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Appendix A: Hy dr ol ogi c al c al
A.l1 Hydrological model testing

A.1.1 Testing different hydrological models

We tested the following hydrological models in this project (Table A.1):
1 GRA4J (Perrin et al. 2003)
1 LASCAM (Large Scale Catchment Model, Viney et al. 2000)

Models were tested in the Cuppup Creek catchment at flow gauge 603013. Models were
calibrated using the Nash-Sutcliffe Efficiency (NSE) daily with bias penalty from 1/1/2005 to
the 28/4/2017. The models were validated from 1985 to 2004. The LASCAM model
performed significantly better for the calibration period but was slightly worse in the validation
period (see Table A.1). Ultimately, we opted to use LASCAM due to its ability to model land-
use changes over time and produce a better calibration.

Table A.1: Calibration results of the hydrological models tested

Period Statistic 603013: LASCAM 603013: GR4J

Objective function usef for calibration NSE daily bias NSE daily bias

NSE Daily 0.86 0.79

NSE Daily & Bias Penalty 0.86 0.77

Calibration perioc NSE Log Daily & Bias Penalty 0.39 0.48
O H MNP CH NSE Monthly 0.96 0.93
NSE Annual 0.95 0.84

Volume Bias (%) -2.74 10.55

NSE Daily 0.81 0.81

NSE Daily & Bias Penalty 0.80 0.81

Validation period NSE Log Daily & Bias Penalty 0.52 0.55
(1975-2004)  NSE Monthly 0.92 0.90
NSE Annual 0.67 0.82

Volume Bias (%) -8.67 -2.47

A.1.2 Testing the effect of plantation  leaf area index responses to clearing

We tested the effect of three different plantation leaf area index (LAI) responses during the
initial stages of the hydrological model development: a fixed annual LAI, a two-year LAI
response to planting/harvesting and a five-year LAl response to planting/harvesting. All three
tests had their LAI scaled according to the monthly factors given in Table A.2, were
optimised using NSE log daily bias (1/1/2005 to 31/12/2016) and had no stream routing.

All three models had good calibration results with most statistics being similar in all three
tests (Table A.3). However, the two-year plantation LAl response gave a better annual NSE
score and had a closer matching cumulative flow plot and daily flow plots (Figure A.1).

br



Table A.2: Monthly LAI scaling factor used for all land uses

Month LAl factor

Jan 0.90
Feb 0.89
Mar 0.90
Apr 0.90
May 0.85
Jun 0.92
Jul 1.12
Aug 1.21
Sep 1.27
Oct 1.20
Nov 0.96
Dec 0.88

Table A.3: Model calibration statistics for three different plantation LAI responses to clearing

erio atistic year year fixed LA
response response
Objective function use for NSElog NSElog NSElog

calibration daily bias daily bias daily bias
NSE Daily 0.47 0.68 0.67
Calibration NSE Daily & Bias Penalty 0.47 0.68 0.67
period NSE Log Daily & Bias Penalty 0.84 0.84 0.87
O H N 1 p NSE Monthly 0.94 0.92 0.92
8) NSE Annual 0.98 0.96 0.95

Volume Bias (%) -2.5 -2.3 -1.4

NSE Daily 0.51 0.42 0.28
Validation NSE Daily & Bias Penalty 0.19 0.06 -0.74
period NSE LogDaily & Bias Penalty 0.11 0.20 -0.94
(1975- NSE Monthly 0.69 0.69 0.38
2004) NSE Annual 0.38 0.30 -0.54

Volume Bias (%) -39.6 -41.8 -69.8




Figure A.1: Hydrographs and cumulative flow from three different plantation LAl responses to clearing
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A.2 Hydrology parameters and functions

A.2.1 LASCAMparameters

Table A.4: Calibrated hydrology parameters by parameter set

Parameter set ID

Parameter 602009 603003 603004 603005 603007 603013 603020 603021 603022 603023 603190 Quickup|
alphag* -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -005 -0.05 -0.05 -0.05 -0.05 -0.09
betac* 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
betag* 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
betass* 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
amn (mm) 54 161 29 31 50 47 54 28 14 63 4 10
amx (mm) 197 502 314 364 364 403 419 255 205 242 153 828
bmx (mm) | 1677 1461 783 1898 1750 1439 2285 502 2496 2428 1081 1576
fmx (mm) 776 322 368 448 206 218 412 865 585 629 212 400
fsO 196 24 79 101 80 82 89 35 5 69 25 127
dfs 71 164 136 148 46 67 43 81 95 76 32 105
td 570 586 729 363 82 256 256 1488 364 209 1167 1259
alphaa 1.24 3.06 3.06 2.67 2.54 1.25 1.34 10.00 1.84 1.14 4.89 1.54
alphab 7.12 1.29 6.81 4.22 7.26 8.58 4.74 9.79 9.18 0.26 2.60 5.24
alphac 2.58 3.24 0.00 0.12 0.00 0.01 9.81 0.00 1.89 5.61 5.74 3.88
alphaf 4.08 0.18 3.32 6.82 4.06 9.94 3.29 2.98 4.38 5.17 8.74 0.89
alphass 10.99 1.56 468 10.83 516 10.89 10.98 130 1037 10.96 0.10 8.24
betaa 58 3513 9914 5698 1062 342 452 1536 512 64 9999 5871
betab 0.65 8.54 9.86 5.56 6.16 9.85 0.17 9.99 4.99 9.96 9.84 8.33
betaf 6.84 8.92 2.06 3.55 0.15 431 591 1.00 9.99 3.01 5.11 8.79
gammaa 1.83 5.38 3.19 2.31 9.98 4.90 1.79 7.52 9.98 0.76 4.54 2.49
gammab 0.18 0.17 0.60 0.83 0.75 0.87 0.62 0.30 0.31 0.11 0.76 0.40
gammaf 0.50 0.69 0.37 0.51 0.70 0.47 0.43 0.65 0.66 0.13 0.28 0.27
deltab 2.49 3.95 3.32 2.51 0.14 0.45 2.32 0.52 2.13 2.38 4.21 2.39
deltaf 1.00 0.89 1.00 1.00 0.98 1.00 1.00 0.30 0.30 0.42 0.95 0.7
dmul 1.64 1.02 0.73 0.93 0.47 0.57 1.16 1.15 1.98 1.26 0.71 1.64
dmu2 (mm) | 1250 707 2446 1933 807 631 1695 506 1353 1050 2333 1504
dmu3 0.87 0.66 0.90 0.57 1.01 1.91 0.73 0.98 1.99 1.25 1.94 0.70

* Parameter is fixed. All other parameters are calibrated
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Figure A.2: Hydrology parameter sets for cleared and vegetated land uses
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Table A.5: Hydrology parameter sets by modelling catchment and average annual rainfall
(anrain parameter)

Parameter set ID

Parameter set ID

. anrain  Cleared Vegetated . anrain  Cleared Vegetated
Cat ID Reporting catchment (mm) FU FU Cat ID Reporting catchment (mm) FU FU

1 Lower Denmark River 1000 603021 603021 60 Sleeman River 900 603007 603007

2 Lower Denmark River 1000 603021 603021 61 Sleeman River 900 603007 603007

3 Lower Denmark River 900 603021 603021 62 Sleeman River 900 603007 603007

4 Lower Denmark River 900 603021 603021 63 Sleeman River 900 603007 603007

5 Lower Denmark River 1000 603021 603021 64 Cuppup Creek 900 603013 603013

6 Lower Denmark River 1000 603021 603021 65 Cuppup Creek 900 603013 603013

7 Upper Denmark River 900 603021 603021 66 Cuppup Creek 900 603013 603013

8 Upper Denmark River 900 603021 603021 67 Little River 1000 603020 603020

9 Upper Denmark River 800 603021 603021 68 Little River 1000 603020 603020
10 Upper Denmark River 900 603021 603021 69 Little River 1000 603020 603020
11 Upper Denmark River 800 603003 603003 70 Lake Saide 900 602009 602009
12 Upper Denmark River 800 603003 603003 71 Lake Saide 900 602009 602009
13 Upper Denmark River 800 603004 603004 72 Lake Saide 900 602009 602009
14  Upper Denmark River 700 603004 603004 73 Lake Saide 900 602009 602009
15 Upper Denmark River 700 603004 603004 74 Nullaki 1000 602009 602009
16 Upper Denmark River 700 603003 603003 75 Nullaki 1000 602009 602009
17 Upper Denmark River 800 603003 603003 76 Nullaki 1000 602009 602009
18 Upper Denmark River 700 603003 603003 77 Ocean Beach Road 1100 602009 602009
19 Upper Denmark River 800 603003 603003 78 Ocean Beach Road 1100 602009 602009
20 Upper Denmark River 800 603190 603190 79 Koorabup Creek 1000 603020 603020
21 Upper Denmark River 800 603190 603190 80 Koorabup Creek 1000 603020 603020
22 Upper Denmark River 800 603190 603190 81 Foreshore 900 603022 603022
23 Scotsdale Brook 1000 603021 603021 82 Foreshore 900 603022 603022
24  Scotsdale Brook 1100 603023 603023 83 Foreshore 900 603022 603022
25 Scotsdale Brook 1100 603023 603023 84 Foreshore 1000 603020 603020
26 Lower Denmark River 900 Quickup Quickup 85 Foreshore 1000 603020 603020
27 Foreshore 900 603022 603022 86 Foreshore 1000 603020 603020
28 Lower Hay River 900 603022 603022 87 Foreshore 1100 603020 603020
29 Lower Hay River 900 603004 603004 88 Foreshore 1100 603020 603020
30 Upper Hay River 900 603004 603004 90 Lower Denmark River 900  Quickup Quickup
31 Upper Hay River 800 603005 603005 91 Lower Denmark River 1000 603021 603021
32 Lower Hay River 800 603004 603004 92 Lower Denmark River 1000 603021 603021
33 Lower Hay River 800 603004 603004 93 Lower Denmark River 1000 603021 603021
34 Upper Hay River 800 603004 603004 94 Lower Denmark River 1000 603021 603021
35 Upper Hay River 800 603004 603004 95 Lower Denmark River 1000 603021 603021
36 Upper Hay River 700 603004 603004 96 Lower Denmark River 1000 603021 603021
37 Upper Hay River 800 603004 603004 97 Lower Denmark River 1000 603021 603021
38 Upper Hay River 700 603004 603004 98 Lower Denmark River 1000 603021 603021
39 Upper Hay River 700 603004 603004 99 Lower Denmark River 1000 603021 603021
40 Upper Hay River 800 603004 603004 100 Lower Denmark River 1000 603021 603005
41  Upper Hay River 700 603004 603004 101 Upper Denmark River 900 603021 603005
42  Upper Hay River 700 603004 603004 102 Lower Hay River 900 603022 603022
43 Upper Hay River 700 603004 603004 103 Lower Hay River 900 603022 603022
44  Upper Hay River 600 603004 603004 104 Lower Hay River 900 603022 603022
45 Upper Hay River 600 603004 603004 105 Sunny Glen Creek 900 603022 603022
46 Upper Hay River 700 603004 603004 106 Lower Hay River 900 603022 603022
47 Upper Hay River 700 603004 603004 107 Lower Hay River 900 603022 603022
48 Upper Hay River 700 603004 603004 108 Lower Hay River 900 603022 603022
49 Upper Hay River 700 603004 603004 109 Lower Hay River 900 603022 603022
50 Upper Hay River 800 603004 603004 110 Lower Hay River 900 603022 603022
51 Upper Hay River 700 603004 603004 111 Lower Hay River 900 603022 603022
52 Upper Hay River 700 603004 603004 112 Sleeman River 900 603007 603007
53 Upper Hay River 700 603004 603004 113 Ocean Beach Road 1100 602009 602009
54  Upper Hay River 700 603004 603004 114 Ocean Beach Road 1100 602009 602009
55 Upper Hay River 700 603004 603004 115 Nullaki 1000 602009 602009
56 Upper Hay River 700 603004 603004 116 Nullaki 1000 602009 602009
58 Sunny Glen Creek 900 603022 603022 117 Lower Denmark River 900 603021 603021
59 Sunny Glen Creek 900 603022 603022 118 Little River 1000 603020 603020




