National Research ‘lmu'

Water for a Healthy Country CSIRO

Draft Tully Water Quality Improvement Plan

Frederieke J Kroon
July 2008

Report to Terrain Natural Resource Management

oF

Auslrntian- G.m-urnmcnt QI.IG'E“S' and te rr@ | n
Department of the Environment and Water Resouroes GD\I’ETH ment }Wﬂ'ﬂﬂ”ﬂ’ mmm NATURAL RESOURGE MANAGEMENT



shaunsims
Stamp

shaunsims
Stamp


Water for a Healthy Country Flagship Report series ISSN: 1835-095X

Draft Tully Water Quality Improvement Plan



Copyright and Disclaimer

© 2008 CSIRO To the extent permitted by law, ahts are reserved and no part of this publicatorered
by copyright may be reproduced or copied in anynfor by any means except with the written permissio
of CSIRO.

Important Disclaimer

CSIRO advises that the information contained ia gublication comprises general statements based on
scientific research. The reader is advised andsede aware that such information may be incorape
unable to be used in any specific situation. N@aneke or actions must therefore be made on thatrivgtion
without seeking prior expert professional, scieén@#nd technical advice. To the extent permittediaiy;
CSIRO (including its employees and consultants)usbas all liability to any person for any conseques)
including but not limited to all losses, damageassts, expenses and any other compensation, adsealy
or indirectly from using this publication (in pant in whole) and any information or material contad in it.

Availability

This publication is available in electronic fornfiatm:

http://www.terain.org.au/wgip

http://www.cse.csiro.au/publications

Cover image
Landsat satellite image mosaic of the Tully/Murcagchments and surrounds © Geoscience Australéf.19
Suggested citation for this publication

Kroon, F.J. 2008. Draft Tully Water Quality Improwent Plan. CSIRO: Water for a Healthy Country
National Research Flagship.

Draft Tully Water Quality Improvement Plan i



CONTENTS

EXECUTIVE SUMMARY ..ottt e e e aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeens Vi
Draft Environmental Values and Water Quality Object  iVeS........ceeevvveeenns Vi
Sustainable load targets and current status of poll utant loads................. Vil
Assessment of management scenarios to reduce loads.  ........cccceeeeeiiennnn. viii

N L= = viii
[ 1= o o o =3 iX
Suspended sediment, particulate nitrogen and partic ulate phosphorus .............. iX
Management action targets to achieve sustainable lo  ad targets................. X
Implementation and monitoring and evaluation....... ... X
ACKNOWLEDGEMENTS ... s Xl
ACRONYMS ... XV

1 BACKGROUND TO THE TULLY WATER QUALITY IMPROVEMENT P LAN .1

1.1 INEFOTUCTION et ettt a e ran s 1

1.2  Planning and policy environment of the Tully WQIP ..  ....cccooeeiiiiii 2
The Reef Water Quality Protection Plan............. oo 2
Coastal Catchments INITALIVE .........uuiiiiiiiiiis e 3
RegioNal NRM PlaN ......o e it e e 3
Nutrient ManagemeENt ZONES........uuiii i e it eeeeeeeii e e e e e e e eeeeti e e e e e e eeeeeaeae e e eeeeeeees 3
FNQ 2025 Statutory Regional Plan ............cccceet coviiiiiii e eeeens 4

1.3  Characteristics of the Tully WQIP area .........cc..  cooeeeeeeiiiiieiiciieeee e, 4
The TUlly WQIP @I a .....ccoiieiiiiiiiii et et e e e e eennn e s 4
Current status of biophysical fiSK ..........ccciies i e 4
L1 0= ST 5
062 0 0= S 5
ECOSYStEM COMMUNILIES ....ceeiiiiiii et e e e et e e e e e e eeeena e e e e e e eeeeees 5
Current sStatus Of SOCIAI FISK........ciiiiiiiiiiiis e 6
Current status of development FiSK. ..o i 6
Current status of risk to marine iNdUSEes........ oo 7

2 DRAFT ENVIRONMENTAL VALUES AND WATER QUALITY OBJECT IVES17

2.1 INEFOTUCTION .o e 17

2.2 Process for establisShing EVS........cccccciiiiiis i 17
Draft EVs from interviews, workshops and CSFP Steer  ing Committee................ 18

2.3 ldentification of high ecological value waterways..  .......ccccccervennnnns 19

