Mregamet 2d O - LOV(+ 204 201 46 461 54 84 48 893
ok @rird/Wter Mreggmet 2d O - HGH (+604 603 138 1383 161 252 143 2680
ok @rird/Wter Mregamet 3d O - LOV(+ 204 201 46 461 54 84 48 893
Sak @rird/We Mregrret 3d Ody - HGH(+ 604 603 138 1383 161 252 143 2680
Aind Intersive IrcLetry Effuart Mgt AL - LON(+ 2% 733 - 308.3 - 02 1316 5134
Aind Interéive IrcLetry Efiuert Mreganet AL - HGH (+ 60%) 2199 - 9250 - 06 3047 | 15402
Diry Efiert Mregaet - LON(+ 20%) 222 - 3075 - - 1284 4581
Diry Hflert Mregmert - HGH (+ 604 66.7 - 926 - - 382 13744
Fgoay Efiert Mregmet - LON(+ 204 511 - 08 - 02 32 553
Ry Efiuat Mreget - HGH (+604 1532 - 24 - 06 96 165.8

Table 18 - BMP N reduction [TORBAY INLET]
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chipoN
(edh) e Lo
czlzele ]
feqnL BR
(avo) s LB
feqoL B

Ryaian Bffas- I¢ Qda, Lov(+ 2%
Ryaian Bffgs- 1s Qo Hoh (+60% ‘

Ryeian Bffes - 2d Qdg, Lov (+ 29
Reian Bfes - 2l Gds, Hoh (+67) e RSIAsN
Ryian Biffes - 3d Oc, Lov(+20%) (RS S0
Reatien Bffers- 3d Octr, Hoh (+507) RS MSISRA0N
Ryeian Bffas- Al LOV(+ 2%
Ryaien Bifas - Al HGH (+ 508099
Rrarid Reues- LONV(+ 204
Rearid Reues- HGH(@Q405%)
Hfedive Fetilisr Ue (Ue Agdicte LLs & Rirt Sures - LONV(+ 209
Hfedive Fetilisr Ue (Ue Agdicte LLs & Rirt Sures - HGH (+ 5049
MrimumTillage - to MX(+ 1349
Sak @rird/Wte Mregamet AL - LOV(+ 2%
Sak @rird/Waa Mregamet AL - HGH (+ 604
Sak @rird/Wte Mregmat Is Gdr - LOV(+ 2%
Sak @rird/Waa Mregmet I8 Gdr - HGH(+ 609
Sak @rird/Waa Mregemet 2d Gd - LONV(+ 2%
Sak @rtrd/Wae Mregaret 2d Qdy - HGH (+60%)
Sak @rtrd/\Wae Mregaret 3d Ody - LONV(+ 2%
Sak @rird/Wte Mregamet 3d Ody - HGH(+ 6%
Aind Ines\e Indgry Hiuat Mreget AL - LOV(+ 209
Aind Intesve IndLetry Hfiuat Mregaert AL - HGH (+ 6049
Cary Hiluat Mregmat - LONV(+ 204
Cary Hiluat Mregmat - HGH (+ 609
F?g;ﬂyEﬁleMmgnm LON(+ 209

Table 19 - BMP P reduction net cost $/kg [TORBAY INLET]
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chigon
B ool

(edth) oy Less

fn BA

(avo) o LS

fon BN

Ryaian Bffas- I¢ Qda, Lov(+ 2%

Ryaien Bffas - 14 Qdg, Hd (+ 604

Ryeian Bffes - 2d Qdg, Lov (+ 299

Ryetian Bffas - 2d O, Hoh (+60%9

Rreian Bffes- 3d Qdg, Lov (+ 29

Ryeian Bffes- 3d Qdg, Hah (+50%

Ryeian Bffes- Al LOV(+ 2%

Ryeian Bffes- Al HGH (+ 30604

Rramid Reues- LONV(+ 204

Rrarid Reues- HGH(@Q405%

Hiedive Fetiliss Ue (Ue Aqicte LLs & Rirt Surass - LON(+ 2%
Hfative Fetilisr Ue (Ue Agicte LLs & Rirt Sures - HGH (+5049
MrimumTillage - to MX(+ 139

Sak @rird/Wte Mregamet AL - LOV(+ 2%

Sak @rird/Wte Mregamet AL - HGH (+ 604

Sak @rird/Wate Mregmat Is Gdy - LOV(+ 2%

Sak @rird/Waa Mregnet I8 Gdr - HGH (+ 604

Sak @rird/Waa Mregamet 2d Gdy - LONV(+ 2%

Sak @rird/Wae Mregaret 2d Gds - HGH (+60%)

ok @rird/Waer Mreget 3d Qdy - LON(+ 2%

Sak @rird/Wte Mregamet 3d Ody - HGH (+ 6%
Aind Ines\e IndLgtry Hiuat Mreget AL - LOV(+ 209
Aind Intersve Ircletry Hfiuat Mregavet AL - HGH(+ 6099
Cary Hiluat Mregmnat - LOV(+ 204

Cary Hiluat Mregmat - HGH (+ 609

Roay Hiuat Mregrat - LONV(+ 204

Roay Hiuat Mregaret - HGH (+ 6804

S A
P

Table 20 - BMP N reduction net cost $/kg [TORBAY INLET]

Jgedio 7iieYWi Nutrient Reduction BMPs in Wilson Inlet & Torbay catchments
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3.2.6. Torbay catchmentt BMP Results +

Sub-Catchment Scale

chigon

(edth) oy Less

B ool

fn vA

(avo) o\ LS

fon BN

Rpeien Bffes- 14 Qdg, Lov(+ 204 6.1 05 199 14 16
Ryaien Bffes - 1g Qda, Hoh (+60%) 183 14 59.7 43 49
Rpeien Bffes - 2d Qdg, Lov (+ 24 20 02 6.9 01 04
Rypaian Bffes - 2nd Qd, Hoh (+6329 6.0 05 206 02 13
Ryerian Bffgs - 3d Qdg, Lov (+ 2% 15 02 54 00 08
Ryetian Bffas - 3d Qdg, Hoh (+ 5% 37 06 135 01 20
Reerien Bffes- Al LOV(+ 2% 96 09 R2 15 29
Ryetian Bffas - Al HGH (+ 0604 280 25 938 45 82
Ryarid Ratures - LOV(+ 2% 218 45 410 57 838
Raaid Reures - HGH (45 55 TSN 1025
Hfedive Fatiliss Ue (Ue Adicte LLs & Rirt Surcs - LOV(+ 2% ni 2.2 330 37 82
Hiedive Fetilisy Ue (Ue Alictle LLs & Rirt Suras - HGH (+50%4 27.8 56 826
NrimumTillage - to MX(+ 134 - - 01 00 00
ok @rird/\Water Mreggat AL - LOV(+ 2% 109 22 205 28 44
ok @rird/\Water Mregamat AL - HGH (+ 604 27 e 615 [NEsIEsy
Sak @rird/\We' Mreganet |4 Qo - LOV(E 29 36 07 6.8 09 15
ok @rird/Wate Mregaet s Ody - HGH(+ 6049 109 2.2 205 2.8 44
Sak Qrird/\Wte Mreganert 2rd Qe - LON(+ 20%) 36 07 6.8 09 15
ok @rird/Wate Mregaret 2d Ody - HGH(+ 604 109 2.2 205 2.8 44
Sok @rird/Wae Mregget 3d Ody - LOV(+ 2% 36 07 6.8 09 15
ok @rird/Waer Mreggmet 3d Qdy - HGH(+ 604 109 22 205 28 44
Aind Intersve Indry Bfiuat Mregamert AL - LOV(+ 204 &5 - 3080 - 01
Aindl Intersve IncLetry Eluert Mregavet AL - HGH(+60%) [IIZS06H _ 04
Ciry Hiluat Mreggrat - LOV(+ 20 22 -
Cary Hfluat Mregmnat - HGH (+ 609 66.7 :
Ropay Hivat Mregnet - LONV(+ 24 613 05 01
Roery Hiuet Mreggret - HGH(+60) [IIINEE39N 14 04