A.2.2 Storage node parameters (dams and lakes)

Table A.6: Storage node parameters

Mount .
Model Parameter Lake Saide: Nenamup |Wentworth Hallowell Denmark | Quickup Carter Dam
component Inlet Road dam Dam Dam
Stud dam

Full Supply Level (m) -0.2 0.1 3 3 8.2 45 35.39

Full Supply Volume (ML) 27.2 277.9 0.0 13.9 444.0 0.0 0.0
Storage |Initial Storage Level -0.8 -0.8 0 0 0 37 33
details |Initial Storage Volume 0 0 0 0 0 0 0

Dead Storage Level (m) -0.2 -0.2 3 3 0 37 35.39

Dead Storage Volume (ML) 27.2 59.4 0.0 13.9 0.0 0.0 0.0

Climate Data-Rainfall file CatID73| CatID72| CatlD69| CatlD 68| CatlD05| CatlD26| CatlID 26
Climate Rainfall Rainfall Rainfall Rainfall Rainfall Rainfall Rainfall
details . | catiD73| CcatID72| CatlD69| CatlD68| CatlD05| CatID26| CatlD 26

Climate Data-Evaporation file

Evap Evap Evap Evap Evap Evap Evap




A.2.3 Functions

Table A.7: Functions used for the Nenamup Inlet and Lake Saide minimum flow requirement
nodes

Flow from Lake Saide to Nenamup Inlet via the Wolves Pump Road flood management structure:
Used by the fAilLakeSai deToNenamupo minimum flow requ
$LakeSaideToNenamupDischarge =

if($LakeSaideStorageVol=0,0,if($LakeSaideLevel<=$NenamuplnletLevel,0,if($LakeSaideFlow>400,400,$Lake
SaideFlow)))

Discharge from Nenamup Inlet to the Wilson Inlet via the Eden Road flood gates
Used by the AEdenRoadGateso minimum flow requireme

$NenamupRelease =
if($InetOpening=0,0,if($NenamuplinletLevel<=$NenamupLevelCTF,0,if($NenamuplnletFlow>400,400,$Nenam
uplnletFlow)))

$LakeSaideFlow = $HeadDiff * 300

$HeadDiff = $LakeSaideLevel-$NenamuplnletLevel

$LakeSaideStorageVol = Lake Saide modelled storage volume (ML)

$LakeSaideLevel = Lake Saide modelled storage level (m)

$NenamuplnletLevel = Nenamup Inlet modelled storage level (m)

$NenamuplinletFlow = $NenamuplinletLevel*444.44-44.444

$InletOpening = daily timeseries file when the Wilson Inlet bar was open (value of 1) or closed (0).

$NenamupLevelCTF = 0.1

$NenamuplnletStorageVol = Nenamup Inlet modelled storage level (ML)




Table A.8: Functions used for water supply dams

The Albany i Denmark water supply pipeline:
Used by the AAl banyWater Suppl yPipelineo inflow nod
$AlbanyWaterSupply =

If($Now.Year<1990,0,if($QuickupStorageVolume>$QuickupDamVolThreshold,0,$DailyTownWaterDemand))

Pumpback from Denmark to Quickup Dam:
Used by the fADenmar kWwaeausennoded Pumpbacko
$Pumpback =

if(5Now.Year<2020,$MeasuredDenmarkPumpback, [f($QuickupStorageVolume<$QuickupDamVolThreshold,0,i
f($QuickupDamLevel>44.5,0,if($DenmarkDamLevel<8.20,0,if($DenmarkDamInflow=0,0,if($DenmarkDamInflo
w<20,$DenmarkDamInflow*0.2,4))))))

Quickup Dam water abstraction for town water supply:
Used by the AQuickupWater Suppl yo water user node.

$QuickupWaterSupply =
if(3Now.Year<2020,$QuickupWaterSupply TimeSeries,if($QuickupStorageVolume<$QuickupDamVolThreshold
,0,$QuickupWaterSupplyTimeSeries))

Water abstraction from Denmark Dam for direct town water supply
Used by the fADenmar kWater Supplyo water user node

$DenmarkDamWaterSupply = timeseries of measured or estimated water abstraction for direct town water
supply.

Quickup Dam volume threshold that engages the Albany T Denmark water supply:

$QuickupDamVolThreshold = 400

Modelled variable for determining the pumpback volume from Denmark Dam to Quickup Dam

$DenmarkDamInflow = modelled downstream flow at 613136 on the previous day

$DailyTownWaterDemand = timeseries of measured or estimated town water demand (ML)

$DenmarkDamLevel = modelled storage level in Denmark Dam

$MeasuredDenmarkPumpback = timeseries of measured pumpback from Denmark to Quickup dam (ML)

$QuickupDamLevel = modelled storage level in Quickup Dam

$QuickupStorageVolume = modelled storage volume in Quickup Dam




Hydrological and nutrient modelling of the Wilson Inlet catchment i Appendices

A.3 Model performance

A.3.1 Overall performance of the catchment model

The overall performance of the catchment model is represented here by summing all end-of-
catchment measured and monitored flows. Days without measured flow are excluded from
the sum of modelled flow data.

Flow calibration sites
® Overall model performance
® Upstream sites
Land use (hydrology)
Cleared
NativeVegetation
| Plantation
Water
Catchments and hydrology
CS Major catchments
~~—— Rivers & drains

Figure A.3: Flow measurement sites used to summarise the overall performance of the
hydrological model
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Overall model performance (sum of end -of-catchment flow sites)

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 2/01/1984 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.94 0.60 Min 1 0 0 0
NSE log daily bias 0.83 0.55 Percentile:
NSE daily 0.94 0.84 5th 5 0 0 0
NSE monthly 0.97 0.88 10th 6 1 0 0
NSE annual 0.97 0.73 20th 9 2 0 0
Mass balance error -5% -35% 50th 42 18 9 0
Objective function used for calibration: NSE daily bias 75th 235 189 118 37
Max 17 673 15 209 20 444 16 349
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Hydrological and nutrient modelling of the Wilson Inlet catchment i Appendices

A.3.2 Model performance: Little River

Mo'unt\‘
wHallowell 118
S
Stud /e

Measurement sites
@® Flow calibration
¢ Nutrient calibration
® Flow & nutrient calibration
© Flow validation
@® Flow validation & nutrient calibration
Land use (hydrology FUs)

Cleared

Native Vegetation
Plantation

Water

Catchments & hydrology

C3 Reporting catchments
C23 Modelling catchments

Rivers & drains

Figure A.4: Little River model domain
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Little River 6 Ocean Beach Road 603020

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 10/5/1997 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.80 0.67 Min 0 0 0 0
NSE log daily bias 0.65 0.78 Percentile:
NSE daily 0.80 0.75 5th 2 0 0 0
NSE monthly 0.94 0.84 10th 3 0 1 0
NSE annual 0.87 -0.16 20th 4 1 1 1
Mass balance error -4% -22% 50th 7 6 7 7
Objective function used for calibration: NSE daily bias 75th 16 20 25 23
Max 324 411 304 252
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A.3.3 Model performance:

Hydrological and nutrient modelling of the Wilson Inlet catchment i Appendices

Denmark River and Scotsdale Brook

Measurement sites
@ Flow calibration
¢ Nutrient calibration
@® Flow & nutrient calibration
O Flow validation
@® Flow validation & nutrient calibration
Land use (hydrology FUs)

Cleared

NativeVegetation
| Plantation

Water

Catchments & hydrology
C23 Reporting catchments
C3 Modelling catchments

Rivers & drains

Figure A.5: Denmark River and Scotsdale Brook model domain
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Denmark River d Denmark Ag College 6603021

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 17/5/1997 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.86 0.48 Min 0 0 0 0
NSE log daily bias 0.81 0.49 Percentile:
NSE daily 0.86 0.75 5th 0 0 0 0
NSE monthly 0.89 0.78 10th 1 0 2 0
NSE annual 0.92 -0.08 20th 3 1 4 1
Mass balance error 2% -36% 50th 14 10 21 11
Objective function used for calibration: NSE daily bias 75th 76 69 112 69
Max 2 870 3 660 3 340 1953
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Scotsdale Brook d Pipehead 6 603023

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 26/4/1997 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.83 0.70 Min 0 0 0 0
NSE log daily bias 0.67 0.68 Percentile:
NSE daily 0.83 0.72 5th 0 0 0 0
NSE monthly 0.95 0.91 10th 0 0 0 0
NSE annual 0.91 0.48 20th 1 0 1 1
Mass balance error 4% -12% 50th 5 10 7 10
Objective function used for calibration: NSE daily bias 75th 32 36 45 38
Max 3 480 2 236 2 477 889
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Denmark River d Mt Lind esay 6 603136

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 1/1/1975 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.61 -0.08 Min 0 0 0 0
NSE log daily bias 0.66 -0.30 Percentile:
NSE daily 0.66 0.57 5th 0 0 0 0
NSE monthly 0.71 0.65 10th 0 0 0 0
NSE annual 0.82 0.16 20th 0 0 1 0
Mass balance error -18% -56% 50th 3 0 8 0
Objective function used for calibration: NSE log daily bias 75th 32 11 67 13
Max 1840 3194 4061 7 162
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Denmark River d Kompup 6 603003

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 1/1/1975 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.72 0.15 Min 0 0 0 0
NSE log daily bias 0.75 0.36 Percentile:
NSE daily 0.72 0.64 5th 0 0 0 0
NSE monthly 0.82 0.75 10th 0 0 0 0
NSE annual 0.94 0.56 20th 0 0 0 0
Mass balance error -1% -48% 50th 0 0 1 0
Objective function used for calibration: NSE log daily bias 75th 2 3 17 5
Max 2 094 1862 4 807 5184
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Yates Flat Creek d Woodanup 8603190

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 1/1/1975 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.52 -0.25 Min 0 0 0 0
NSE log daily bias 0.92 -0.11 Percentile:
NSE daily 0.52 0.20 5th 0 0 0 0
NSE monthly 0.90 0.69 10th 0 0 0 0
NSE annual 0.96 0.38 20th 0 0 0 0
Mass balance error -3% -46% 50th 0 0 0 0
Objective function used for calibration: NSE log daily bias 75th 1 1 6 2
Max 438 1002 1487 3743
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Perillup Brook dPerillup Brook 8603177

Statistic Calibration Validation Daily flow Calibration Validation
Not calibrated 25/6/2011 to statistic  Gauged Modelled Gauged Modelled
19/3/2013 (ML) (ML) (ML) (ML)
NSE daily bias - 0.37 Min - - 0 0
NSE log daily bias - 0.04 Percentile:
NSE daily - 0.44 5th - - 0 0
NSE monthly - 0.45 10th - - 0 0
NSE annual - 0.55 20th - - 0 0
Mass balance error - -21% 50th - - 0 0
Objective function used for calibration: Not calibrated 75th - - 2 3
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Hydrological and nutrient modelling of the Wilson Inlet catchment i Appendices

A.3.4 Model performance: Hay River and Sunny Glen Creek

: gl Y
Measurement sites Land use (hydrology FUs) Catchments & hydrology
@ Flow calibration Cleared C3 Reporting catchments
¢ Nutrient calibration NativeVegetation C3 Modelling catchments
® Flow & nutrient calibration . Plantation Rivers & drains
© Flow validation Water
@® Flow validation & nutrient calibration

ooyt e

Figure A.6: Hay River and Sunny Glen Creek model domain
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Sunny Glen Creekd Girrawheen 8603022