2.4  Specific issues and threats identified by the commu NitY.....cceeveneee 19

2.5  Establishing draft WQOs that will protect draft EVS ~ ........ccceevrvennee 19

Draft Tully Water Quality Improvement Plan ii



Process for establishing Draft WQOS .........ccoiiit ooiiiiiii e 19

Water Quality GUIAEIINES ... e 20
WQ GUIdeliNg DOCUMENTS ......cccuiiiiiiiiiii et e et e e e e e e et e e e e et e e e eanan s 20
Identification of reaches with common water types .........cooovv i 20
WQ Guidelines Used for the Tully WQIP........ccoooeeriiiiice e 21
Draft WQOs for reaches with COMMON EVS .......coooiiiiiiiiiiiiiiie e 21
3 SUSTAINABLE LOAD TARGETS AND CURRENT STATUS OF POLL UTANT
LOADS ..t et e et e e e e e e n s 28
3.1 oo 11 o3 1o o [P RSERR 28
3.2 Pollutants Of INtEreSt .......coovv s e 28
3.3  Sustainable sediment, nutrient and pesticide loads.  ..........ccceeeeeneee 29
N1 = 1 29
Sediment, nitrogen, phosphorus and pesticides ...... .o 30
Pre-1850 TOBUS ... .uuuuiiiiiiiiiii s e 30
3.4 Current status of pollutant loads and critical sour CES .ivvivrririeennnnn 30
Sediment, nutrient and pesticide loads in waterways  .....ccccooiiieiiiiiiieeeeeeeees 30
Y=o {1 01T o] £ P 31
NN o = o 32
PROSPROIUS ... 33
ST [ [0 [ 33
Sediment and nutrient loads in over bank floods .... .. 35
3.5 Annual and seasonal variation in sediment and nutri ent loads...... 36
3.6  Key pollutants and critical SOUICES........cccccce. ceveeiiiieiiicee e 36
4  ASSESSMENT OF MANAGEMENT SCENARIOS TO REDUCE LOADS. ..... 45
4.1 oo 18] ox 1o o [P RSRPPPRRRN 45
4.2  Methodology used to model SCeNarios.........cccccee eviiiieeeeeeeeeiiiinn 45
4.3  Assessing management scenarios for agriculture and forestry
PIANTALIONS ... et a e 46
N L= = 46
[ [T o Tox o [= 3 47
Suspended sediment, PN and PP ... e 47
Combined DIN @and TSS SCENANO ...ccoeieiiiiiiiiiies e 48
4.4  Assessing management scenarios in sugarcane for cli mate change48
4.5  Assessing management scenario for urban land use an d population
OFOWEN et ettt ettt e et eaeeeaaaae 48
4.6  Management actions for implementation.............. ..o 49
5 MANAGEMENT ACTION TARGETS TO ACHIEVE SUSTAINABLE LO AD
T AR GET S ...t oottt e e e e et ettt e e e e et et ttbb e e e aeaaearrnas 52

51 INEFOAUCTION ... e 52

Draft Tully Water Quality Improvement Plan iii



5.2 TAIGETS e e 52

Prioritisation of management actionS..........c.... coeeviiiiii i 52
5.3  Critical areas of INtEIVENTION.........ccccccis e, 53
Nutrient management in intensive agriCulture ....... .o 53
Herbicide ManagemeENnt ..........oouiiiiiii s e 53
Sediment (and PN and PP) Management ........ccccce. covvieeeiiiii e eeeeeeeies e e e e eeenanens 53
Protection and restoration of floodplain function, including priority riparian
ZoNes and Wetland ArEaS.........ocoviiiiiiiiii et e 53
6 IMPLEMENTATION AND MONITORING AND EVALUATION ....... cooevevieeenn. 63
6.1 Implementation framework...........ccccoiiiies oo 63
Roles and partnerships for implementation .......... ..., 63
Role of CSFP Steering Committee and Action T€ams ... .....cccooiiiiiiiiiees 63
Broader institutional arrangements to support imple mentation..............cccvveeenne 64
State and Federal GOVEINMMENT..........uii e e e 64
[ To= L €T o)V 7= ¢ o o 1T o1 65
6.2 Monitoring and evaluation framework................  iiiiiiieeeein 65
Adaptive management StratEY ......ccvvviiiiiiiiies e 66
6.3 Finalising the Tully WQIP ... e 67
Socio-economic assessment of improving GBR water qu ality ..o 67
Margin of safety and reasonable asSUranCe..........  cooiiiieiiiiiiiiiiii e 67
7 REFERENGCES ... . ettt e e 68
N o 1 T i 75
APPENDIX 1. Cardwell Shire Floodplain Program ......  ..cccooiiiiiiiiiiiiiiiiinnn. 75
APPENDIX 2. The Framework for Marine and Estuarine  Water Quality
e (0] (=T 11 o PSPPSR 76
APPENDIX 3. Current status of pollutant sources ....  ..cccceeeieiieeeiveeeiiinn. 78
Diffuse sources of POHULION. ... e 78
Natural forests in Protected ar€as...........couvuuiiiiieeiiiiiiee e e 78
oYU 0 L= o7= T PP 78
L - V4 T PP 79
[ P = L[] TN {0 =11 Y2 79
Banana and other NOrtiCUIUIe ...........oooi e 80
Urban run-off and development SIES ..........uuiiii e 81
Waterways, including river and stream bankKsS..............uveeiiiiiiiiiiiiiie e 81
Point sources of POIULION........cooiiiiiiiiies e e 82
TUlly SUGAE Mill ..o 83
Tully Sewage Treatment Plant............coooiiiiiiiiii e 83
Resorts, caravan parks and holiday Villages ............couvviiiiiiieiiiieicce e 84
AQUACUIUIE TACHTTIES ... e 84
Extractive industries (including dredging and qUAITIES) .........ccccvvvvviiiiieeeeieeeeee e, 85
Other Environmentally Relevant ACHVItIES............ceiiiii i, 85
BOAt dISCNAIGES ... e 85
Unsewered residential 8reas...........oooee e 86
APPENDIX 4. Draft EVS and WQOS........cccciiiiiiiit it 87