79
237
32
9.6
10
26
121
359
43
10.8
101
2.3
0.0
22
6.5
0.7
22
0.7
22
0.7
22
1303

19
57

374

127
3B1
9.0
25
59.1
172.8
86.1
2154
684
1711
01
431
129.2
144
431
144
431
144
431
521.9

638
1914

Table 21 - BMP P reduction [TORBAY SUB-CATCHMENTS]
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chipopn
(edh) s Lo
B Ao
fn B
(avo) oI Lo
Aol 5

Ryaian Bffes- I8 Qdg, Low (+ 2% 180.7 604.0 611 69.3 2304 1,1705
Ryien Bifars- i Oct, Hh (+ 604 ——
Ryerien Bifes - 20 Odg, Lov (+ 209 2483
Reaian Bffes- 2d O, Hoh (+604 203.8 26.5 7449 12.8 59.8 235.1 1,3329
Ryerian Bifes - 3d Ods, Lo (+ 0% 486 100 2046 21 33 27 3334
Ryerian Bifes- 3d Ods, Hoh (+504 1215 251 5116 53 882 818 8335
Reaian Bffes- Al LOV(+20% 20972 440 1,0869 674 1245 381 1,9482
Ften - A1 (D)) TS 200 0 50 GOS0
Ryarid Reues- LON(+ 2% 276.7
Reatid Retures - HGH (050 301.6 ; 6917 80.5 1258 71.3 1,340.1
Hfetive Fatilisr Ue (Ue Aictle LLb & Rirt Sures - LOV(+ 204 205 67.0 69 146 180 1317
Hfettive Fatilisr Ue (U Agdictle LLb & Rirt Sures - HGH (+ 304 51.2 1_1.5 167.6 17.3 %66 450 3293
MrimmTliae - to MX (+ 134 - - 03 02 01 00 06
Sak @rtrd/\Wite Mregamet AL - LON(+20%) 603 138 1383 161 252 143 2680
Sak @rird/Wter Mrecamet AL - HGH(+604 1809 415 4150 483 755 28 804.0
Sak @rtrd/Wter Mreggmert 18 Qs - LOV(+ 204 201 46 461 54 84 48 893
Sak @rird/Wter Mregervert I O - HGH(+60%) 603 138 1383 161 %52 143 2680
Sak @rird/Wter Mrecaert 2d O - LOV(+ 20 201 46 461 54 84 48 893
Sak @rtrd/Weter Mregamet 2d Qo - HGH (+60%) 603 138 1383 161 252 143 2680
Sok @rird/Wae Mregaet 3d Oda - LOV(+20%) 201 46 461 54 84 48 893
Sak @rtrd/Wte Mregaret 3d Oy - HGH(+ 604 603 138 1383 161 252 143 2680
Ainel Intersve Ircletry Bfiuet Mregamert AL - LOV(+ 204 733 - 3083 - 02 1316 5134
Aingl Intersive Irclgtry Eluert Mrecemert AL - HGH (+ 604 2199 - 9250 - 06 3047 1,5402
Diry Hfiert Mreggert - LOV(+ 204 22 - 3075 - - 1284 458.1
Ciiry Efiert Mreggnat - HGH (+ 604 66.7 - 9226 - - 3852 1,374.4
Roppy Hivat Mregaret - LONV(+ 2% 511 - 08 - 02 32 55.3
Hogay Hfiuat Mreganet - HGH (+ 604 1532 - 24 - 06 96 1658

Table 22 - BMP N reduction [TORBAY SUB-CATCHMENTS]
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Table 23 - BMP P reduction net cost $/kg [TORBAY SUB-CATCHMENTS]
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Table 24 - BMP N reduction net cost $/kg [TORBAY SUB-CATCHMENTS]
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3.3. Preferred BMPs

Based on the results presented in the previous section, we have developed a simple rating
of the effectiveness of the BMPs assessed.

Phosphorus Productivity (NET Combined COST
Individual BMP Removal % Nitrogen Removal % ONGOING COST) BENEFT
Perennial Pastures HIGH MODERATE HIGH BENEFIT HIGH
Effective Fertiliser Use Only -

. . MODERATE LOW HIGH BENEFT HIGH

Grazing & Horticulture
Riparian Fencing & Revegetation Low HIGH HIGH COST LOW
Stock control/water management

MODERATE LOW LOWCOST LOW-MODERATE
on streams
Effluent management - Point

HIGH LOW LOWCOST MODERATE

Sources only

Table 25 + BMP Effectiveness

The preferred BMPs for maximum nutrient reductions are:

Phosphorus: Perennial pasture (high P reductions), Effluent management on point
sources (high P reductions), Effective Fertiliser Use (moderate P reductions);

Nitrogen: Riparian fencing & water management on streams (high N reductions)
Perennial pastures (moderate N reductions).

In terms of Cost/Benefits however, the preferred BMPs are:

Phosphorus: Perennial pasture (High), Effective Fertiliser Use (High) and Effluent
Management on Point Sources (Moderate).

None of the BMPs provides a high reduction of Nitrogen without significant costs, while only
Perennial pastures provide high returns with a significant (although still moderate)
reduction in N export. As discussed in Neville (2002B), all of these BMPs provide additional
benefits beyond nutrient reduction £ both on and off-farm.

alt is conceivable that in the long term, this improved farm management will
provide greater benefits through the maintenance of the farm-based ecosystem
services than through the maintenance of waterway ecosystem services via
reduced nutrient export.° (Neville, 2002B, p32)

Neville goes on to argue for BMPs to be implemented in concert:

aThe implementation of only one particular BMP for nutrient management is
unrealistic for two reasons:
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nutrient reductions are critical for the health of the receiving water bodies -
Wilson & Torbay Inlets in particular (see Water & Rivers Commission
(2002), and therefore management should be aiming at maximising
reductions from a range of BMPs; and

management of farming systems that are complex, multi-dimensional
businesses requires integrated management of the whole system. This
means a range of BMPs, not one or the other.

The BMPs investigated in this report can be combined into an integrated
management system, in particular for grazing-based land-uses. Such a system
would include the following components:

Reductions in nutrient inputs to the farm through effective fertiliser
management;

Reductions in nutrient exports from the farm through pollution (effluent)
control and animal management near streams;

Improved retention of nutrients leaving the farm through revegetation of
riparian zones;

Increased assimilation of nutrients in the receiving riparian waterways
through riparian management.