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 17/5/1997 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.81 0.44 Min 0 0 0 0
NSE log daily bias 0.81 0.68 Percentile:
NSE daily 0.81 0.60 5th 0 0 0 0
NSE monthly 0.89 0.72 10th 0 0 0 0
NSE annual 0.92 -0.04 20th 0 0 0 0
Mass balance error -1% -29% 50th 0 0 0 0
Objective function used for calibration: NSE daily bias 75th 3 3 10 3
Max 897 878 628 434
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Hay River d Sunny Glend 603004

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 2/01/1984 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.90 0.37 Min 0 0 0 0
NSE log daily bias 0.70 0.00 Percentile:
NSE daily 0.91 0.77 5th 0 0 0 0
NSE monthly 0.97 0.80 10th 0 0 0 0
NSE annual 0.98 0.41 20th 0 0 1 0
Mass balance error -8% -44% 50th 11 1 24 1
Objective function used for calibration: NSE daily bias 75th 77 41 140 55
Max 12 377 10 357 13 190 12 112
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Michell River dBeigpiegup 6603005

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 2/01/1986 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.83 -0.45 Min 0 0 0 0
NSE log daily bias 0.69 -0.10 Percentile:
NSE daily 0.84 0.41 5th 0 0 0 0
NSE monthly 0.92 0.36 10th 0 0 0 0
NSE annual 0.93 -1.07 20th 0 0 0 0
Mass balance error -9% -64% 50th 1 1 2 1
Objective function used for calibration: NSE log daily bias 75th 6 4 10 3
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Upper Hay Tributary dPardelup Prison Farm 6 603008

Statistic Calibration Validation Daily flow Calibration Validation
Not calibrated 1/09/1988 to statistic  Gauged Modelled Gauged Modelled
2/03/2011 (ML) (ML) (ML) (ML)
NSE daily bias -2.69 0.36 Min 0 0 0 0
NSE log daily bias -0.24 0.61 Percentile:
NSE daily -1.78 0.37 5th 0 0 0 0
NSE monthly 0.58 0.74 10th 0 0 0 0
NSE annual 0.51 0.63 20th 0 0 0 0
Mass balance error 66% 8% 50th 0 0 0 0
Objective function used for calibration: Not calibrated 75th 0 0 0 0
Max 19 47 25 12
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603009and 603010 (Upper Hay)
No flow measurement in the calibration period.
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A.3.5 Model performance: Sleeman River, Cuppup Creek and Lake Saide
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Roa ¢ £ 4 . . .
: e PR SOR " A @® Flow calibration

¢ Nutrient calibration
@® Flow & nutrient calibration
O Flow validation
@® Flow validation & nutrient calibration
Land use (hydrology FUs)
Cleared
_ NativeVegetation
| Plantation
Water
Catchments & hydrology
C3 Reporting catchments
C3 Modelling catchments
Rivers & drains

Figure A.7: Sleeman River, Cuppup Creek and Lake Saide model domain
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Sleeman River d Sleeman Rd Bridged 603007

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 14/4/1985 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.68 0.57 Min 0 0 0 0
NSE log daily bias -0.10 -0.14 Percentile:
NSE daily 0.71 0.57 5th 0 0 1 0
NSE monthly 0.82 0.81 10th 1 0 1 0
NSE annual 0.65 0.58 20th 1 0 2 0
Mass balance error -15% -5% 50th 4 0 5 0
Objective function used for calibration: NSE daily bias 75th 18 10 20 20
Max 4 255 3 765 8 214 4 237
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Cuppup River dEden Rdo 603013

Statistic Calibration Validation Daily flow Calibration Validation
1/01/2005 to 15/6/1989 to statistic  Gauged Modelled Gauged Modelled
31/12/2018 31/12/2004 (ML) (ML) (ML) (ML)
NSE daily bias 0.86 0.80 Min 0 0 0 0
NSE log daily bias 0.39 0.52 Percentile:
NSE daily 0.86 0.81 5th 0 0 0 0
NSE monthly 0.96 0.92 10th 0 0 0 0
NSE annual 0.95 0.67 20th 0 0 0 0
Mass balance error -3% -9% 50th 0 0 0 0
Objective function used for calibration: NSE daily bias 75th 17 7 19 16
Max 2 643 2 303 2 258 2 920
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AppendixB:Nut ri ent <cal

B.1 Nutrient model parameters and daily data

B.1.1 Nutrient generation model parameters

br at
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Figure B.1: Nutrient model parameter sets
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Table B.1: Nitrogen model parameters by parameter set (1 of 2)

Modelling land use Cuppup Denmark Ag College Lake Saide Little River Lower Hay Mitchell River

a b c a b c a b c a b c a b c a b c
Bare soil & other (high PRI) 0.014 0.001 0.109 0.046 0.206 0.034 0.129 0.07 0.101 0.042 0.394 0.034 0.014 0.25 0.056 0.596 0.213 0.105
Bare soil & other (low PRI) 0.014 0.001 0.109 0.046 0.206 0.034 0.129 0.07 0.101 0.042 0.394 0.034 0.014 0.25 0.056 0.596 0.213 0.105
Beef (high PRI) 0.237 0.001 1.843 0.771 0.206 0.567 2.172 0.07 1.693 0.714 0.394 0.572 0.234 0.25 0.931 10.04 0.213 1.761
Beef (low PRI) 0.237 0.001 1.843 0.771 0.206 0.567 2.172 0.07 1.693 0.714 0.394 0.572 0.234 0.25 0.931 10.04 0.213 1.761
Cropping (high PRI) 0.108 0.001 0.84 0.352 0.206 0.259 0.992 0.07 0.773 0.326 0.394 0.261 0.107 0.25 0.426 4.585 0.213 0.804
Cropping (low PRI) 0.108 0.001 0.84 0.352 0.206 0.259 0.992 0.07 0.773 0.326 0.394 0.261 0.107 0.25 0.426 4.585 0.213 0.804
Dairy (high PRI) 0.366 0.001 2.846 1.189 0.206 0.875 3.351 0.07 2.612 1.102 0.394 0.882 0.361 0.25 1.437 15.49 0.213 2.717
Dairy (low PRI) 0.366 0.001 2.846 1.189 0.206 0.875 3.351 0.07 2.612 1.102 0.394 0.882 0.361 0.25 1.437 15.49 0.213 2.717
Feedlots & stockyards (high PRI) 1.776 0.001 13.81 5.776 0.206 4.249 16.28 0.07 12.69 5.352 0.394 4.286 1.751 0.25 6.969 75.22 0.213 13.2
Feedlots & stockyards (low PRI) 1.776 0.001 13.81 5.776 0.206 4.249 16.28 0.07 12.69 5.352 0.394 4.286 1.751 0.25 6.969 75.22 0.213 13.2
Horses (high PRI) 0.189 0.001 1.47 0.615 0.206 0.452 1.734 0.07 1.352 0.57 0.394 0.456 0.187 0.25 0.744 8.011 0.213 1.405
Horses (low PRI) 0.189 0.001 1.47 0.615 0.206 0.452 1.734 0.07 1.352 0.57 0.394 0.456 0.187 0.25 0.744 8.011 0.213 1.405
Horticulture (high PRI) 1.729 0.001 13.45 5.623 0.206 4.136 15.85 0.07 12.36 5.21 0.394 4.172 1.705 0.25 6.786 73.23 0.213 12.85
Horticulture (low PRI) 1.729 0.001 13.45 5.623 0.206 4.136 15.85 0.07 12.36 5.21 0.394 4.172 1.705 0.25 6.786 73.23 0.213 12.85
Lifestyle block (high PRI) 0.148 0.001 1.151 0.481 0.206 0.354 1.356 0.07 1.057 0.446 0.394 0.357 0.146 0.25 0.581 6.266 0.213 1.099
Lifestyle block (low PRI) 0.148 0.001 1.151 0.481 0.206 0.354 1.356 0.07 1.057 0.446 0.394 0.357 0.146 0.25 0.581 6.266 0.213 1.099
Native vegetation (high PRI) 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099
Native vegetation (low PRI) 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099
Orchard (high PRI) 0.025 0.001 0.194 0.082 0.206 0.06 0.232 0.07 0.181 0.076 0.394 0.061 0.025 0.25 0.1 1.07 0.213 0.188
Orchard (low PRI) 0.025 0.001 0.194 0.082 0.206 0.06 0.232 0.07 0.181 0.076 0.394 0.061 0.025 025 0.1 1.07 0.213 0.188
Piggeries & abattoirs (high PRI) 0.851 0.001 6.618 2.767 0.206 2.035 7.797 0.07 6.079 2.564 0.394 2.053 0.839 0.25 3.339 36.03 0.213 6.321
Piggeries & abattoirs (low PRI) 0.851 0.001 6.618 2.767 0.206 2.035 7.797 0.07 6.079 2.564 0.394 2.053 0.839 0.25 3.339 36.03 0.213 6.321

Plantation (high PRI) 0.063 0.001 0.49 0.931 0.206 0.685 2.862 0.07 2.231 0.308 0.394 0.247 0.318 0.25 1266 O 0213 O

Plantation (low PRI) 0.063 0.001 0.49 0.931 0.206 0.685 2.862 0.07 2.231 0.308 0.394 0.247 0.318 0.25 1266 O 0213 O
Point source (high PRI) 0.014 0.001 0.109 0.046 0.206 0.034 0.129 0.07 0.101 0.042 0.394 0.034 0.014 0.25 0.056 0.596 0.213 0.105
Point source (low PRI) 0.014 0.001 0.109 0.046 0.206 0.034 0.129 0.07 0.101 0.042 0.394 0.034 0.014 0.25 0.056 0.596 0.213 0.105
Potatoes (high PRI) 0.138 0.001 1.073 0.448 0.206 0.33 1.262 0.07 0.984 0.415 0.394 0.332 0.136 0.25 0.541 5.833 0.213 1.023
Potatoes (low PRI) 0.138 0.001 1.073 0.448 0.206 0.33 1.262 0.07 0.984 0.415 0.394 0.332 0.136 0.25 0.541 5.833 0.213 1.023
Recreation (high PRI) 0.193 0.001 1.501 0.627 0.206 0.461 1.766 0.07 1.377 0.581 0.394 0.465 0.19 0.25 0.756 8.161 0.213 1.432
Recreation (low PRI) 0.193 0.001 1.501 0.627 0.206 0.461 1.766 0.07 1.377 0.581 0.394 0465 0.19 0.25 0.756 8.161 0.213 1.432
Roads & industrial (high PRI) 0.014 0.001 0.109 0.046 0.206 0.034 0.129 0.07 0.101 0.042 0.394 0.034 0.014 0.25 0.056 0.596 0.213 0.105
Roads & industrial (low PRI) 0.014 0.001 0.109 0.046 0.206 0.034 0.129 0.07 0.101 0.042 0.394 0.034 0.014 0.25 0.056 0.596 0.213 0.105
Rural living (bush block) (high PRI)0.054 0.001 0.42 0.967 0.206 0.711 1.749 0.07 1.364 0.23 0.394 0.184 0.13 0.25 0.517 10.21 0.213 1.79
Rural living (bush block) (low PRI) 0.054 0.001 0.42 0.967 0.206 0.711 1.749 0.07 1.364 0.23 0.394 0.184 0.13 0.25 0517 10.21 0.213 1.79
Urban (high PRI) 0.243 0.001 1.89 0.789 0.206 058 2.225 0.07 1.735 0.731 0.394 0.585 0.239 0.25 0.951 10.28 0.213 1.803
Urban (low PRI) 0.243 0.001 1.89 0.789 0.206 058 2.225 0.07 1.735 0.731 0.394 0.585 0.239 0.25 0.951 10.28 0.213 1.803
Viticulture (high PRI) 0.142 0.001 1.104 0.461 0.206 0.339 1.298 0.07 1.012 0.427 0.394 0.342 0.14 0.25 0.557 5.998 0.213 1.052
Viticulture (low PRI) 0.142 0.001 1.104 0.461 0.206 0.339 1.298 0.07 1.012 0.427 0.394 0.342 0.14 0.25 0.557 5.998 0.213 1.052