Draft Tully Water Quality Improvement Plan iv



APPENDIX 5. Measures and actions for pollutant sour  cesS........ccccuvunnnn. 105

Diffuse sources of POIULION........ccoiiii s e 105
Natural forests in ProteCted Ar€as ..........couuuuiiiii e e i 105
ST o F= T o= = PN 105
L = 4 T [T 106
Plantation fOr@SIIY ..... ... i 106
Bananas and other NOrtiCUITUre ...........oooiiiii e 107
Urban run-off and development SILES ...........coviii i 107
Waterways, including river and stream Danks .................eevviviiiiiiiiiiiiiiiiiiiees 108
Paoint sources of POIULION..........ooviiiiiiie e 109
TUIlY SUGAr Mill ... e e e e e e e e e e 109
Tully Sewage Treatment Plant............oooooiiiiiiiiiii e 109
Resorts, caravan parks and holiday Villages ... 110
AQUACUITUIE TACIHITIES ... e e 110
Extractive industries (including dredging and qUArTIES) ..........ccevviieiiiiiieeeeeeeiee e, 110
Other Environmentally Relevant ACHVILIES...........cooi e 110
BOAt dISCNAIGES ...t 110
Unsewered reSidential ArE@sS. ..........u. i uuuuuuuruiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee e 111
Additional water quality issues and threats identif ied by the community.......... 111

Additional pollutants Of CONCEIMN .......ccoiiiiiiiis e 111
F o0 RS U ] 7= 1R | 111
Heavy metals, hydrocarbon substances, and bacteria and pathogens...................... 111
Additional ISSUES Of CONCEIM ....uuuiiiiiiiiiiiiiiis aeeiiiiiiieieeieeeeeeeeebeeeeeeeeeeeeeeeessesreseeeeeanae 112
| T Lo TR =] 112
Limited Or NO ACCESS 10 WALEIWAYS ......cccvvrieiiiieeeeeeeieiiie e e e e e e et e e e e e e e 112
Groundwater QUAITTY.........oooiiiii e 112
Increase in distribution and abundance of crocodiles...............cccoveeiiiiiiiiiiiie 113
Y= T o= W [oAVZ= (o] o 1= o | S 113
Maintaining healthy reefS ............uuiiiiiiii e 113

APPENDIX 6. Legal and institutional arrangements ...  .....ccoeevvvvvveiiinnnnnnn. 114
BACKGIOUNG. ...t e 114
PrOJECE SUMIMAIY......cciiiiiiiiie e e e e e e e e e e e e e e et e e e e e e e e e e eees 114
IMEENOOS ... s 114
APPENDIX 7. Margin of safety and reasonable assuran cCée....................... 115

27103 (o [ o 18] o 1 115
PrOJECE SUMIMAIY.....cciiiiiiiiie s e e e e e e e e e e e e e e et e e e e e e e e e eees 115
Y713 1 T T £ 115

APPENDIX 8. Socio-economic assessment of improving GBR water quality

....................................................................................................................... 117
27103 (o [ o 11 ] o 1 117
PrOJECE SUMIMAIY.....cciiiiiiiici s e e e e e e e e e e e e e e et s e e e e e e e e e eeeas 117
1Y/ 1 T T £ S 117

Draft Tully Water Quality Improvement Plan v



EXECUTIVE SUMMARY

The development of a Tully Water Quality ImprovemBlan (Tully WQIP) has been identified as a high
priority under the Reef Water Quality ProtectioarP(the 'Reef Plan’). The development and deligétiie
Tully WQIP has been managed by the regional NRMdb¢Berrain NRM), with support from the Cardwell
Shire Floodplain Program (CSFP) and Cardwell SGimancil. The CSFP forms a partnership between
major local, regional, state and federal stakehs|dend is incorporated under the Cardwell Shirel@aent
Management Association.