It is therefore appropriate to view the nutrient management system costs and
benefits on the basis of an integrated package.° (Neville, 2002B, p33-34)

The following section details integrated scenarios for Wilson Inlet and Torbay catchments
that pursue this aim.
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3.4. Composite BMP Scenarios

Results of composite BMP scenarios are presented in this section. The scenarios evaluated a
set of complementary BMPs at a particular level of implementation. These levels were
chosen to illustrate their potential impact on nutrient generation, and to provide some
direction for management. They are not necessarily considered to be achievable in any
particular timeframe.

3.4.1. Wilson Inlet catchment

Current Estimated Implementation

The first scenario presented is an estimate of current implementation of nutrient-reducing
BMPs. Note that all subsequent scenarios build on this base-line estimate.

We have modeled current implementations as follows:

BMP Applied to: % Implementation
Perennial pasture in grazing 500-750mm rainfall 10%
>750mm rainfall 50%
Effective fertiliser Use Grazing 15%
Horticulture 25%
Stock control/ water 2nd Order Stream 10%

management (Grazing)

3rd Order+ Stream 10%
Veg buffer/ filter strips 1st Order Streams 5%
2nd Order Streams 10%
3rd Order+ Streams 50%

Table 26 + [WI Model] Current Estimated Implementation

The model estimates the effect of current BMPs to be as follows:

P N
kg removed 1202 9119
%removed D% 13%
Net cost/year -$70,670
Cost/kg -$5878 -$ 7.75
Capital Cost $4,402,700

Table 27 + [WI Model Results] Current Estimated Implementation

The modelling suggests that existing land management had provided a reduction of 9% of P
and 13% of N below the maximum potential export, at a (fully-costed) cost of $4.4 million.
However the net cost per year of -$70,670 represents a net return from this expenditure. A
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significant amount of the capital cost indicated would be labour for riparian works £+ much of
which would not be formally costed by land managers.

Highest Possible Scenario

This scenario represents the @Highest Possible® nutrient reduction scenario, with high
implementation levels of the most effective BMPs for reducing nutrient export.

NEW Current Total
Perennial pasture in grazing 500-750mm 60% 10% 70%
>750mm 50% 50% 100%
Effective fertiliser Use Grazing 70% 15% 85%
Annual 50% 25% 75%
Horticulture
Animal effluent management Dairies 60% 0% 60%
Piggeries 60% 0% 60%
Veg buffer/ filter strips 1st Order 60% 5% 65%
Streams
2nd Order 60% 10% 70%
Streams
3rd Order+ 50% 50% 100%
Streams

Table 28 + [WI Model] Highest Possible Scenario

P N
kg removed 2366 22023
%removed 19% 32%
Net cost/year $482,800
Cost/kg $20410 $21.92
Capital Cost $15,137,600

Table 29 + [WI Model Results] Highest Possible Scenario

The modelling results show a potential reduction of 19% of P and 32% of N below the
current export, at a (fully-costed) cost of $15.14 million. The net cost per year of $482,800
represents a very large net cost from this expenditure. This is in large part due to the
significant levels of riparian works indicated in this scenario. Note that the scenario is
relatively crudely constructed, and indicates many riparian buffers in areas that would
actually not need them. This can be seen in the individual BMP tables in the previous
section, where buffers in sub-catchments such as the Lower and Upper Mitchell + both
virtually uncleared + would provide almost no reductions for great expense per kg. The
aModified Highest Possible® scenario below addresses this aspect of the modelling.
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Most Cost-Effective Scenario

This is a representation of the most 2cost-effective® nutrient reduction scenario. It contains
high implementation levels of the most COST-effective BMPs.

NEW Current Total
Perennial pasture in grazing 500-750mm 60% 10% 70%
>750mm 50% 50% 100%
Effective fertiliser Use Grazing 60% 15% 75%
Annual 60% 25% 85%
Horticulture
Animal effluent management Dairies 60% 0% 60%
Piggeries 60% 0% 60%

Table 30 + [WI Model] Most Cost-Effective Scenario

The table below (Table 31) shows the indicated results for the most cost-effective scenario,
using all the BMPs with high potential returns. Notwithstanding the significant up-front cost,
the set of BMPs should provide a significant yearly return over 10 years of over $700,000.
Slight differences in the level of implementation of the BMPs selected alter the removal rate
for P, while N removal drops due to the absence of riparian buffers.

P N
kg removed 2605 9713
%removed 21% 14%
Net cost/year -$703.700
Cost/kg -$270 -$7245
Capital Cost $10,067,000

Table 31 + [WI Model Results] Most Cost-Effective Scenario

Modified Highest Possible — “Highest Realistic” Scenario

This scenario was intended to represent a more realistic scenario, where moderate
implementation levels of the most effective BMPs were combined with targeted
implementation of stream buffers. Stream buffers were only indicated in sub-catchments
where they would provide good reductions + ie in sub-catchments with significant areas of
grazing/clearing. These sub-catchments are shown in Figure 6 (in yellow).
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Figure 6 + Stream Buffer locations in WI modified “Highest Realistic” Scenario

NEW Current Total
Perennial pasture in grazing 500-750mm 50% 10% 60%
>750mm 40% 50% 90%
Effective fertiliser Use Grazing 50% 15% 65%
Annual 60% 25% 85%
Horticulture
Animal effluent management Dairies 90% 0% 90%
Piggeries 90% 0% 90%
Veg buffer/ filter strips % 1st Order 50% 5% 55%
Selected Sub-catchments only. Streams
2nd Order 50% 10% 60%
Streams

Table 32 + [WI Model] Highest Realistic Scenario
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Table 33 shows the indicated results for the 2Highest Realistic® scenario, using all the
highest yielding BMPs but with targeted stream buffers. A lower up-front cost is the result of
reduced implementation levels for all BMPs, the lack of 3" order stream buffers, and the
targeting of 15 and 2" order buffers.

This set of BMPs should still provide a significant yearly return over 10 years of over
$200,000, while achieving reductions of 22% for both N & P. It is considered that the levels
of implementation are possible with adequate funding. Such funding should be returned to
the catchment through productivity improvements within 10 years.

P N
kg removed 2728 14646
%removed 2% 2%
Net cost/year -$211,000
Cost/kg $775 -$1445
Capital Cost $7,016,000

Table 33 + [WI Model Results] “Highest Realistic” Scenario

The highest realistic scenario indicates the direction that management should take if the
highest levels of reduction are required. Additional fine-tuning can be undertaken using the
result tables in Section 3.2, particularly those at the sub-catchment scale. This is ultimately
a responsibility for catchment managers, and has therefore not been attempted here.
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3.4.2. Torbay catchment

Current Estimated Implementation

The first scenario presented is an estimate of current implementation of nutrient-reducing
BMPs. Note that all subsequent scenarios for Torbay build on this base-line estimate.

We have modeled current implementations as follows:

BMP Applied to: % Implementation
Perennial pasture in grazing 500-750mm rainfall 10%
>750mm rainfall 50%
Effective fertiliser Use Grazing 30%
Annual Horticulture 25%
Stock control/ water 2nd Order Stream 10%
management (Grazing)
3rd Order+ Stream 40%
Veg buffer/ filter strips 1st Order Streams 5%
2nd Order Streams 10%
3rd Order+ Streams 50%

Table 34 + [Torbay Model] Current Estimated Implementation

The model estimates the effect of current BMPs to be as follows:

P N
kg removed 372 2961
%removed 7% 12%
Net cost/year -$100,040
Cost/kg -$269 $34
Capital Cost $1,623,500

Table 35 + [Torbay Model Results] Current Estimated Implementation

The modelling suggests that existing land management had provided a reduction of 7% of P
and 12% of N below the maximum potential export, at a (fully-costed) cost of $1.6 million.
However the net cost per year of - $100,040 represents a net return from this expenditure.
Again, a significant amount of the capital cost indicated would be labour for riparian works +
much of which would not have been formally costed by land managers.