Wastewater irrigation (high PRI) 0.109 0.001 0.848 1.617 0.206 1.189 4.97 0.07 3.875 0.536 0.394 0.429 0552 0.25 2197 O 0213 O

Wastewater irrigation (low PRI) ~ 0.109 0.001 0.848 1.617 0.206 1.189 4.97 0.07 3.875 0.536 0.394 0.429 0.552 0.25 2.197 O 0.213 O




Table B.2: Nitrogen model parameters by parameter set (2 of 2)

Modelling land use Mt Lindesay Scotsdale Brook Sleeman Sunny Glen Creek Upper Hay
a b 8 a b c a b c a b c a b ©
Bare soil & other (high PRI) 0.033 0.447 0.072 0.032 0.431 0.028 0.084 0.119 0.051 0.038 0.07 0.101 0.029 0.25 0.058
Bare soil & other (low PRI) 0.033 0.447 0.072 0.032 0.431 0.028 0.084 0.119 0.051 0.038 0.07 0.101 0.029 0.25 0.058
Beef (high PRI) 0.559 0.447 1.225 0.544 0.431 0.478 1.418 0.119 0.858 0.637 0.07 1.693 0.488 0.25 0.971
Beef (low PRI) 0.559 0.447 1.225 0.544 0.431 0.478 1.418 0.119 0.858 0.637 0.07 1.693 0.488 0.25 0.971
Cropping (high PRI) 0.255 0.447 0.559 0.248 0.431 0.218 0.648 0.119 0.392 0.291 0.07 0.773 0.223 0.25 0.444
Cropping (low PRI) 0.255 0.447 0.559 0.248 0.431 0.218 0.648 0.119 0.392 0.291 0.07 0.773 0.223 0.25 0.444
Dairy (high PRI) 0.862 0.447 1.89 0.839 0431 0.737 2.188 0.119 1.324 0.983 0.07 2.613 0.753 0.25 1.499
Dairy (low PRI) 0.862 0.447 1.89 0.839 0431 0.737 2.188 0.119 1.324 0.983 0.07 2.613 0.753 0.25 1.499
Feedlots & stockyards (high PRI) 4.186 0.447 9.176 4.076 0.431 3.582 10.63 0.119 6.429 4.775 0.07 1269 3.658 0.25 7.28
Feedlots & stockyards (low PRI) 4.186 0.447 9.176 4.076 0.431 3.582 10.63 0.119 6.429 4.775 0.07 12.69 3.658 0.25 7.28
Horses (high PRI) 0.446 0.447 0978 0.434 0.431 0.381 1.132 0.119 0.685 0.509 0.07 1.353 0.39 0.25 0.776
Horses (low PRI) 0.446 0.447 0978 0.434 0.431 0.381 1.132 0.119 0.685 0.509 0.07 1.353 0.39 0.25 0.776
Horticulture (high PRI) 4.076 0.447 8.935 3.968 0.431 3.487 10.35 0.119 6.26 4.649 0.07 12.36 3.561 0.25 7.087
Horticulture (low PRI) 4.076 0.447 8.935 3.968 0.431 3.487 10.35 0.119 6.26 4.649 0.07 12.36 3.561 0.25 7.087
Lifestyle block (high PRI) 0.349 0.447 0.765 0.34 0.431 0.299 0.885 0.119 0.536 0.398 0.07 1.058 0.305 0.25 0.607
Lifestyle block (low PRI) 0.349 0.447 0.765 0.34 0.431 0.299 0.885 0.119 0.536 0.398 0.07 1.058 0.305 0.25 0.607
Native vegetation (high PRI) 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099
Native vegetation (low PRI) 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099 0.567 0.213 0.099
Orchard (high PRI) 0.06 0.447 0.132 0.058 0.431 0.051 0.151 0.119 0.091 0.068 0.07 0.181 0.052 0.25 0.103
Orchard (low PRI) 0.06 0.447 0.132 0.058 0.431 0.051 0.151 0.119 0.091 0.068 0.07 0.181 0.052 0.25 0.103
Piggeries & abattoirs (high PRI) 2.005 0.447 4.395 1.952 0431 1.716 5.09 0.119 3.08 2.287 0.07 6.078 1.752 0.25 3.487
Piggeries & abattoirs (low PRI) 2.005 0.447 4395 1952 0431 1.716 5.09 0.119 3.08 2.287 0.07 6.078 1.752 0.25 3.487
Plantation (high PRI) 0.446 0.447 0978 0.664 0.431 0584 0.3 0.119 0.182 0.839 0.07 2.23 1.261 0.25 2.509
Plantation (low PRI) 0.446 0.447 0978 0.664 0431 0584 0.3 0.119 0.182 0.839 0.07 223 1.261 0.25 2.509
Point source (high PRI) 0.033 0.447 0.072 0.032 0.431 0.028 0.084 0.119 0.051 0.038 0.07 0.101 0.029 0.25 0.058
Point source (low PRI) 0.033 0.447 0.072 0.032 0.431 0.028 0.084 0.119 0.051 0.038 0.07 0.101 0.029 0.25 0.058
Potatoes (high PRI) 0.325 0.447 0.712 0.316 0.431 0.278 0.824 0.119 0.499 0.37 0.07 0.983 0.284 0.25 0.565
Potatoes (low PRI) 0.325 0.447 0.712 0.316 0.431 0.278 0.824 0.119 0.499 0.37 0.07 0.983 0.284 0.25 0.565
Recreation (high PRI) 0.454 0.447 0.995 0.442 0431 0.388 1.153 0.119 0.698 0.518 0.07 1.377 0.397 0.25 0.79
Recreation (low PRI) 0.454 0.447 0.995 0.442 0.431 0.388 1.153 0.119 0.698 0.518 0.07 1.377 0.397 0.25 0.79
Roads & industrial (high PRI) 0.033 0.447 0.072 0.032 0.431 0.028 0.084 0.119 0.051 0.038 0.07 0.101 0.029 0.25 0.058
Roads & industrial (low PRI) 0.033 0.447 0.072 0.032 0.431 0.028 0.084 0.119 0.051 0.038 0.07 0.101 0.029 0.25 0.058
Rural living (bush block) (high PRI0.484 0.447 1.061 0.757 0.431 0.665 0.255 0.119 0.154 0.513 0.07 1.363 3.478 0.25 6.921
Rural living (bush block) (low PRI) 0.484 0.447 1.061 0.757 0.431 0.665 0.255 0.119 0.154 0.513 0.07 1.363 3.478 0.25 6.921
Urban (high PRI) 0.572 0.447 1.254 0.557 0431 049 1.452 0.119 0.879 0.653 0.07 1736 05 0.25 0.995
Urban (low PRI) 0.572 0.447 1.254 0.557 0431 049 1.452 0.119 0.879 0.653 0.07 1736 05 0.25 0.995
Viticulture (high PRI) 0.334 0.447 0.732 0.325 0.431 0.286 0.847 0.119 0.513 0.381 0.07 1.013 0.292 0.25 0.581
Viticulture (low PRI) 0.334 0.447 0.732 0.325 0.431 0.286 0.847 0.119 0.513 0.381 0.07 1.013 0.292 0.25 0.581
Wastewater irrigation (high PRI) 0.774 0.447 1.697 1.154 0.431 1.014 0521 0.119 0.315 1.458 0.07 3.875 2.191 0.25 4.36
Wastewater irrigation (low PRI) ~ 0.774 0.447 1.697 1.154 0.431 1.014 0.521 0.119 0.315 1.458 0.07 3.875 2.191 0.25 4.36




Table B.3: Phosphorus model parameters by parameter set (1 of 2)

Modelling land use Cuppup Denmark Ag College Lake Saide Little River Lower Hay Mitchell River

a b © a b c a b c a b c a b c a b c
Bare soil & other (high PRI) 0.004 0.100 - 0.000 0.300 0.000 0.001 0.100 - 0.002 0.450 - 0.000 0.392 0.000 0.006 0.140 0.001
Bare soil & other (low PRI) 0.032 0.100 - 0.002 0.300 0.001 0.007 0.100 - 0.013 0450 - 0.001 0.392 0.000 0.045 0.140 0.009
Beef (high PRI) 0.250 0.100 - 0.017 0.300 0.005 0.053 0.100 - 0.103 0.450 - 0.008 0.392 0.003 0.352 0.140 0.074
Beef (low PRI) 1.996 0.100 - 0.138 0.300 0.041 0.427 0.100 - 0.824 0450 - 0.066 0.392 0.022 2.817 0.140 0.591
Cropping (high PRI) 0.088 0.100 - 0.006 0.300 0.002 0.019 0.100 - 0.037 0450 - 0.003 0.392 0.001 0.125 0.140 0.026
Cropping (low PRI) 0.707 0.100 - 0.049 0.300 0.015 0.151 0.100 - 0.292 0450 - 0.023 0.392 0.008 0.997 0.140 0.209
Dairy (high PRI) 0.444 0.100 - 0.031 0.300 0.009 0.095 0.100 - 0.183 0.450 - 0.015 0.392 0.005 0.626 0.140 0.131
Dairy (low PRI) 3.550 0.100 - 0.246 0.300 0.074 0.759 0.100 - 1466 0450 - 0.118 0.392 0.039 5.011 0.140 1.050
Feedlots & stockyards (high PRI) 1.002 0.100 - 0.069 0.300 0.021 0.214 0.100 - 0.414 0450 - 0.033 0.392 0.011 1.415 0.140 0.297
Feedlots & stockyards (low PRI)  8.018 0.100 - 0.555 0.300 0.167 1.714 0.100 - 3.312 0450 - 0.266 0.392 0.088 11.318 0.140 2.373
Horses (high PRI) 0.291 0.100 - 0.020 0.300 0.006 0.062 0.100 - 0.120 0.450 - 0.010 0.392 0.003 0.411 0.140 0.086
Horses (low PRI) 2.331 0.100 - 0.161 0.300 0.048 0.498 0.100 - 0.963 0450 - 0.077 0.392 0.025 3.291 0.140 0.690
Horticulture (high PRI) 3.113 0.100 - 0.216 0.300 0.065 0.665 0.100 - 1.286 0450 - 0.103 0.392 0.034 4.394 0.140 0.921
Horticulture (low PRI) 24.903 0.100 - 1.724 0.300 0.517 5.322 0.100 - 10.286 0.450 - 0.825 0.392 0.272 35.150 0.140 7.369
Lifestyle block (high PRI) 0.053 0.100 - 0.004 0.300 0.001 0.011 0.100 - 0.022 0450 - 0.002 0.392 0.001 0.075 0.140 0.016
Lifestyle block (low PRI) 0.424 0.100 - 0.029 0.300 0.009 0.091 0.100 - 0.175 0.450 - 0.014 0.392 0.005 0.598 0.140 0.125
Native vegetation (high PRI) 0.003 0.140 0.001 0.003 0.140 0.001 0.003 0.140 0.001 0.003 0.140 0.001 0.003 0.140 0.001 0.003 0.140 0.001
Native vegetation (low PRI) 0.024 0.140 0.005 0.024 0.140 0.005 0.024 0.140 0.005 0.024 0.140 0.005 0.024 0.140 0.005 0.024 0.140 0.005
Orchard (high PRI) 0.137 0.100 - 0.010 0.300 0.003 0.029 0.100 - 0.057 0.450 - 0.005 0.392 0.001 0.193 0.140 0.041
Orchard (low PRI) 1.095 0.100 - 0.076 0.300 0.023 0.234 0.100 - 0.452 0.450 - 0.036 0.392 0.012 1.546 0.140 0.324
Piggeries & abattoirs (high PRI)  1.488 0.100 - 0.103 0.300 0.031 0.318 0.100 - 0.615 0.450 - 0.049 0.392 0.016 2.100 0.140 0.440
Piggeries & abattoirs (low PRI) 11.904 0.100 - 0.824 0.300 0.247 2.544 0.100 - 4917 0450 - 0.394 0.392 0.130 16.802 0.140 3.522