The Tully WQIP covers the combined geographicahafethe Tully and Murray rivers and the Cardwell
Shire Local Government Area. The area contains jpdirthe Wet Tropics World Heritage Area and
discharges into the Great Barrier Reef World HggtArea. During flood events, approximately 2,066 k
of marine receiving waters are influenced by disgadrom the Tully WQIP area.

The Tully WQIP includes the following components:

» itidentifies the environmental values (EVs) of erdbodies and the water quality objectives (WQOs)
that will protect the EVs (Section 2),

» it estimates the sustainable target loads baséigeowQOs, and compares these with the estimated
current status of pollutant loads (Section 3),

* it assesses management measures and control actiekice pollutant loads to receiving waters in
order to protect water quality (Section 4),

» itidentifies management action targets, and aagatimanagement actions, that will result in the
progressive (quantified) reductions in pollutargde from both diffuse and point sources required to
achieve sustainable loads (Section 5), and

» itidentifies processes and management arrangenmatsure effective implementation (Section 6).

Draft Environmental Values and Water Quality Object  ives

The Tully WQIP has established draft environmengdlies (EVs) and draft water quality objectives
(WQOs) for freshwaters, estuarine and marine readhreferred uses of local water bodies (including
surface and groundwater) were determined by idengjfthe current and future values or uses of the
environment that contribute to public or privateékts (i.e. EVs). Based on the community's chofoes
draft EVs, and the existing water quality guidedirsed standards intended to protect them, draft QO
were established.

Draft EVs were identified through interviews andrisghops with community members in the Tully WQIP
area, as well as discussions with the CSFP Ste€angmittee. The results demonstrate that all grases
and value the aquatic ecosystems, drinking watgaguatic food that local waterways provide. Moexov
all surface waters are used and valued for theiatigyecosystems, for their indigenous and nongierglbus
cultural heritage, and for their amenity. Differes@nd potential conflict between the various \&la®ften
between ‘consumptive’ (e.g. irrigation) and ‘nomsamptive’ (e.g. recreational and cultural) usd® final
EVs will incorporate comments on the draft EVs reed during further meetings with, and input frawmy
stakeholders and the community during the publissatiation phase.

Draft WQOs were established to serve as watertgualigets to protect the EV identified by the
community. These draft WQOs should be consideigddr values that would indicate a potengiedblem

if exceeded, and ‘trigger’ a management responsmmAparison of draft WQOs in inshore marine waters
against available data on current water qualityh@se waters shows that draft WQOs are met, exaept
chlorophyll-a (Table 1).



Table 1. Comparison of draft water quality objectives (WQOSs) for nutrients, sediment, and pesticides two
inshore marine water types in the Tully WQIP area,against current condition of water quality during flood
events in 2006/2007

Draft WQO
Indicator Unit el\ggjl;t:]yc:; A\,I\I/;?;rsmz Curr.efnt
) condition
marine 15km off
waters the coast
TAN 15 2 1.6
. NO,N
Inorganic N NO4N 910
Nutrients . NON 10 2 0.2
Organic N ug/l 135 135 99
Total N 160 140 102
FRP 5 3 2.2
Total P 20 20 12
M(';’:g\;‘\‘l'ia' Chl-a 2.0 0.5 1.3
Turbidity NTU 10 1
Water Clarity [Secchi m 1.0
TSS mg/L 4.5
Diuron 1.0 0.011
Atrazine 6.6 0.004
Chlorpyrofos 0.02
Endosulfan 0.005
Ametryn 0.2 <dl
Simazine 11 <dl
Pesticides |Hexazinone Mg/l 0.9 0.004
2,4-D 52.6
Tebuthiuron 17.5
MEMC 0.002
Diazinon 0.06
Tributyltin 0.001
Irgarol 0.02
Sustainable load targets and current status of poll utant loads

The Tully WQIP has estimated sustainable load tarigased on the draft WQOs for marine waters and
based on estimates of pre-1850 loads. Sustainadudetdrgets based on draft WQOs were estimateftbtmt
events when the majority of pollutants are trantgubto the marine receiving waters.

To reduce Chl-a concentrations in the open co&sjabn to meet the draft WQO of Qug/L (Table 1), the
outcomes of the modeling indicate that DIN concitins at Euramo bridge (Tully River), or nitratattis

lost from the land, would need to be reduced bgast 80%. Receiving water models and local watetity
guidelines for suspended sediment, phosphorus estcjgles are needed before sustainable load sazgat

be estimated.

Estimates of pre-1850 loads suggest that sustaihadodis are 940 tonnes/year for total nitrogen; ki

tonnes/year for total phosphorus.