Highest Possible Scenario

This scenario represents the @Highest Possible® nutrient reduction scenario, with high
implementation levels of the most effective BMPs for reducing nutrient export.
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NEW Current Total

Perennial pasture in grazing 500-750mm 60% 10% 70%
>750mm 50% 50% 100%
Effective fertiliser Use Grazing 70% 30% 100%
Annual 50% 25% 75%
Horticulture
Animal effluent management Dairies 60% 0% 60%
Piggeries 60% 0% 60%
Veg buffer/ filter strips 1st Order 60% 5% 65%
Streams
2nd Order 60% 10% 70%
Streams
3rd Order+ 50% 50% 100%
Streams

Table 36 + [Torbay Model] Highest Possible Scenario

P N
kg removed 1971 8578
%removed 35% 36%
Net cost/year -$7,690
Cost/kg $390 -$090
Capital Cost $2,512,000

Table 37 + [Torbay Model Results] Highest Possible Scenario

The modelling results show a potential reduction of 35% of P and 36% of N below the
maximum potential export, at a (fully-costed) cost of $2.5 million. The net cost per year of -
$7,690 represents a very slight net profit from this expenditure.

Note that the scenario is relatively crude, and will be placing riparian buffers in some areas
that would actually not need them. Therefore the actual net cost of this scenario could be
less than indicated. Nonetheless, the model suggests that very significant nutrient
reductions - of around a third - could be available from a cost-neutral set of BMPs.

Most Cost-Effective Scenario

This is a representation of the most 2cost-effective® nutrient reduction scenario. It contains
high implementation levels of the most cost-effective BMPs.
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NEW Current Total

Perennial pasture in grazing 500-750mm 60% 10% 70%
>750mm 50% 50% 100%

Effective fertiliser Use Grazing 70% 15% 100%
Annual 60% 25% 85%
Horticulture

Animal effluent management Dairies 60% 0% 60%
Piggeries 60% 0% 60%

Table 38 + [Torbay Model] Most Cost-Effective Scenario

The table below shows the indicated results for the most cost-effective scenario. With a
lower up-front cost (nearly $1.5 million), the set of BMPs should still provide a significant
yearly return over 10 years of over $250,000. The removal rate for P remains around a
third, while N removal drops to 14% due to the absence of riparian buffers.

P N
kg removed 1867 3266
%removed 3% 14%
Net cost/year -$258,780
Cost/kg $ -$79.24
138.70
Capital Cost $1,445,000

Table 39 + [Torbay Model Results] Most Cost-Effective Scenario

These scenarios indicate the direction that management should take if the highest levels of
reduction are required. Additional fine-tuning can be undertaken using the result tables in
Section 3.2, particularly those at the sub-catchment scale. This is ultimately a responsibility
for catchment managers, and has therefore not been attempted here.
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3.5. Land Use Change Scenarios

The terms for this project stage loosely refer to evaluation of landuse change. As a follow-
on from work carried out in previous stages, the following landuse change options were
considered:

Increase in residential area

In-fill sewering of residential areas
Increase in plantations (WI only)
Increase in horticulture.

Point source BMP implementation
Point source phase-out

These options combine some important recent trends (such as the increase in plantations),
as well as potential land use changes that pose concerns to some land management
agencies such as the Water and Rivers Commission (such as the increase in horticulture).

3.5.1. Wilson Inlet catchment

Increase in residential area

In Wilson Inlet the bulk of modelled residential nutrient export comes from peri-urban areas
(2.6% of P and 2.4% of N), with sewered urban around 0.1% of P and N and un-sewered
urban only slightly more at 0.4% of P and 0.3% of N.

For this land use change scenario, we increased the peri-urban areas by 50%, and the
sewered urban areas by 100%. (Un-sewered urban should be restricted through planning
and was not increased). Five sub-catchments + Lake Barnes, Denmark Foreshore, Denmark
Town, Hay Estuarine and Lower Little River (409, 434, 435, 436, and 437) % contain all of
the sewered urban, nearly 90% of the un-sewered urban, and nearly 80% of the peri-urban
landuse. The modelled increases were therefore restricted to these sub-catchments.

TOTAL P Export N Export
Pre BMP export [INLET] 12,680 67,952
POST BMP export [INLET] 12,801 68,490
kg INCREASED 121.2 537.9
% INCREASED 0.96% 0.79%

Table 40 + Increased residential area - WI

Under this land use change scenario, increased nutrient export is likely to be small £ in the
order of 1% of the overall total. The bulk of the increase is contributed by Peri-Urban land
use increase. Note that increases in urban areas will direct additional sewerage export
through the Denmark STP, which currently contributes 0.4% of P and 0.7% of N to the
Inlet. It is reasonable to assume that this would double with a doubling in sewered urban,
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so suggesting an increase from this scenario of about a 1.8% increase in P and a 2.2%
increase in N.

While concerns are raised about the affect of residential increase on nutrient exports to WI,
this scenario suggests that such concern is perhaps over-stated.

Increase in plantations (WI only)

To estimate the effect of the recent dramatic increase in plantation forestry in the Wilson
Inlet Catchment (a conversion of between 20-25% of grazing land), a run was made where
all plantations were converted back to grazing. This provided a figure for the likely nutrient
reductions from the increases.

TOTAL P Export N Export
kg Decreased -1260 -5224
% Decreased -10% -8%

Table 41 + Existing Plantations - WI

Based on this, plantation forestry is estimated to have reduced nutrients reaching the inlet
by 10% for Phosphorus and 8% for Nitrogen + a significant change.

In the event that plantations continued to grow, further reductions in nutrients would be
likely. To estimate potential impacts of a further increase in plantations of the same scale,
we carried out two simulations:

First, we doubled the total area of plantations in the catchment, with the land use
change from grazing to plantation evenly spread across all catchments.

Secondly, we doubled the area of plantations, but confined this doubling to the top
five sub-catchments in terms of plantation area: Springs, Waterman, Kwornicup,
Ooranggatup Creek and Amuri Creek (414, 415, 422, 433 and 441). Together these
five sub-catchments contain just under 50% of all plantations in the WI catchment,
so the increase amounts to an additional 50% in plantation area. Note that such a
change would require the conversion of over 90% of grazing to plantations in the
five catchments.

P_Export N_Export

kg removed 1688.1 7052.0
% removed 13% 10%

Table 42 + Doubling of Plantations - WI

The first scenario + a doubling of plantations + is estimated to provide a further reduction in
nutrients reaching the inlet by 13% for Phosphorus and 10% for Nitrogen, as shown in
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Table 42. Note that in both of these scenarios, the increase in plantations has been applied
equally over all grazing landuse.?

P_Export N_Export

kg removed 428.0 1778.7
% removed 3.38% 2.62%

Table 43 £ 50% Increase in Plantations - WI

The second scenario = a 50% increase in key sub-catchments £ is a much more likely
scenario, but has a much more limited affect on nutrients. This is largely because the sub-
catchments involved are in the upper part of the catchment. As a result their effect on
nutrient exports is mitigated against by the assimilation that occurs through the stream
network.