Plantation (high PRI) 0.301 0.100 - 0.095 0.300 0.029 0.320 0.100 - 0.203 0.450 - 0.051 0.392 0.017 0.000 0.140 -

Plantation (low PRI) 2411 0.100 - 0.760 0.300 0.228 2.558 0.100 - 1.621 0450 - 0.409 0.392 0.135 0.000 0.140 -
Point source (high PRI) 0.004 0.100 - 0.000 0.300 0.000 0.001 0.100 - 0.002 0.450 - 0.000 0.392 0.000 0.006 0.140 0.001
Point source (low PRI) 0.032 0.100 - 0.002 0.300 0.001 0.007 0.100 - 0.013 0450 - 0.001 0.392 0.000 0.045 0.140 0.009
Potatoes (high PRI) 2.565 0.100 - 0.178 0.300 0.053 0.548 0.100 - 1.060 0450 - 0.085 0.392 0.028 3.621 0.140 0.759
Potatoes (low PRI) 20.523 0.100 - 1421 0.300 0.426 4.386 0.100 - 8.477 0450 - 0.680 0.392 0.224 28.967 0.140 6.073
Recreation (high PRI) 0.044 0.100 - 0.003 0.300 0.001 0.009 0.100 - 0.018 0.450 - 0.001 0.392 0.000 0.062 0.140 0.013
Recreation (low PRI) 0.350 0.100 - 0.024 0.300 0.007 0.075 0.100 - 0.144 0.450 - 0.012 0.392 0.004 0.494 0.140 0.103
Roads & industrial (high PRI) 0.004 0.100 - 0.000 0.300 0.000 0.001 0.100 - 0.002 0450 - 0.000 0.392 0.000 0.006 0.140 0.001
Roads & industrial (low PRI) 0.032 0.100 - 0.002 0.300 0.001 0.007 0.100 - 0.013 0450 - 0.001 0.392 0.000 0.045 0.140 0.009
Rural living (bush block) (high PRI)0.009 0.100 - 0.003 0.300 0.001 0.007 0.100 - 0.005 0.450 - 0.001 0.392 0.000 0.054 0.140 0.011
Rural living (bush block) (low PRI) 0.069 0.100 - 0.026 0.300 0.008 0.052 0.100 - 0.040 0450 - 0.006 0.392 0.002 0.434 0.140 0.091
Urban (high PRI) 0.353 0.100 - 0.024 0.300 0.007 0.075 0.100 - 0.146 0.450 - 0.012 0.392 0.004 0.498 0.140 0.104
Urban (low PRI) 2.823 0.100 - 0.196 0.300 0.059 0.603 0.100 - 1.166 0450 - 0.094 0.392 0.031 3.985 0.140 0.835
Viticulture (high PRI) 0.298 0.100 - 0.021 0.300 0.006 0.064 0.100 - 0.123 0.450 - 0.010 0.392 0.003 0.421 0.140 0.088
Viticulture (low PRI) 2.384 0.100 - 0.165 0.300 0.050 0.510 0.100 - 0.985 0450 - 0.079 0.392 0.026 3.365 0.140 0.706

Wastewater irrigation (high PRI)  0.182 0.100 - 0.058 0.300 0.017 0.193 0.100 - 0.123 0.450 - 0.031 0.392 0.010 0.000 0.140 -

Wastewater irrigation (low PRI) 1.458 0.100 - 0.460 0.300 0.138 1.547 0.100 - 0.980 0.450 - 0.248 0.392 0.082 0.000 0.140 -




Table B.4: Phosphorus model parameters by parameter set (2 of 2)

Modelling land use Mt Lindesay Scotsdale Brook Sleeman Sunny Glen Creek Upper Hay
a b © a b c a b c a b c a b c
Bare soil & other (high PRI) 0.000 0.050 - 0.001 0.200 - 0.001 0.260 0.000 0.001 0.100 - 0.000 0.300 0.000
Bare soil & other (low PRI) 0.003 0.050 - 0.006 0.200 - 0.005 0.260 0.002 0.006 0.100 - 0.002 0.300 0.001
Beef (high PRI) 0.021 0.050 - 0.044 0.200 - 0.039 0.260 0.017 0.048 0.100 - 0.013 0.300 0.004
Beef (low PRI) 0.167 0.050 - 0.353 0.200 - 0.314 0.260 0.135 0.386 0.100 - 0.104 0.300 0.034
Cropping (high PRI) 0.007 0.050 - 0.016 0.200 - 0.014 0.260 0.006 0.017 0.100 - 0.005 0.300 0.001
Cropping (low PRI) 0.059 0.050 - 0.125 0.200 - 0.111 0.260 0.048 0.137 0.100 - 0.037 0.300 0.012
Dairy (high PRI) 0.037 0.050 - 0.078 0.200 - 0.070 0.260 0.030 0.086 0.100 - 0.023 0.300 0.007
Dairy (low PRI) 0.298 0.050 - 0.627 0.200 - 0.559 0.260 0.241 0.687 0.100 - 0.184 0.300 0.060
Feedlots & stockyards (high PRI) 0.084 0.050 - 0.177 0.200 - 0.158 0.260 0.068 0.194 0.100 - 0.052 0.300 0.017
Feedlots & stockyards (low PRI)  0.672 0.050 - 1416 0.200 - 1.262 0.260 0.544 1552 0.100 - 0.416 0.300 0.136
Horses (high PRI) 0.024 0.050 - 0.052 0.200 - 0.046 0.260 0.020 0.056 0.100 - 0.015 0.300 0.005
Horses (low PRI) 0.195 0.050 - 0412 0.200 - 0.367 0.260 0.158 0.451 0.100 - 0.121 0.300 0.039
Horticulture (high PRI) 0.261 0.050 - 0.550 0.200 - 0.490 0.260 0.211 0.602 0.100 - 0.162 0.300 0.053
Horticulture (low PRI) 2.087 0.050 - 4398 0.200 - 3.920 0.260 1.690 4.820 0.100 - 1.293 0.300 0421
Lifestyle block (high PRI) 0.004 0.050 - 0.009 0.200 - 0.008 0.260 0.004 0.010 0.100 - 0.003 0.300 0.001
Lifestyle block (low PRI) 0.036 0.050 - 0.075 0.200 - 0.067 0.260 0.029 0.082 0.100 - 0.022 0.300 0.007
Native vegetation (high PRI) 0.003 0.140 0.001 0.003 0.140 0.001 0.003 0.140 0.001 0.003 0.140 0.001 0.003 0.140 0.001
Native vegetation (low PRI) 0.024 0.140 0.005 0.024 0.140 0.005 0.024 0.140 0.005 0.024 0.140 0.005 0.024 0.140 0.005
Orchard (high PRI) 0.012 0.050 - 0.024 0.200 - 0.022 0.260 0.009 0.027 0.100 - 0.007 0.300 0.002
Orchard (low PRI) 0.092 0.050 - 0.193 0.200 - 0.172 0.260 0.074 0.212 0.100 - 0.057 0.300 0.019
Piggeries & abattoirs (high PRI)  0.125 0.050 - 0.263 0.200 - 0.234 0.260 0.101 0.288 0.100 - 0.077 0.300 0.025
Piggeries & abattoirs (low PRI) 0.998 0.050 - 2.103 0.200 - 1.874 0.260 0.808 2.304 0.100 - 0.618 0.300 0.201
Plantation (high PRI) 0.076 0.050 - 0.245 0.200 - 0.038 0.260 0.016 0.290 0.100 - 0.152 0.300 0.050
Plantation (low PRI) 0.608 0.050 - 1959 0.200 - 0.303 0.260 0.130 2.316 0.100 - 1.219 0.300 0.397
Point source (high PRI) 0.000 0.050 - 0.001 0.200 - 0.001 0.260 0.000 0.001 0.100 - 0.000 0.300 0.000
Point source (low PRI) 0.003 0.050 - 0.006 0.200 - 0.005 0.260 0.002 0.006 0.100 - 0.002 0.300 0.001
Potatoes (high PRI) 0.215 0.050 - 0.453 0.200 - 0.404 0.260 0.174 0.497 0.100 - 0.133 0.300 0.043
Potatoes (low PRI) 1.720 0.050 - 3.625 0.200 - 3.231 0.260 1.393 3.972 0.100 - 1.065 0.300 0.347
Recreation (high PRI) 0.004 0.050 - 0.008 0.200 - 0.007 0.260 0.003 0.009 0.100 - 0.002 0.300 0.001
Recreation (low PRI) 0.029 0.050 - 0.062 0.200 - 0.055 0.260 0.024 0.068 0.100 - 0.018 0.300 0.006
Roads & industrial (high PRI) 0.000 0.050 - 0.001 0.200 - 0.001 0.260 0.000 0.001 0.100 - 0.000 0.300 0.000
Roads & industrial (low PRI) 0.003 0.050 - 0.006 0.200 - 0.005 0.260 0.002 0.006 0.100 - 0.002 0.300 0.001
Rural living (bush block) (high PRI)0.003 0.050 - 0.009 0.200 - 0.001 0.260 0.000 0.006 0.100 - 0.014 0.300 0.005
Rural living (bush block) (low PRI) 0.022 0.050 - 0.074 0.200 - 0.009 0.260 0.004 0.047 0.100 - 0.112 0.300 0.036
Urban (high PRI) 0.030 0.050 - 0.062 0.200 - 0.056 0.260 0.024 0.068 0.100 - 0.018 0.300 0.006
Urban (low PRI) 0.237 0.050 - 0.499 0.200 - 0444 0.260 0.192 0.546 0.100 - 0.147 0.300 0.048
Viticulture (high PRI) 0.025 0.050 - 0.053 0.200 - 0.047 0.260 0.020 0.058 0.100 - 0.016 0.300 0.005
Viticulture (low PRI) 0.200 0.050 - 0.421 0.200 - 0.375 0.260 0.162 0.461 0.100 - 0.124 0.300 0.040
Wastewater irrigation (high PRI)  0.046 0.050 - 0.148 0.200 - 0.023 0.260 0.010 0.175 0.100 - 0.092 0.300 0.030
Wastewater irrigation (low PRI) 0.368 0.050 - 1.185 0.200 - 0.183 0.260 0.079 1.401 0.100 - 0.737 0.300 0.240