Current status of sediment and nutrient loads veterchined using a combination of monitoring (and
associated modelling), and were subsequently cadpaith sustainable loads. Estimated annual average
pollutant loads delivered to receiving waters lvgains and rivers in the Tully WQIP area are:

e 119,000 tonnes of total suspended sediment per year

Draft Tully Water Quality Improvement Plan

vii



» 2,300 tonnes of total nitrogen per year, comprisifif,200tonnes (52%) dissolved inorganic nitrogen,
500 tonnes (22%) of dissolved organic nitrogen, @ditonnes (26%) of particulate nitrogen; and

» 240 tonnes of total phosphorus per year, comprisfri) tonnes (22%) of filterable reactive
phosphorus, 30 tonnes (13%) of dissolved orgarspfiorus, and 160 tonnes (65%) of particulate
phosphorus.

Compared to pre-1850 loads, the current TSS lopdap to have increased by a factor of arounde4, th
current TN load by a factor of around 3, and theent TP load by a factor of 2. This increase inldad
corresponds well with the estimated 80% reductamuired in DIN concentrations at Euramo bridge T ul
River) to reduce Chl-a concentrations in the opmastal lagoon to meet the draft WQO of OgaL.

Outcomes of new research in the Tully and Murrdghoaents indicate that significant sediment andieuit
loads are being delivered to marine waters by baek floodsjn addition toloads delivered by streams and
rivers. The additional amounts range from 10 - @#bending on pollutant type and flood size.

Because pesticides are toxicants, herbicide coratemis were compared against draft WQOSs in the
freshwater reaches of the Tully WQIP arA#&razine, diuron and hexazinone concentrations inf38e 102
samples analysed equalled or exceeded draft WQtbe icatchment (and exceeded National Water Quality
Guidelines for drinking water, stock water and fiwater ecosystems).

Based on the best available science to estimataisaisle load targets and current pollutant lodus,
following list of key pollutants and critical sowrcategories was developed:

1. nitrate andparticulate nitrogen are considered the priority pollutants. Over 85%itrate is sourced
from agricultural land uses, primarily sugarcand bananas, while particulate nitrogen is sourced
from eroding soils, especially those exposed duand development activities, and those enriched in
nitrogen through a history of fertiliser use;

2. herbicide residues including ametryn, atrazine, diuron, hexazinone simazine, are ranked second
due to their widespread detection in both freshrandne waters where they can have impacts at very
low concentrations. Ametryn, atrazine, diuron apgdzinone are used in sugarcane, while simazine is
used in plantation forestry;

3.  suspended sedimenandparticulate phosphorusare ranked third, reflecting the relatively low
generation and delivery of sediment in the catchiparticularly compared to data from other GBR
catchments. Residual sediment (and associatedydaté phosphorus) sources are present in all
agricultural land uses, plantation forestry, alerajerways, as well as in urban development, roads
and drains in all land uses;

4, dissolved organic nitrogenis ranked fourth due to its relatively high cobtiion to nitrogen loads in
overbank flows. Preliminary research results ingi¢hat this dissolved organic nitrogen originates
almost completely from the upper catchment rairdfodecreased run-off rates and amount, due to
removal of wetlands and the installation of landinlage systems in coastal floodplains, may result i
higher dissolved organic nitrogen loads now reagh@teiving waters.

Assessment of management scenarios to reduce loads

The Tully WQIP has assessed the cost-effectivenfesdsanges in land management to reduce key potluta
loads from critical sources, using scenario modgllirhese scenarios investigated the potentiaraf |
management practices in current land uses to redtre¢e, herbicide and suspended sediment loatieto
marine receiving waters. The outcomes of the se@nawdelling were discussed with CSFP Steering
Committee.

Nitrate

Results from scenario modelling indicate that reduDIN delivery at end-of-river can be achieved in
sugarcane and banana, with both financial-econamicwater quality benefits:
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* in sugarcane, the models show that complete adopfithe Bureau of Sugar Experiment Stations
(BSES)'Six Easy Stepsprogram reduces the total DIN load to end-of-rivg23%. This plan
recommends 100% adoption of Six Easy Steps by sagarfarmers by 2010.

* areduction of 45% in the total DIN load to endrekr is achievable with complete uptakentttogen
(N) replacementin sugarcane. N replacement is still in a resegmaof of concept’ stage and this plan
recommends R&D investment to further this technplog

* areduction of 66% in the total DIN load to endrefr would be achievable with complete adoption of
N fixing sugarcane assuming that this reduced the requirement flertliser applications to 30 kg N
per ha. Significant local research will be requitedlietermine whether this technique is viable in
sugarcane, and potentially in bananas, as weleapdtential impact and spread of such bacteriarizey
the intended crops.

* in bananas, complete adoption of a 3@4uction in nitrogen application to 225 kg N per ha reduced
DIN contribution from the banana industry by 27%e\Rous research determined that nitrogen
application may be reduced to 250 kg N/ha withoeasurable loss of yield. This plan recommends
further research and accelerated extension on kient management practices in horticulture by301

These scenarios do not result in the 80% redudtioitrate concentration required. Consequently,
additional management actions need to be implerdegoteeduce nitrate concentrations.