In-fill sewering of residential areas

This scenario involves changing all existing un-sewered urban areas to sewered urban * as
is happening through in-fill sewer programs.

P Export N Export

kg removed 14.9 74.5
% removed 0.12% 0.11%

Table 44 + In-fill Sewering of residential Areas - WI

As the table shows, due to the limited areas of un-sewered urban, the impact is likely to be
minimal.

Point source BMP implementation

The implementation of BMPs at point sources is effectively carried out in the BMP evaluation
in Section 3.2. However, there the level of implementation for Dairy and Piggery BMPs was
set at 60% . We can raise this to the maximum level to produce the following result:

P_Export N_Export

Pre BMP export [INLET] 12,680 67,952
POST BMP export [INLET] 11505 66803
kg removed 1175 1149

% removed 9.3% 1.69%

Table 45 + Full BMP Implementation + Point Sources - WI

1 The application of land use change has been modified by map unit, to provide greater % of change in the map unit types which have seen
more plantation establishment.
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The P reduction shown in Table 54 is high due to the nature of the animal wastes that are
being removed. Previous assessment has indicated that such removal is very cost-effective.

Point source phase-out

Point sources in WI that are of concern include piggeries, diaries, STPs and landfill sites.
However, of these we only have reasonable estimates for the exports from piggeries,
dairies, and the Denmark STP. The latter cannot be phased out, and in fact already has had
significant BMP implementation to reduce its discharge. We therefore simply modelled the
removal of the piggeries and diaries in WI, as shown in Table 46. Clearly the impact of such
a move (to say nothing of its social ramifications) would be significant, with nearly 10%
reduction in P exports and 5% in N export.

P Export N Export
Pre BMP export [INLET] 12,680 67,952
POST BMP export [INLET] 11,428 64,928
kg removed 12525 3024.5
% removed 9.9% 4.5%

Table 46 + Point Source Phase-Out - WI

Increases in horticulture.
Vegetable production

The top five sub-catchments in terms of annual horticulture area are Cuppup Creek, Lake
Saide, Lower Saide/Nullaki, Possum Trapper and Lower Sleeman (401, 419, 438, 412 and
439). Together these five sub-catchments contain about 65% of all annual horticulture in
the WI catchment. We increased (more than doubled) the area of annual horticulture to
increase annual horticulture over the catchment by 100%.

P_Export N_Export

Pre BMP export [INLET] 12,680 67,952
POST BMP export [INLET] 14,010 74,431
kg INCREASED 1330.3 6478.5

% INCREASED 10.5% 9.5%

Table 47 + Annual Horticulture Doubling (vegetables) - WI

The increases = in the order of 10.5 for P and 9.5% for N + are significant, and reflect in
part the near-inlet location of the catchments where most vegetable growing takes place.

Vineyards

The land use maps used in this project do not contain data on vineyard locations (see
Gravitas, 2001), therefore some estimates have had to be made in terms of areas.

We modelled the effect of 500ha of vineyards (perennial horticulture) over the whole of
Wilson Inlet. This is an estimate of the current level of planting in the catchment, as no
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accurate data is currently available. The estimated impact is minimal: an additional 1.2%
for Phosphorus and 1% for Nitrogen.

P_Export N_Export

kg INCREASED 150 719
% INCREASED 1.2% 1.0%

Table 48 + Existing Vineyards - WI

We then modelled the effect of a significant level of vineyard establishment (250ha) in a
single catchment relatively near Wilson Inlet (Scotsdale Creek). Table 49 provides the
estimated effect relative to the overall nutrients reaching Wilson Inlet + an additional 2%
for Phosphorus and 2% for Nitrogen.

P_Export N_Export

kg INCREASED 249 1113
% INCREASED 206 2%

Table 49 + 250ha Scotsdale vineyards + re WI

However, looking at this scenario in terms of the impact on the output from just Scotsdale
Creek itself (see Table 50), we wee that such a landuse change could increase P by 32%
and N by 26%. Clearly changes of this order in a single sub-catchment could have dramatic
effects on the water quality in a single sub-catchment.

P_Export N_Export

kg INCREASED 249 1113
% INCREASED
[Scotsdale] 32% 26%

Table 50 + 250ha Scotsdale vineyards + re Scotsdale

Finally, we simulated the impact of a quadrupling of the estimated area of vineyards - up to
2000ha - spread over the Wilson Inlet catchment. Even at this level, the Vineyards are not
estimated to have a significant overall impact, increasing both Nitrogen and Phosphorus by
just 3%.

3.5.2. Torbay catchment

Increase in residential area

The significant residential landuse in the catchment is Peri-Urban * which covers some
472ha. Nearly half of this (229ha) is in sub-catchment 0306 (Seven Mile (lower), and a
further 106ha in 0303 (Torbay East).

;Ygedio 7iieYWi Nutrient Reduction BMPs in Wilson Inlet & Torbay catchments 56



We modelled a 100% increase in peri-urban landuse in these two catchments. The effect of
this is estimated to be a minor increase overall of about 1% for P and 2% for N. The rise in
nutrients is relatively higher in the two affected catchments: 4% increase in P and N for
Seven Mile Lower and 2% increase for Torbay East.

P_Export N_Export

kg INCREASED 83 375
%INCREASED 1% 2%

Table 51 + Increased residential landuse - Torbay

In-fill sewering of residential areas

Un-sewered residential areas comprise only 6ha in the entire catchment, and contribute less
than 0.1% of nutrients. As a result this was not considered useful to model.

Point source BMP implementation

The implementation of BMPs at point sources is effectively carried out in the BMP evaluation
in Section 3.2. However, there the level of implementation for Dairy and Piggery BMPs was
set at 60% . We can raise this to the maximum level to produce the following result:

P N
kg removed 2321 2316
% removed 41% 10%

Table 52 + Full BMP Implementation + Point Sources - Torbay

For Torbay overall, this change could have a very significant impact on P export through a
reduction of 41%. N effect is smaller but still significant at 10%.

Point source phase-out

Point sources in Torbay that may be of concern include a piggery, diaries, STPs and landfill
sites. However, we again only have reasonable estimates for the exports from piggeries,
dairies, and the Timewell Rd Treefarm/STP. The latter cannot be phased out, and is itself a
significant BMP implementation on Albany sewage treatment to reduce discharge.

We therefore only modelled the removal of the piggeries and diaries, as shown in Table 53,
by changing them to normal grazing. The nutrient impact would be very large, with over
50% reduction in P exports and nearly 40% in N export.
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P_Export N_Export

Pre BMP export [INLET]
5,607 23,362

POST BMP export [INLET]
2,630 14,694
kg removed 2977 8668

% removed 53% 37%

Table 53 + Point Source Phase-Out - Torbay

The impact at the sub-catchment scale is even greater, as shown in Table 54, where up to
nearly 70% of P could be removed from West Torbay through removal of the intensive
animal agriculture there.

SUB_CATCHM P N P N
Merbellup -163 -413 -28% -15%
Seven Mle (Upper) 0 0 0% 0%
Torbay East -1984 -5822 -62% -45%
East Torbay 0 0 0% 0%
Seven Mile (lower) 0 0 0% 0%
West Torbay -828 -2431 -68% -55%

Table 54 + Sub-catchment Nutrient reductions from Piggery & Dairy Phase-out (Torbay)

Due to the model contributions of N and P from these land uses, this is the single most
significant land use change available for the Torbay catchment.