Table B.5: Nutrient model parameter sets by modelling catchment

Nutrient parameter

Nutrient parameter se

Cat ID Reporting set ID Cat ID Reporting D

1 Lower Denmark River Denmark Ag College 60 Sleeman River Sleeman

2 Lower Denmark River Denmark Ag College 61 Sleeman River Sleeman

3 Lower Denmark River Denmark Ag College 62 Sleeman River Sleeman

4  Lower Denmark River Denmark Ag College 63 Sleeman River Sleeman

5 Lower Denmark River Denmark Ag College 64 Cuppup Creek Cuppup

6 Lower Denmark River Denmark Ag College 65 Cuppup Creek Cuppup

7 Upper Denmark River Mt Lindesay 66 Cuppup Creek Cuppup

8 Upper Denmark River Mt Lindesay 67 Little River Little River

9 Upper Denmark River Mt Lindesay 68 Little River Little River
10 Upper Denmark River Mt Lindesay 69 Little River Little River
11 Upper Denmark River Mt Lindesay 70 Lake Saide Lake Saide
12 Upper Denmark River Mt Lindesay 71 Lake Saide Lake Saide
13 Upper Denmark River Mt Lindesay 72 Lake Saide Lake Saide
14 Upper Denmark River Mt Lindesay 73 Lake Saide Lake Saide
15 Upper Denmark River Mt Lindesay 74 Nullaki Sunny Glen Creek
16 Upper Denmark River Mt Lindesay 75  Nullaki Sunny Glen Creek
17 Upper Denmark River Mt Lindesay 76 Nullaki Sunny Glen Creek
18 Upper Denmark River Mt Lindesay 77 Ocean Beach Road Sunny Glen Creek
19 Upper Denmark River Mt Lindesay 78 Ocean Beach Road Sunny Glen Creek
20 Upper Denmark River Mt Lindesay 79 Koorabup Creek Denmark Ag College
21 Upper Denmark River Mt Lindesay 80 Koorabup Creek Denmark Ag College
22 Upper Denmark River Mt Lindesay 81 Foreshore Denmark Ag College
23 Scotsdale Brook Scotsdale Brook 82 Foreshore Denmark Ag College
24 Scotsdale Brook Scotsdale Brook 83 Foreshore Denmark Ag College
25 Scotsdale Brook Scotsdale Brook 84 Foreshore Denmark Ag College
26 Lower Denmark River Denmark Ag College 85 Foreshore Denmark Ag College
27 Foreshore Lower Hay 86 Foreshore Denmark Ag College
28 Lower Hay River Lower Hay 87 Foreshore Denmark Ag College
29 Lower Hay River Lower Hay 88 Foreshore Denmark Ag College
30 Upper Hay River Lower Hay 90 Lower Denmark River Denmark Ag College
31 Upper Hay River Mitchell River 91 Lower Denmark River Denmark Ag College
32 Lower Hay River Lower Hay 92 Lower Denmark River Denmark Ag College
33 Lower Hay River Lower Hay 93 Lower Denmark River Denmark Ag College
34 Upper Hay River Lower Hay 94 Lower Denmark River Denmark Ag College
35 Upper Hay River Lower Hay 95 Lower Denmark River Denmark Ag College
36 Upper Hay River Lower Hay 96 Lower Denmark River Denmark Ag College
37 Upper Hay River Lower Hay 97 Lower Denmark River Denmark Ag College
38 Upper Hay River Lower Hay 98 Lower Denmark River Denmark Ag College
39 Upper Hay River Lower Hay 99 Lower Denmark River Denmark Ag College
40 Upper Hay River Lower Hay 100 Lower Denmark River Mt Lindesay
41 Upper Hay River Lower Hay 101 Upper Denmark River Mitchell River
42  Upper Hay River Upper Hay 102 Lower Hay River Sunny Glen Creek
43  Upper Hay River Upper Hay 103 Lower Hay River Sunny Glen Creek
44  Upper Hay River Upper Hay 104 Lower Hay River Sunny Glen Creek
45  Upper Hay River Upper Hay 105 Sunny Glen Creek Sunny Glen Creek
46  Upper Hay River Upper Hay 106 Lower Hay River Sunny Glen Creek
47  Upper Hay River Upper Hay 107 Lower Hay River Sunny Glen Creek
48 Upper Hay River Upper Hay 108 Lower Hay River Sunny Glen Creek
49 Upper Hay River Upper Hay 109 Lower Hay River Sunny Glen Creek
50 Upper Hay River Lower Hay 110 Lower Hay River Sunny Glen Creek
51 Upper Hay River Lower Hay 111 Lower Hay River Sunny Glen Creek
52 Upper Hay River Lower Hay 112 Sleeman River Sleeman
53 Upper Hay River Lower Hay 113 Ocean Beach Road Sunny Glen Creek
54 Upper Hay River Upper Hay 114 Ocean Beach Road Sunny Glen Creek
55 Upper Hay River Upper Hay 115 Nullaki Sunny Glen Creek
56 Upper Hay River Upper Hay 116  Nullaki Sunny Glen Creek
58 Sunny Glen Creek Sunny Glen Creek 117 Lower Denmark River Denmark Ag College
59 Sunny Glen Creek Sunny Glen Creek 118 Little River Little River




Calibrated land -use nutrient export rates

Table B.6: Range in average annual nutrient exports (201071 19) for the various land uses

Land use Nitrogen Phosphorus
kg/halyr kg/halyr

Septic tanks* 0.42c¢c 3.64 0.033¢ 0.189
Beef & other grazing 046 ¢ 6.14 0.009¢ 0.872
Cropping 0.19¢ 0.19 0.003¢ 0.003
Dairy 1.37¢ 6.50 0.020¢ 0.871
Horses 044 ¢ 2.75 0.014c¢ 0.387
Horticulture 3.05¢ 43 0.075¢ 12.7

Intensive animal use 2.69 ¢ 15 0.050¢ 0.507
Lifestyle block 032¢ 3.79 0.003¢ 0.164
Native vegetation 0.03¢ 0.58 <0.001¢ 0.012
Other landuses 0.03¢ 051 <0.001¢ 0.025
Plantation 0.04¢ 158 0.003¢ 0.485
Roads & industrial 0.08¢ 0.43 0.001¢ 0.014
Urban 048¢ 6.11 0.007¢ 0.957
Viticulture & orchards 0.11¢ 181 0.005¢ 0.371

* kg/septic tank/yr



B.1.2 Riparian filtering model parameters

Table B.7: Riparian filtering model parameters

L Existing Max Max Max fencing | Max fencing
Riparian : Base Base - -

p .Tot_al fencm_g or case: case: fencm_g fencm_g & . & _
riparian | Vegetated fencing = = scenario: | scenario: | revegetation | revegetation

CatID| removal o t N P N P . —

H= High length (%) no removal | removal scenario: scenario:
L = Low (km) required %) (%) removal | removal N removal P removal

(%) (%) (%) (%) (%)

1 H 2.2 97 64 29 29 30 30 30 30
2 H 0.5 100 100 30 30 30 30 30 30
3 H 18.6 78 22 23 23 30 30 30 30
4 H 4.6 96 0 29 29 30 30 30 30
5 H 46.8 77 16 23 23 30 30 30 30
6 H 3.9 100 53 30 30 30 30 30 30
7 H 37.7 99 24 30 30 30 30 30 30
8 H 83.3 99 19 30 30 30 30 30 30
9 H 92.9 93 0 28 28 30 30 30 30
10 H 60.8 99 0 30 30 30 30 30 30
11 H 15.9 92 3 28 28 30 30 30 30
12 H 4.2 99 44 30 30 30 30 30 30
13 H 1.7 73 0 22 22 30 30 30 30
14 H 43.8 99 0 30 30 30 30 30 30
15 H 31.0 82 0 25 25 30 30 30 30
16 H 13.7 73 0 22 22 30 30 30 30
17 H 37.0 88 24 26 26 30 30 30 30
18 H 32.6 61 16 18 18 30 30 30 30
19 H 12.7 97 0 29 29 30 30 30 30
20 H 23.6 62 0 19 19 30 30 30 30
21 H 12.0 46 0 14 14 29 29 30 30
22 H 18.8 72 0 22 22 30 30 30 30
23 H 1.8 99 98 30 30 30 30 30 30
24 H 59.3 70 58 21 21 27 27 30 30
25 H 41.0 70 69 21 21 26 26 30 30
26 H 40.4 98 0 29 29 30 30 30 30
27 L 0.7 19 0 6 1 21 6 30 6
28 L 6.6 99 62 30 5 30 7 30 7
29 L 33.7 89 29 27 4 30 8 30 8
30 H 111.8 97 0 29 29 30 30 30 30
31 H 65.5 99 0 30 30 30 30 30 30
32 L 40.4 64 0 19 3 30 8 30 8
33 L 27.9 84 16 25 4 30 8 30 8
34 H 15.2 96 0 29 29 30 30 30 30
35 H 8.7 66 38 20 20 29 29 30 30
36 H 65.8 87 0 26 26 30 30 30 30
37 H 43.0 96 0 29 29 30 30 30 30
38 H 98.0 71 0 21 21 30 30 30 30
39 H 54.1 80 0 24 24 30 30 30 30
40 H 1.3 67 0 20 20 30 30 30 30
41 H 39.7 63 18 19 19 30 30 30 30
42 H 69.2 76 5 23 23 30 30 30 30
43 H 71.0 60 0 18 18 30 30 30 30
44 H 71.4 73 12 22 22 30 30 30 30
45 H 31.2 69 0 21 21 30 30 30 30
46 H 91.3 61 1 18 18 30 30 30 30
a7 H 17.9 48 13 15 15 28 28 30 30
48 H 0.6 0 0 0 0 15 15 30 30
49 H 11 19 0 6 6 21 21 30 30
50 L 6.4 71 0 21 4 30 9 30 9
51 H 16.8 59 0 18 18 30 30 30 30
52 H 19.2 55 0 17 17 30 30 30 30
53 H 22.1 80 0 24 24 30 30 30 30
54 H 53.2 57 0 17 17 30 30 30 30
55 H 86.4 48 0 14 14 29 29 30 30
56 H 11.1 46 0 14 14 29 29 30 30




L Existing Max Max Max fencing | Max fencing
Riparian : Base Base - -

p .Tot_al fencm_g or case: case: fencm_g fencm_g & . & _
riparian | Vegetated fencing = = scenario: | scenario: | revegetation | revegetation

G| Mo % t i a N P scenario: scenario:

H= High el (%) ho removal | removal ' :
L = Low (km) required %) (%) removal | removal N removal P removal

(%) (%) (%) (%) (%)

58 L 24.5 46 0 14 2 29 7 30 7
59 L 22.1 42 0 13 2 28 7 30 7
60 L 0.0 100 100 30 5 30 5 30 5
61 L 17.7 50 31 15 3 25 6 30 6
62 L 70.2 35 7 11 2 24 6 30 6
63 L 39.2 49 33 15 2 25 6 30 6
64 L 14.1 18 6 5 1 20 6 30 6
65 L 61.5 20 7 6 1 20 6 30 6
66 L 87.6 8 21 3 1 15 5 30 5
67 H 0.7 88 0 26 26 30 30 30 30
68 H 31.7 81 0 24 24 30 30 30 30
69 H 3.9 60 0 18 18 30 30 30 30
70 L 0.2 94 0 28 5 30 10 30 10
71 L 4.8 53 0 16 3 30 8 30 8
72 L 4.6 67 0 20 3 30 8 30 8
73 L 26.5 41 0 12 2 27 7 30 7
74 L 0.0 0 0 0 0 15 5 30 5
75 L 1.7 22 0 7 1 22 6 30 6
76 L 14 0 0 15 5 30 10 30 10
77 L 0.2 73 0 22 5 30 10 30 10
78 L 31 49 0 15 2 30 7 30 7
79 H 11 75 0 22 22 30 30 30 30
80 H 5.8 62 0 19 19 30 30 30 30
81 L 4.4 27 0 8 1 23 6 30 6
82 L 4.9 85 0 26 4 30 9 30 9
83 H 2.6 70 0 21 21 30 30 30 30
84 H 0.6 91 0 27 27 30 30 30 30
85 H 4.0 72 0 22 22 30 30 30 30
86 H 0.2 100 0 30 30 30 30 30 30
87 H 0.2 95 0 29 29 30 30 30 30
88 H 0.4 31 0 15 15 30 30 30 30
90 H 3.0 93 0 28 28 30 30 30 30
91 H 2.8 71 4 21 21 30 30 30 30
92 H 2.4 83 61 25 25 30 30 30 30
93 H 1.2 38 24 11 11 23 23 30 30
94 H 0.1 100 100 30 30 30 30 30 30
95 H 0.8 63 0 19 19 30 30 30 30
96 H 0.7 98 11 29 29 30 30 30 30
97 H 0.1 100 66 30 30 30 30 30 30
98 H 21.2 68 1 20 20 30 30 30 30
99 H 33.2 88 3 26 26 30 30 30 30
100 H 27.9 97 16 29 29 30 30 30 30
101 H 17.7 100 0 30 30 30 30 30 30
102 L 2.9 86 50 26 4 30 7 30 7
103 L 14 100 91 30 5 30 5 30 5
104 L 5.9 34 5 10 2 24 6 30 6
105 L 0.4 89 0 27 4 30 9 30 9
106 L 0.3 70 78 21 4 24 5 30 5
107 L 3.9 34 0 10 2 25 7 30 7
108 L 6.8 80 0 24 4 30 9 30 9
109 L 0.4 2 0 0 0 15 5 30 5
110 L 11.7 42 0 13 2 28 7 30 7
111 L 11 11 0 3 1 18 6 30 6
112 L 0.1 0 0 0 0 15 5 30 5
113 L 2.0 93 0 28 5 30 10 30 10
114 L 2.0 24 0 7 1 22 6 30 6
115 L 0.0 0 0 0 0 15 5 30 5
116 L 0.0 0 0 0 0 15 5 30 5
117 H 4.0 36 0 11 11 26 26 30 30
118 H 19.0 63 0 19 19 30 30 30 30
Total 2535.1 71 9 20 16 28 21 30 22