* modelling has demonstrated thigiarian restoration, for the purpose of denitrification of groundwater
delivered to streams, should target streams wiliip characteristics in the central catchmenisTh
plan recommends restoration of key riparian locetias identified in this analysis by 2013.

» the Tully WQIP further recommends (i) more accueaid precise estimates of fertiliser usage, (iiglo
term monitoring of nitrate loads at end-of-rivedalfiii) if current recommended management actions
do not achieve progress towards an 80% reductiortrizte concentrations by 2013, socio-economic
assessment of land use change.

Herbicides

Results from scenario modelling indicate that tlesincost-effective option for water quality improvent is
uptake of reduced rates of herbicide applicatiosuigarcane:

» the use of hooded sprayercould lead to a 50% decrease in herbicide delit@tite end-of-river and
only a slight decrease in gross margin. Howeveemn@l yield impacts need to be validated undeallo
conditions.

Fewer than 20% of farmers and growers are estintatedve currenEhemCert ® accreditation This plan
recommends, as a start, complete adoption andiewad of ChemCert® accreditation (or equivalentpby
farmers and growers by 2010.

This plan proposes that further R&D is requiredit@xplore viable alternatives to problematic heides,
(i) assess herbicide use in grazing, plantatisadiy and urban environments, and (iii) examiregasand
detection of other pesticides assessed as relatigh risk for the aquatic environment.

Suspended sediment, particulate nitrogen and partic ulate phosphorus

Results from scenario modelling indicate that redususpended sediment loads, and associated fsgicu
nitrogen and particulate phosphorus loads, at émd«er can be achieved in sugarcane and banaia, wi
both financial-economic and water quality benefits:

* in sugarcane, uptake péro tillage reduces total suspended sediment contributiondeo&river by
10%, and is attractive from a financial-economicspective. This plan recommends accelerated
extension on zero tillage in sugarcane by 2013.

* in bananas, complete uptakezohal tillage reduces total suspended sediment contributiondeoé-
river by 3%; the financial-economic effects arereatly unknown and strategies are proposed to
address this. This plan recommends further researdtaccelerated extension on zonal tillage in
bananas by 2013.
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* moreovertargeted restoration of riparian buffer zonesat large scales reduces total suspended
sediment loads to end-of-river (e.g. 124 km resal&% reduction), while simultaneously enhancing
EVs identified by the community. This plan recomuiemnestoration of key riparian locations as
identified in the analysis by 2013.

Management action targets to achieve sustainable lo  ad targets

The Tully WQIP has developed management actioretar@MAT), based on the outcomes of the
comparison between sustainable load targets ameintyoollutant loads, estimates of target loads and
assessment of management scenarios, and four stddéetvorkshops (Table 2). The MATs have been set
for 2013 (or earlier) to ensure progress agairesgtial and objectives of Reef Plan.

To meet the MATsmanagement actionsere developed that identify strategic, priortigand achievable
actions. The implementation of these actions eslult in progressive (quantified) reductions inygaint
loads from both diffuse and point sources towadgexing draft WQOs that are currently not met.

The implementation of these management actionstim&ted to reduce by 2013 (Table 3):
» total nitrate load from 1,160 tonnes/year to 8#fthas/year;
» total suspended sediment load from 119,000 toneastp 97,500 tonnes/year, and

* herbicide concentrations to meet Australian ancaGBarrier Reef water quality guidelines in
freshwater and marine environments.

Implementation and monitoring and evaluation

At a regional and catchment level, the regional NBard (Terrain NRM) will play a lead role in the
ongoing coordination of WQIP planning and implenagioh. In this task, it will be supported througimd-
term partnerships with the CSFP Steering Commétekassociated partners.

At a cross Regional, State and Federal level, ¢ef R/ater Quality Partnership (RWQP) provides a
framework to support links between Australian aneténhsland Government Agencies and GBR regional
NRM bodies to implement the Tully WQIP.

In addition to the public consultation process ently underway, several steps are still requirefihialise
the Tully WQIP implementation arrangements:

1. partnership and implementation workshops, focussedeveloping commitment to and resources for
critical management actions, need to be held witlustry and indigenous groups, Cardwell Shire
Council, and State and Federal Government se&nds,

2. targeted effort is needed at a higher level withdustry organisations and State and Federal
Government Agencies, (i) to determine the fundiagded for management actions, (ii) to discuss
program, policy and budget alignments among the éegencies and partner organisations committed to
management actions, and (iii) to consider any autit funding required to achieve management
actions.