Increases in horticulture

A 100% increase in annual horticulture was modelled, replacing grazing with annual
horticulture throughout the catchment. The model effect was an increase in nutrients of 7%
for P and 8% for N.

P_Export N_Export

Pre BMP export [INLET]

5,607 23,362
POST BMP export [INLET]
6,005 25,174
kg Increased 398 1813
% Increased 7% 8%

Table 55 + Annual Horticulture Doubling - Torbay
We then modelled a 100% increase in horticulture for the catchment, with changes only in

sub-catchments Torbay East, Seven Mile (lower) and West Torbay (303, 306, and 307).
These three sub-catchments contain 95% of the annual horticulture in the catchment.
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P_Export N_Export

Pre BMP export [INLET]
5,607 23,362

POST BMP export [INLET]
6,230 26,223
kg INCREASED 623 2862

% INCREASED 11% 12%

Table 56 + Annual Horticulture Doubling + Torbay (Selected sub-catchments)

The modelling of this more concentrated change suggest a larger increase + 11% for P and
12% for N. This occurs due to the affected sub-catchments being closer to the inlet and

therefore lees subject to reduction of nutrients due to assimilation.
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3.5.3. Land Use Change Summary

Wilson Inlet

Overall, many of the landuse change scenarios modelled appear to be unlikely to have large
impacts on nutrient exports to Wilson Inlet. The exceptions are:

the recent increases in plantation establishment in the catchment;

potential further increases in plantations (although recent events in the plantation
industry may rule such increases out);

full implementation of BMPs at intensive agriculture such as piggeries and dairies;
phase out of intensive agriculture; and
a doubling in annual horticulture in existing sub-catchments.

Note that any significant changes within a single sub-catchment (such as the model for
250ha of additional vineyards in Scotsdale Creek) could have significant effects on the local
waterway, while having a relatively minor impact on nutrient exports to the inlet as a
whole. Elevated nutrient concentrations within such a waterway could provide conditions
suitable for algal blooms.

Torbay

The landuse change scenarios modelled appear to have a range of impacts on nutrient
exports to Torbay:

Changes in residential land uses seem likely to cause only minor increases [1-2%];
a doubling in annual horticulture would provide moderate increases [an increase in
nutrients of 7% for P and 8% for N ] if spread throughout the sub-catchments,

higher if confined to existing sub-catchments [11% for P and 12% for NJ;

full implementation of BMPs at intensive agriculture such as piggeries and dairies
would have a significant effect [a reduction of 41% in P and 10% in overall N]; and

the removal of piggeries and dairies would have an even greater reduction [53% for
P and 37% for N], with even higher % reductions at the sub-catchment scale.
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3.6. Workshop Feedback

Feedback sheets were distributed at workshops to receive and comments or questions from
participants. As well as providing a mailing list to forward the completed report to, the
feedback received provided useful for future workshop design.

In addition, comments were recorded during question sessions in the workshops. These
comments have been appended.

Key issues common to both were:
the effect of nutrient assimilation on nutrient export to the inlets;

provision of information to land managers (ie farmers) on the implications of their
management, and the costs at the farm scale; and

the funding of nutrient reduction works (ie BMP implementation) as well as the
funding of the BMP implementation (education/outreach) process itself.

The latter has not been included in the costing of scenarios, and we are not able to provide
costings at this stage. However, it would seem appropriate that agencies responsible for
land management works should be able to budget additional funds using in-house
understanding of these costs. It is possible to simply add 10-20% to any project budget.

Provision of information is an on-going concern to the project team, and we are intending to
provide a small number of additional workshops to interested groups (such as LGAs and
farmers groups), particularly in the last stage of the project.

Nutrient assimilation is another area of research entirely, and we are pleased that the
current Watershed Torbay program sees attention being given to in-stream processes and
assimilation. Perhaps at some later stage in that process some results may be integrated
into our models and the models re-run.

In the Torbay workshop, another concern was the lack of some information for the
modelling + especially understanding of the current level of implementation, and localised
research into management and nutrient loss.

3.6.1. Modifications to modelling

Some small changes were made on the basis of comments regarding current levels of
implementation, especially for the Torbay catchment. Future modelling should address
better assimilation factors if these are available from research being conducted on the
South Coast.
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4. Conclusions

The modelling reported on here provides the most detailed set of information to base
management decisions for nutrient reduction in Wilson Inlet and Torbay. Properly used, it
can give clear direction on the most cost-effective ways to reduce nutrient exports from
existing land uses. It also suggests the most effective land use changes for nutrient
reduction, although without necessarily recommending these.

Ultimately, the success of the Evaluating Catchment Management Policies project will be
measured in the extent to which the principal land management agencies in the region can
promote and fund the appropriate BMPs for nutrient reduction. And, in the extent to which
land managers at the individual property scale are prepared to implement the necessary
changes to their practices that will make the difference.

The utility of this report is somewhat reduced due to the lack of any targets for nutrient
reduction based on biological research in the two catchments. In the case of Torbay, the
research is really just beginning, whilst in Wilson Inlet, a significant program of research
has provided a greatly improved understanding of the functioning of the system, but no
clearly-defined targets for nutrient reduction. Had we well-founded targets, we could
estimate the actions required to meet them. Instead, we are working in a targeting vacuum,
and can only suggest what IS possible.

We believe that a shortcoming of the current project - in relation to this biological research
+ lies in the focus of the model. Ultimately, it is a lumped model dealing with roughly-
approximated nutrient loads, rather than with spatial and temporal estimates of nutrient
concentrations. We have always tried to keep sight of this fact.

Paradoxically though, such crudeness may contain the strength of the model: it is a rough
model, but then our understanding of the systems involved is likewise somewhat rough. As
a number of previous reports from this project have made clear, there is not a great deal of
locally-derived data in the area of landuse, land management and nutrient loss. We are
doing the best with what we have: we are not pretending that we have a finely honed tool
of great precision.

4.1. Wilson I nlet

The highest realistic scenario indicates the direction that management should take if the
highest levels of reduction are required. This set of BMPs should achieve reductions of 22%
for both N & P, while providing a significant yearly return over 10 years of over $200,000. It
is considered that the levels of implementation given are possible with adequate funding.
Such funding should be returned to the catchment through productivity improvements
within 10 years.

If more finely-tuned directions are required, land managers can use the detailed results to
direct management at the sub-catchment scale.
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4.2. Torbay

The most cost-effective scenario indicates the direction that management should take if the
highest levels of reduction are required. With an up-front cost of nearly $1.5 million, the set
of BMPs should still provide a significant yearly return over 10 years of over $250,000. The
removal rate for P is around a third, while N removal is lower (around 15%) due to the
absence of riparian buffers.

Again, land managers should use the detailed results to direct management at the sub-
catchment scale.

4.3. Future information required

This stage of the project has identified (or reinforced) the need for a number of additional
actions:

The provision of better information for farmers on the effects of their land
management decisions * ie: how to be @nutrient-friendly® farmers;

Better information on current land management practices + such as levels of
implementation of appropriate BMPs;

Better monitoring of existing land use by LGAs; and

The development of reduction targets to direct management actions.