B.1.3 Storage node parameters

Table B.8: Storage node nutrient model parameters

Wentwort

Mount

Model . Nenamu Denmark uicku
Parameter Lake Saide P h Road | Hallowell Q P Carter Dan
component Inlet Dam Dam
dam Stud dam
Constituent| TN storage decay model (s) 6,048,000 12,960,00 Nil Nil Nil Nil Nil
model |TP storage decay model (§) 864,000 5,184,000 Nil Nil Nil Nil Nil




B.2 Daily modelled and measured nutrient
concentrations

B.2.1 Little River , Ocean Bead Rd (AWRC ref. 603020)

e 603020 - Observed TN (mg/l9 603020 - Modelled TN (mg/L)
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Figure B.2: Measured and modelled winter total nitrogen (TN, top graph) and total
phosphorus (TP, bottom graph) at Ocean Beach Rd (Little River, AWRC ref. 603020)
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Figure B.3: Measured and modelled winter total nitrogen (TN, top graph) and total



B.2.3 Scotsdale Brook, Pipehead (AWRC ref . 603023)
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Figure B.4: Measured and modelled winter total nitrogen (TN, top graph) and total
phosphorus (TP, bottom graph) at Pipehead (Scotsdale, AWRC ref. 603023)



B.2.4 Denmark River, Mt Lind esay (AWRC ref. 603136)
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Figure B.5: Measured and modelled winter total nitrogen (TN, top graph) and total

phosphorus (TP, bottom graph) at Mt Lindesay (Denmark River, AWRC ref. 603136)



B.2.5 Sunny Glen Creek, Girrawheen (AWRC ref. 60302 2)
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Figure B.6: Measured and modelled winter total nitrogen (TN, top graph) and total
phosphorus (TP, bottom graph) at Girrawheen (Sunny Glen Creek, AWRC ref. 603022)
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Figure B.7: Measured and modelled winter total nitrogen (TN, top graph) and total
phosphorus (TP, bottom graph) at Sunny Glen (Hay River, AWRC ref. 603004)



B.2.7 Mitchell River, Beigpiegup (AWRC ref . 603005)
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Figure B.8: Measured and modelled winter total nitrogen (TN, top graph) and total
phosphorus (TP, bottom graph) at Beigpiegup (Mitchell River, AWRC ref. 603005)




B.2.8 Hay River, EVhO1 (AWRC ref. 6031477)
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Figure B.9: Measured and modelled winter total nitrogen (TN, top graph) and total
phosphorus (TP, bottom graph) at EVhay01 (Hay River, AWRC ref. 6031477)




B.2.9 Sleeman River, Sleeman Rd Bridge (AWRC ref. 603007)
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Figure B.10: Measured and modelled winter total nitrogen (TN, top graph) and total

phosphorus (TP, bottom graph) at Sleeman Rd Bridge (Sleeman River, AWRC ref. 603007)
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Cuppup River, Eden Rd (AWRC ref. 603013)
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Figure B.11: Measured and modelled winter total nitrogen (TN, top graph) and total
phosphorus (TP, bottom graph) at Eden Rd (Cuppup River, AWRC ref. 603013)
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B.2.11 Lake Saide Drain, Bridge 127 -Wolves (AWRC ref. 6031104)
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Figure B.12: Measured and modelled winter total nitrogen (TN, top graph) and total
phosphorus (TP, bottom graph) at Bridge 127-Wolves (Lake Saide Drain, AWRC ref.
6031104)




B.2.12 Nenamup Inlet Drain (AWRC ref . 6031283)

© 6031283 - Observed TN (mg/2)6031283 - Modelled TN (mg/L)

4.0
35 1 B
-
2 3.0 -
é o
£ 251 -
T °
E 2.0 N ©
3 §
o
S 15 - -
O
z i
& 1.0 g
0.5 A
0.0 R S : : S S S -t
L0 [(e] N~ 0] (@) o — (qV] [90] <t 0 O N~ [o6] (o))
o o o o o — — — — — — — — — —
o o o o o o o (@] o o o o o o o
N N (qV] N N [qV] N N N (qV] N (qV] N N N
0.09 ° 6031283 - Observed TP (mg/)6031283 - Modelled TP (mg/L)
8
0.08
5
5 0.07 - %
[@)]
£ 0.06 o
5 o
'E 0.05 - 5
IS 0
Q 0.04 - 5
5 S
§0.03 1 L
o
— 0.02
0.01 -
0.00 S S : : : : S S : ! e
0 [(e] N~ o] ()] o — N (40] < L0 [(e] N~ [o6] (o))
o o o o o — — — — — — — — — —
o o o o o o o o o o o o o o o
N N [q\] N [q\] N [q\] N N N N N N N [q\]

Figure B.13: Measured and modelled winter total nitrogen (TN, top graph) and total
phosphorus (TP, bottom graph) at Nenamup Inlet Drain (AWRC ref. 6031283)




Appendix C:Poi nt sources and

C.1 Point sources

We identified 24 nutrient point sources in the Wilson Inlet catchment (see Table C.1 and
Figure C.1). Of these, we included 20 in the model. Intensive animal industries (piggeries,
feedlots, stockyards) were modelled using the diffuse model described in Section 3.1 of the
main report. The following sections of this appendix detail our modelling approach for
wastewater treatment plants (WWTP), beverage-making sites and dairy sheds. We identified
four point sources but did not include them in the model, as follows:

1 Two landfill sites (Mount Barker and Denmark) : these were not included due to the
difficulty in estimating their nutrient contributions to surface water. Groundwater
contaminant transport modelling would likely be required to adequately quantify these
emissions, which was outside of the scope of this project.

1 Treated wastewater from the Pardelup Prison farm  : this was not included because we
could not find detailed publicly available information about the treatment and management
of wastewater, other than a report saying that grey water is treated and used for onsite
irrigation. Although we did not explicitly model this reuse, we mapped the land uses within
the prison farm, such as the areas used for horticulture. In the model, these land uses
assume nutrient input and surplus rates as given in the main report.

1 A septage disposal site : this was not included in the model because the site was
constructed in about 2020 and therefore not in the mo d e Hagesase period.

Table C.1: Point sources identified in the Wilson Inlet catchment

- . Included  Reportin
#  Type Facility name Licence in model catghmegt Cat ID
1 Dairy shed Dairy shed #1 - Yes Sunny Glen 59
2 Dairy shed Dairy shed #2 - Yes Lower Denmark 117
3 Dairy shed Dairy shed #3 - Yes Scotsdale 24
4 Dairy shed Dairy shed #4 - Yes Upper Denmark 9
5 Dairy shed Dairy shed #5 - Yes Lower Hay 33
6 Dairy shed Dairy shed #6 - Yes Lower Hay 32
7 Dairy shed Dairy shed #7 - Yes Sleeman 63
8 Dairy shed Dairy shed #8 - Yes Sleeman 61
9 Feedlots & stockyards ~ Small feedlot - Yes Upper Hay 42
10 Feedlots & stockyards Great Southern Regional Cattle L7407/1998/9 Yes Upper Hay 55
Saleyards
11 Feedlots & stockyards  Sockyard - Yes Foreshore 83
12 Feedlots & stockyards  Small feedlot - Yes Lower Denmark 117
13 Piggery Piggery#l - Yes Upper Hay 45
14 Piggery Piggery#2 - Yes Upper Hay 36
15 Wastewater irrigation West Cape Howe Wines L7730/2001/8 Yes Upper Hay 44
16 Wastewater irrigation Forest Hill Wines L8042/2004/4 Yes Little River 118
17 Wastewater irrigation Howard Park L80434/2005/4 Yes Scotsdale 23
18 Wastewater irrigation Willoughby Estate L8081/2006/3 Yes Lower Denmark 117
19 WWTP Denmark WWTP L6315/1991/11 Yes Koorabup 79
20 WWTP Mount Barker WWTP L6314/1991/12 Yes Upper Hay 42
21 Landfill Mount Barker Landfill L7026/1997/14 No Upper Hay 55
22 Landfill Waste Transfer Station (Denmark L6862/1997/11 No Foreshore 82
23 Septage pond Liquid waste facility (Pile Rd) L9022/2016/2 No Upper Hay a7
24  Wastewater Pardelup Prison Farm - No Upper Hay a7



https://www.oics.wa.gov.au/wp-content/uploads/2016/05/Pardelup-Report-103.pdf
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Legend

Industries Not included in the model Catchments & hydrology
O Piggery @ Dairy sheds <] Landfill (2 Reporting catchments
/A Feedlot & stockyards [ Dairy paddocks Prison WWTP ~~— Rivers & drains

I WWTP or disposal site Water

[ ] septage pond
z{c. Beverage making

Figure C.1: All identified point sources and dairy sheds

Dairy sheds

Dairy sheds can be a significant source of nutrients and were included in our model using
inflow nodes. Inflow nodes require a pre-computed timeseries of water discharge and
nutrient concentrations. We did this by estimating the timeseries of nutrient loss from dairy
sheds based on published literature, assumptions and model calibration. This approach was
similar to that of the Peel-Harvey catchment modelling (Hennig et al. 2021). For each dairy
shed, we calculated the mass of nitrogen and phosphorus produced in dairy shed effluent
based on the approximate number of cattle for each farm (numbers provided by Western
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Dairy). We then calculated the nutrient mass available for loss to surface water by
multiplying the nutrient load in dairy shed effluent by the nutrient loss factor (see Table C.2).
All eight dairy sheds used the same nutrient loss factors (0.14 for nitrogen and 0.05 for
phosphorus). We derived the nutrient loss factors through calibration. The loss factor for
nitrogen was similar to the Peel-Harvey catchment s factor. However, the phosphorus loss
factor was about 60% lower than that of the Peel-Harvey. This indicates greater soll
phosphorus retention on the dairy farms in the Wilson Inlet.

We assume that the mass of daily nutrient loss is a proportion of daily functional unit flow of
the model timestep to average annual functional unit flow (197522019). This assumption
avoids large spikes in nutrient concentration downstream when catchment flows cease or
are very low.