Ultimately, the draft Tully WQIP will be finalisebly taking the outcomes of these processes intauatck
is intended that the final Tully WQIP be signed-ff implementation by Terrain NRM, CSFP Steering
Committee, and State and Federal Government Agencie

The Tully WQIP recommends that monitoring and eain be progressed in a formalised State of the
Catchment reporting, with progressive updates byaatners on an annual basis. To ensure consistenc
the GBR region, the plan recommends building oroaitaring and modelling strategy and reporting
framework strategy currently being finalised by BRMYQP. Significant review of the Tully WQIP is
intended within a five-year time frame to coinculigh the end of Reef Plan (2013).
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Table 2. Management action targets (MATS) developefdr the Tully WQIP, placed in the asset frameworkadvocated by the National CCl and NRM programs, andised by the regional
NRM plan. The MATs have been developed based on tleeitcomes of current and future land management soarios and four stakeholder workshops, and have beeset for 2013 (or earlier)
to ensure progress against the goal and objective$ Reef Plan.

CRITICAL AREAS
FOR ACTION

ASSET

Water resources

Sustainable industries

Riparian zones and wetlands

Nutrient
management

Herbicide
management

Sediment
management

Restoration of
floodplain function

WL1. Incorporate land use planning
and pollutant offsetting
mechanisms into the FNQ 2025
Regional Plan by 2008

WR2. Reduce total DIN loads
delivered to receiving waters by
streams and rivers by 25% to 870
tonnes/year by 2013

SI1. Reduce nitrate loss by 50%
from contributing land uses by
2013

RW1. Undertake 285.5 km of
riparian rehabilitation in identified
areas to denitrify groundwater
delivered to streams by 2013

WR3. Meet the Australian and
GBR water quality guidelines for
pesticides by 2013

SI2. Reduce herbicide losses by
50% from contributing land uses
by 2013

RW?2. Minimise impact of invasive
species that threaten inland
aquatic and terrestrial ecosystems
by 2013

WR3. Reduce total TSS loads
delivered to receiving waters by
streams and rivers by 18% to
97,500 tonnes/year by 2013

SI3. Reduce sediment loss by
10% from contributing hot spots by
2013

RW3. Undertake 124 km of
riparian rehabilitation in identified
areas to minimise bank erosion by
2013

WRA4. Identify floodplain
retentation areas that can
contribute to filtering function by
2013

Sl4. All main land uses have
implemented, and are
continuously updating, current
recommended practices by 2013

RWa4. No further degradation or
fragmentation of aquatic
ecosystems by 2013




Table 3. Estimated reduction in current loads withimplementation of priority management actions by 2@3. Only those management actions are given for wdti estimates in load reductions
could be quantified using SedNet/Annex. Note thatdalitional proposed management actions are expectéd contribute to a reduction in current loads, butquantification of their effects has

not been possible with currently available models.

Current pollutant loads MAT (2013) . Reduction Loads in
Management actions
Pollutant tonnes tonnes tonnes % 2013
TSS 119,000 97,500 Promote adoption of zero tillage in sugarcane 13,000 10
Promote adoption of zonal tillage in horticulture 3,700 3
Revegetate key locations as identified by SedNet and other methods 5,950 5
TOTAL 22,650 18 96,350
DIN 1,159 870 Complete uptake of Six Easy Steps in sugarcane, including nutrient management plans 261 23
Implement detailed nutrient management strategy for horticulture 25 2
Total 286 25
DON 529 n/a n/a
PN 630 n/a Promote adoption of zero tillage in sugarcane 73 12
Promote adoption of zonal tillage in horticulture 22 4
Total 95 16
TN 2,318 2,029 TOTAL 381 16 1,937
FRP 54 n/a n/a
DOP 31 n/a n/a
PP 159 n/a Promote adoption of zero tillage in sugarcane 20 13
Promote adoption of zonal tillage in horticulture 6 4
Total 26 17
TP 244 n/a TOTAL 26 17 218
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ACRONYMS

ABGC — Australian Banana Growers Council

ACTFR — Australian Centre for Tropical FreshwatesBarch
APSIM — agricultural production systems simulator

AFS — Australian Forestry Standard

BOD - biological oxygen demand

BSES — Bureau of Sugar Experiment Stations

CCI — Coastal Catchment Initiative

Chl-a — chlorophyll-a

CoP — code of practice

CMA — Catchment Management Association

CSIRO — Commonwealth Scientific and Industrial Resle Organisation
CSC — Cardwell Shire Council

CS RIT — Cardwell Shire River Improvement Trust

CSFP — Cardwell Shire Floodplain Program

CSFP SC — Cardwell Shire Floodplain Program StgeCimmmittee
DEW - Australian Department of the Environment, §vaHeritage and the Arts
DIN — dissolved inorganic nitrogen

DO — dissolved oxygen

DON - dissolved organic nitrogen

DOP - dissolved organic phosphorus

DPI&F —Queensland Department of Primary Industry Bisheries
E2 — software product for whole-of-catchment madgll