;Ygedio 7iieYWi Nutrient Reduction BMPs in Wilson Inlet & Torbay catchments 63



5. References

Reports listed in bold are products of the Evaluating Catchment Management Policies
project.

Allen, D.G., and Jeffery, R.C. (1990) Methods for the analysis of phosphorus in Western Australian soils. Chemistry
Centre of Western Australia. Report of Investigations No 37.

Appleyard, S.J., 1995, The impact of urban development on recharge and groundwater quality in a coastal aquifer
near Perth, Western Australia. Hydrogeology Journal, 3(2), pp.65-75.

Bott, G. (1993). "Relationships between the extent of conventional broadscale agriculture and stream phosphorus
concentration and phosphorus export in southwest Western Australia," Western Australian Office of
Catchment Management. Rep. No. 2.

Bunn, S.E and Davies,P.M. (1990) Why is the stream fauna of south-western Australia so impoverished?,
Hydrobiologia, 194, 169-176.

Daily, G.C., Matson, P.A. and Vitousak, P.M. (1997) Ecosystem Services Supplied by Soil, in in Nature’s Services *
Societal Dependence on Natural Ecosystems, Daily G.C. (ed)., pp:113-32. Washington DC: Island
Press.

Dairy Industry Nutrient Strategy Working Group (1997). Guidelines for management for animal-based industries +
dairy farm effluent. Bulletin 4336, Department of Agriculture WA.

Deeley, D.M. (1989) Phosphorus fertilizer dissolution and leaching losses from acid grey sands. Unpublished MSc
Thesis. University of WA, Perth.

Deeley, D.M. (2000). Socioeconomic instruments to promote improved land-management practices and
to achieve reductions in nutrient and sediment loss from the Wilson Inlet and Oyster
Harbour catchments. Report to Agriculture WA. Acacia Springs Environmental. Report
ASE98013

Deeley, D.M. (2001). Policy Evaluation for the Wilson Inlet and Oyster Harbour Catchments: Nutrient
generation rates for WinCMSS modelling. Report to Agriculture WA. Acacia Springs
Environmental, Report ASE20012

Deeley, D.M. (2002) Evaluating indicators of ecological health for estuaries in southwest Australia. Unpublished
PhD thesis, Murdoch University.

Deeley, D.M. (2002). Policy Evaluation for the Wilson Inlet and Oyster Harbour Catchments: Estimated
Nutrient Attenuation and Costs of Various Best Management Practices. Report to
Agriculture WA. Acacia Springs Environmental, Report ASE2002

Deeley, D.M., Paling, E.I. and Humphries, R. (1999) Why Western Australian estuaries are highly susceptible to
nutrient enrichment. Proceedings of the International Conference on Diffuse Pollution, Perth Western
Australia, May, 1999.

Douglas, G.B. (1993) Characterisation of suspended particulate matter in the Murray-Darling River system.
Unpublished PhD thesis, Monash University, Melbourne.

Duxbury, M.L. (1999). Issues concerning the nature, viability and sustainability of rural enterprises in
the Wilson Inlet and Oyster Harbour catchments. Report to Agriculture Western Australia,
Ecotones & Associates, Denmark WA.

Finlayson, B.L. and T. A. McMahon, T.A. (1988) Australia v the world: a comparative analysis of streamflow
characteristics., in Fluvial geomorphology of Australia.(Eds): Academic Press, Australia, 17-40.

Foster, S., Lawrence, A. and Morris, B., 1998. Groundwater in urban development. World Bank Technical Paper No
390, 54 pp.

Gerritse, R.G., Barber, C. and Adeney, J.A., 1990. The impact of residential urban areas on groundwater quality:
Swan Coastal Plain, Western Australia. Australia CSIRO Water Resource Series, Report No 3, 27pp.

Gravitas Consulting (2001A). Stage 7 = Hotspot ldentification and Management in the Wilson Inlet and Oyster
Harbour Catchments: Preparation of DEM and Associated Hydrologic Parameters. Report to
Agriculture Western Australia. Gravitas Consulting Report GCTR2001_12, Perth.

;Ygedio 7iieYWi Nutrient Reduction BMPs in Wilson Inlet & Torbay catchments 64



Gravitas Consulting, (2001). PEWOC4 WINCMSS * Precinct Modification, Cross Tabulation and
Development of Mapping Units and Land Use. Report to Ecotones & Associates, Gravitas
Consulting Report GCTR2001_10, Perth.

Hosja, W., and Deeley, D. M. (1993). Harmful phytoplankton surveillance in Western Australia. Waterways
Commission of Western Australia. Report No. 43.

John, J (1988) The distribution of epiphytic diatoms in the Swan River Estuary, Western Australia, in relation to
hydrological factors, presented at 10th Diatom Symposium.

Latto, A, Noonan JD, & Taylor, RJ (2000) Environmental Guidelines for New & Existing Piggeries. Bulletin 4416,
Agriculture WA.

Lefroy, E.R., Hobbs, R. and Scheltma M. (1993). Reconciling Agriculture and Nature Conservation: Toward a
Restoration Strategy for the Western Australian Wheatbelt. in Nature Conservation 3: Restoration of
Fragmented Ecosystems, Saunders, D.A., Hobbs, R.J. and Ehrlich, P.R. (eds)., pp:243-57. Perth:
Surrey Beatty & Sons.

Marston, F; Young, Y; Davis R (1995). Nutrient Generation Rates Data Book (2" Edition). CSIRO Division of Water
Resources, LWRRDC & SWB.

Neville, S.D. (1999). Classification and zoning of Rural Policy Precincts: modelling sub-catchments of
Wilson Inlet and Oyster Harbour catchments. Report to Agriculture Western Australia,
Ecotones & Associates, Denmark WA.

Neville, S.D. (2001). A simulation framework to assess nutrient production and management in Wilson
Inlet & Oyster Harbour Catchments. Report to Agriculture Western Australia, Ecotones &
Associates, Denmark WA.

Neville, S.D. (2002A). Development and testing of an Excel Model to mimic WinCMSS. Report to
Agriculture Western Australia, Ecotones & Associates, Denmark WA.

Neville, S.D. (2002B). Modelling of best management and planning practices for nutrient load
reductions to Wilson Inlet & Oyster Harbour Catchments. Report to Agriculture Western
Australia, Ecotones & Associates, Denmark WA.

Postel, S and Carpenter S. (1997). Freshwater Ecosystem Services, in Daily G.C. (ed) Nature’s Services + Societal
Dependence on Natural Ecosystems. pp:195-214 Washington DC: Island Press.

Sharma, M.L., Kin, P.G., Herne, D.E. (1994) Land use effects on the quality of water discharged to Ellen Brook.
Annual report July 1993 - June 1994. CSIRO Australia, Division of Water Resources.

Sharpley, A. (1995) Identifying sites vulnerable to phosphorus loss in agricultural runoff. Journal of Environmental
Quality, 24 947-951.

Sharpley, A.N., Daniel, T.C., & Edwards, D.R. (1993) Phosphorus movement in the landscape. Journal of Productive
Agriculture, 6 495-500

Summers, R. (1999) Best management practices for achieving reductions in nutrient and sediment
loads to receiving waterways and sustainable agricultural development. Agriculture
Western Australia (Draft Report)

Tipping, P (1997). Wilson Inlet Catchment Monitoring, 1994 + 1996. Agriculture Western Australia. Miscellaneous
Publication 5/97.