Table C.2: Dairy shed assumptions

Parameter Units _Value Ve
(Wilson Inlet) (PeetHarvey)
Washdown volume per cow per day kL/cow/day 0.06 0.06
Number of milking days per year # days 365 365
Effluent TN concentration mg/L 200 200
Effluent TP concentration mg/L 40 40
Mass of nitrogen in dairy effluent kg/cowlyr 4.38 4.38
Mass of phosphorus in dairy effluent kg/cowlyr 0.88 0.876
Nitrogen loss factor Factor 0.14 0.15
Phosphorus loss factor Factor 0.05 0.13
Nitrogen load available fofoss to surface water kg/cowlyr 0.61 0.66
Phosphorus load available fdoss to surface water  kg/cow/yr 0.04 0.11
Denmark WWTP

The Denmark WWTP infiltrates treated wastewater adjacent to an unnamed stream in the
Koorabup reporting catchment. This discharge site is less than 1 km from Wilson Inlet.
Measured nutrient concentrations in this stream suggest that treated wastewater enters this
unnamed stream and is mobilised to Wilson Inlet.

We assume there is no attenuation of nutrients between the infiltration of treated wastewater
and its mobilisation to Wilson Inlet, other than dilution from catchment sources of flow. We
took the volume of treated wastewater discharge and the concentrations of nutrients from
monthly estimatesint he Wat er Cannuplenvieonnerdahrépsrts (AER). We
incorporated this data in the model at a daily timestep using the periods below (all months
are inclusive):

I January 1960 to June 2010 uses data from the 20097 10 AER

July 2010 to June 2012 uses data from the 2010i 11 and 2011i 12 AER
July 2012 to June 2014 uses data from the 20117 12 AER

July 2014 to June 2015 uses data from the 2014i 15 AER

1
1
1
9 July 2015 to June 2018 uses data from the 20171 18 AER



9 July 2018 to June 2019 uses data from the 20181 19 AER
T July 2019 and onwards uses data from the 20197 20 AER

Figure C.2 shows the assumed daily timeseries of discharge from the Denmark WWTP as
well as annual nutrient loads to the Wilson Inlet.

Mount Barker WWTP disposal site (woodlot irrigation)

The Mount Barker WWTP is located north-east of the town and is in the Kalgan River
catchment, which drains to the Oyster Harbour estuary. However, treated wastewater is
pumped to an irrigation site in the Upper Hay catchment (Ooranggatup Creek, modelling
catchment 42). The land use of this irrigation site has changed over the years. Initially the
site was used for dryland pasture grazing until it was converted to a vineyard in 2000. This
vineyard began using treated wastewater for irrigation at some point before early 2013 when
the Water Corporation took ownership. Today, most of the 126 ha site is used as woodlot for
treated wastewater irrigation.

We usedtheWat er Cor p o riaStand®@ilbi 46 AER th garameterise the amount of
irrigation and nutrient inputs of the disposal site in the catchment model. The assumed daily
irrigation depth differs by month (see Figure C.3). We simulated irrigation in the catchment
model by combining the depth of treated wastewater irrigation with the rainfall data for
modelling catchment 42. Nutrient inputs to the woodlot from treated wastewater irrigation
were 22 kg/halyr for nitrogen and 5 kg/ha/yr for phosphorus. We also created a leaf area
index (LAI) timeseries to account for the land-use changes from grazing to vineyards to
woodlots since 2000, which was based on aerial photography (see Figure C.4). We assumed
harvesting of the woodlot every 10 years.
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Figure C.2: Assumed daily discharge and nutrient concentrations, and annual nutrient loads
from the Denmark WWTP
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Figure C.4: Assumed leaf area index of the Mount Barker disposal site

Wastewater irrigation (beverage making)

Three sites irrigate woodlots with treated wastewater from alcoholic beverage making (see
Table C.3). A fourth site irrigates its vineyards with treated wastewater, which typically is
carefully managed to avoid unpleasant flavours when overfertilised. Hence, we opted to
model this site in the same way as other vineyards. For the sites listed in Table C.3, we
estimated the irrigation and nutrient application using the criteria given in their environmental
licences i the results were mostly similar to those for the Mount Barker WWTP disposal site.
Thus, we opted to model the three sites using the same approach, nutrient application and
irrigation rates as the Mount Barker disposal site.

Table C.3: Estimated annual nutrient loading and irrigation of sites that irrigate woodlots with

treated wastewater

Treated wastewater | Maxlicensed| Max estimated | Licensed maxiumum
irrigation concentrationy emissions to land loading to land

Site i igati
I . Cat ID Sl AT Area Irrigatio TN TP Nload P load N load P load
(env licence) e D e n

KL/yr (ha) (mmlyr)|(mg/L) (mg/L)|(kg/halyr) (kg/halyr) (kg/halyr) (kg/halyr)
Howard Park 23
wines Scotsdale 23 | 0.70 2.1 34 30 7.5 10 2.5 480 120
(L8042/2004/4) Brook
Wiloughby Estate 117
(L8081/2006/3) Little River 3 1105 14 74 30 7.5 22 5.6 480 120
Forest Hill 118
Winery Lower 68 | 0.90 1.4 64 30 7.5 19 4.8 480 120
(L8042/2004/4) Denmark
Assumed in

79 27 6.2 22 5.0 -

catchment model




C.2 Septic tanks

We identified unsewered lots using the Water Corporation® 2016 sewerage connection
spatial layer. As there is no known mapping of alternative treatment units, we assumed that
all unsewered properties dispose of onsite wastewater using septic tanks. We assumed
septic tanks discharge 56.6 kL/person/yr (Loh & Coghlan 2003), which results in the
discharge of 5.5 kg/person/yr of nitrogen and 1.1 kg/person/yr of phosphorus (Whelan et al.
1981). We assumed each septic tank serviced a dwelling with 2.2 people (Denmark suburb
ABS 2016). When mapping septic tanks, we assigned one to each unsewered
accommaodation unit, caravan bay or camping site. Therefore, each mapped septic tank i
regardless of its use (residential, industrial, accommodation) 7 is assumed to discharge
124.5 kL/dwelling/yr of effluent, 12.1 kg/dwelling/yr of nitrogen, and 2.4 kg/dwelling/yr of
phosphorus to land.

We calibrated the proportion of nutrients mobilised to surface water from land discharge to
groundwater concentrations in modelling catchments 84 to 88. About 27% of the septic tanks
in the Wilson Inlet catchment are in these catchments.

We used groundwater measurements from six bores adjacent to Wilson Inlet for calibration
(Figure C.5). Of these bores, five also had an upgradient bore that we considered during the
calibration process. In addition, catchment 87 had two calibration bores and two upstream
bores.

The objective of this calibration was to achieve a good fit with measured data, particularly
high nutrient concentration measurements, which could indicate the presence of septic tank
effluent. We used the calibration that produced the best overall match to all observed data in
the catchment model. See Table C.4 for the export rates.

Table C.4: Septic tank nutrient export categories and calibrated nitrogen and phosphorus
exports

Export category N export P export | # septics SZ;SZS
Heavy soils 40% 0.5% 265 17%
Moderate soils 14% 4% 965 61%

- Sandy soils 40% 20% 348 22%
Not included in the model 714 45%

Total (included in the model) 24% 7% 1578 100%
Total 17% 5% 2292
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Legend
4 Groundwater sites
Rivers, drains & inlet
Septic tanks
¢ Heavy soils
Moderate soils
¢ Sandy soils
Not included in the model

vvvvv

Figure C.5: Map of groundwater sites used to calibrate septic tank nutrient exports
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Figure C.6: Groundwater nutrient calibration for modelling catchments 841 86
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Appendix D: Sour ce separation

D.1 Ocean Beach Road

Legend
Land use [ Native vegetation ~ Point sources Other
Beef & other grazing Other landuses m Caravan Park (unsewered) a Caravan Park (sewered)
Cropping I Plantation <] Landfil @ Dairy sheds
. Dairy . Point source O Piggery * Septic tanks
I Horses Roads & industrial Prison wastewater Catchments and hydrology
Horticulture Urban A Feedlot & stockyards 3 Répomng Ca_tChments
M intensive animal use  Viticulture & orchards [ ] Septage pond Rivers & drains
Litestyla:block Water B WWTP or disposal site
A Wastewater irrigation

Figure D.1: Land uses of the Ocean Beach Road reporting catchment
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Ocean Beach Road source separation

Landuse name Colour Area Flow Nitrogen Phosphorus
(ha) (%) (Muyr) (%)  (kgly) (%)  (kglyr) (%)
Septic tanks ] 266 - 10 1% 968 37% 50 22%
Beef & other grazing 160 16% 464 39% 982 38% 140 61%
Cropping 0 0% 0 0% 0 0% 0 0%
Dairy ] 0 0% 0 0% 0 0% 0 0%
Horses ] 0 0% 0 0% 0 0% 0 0%
Horticulture 0 0% 0 0% 0 0% 0 0%
Intensive animal use - 0 0% 0 0% 0 0% 0 0%
Lifestyle block 20 2% 59 5% 74 3% 1 1%
Native vegetation ] 748 75% 418 35% 325 13% 9 4%
Other landuses 10 1% 46 4% 5 0% 0 0%
Plantation e 0 0% 0 0% 0 0% 0 0%
Point source e 0 0% 1 0% 0 0% 0 0%
Roads & industrial 24 2% 87 1% 10 0% 0 0%
Urban 35 4% 108 9% 217 8% 29 13%
Viticulture & orchards 0 0% 0 0% 0 0% 0 0%
Total: Generated by catchment 997 100% 1192 100% 2 581 100% 230 100%
Removal (-) or gain (+) - 0 0% 0 0% 0 0%
Total: Leaving catchment 997 100% 1192 100% 2581 100% 230 100%
Area Flow
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other

grazing
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Beef &
other

grazing
38%
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D.2 Little River

Land use [ Native vegetation Point sources Other

Beef & other grazing Other landuses a Caravan Park (unsewered) a Caravan Park (sewered)

| Cropping I Piantation <1 Landfill @ Dairy sheds

. Dairy . Point source O Piggery * Septic tanks
I Horses Roads & industrial Prison wastewater Catchments and hydrology
" Horticulture Urban A Feedlot & stockyards C3 Reporting catchments
M Intensive animal use  Viticulture & orchards [] septage pond Rivers & drains

Lifestyle block Water B WWTP or disposal site

A Wastewater irrigation I\

ﬂ

Figure D.2: Land uses of the Little River reporting catchment
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Little River source separation

Hydrological and nutrient modelling of the Wilson Inlet catchment i Appendices

Landuse name Colour Area Flow Nitrogen Phosphorus
(ha) (%) (ML) (%) (kaly) (%)  (kglyr) (%)
Septic tanks ] 251 - 4 0% 411 7% 34 %
Beef & other grazing | 1209 38% 3591 59% 4325 70% 415 79%
Cropping 0 0% 0 0% 0 0% 0 0%
Dairy e 0 0% 0 0% 0 0% 0 0%
Horses ] 43 1% 127 2% 119 2% 17 3%
Horticulture I 0 0% 0 0% 0 0% 0 0%
Intensive animal use || N 0 0% 0 0% 0 0% 0 0%
Lifestyle block 125 4% 377 6% 287 5% 9 2%
Native vegetation [ 1567 49% 1416 23% 806 13% 4 1%
Other landuses 22 1% 69 1% 5 0% 0 0%
Plantation e 105 3% 99 2% 53 1% 23 4%
Point source ] 1 0% 2 0% 2 0% 0 0%
Roads & industrial 79 2% 244 4% 17 0% 0 0%
Urban 30 1% 114 2% 134 2% 16 3%
Viticulture & orchards 17 1% 50 1% 30 0% 6 1%
Total: Generated by catchment 3198 100% 6 092 100% 6 188 100% 526 100%
Removal (-) or gain (+) - 3 0% 0 0% 0 0%
Total: Leaving catchment 3198 100% 6 096 100% 6 188 100% 526 100%
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D.3 Koorabup Creek

Figure D.3: Land uses of the Koorabup Creek reporting catchment












































































