Turner, G.W., Ruffio, R.M. (1993) Environmental auditing for nonpoint spource pollution control in a region of
New South Wales (Australia). Water Science Technology. 28 (3-5) 301-309.

Viney, N.R., Sivapalan, M. and Deeley, D.M. (2000) A conceptual model of nutrient mobilisation and transport
applicable at large catchment scales. JHydrology, 240: 23-44.

Water & Rivers Commission (2002). Wilson Inlet Action Plan (draft). Water & Rivers Commission. Albany

Weaver, D, Reed, A & Grant, J (2001). Evidence for Choosing Low Order Streams as Priorities for Management. In
Proceedings of the 3rd Australian Stream Management Conference, Brisbane, 2001.

Weaver, D.M, Reed, A.J. and McCafferty, A. (1999) A phosphorus inventory for the Albany hinterland, south coast
of Western Australia. Proceedings of the International Conference on Diffuse Pollution, Perth Western
Australia, May, 1999.

Weaver, D.M. and Reed, A.E.G. (1998) Patterns of nutrient status and fertiliser practice on soils of the south coast
of Western Australia. Agriculture, Ecosystems and Environment 67 (1998) 37-53.

Weaver, D.M., Pen, L.J., & Reed, A.E. (1994) Modifying the phosphorus cycle to achieve management objectives
in the Oyster Harbour catchment. Water, February 28-32.

;Ygedio 7iieYWi Nutrient Reduction BMPs in Wilson Inlet & Torbay catchments 65



Yeates, J.S., Deeley, D.M., Clarke, M.F., and Allen, D.G.
Agriculture Western Australia. No 3. pp 87-91.

(1984)

Modifying fertilizer practices.

;Ygedio 7iieYWi Nutrient Reduction BMPs in Wilson Inlet & Torbay catchments

Journal of

66



6. Appendices

Nutrient Reduction Workshops - Participants

Torbay Catchment Workshop
Tuesday 2" July 2002
Elleker Hall, Elleker

1.30pm £ 5pm

Bob Gretton (Landcare consultant)

Chris Brampton (Agricultural Consultant)
Howard Shapland (Horticulturalist)

John Grant (Ag WA)

Julie Pech (W&RC)

Ken Eade (Water Corporation)

Lionel Downes (Farmer and Horticulturalist)
Marisa Papalia (Planner, City of Albany)
Monty Walker (Farmer and Horticulturalist)
Noel Bignell (Farmer and Horticulturalist)
Richard Hindley (Planner, City of Albany)
Terry Walsh (W&RC)

Louise Duxbury (Green Skills Inc Denmark)
Simon Neville (Ecotones & Associates, Denmark)

David Weaver (Ag WA Albany)
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Wilson Inlet Catchment Workshop
Tuesday 4" July 2002
Denmark Shire, Denmark

1.30pm £ 5pm

Alex Syme (Councillor, Denmark Shire)

Chris Gunby (W&RC)

David Jan (GIS analyst, RIC)

David Low (Landcare consultant)

Emma Huxley (Community Landcare Coordinator)
Geoff Evans (Denmark Environment Centre)

Jay Piercey (Uni student)

Jennifer Smith (Planner, Denmark Shire)

John Piercey (Landowner)

Kirsty Alexander (W&RC)

Owen Stokes-Hughes (Councillor, Denmark Shire)
Rachel Read (Landcare consultant)

Louise Duxbury (Green Skills Inc Denmark)
Simon Neville (Ecotones & Associates, Denmark)

David Weaver (Ag WA Albany)
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Nutrient Reduction Workshops - Comments

Comments from the Wilson Inlet Workshop + Denmark Shire + 4/ 7/ 2002

Assimilation is clearly important + has there been local research (not yet!)
What are the point source nutrient output figures based on? + Many will use best practices.
Has there been monitoring of sub-catchment outputs?? (only some)

What re the nutrient output figures for native vegetation based on? Does it account for the
impact of fires and other management?

When is the best timing for fertiliser application in upper catchment grazing areas..??

I wouldn’t separate riparian fencing from stock crossings and watering points + they are a
package.

Has any work been done on soil compaction and the effects of this on water movement and
drainage. + David Weaver has some CSIRO papers on it.

Do we have figures on what urban areas contribute? - [A: There has been some monitoring
and good figures are available for standard urban areas.]

SCENARIOS:

3" order streams in WI don’t need fencing as much native veg is already under state forest (ie
no clearing).

Are plantations part of horticulture? = A: no.

The model does not incorporate what is lost by not implementing BMPS * aesthetics, loss of
ecosystem services, tourism etc.

The cost of the 2most effective® scenario is the same cost as the proposed permanent inlet
opening ($10 million).

21% P and 14% N reduction does not seem very much + how much do we need to reduce
by??

Nutrient in the waterways are on the rise: we need to set targets that are achievable in the
next 5-10 years to change these trends.

The modeled costs of implementing BMPs does not include public education/communication!
Who pays for these costs?

We need to look at proposed land use changes and ways to reduce nutrient export £ eg
development conditions.

Would like education costed into the model.
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Comments from Torbay Workshop + Elleker Hall - 2/ 7/ 2002

Need to assess nutrient loads of specific waterways = this requires detailed monitoring. Eg
monitoring after fertiliser applications. We should bring the information much closer to the
farmers eg farmers doing their own monitoring.

Local information about how much fertiliser is applied on different soils and how much is lost.
We lack local information + could survey local landholders.

The system is complex + losses today are not necessarily from recent applications. The
fertiliser store in the soil is from years of (over) application.

We need good information on fertiliser applications = eg sulphur
Water monitoring snapshots are being done + the real costs are in the sample analysis.

The Ribbons of Blue project has a 0.5 time coordinator for the whole South coast Region. This
is insufficient resourcing to teach the community N & P water quality monitoring, but they
offer low analysis costs and high community involvement. The info is provided immediately to
the community.

He asked (Ag dept..??) how to grow rye grass + was given a fact sheet on rye grass for
Victoria!!

Concerned that the Perennial pasture figure for N reduction is lower than the P figure. + notes
that grasses are generally high N users.

Riparian fencing has other benefits £ eg protection from gastrolobium, stops the loss of cattle
to bogs, and avoids having to chase stock esp during calving!

Another best practice + shelter belts for protection (micro-climates).
Concerned about the lack of soil testing (by farmers) to evaluate fertiliser requirements.

Raised concerns that fertiliser recommendations from soil testing by companies is not
independent. (or usefull!!)

SCENARIOS

Status Quo Perennials changing quickly = in >750 may be up to 70% (but we lack the
info)

Grazing Effective fertiliser use figure is too high! Needs surveying.

Horticulture Figure of current rate is too low * raise to 50% ?? + many growers apply slow
release fertilisers, with direct applications etc.

Develop a matrix of soil/slope type and the BMPs.

Can cost-sharing options be explored by the model? Particularly beyond maximum scenario of
35%.

Can we use the model on an individual property basis? (development required!)
We don't have a local facility to soil test and give advice on soil test results.
We need grasses to grow in wet areas.

Need assistance in establishing perennials in saturated ground.
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The highest possible scenarios will slow water down
increase assimilation * is this accounted for?

+

this will result in longer times and
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