EMSS - environmental management support system

EPA — Queensland Environmental Protection Agency

ERA — environmentally relevant activity

EV — environmental value

FMS — farm management systems

FNQ — Far North Queensland

FNQ NRM — Far North Queensland Natural Resourcedgament
FNQ ROC - Far North Queensland Regional OrganisaticCouncils
FSC — Forest Stewardship Council

FRP — filterable reactive phosphorus

FSS — fine suspended sediment

GCTB — green cane trash blanketing

GBR — Great Barrier Reef

GBRMPA — Great Barrier Reef Marine Park Authority

IOC - Intergovernmental Operational Committee
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ISO — International Organisation for Standardisatio

ITC — Integrated Tree Cropping

JCU — James Cook University

JSC — Joint Australian and Queensland Governmestisrdl Resource Management Steering Committee
LMAC - Local Marine Advisory Committee

LUCTOR - land use crop technical coefficient getmra

N — nitrogen

NHMRC — National Health and Medical Research Cdunci
NMZ — Nutrient Management Zone

NO; — nitrate

NO, — nitrate and nitrite

NPPWE — National Principles for the Provision oftéfdor Ecosystems
NRM —Natural Resource Management

NRW — Queensland Department of Natural Resource 8\ater
NWQMS — National Water Quality Management Strategy
MAT — management action target

PEFC — Pan European Forest Certification Council

PASTOR - pasture and animal system technical cieffi generator
PFNQ - Private Forestry North Queensland

P — phosphorus

PN — particulate organic nitrogen

PP — particulate organic phosphorus

QLUMP - Queensland Land Use Mapping Program

QPWS — Queensland Parks and Wildlife Services

RCT - resource condition target

RE - regional ecosystem

RIG — Regional Implementation Group

ROP — Resource Operations Plan

RUSLE - Revised Universal Soil Loss Equation

RWQP — Reef Water Quality Partnership

RWSS — Regional Water Supply Strategy

SedNet/Annex — Sediment River Network/Annual NutriExport
SIIP — Sugar Industry Infrastructure Package

SMART - Specific, Measurable, Achievable, Relevamd Timed
SS - suspended sediment

STP — sewage treatment plant

TN — total nitrogen

TP — total phosphorus

TSS - total suspended sediment
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UQ — University of Queensland

WQ — water quality

WQIP — Water Quality Improvement Plan
WQO - water quality objective

WRP — Water Resources Plan
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1 BACKGROUND TO THE TULLY WATER QUALITY IMPROVEMENT
PLAN

1.1 Introduction

A Water Quality Improvement Plan (WQIP) descrildes tneasures and actions required to achieve an
interim pollutant load(s) target, which is on trajectory to a loegat sustainable load target. A WQIP will
identify the most cost-effective and timely measuaed actions needed by all parties to achievethes
targets. Parties include the Australian, Statelayudl Governments, regional Natural Resource Mamage
(NRM) boards, and community, industry and environhggoups.

WQIPs are developed and implemented across Awstraigreed coastal hotspots, such as the GreaeéBar
Reef (GBR) (Baker 2003). Moreover, the Tully basas been identified as a high risk catchment utieer
Reef Water Quality Protection Plan (Reef Plan, iBect.2), which made the development of a Tully \WQI
a high priority. The Tully WQIP is the second WQ®veloped in the Wet Tropics region following the
Douglas WQIP (Davis 2006), and one of seven WQUP=eatly being developed in the GBR region. Reef
WQIPs, including the Tully WQIP, are primarily caroed with reducing sediment, nutrient and pesticid
loads in the water entering the Great Barrier Reé&R) (Figure 1.1). The additional localised betsefif
Reef WQIPs implementation may include greater esoaefficiencies in the local industries and better
water quality and ecological health in the conttithg freshwater systems.

A WQIP includes the following components (Figurg)i.

» itidentifies the environmental values (EVs) of erdbodies and the water quality objectives (WQOs)
that will protect the EVs (Section 2),

* it estimates the sustainable target loads baséldeowQOs, and compares these with the estimated
current status of pollutant loads (Section 3),

* it assesses management measures and control actiekice pollutant loads to receiving waters in
order to protect water quality (Section 4),

» itidentifies management action targets, and aasstimanagement actions, that will result in
progressive (quantified) reductions in pollutargde from both diffuse and point sources required to
achieve sustainable loads (Section 5), and

» itidentifies the processes and management arragnysrto ensure effective implementation (Section 6)

The development of WQIPs is funded by the Coastati@nent Initiative (CCI) program (Section 1.2)dan
is consistent with the goals and objectives ofargi NRM plans (Section 1.2). A draft WQIP will be
submitted for accreditation by the Australian Goweent, relevant State and/or Local Governmentstfaad
relevant regional NRM board, thereby forming areagrapproach to achieving pollutant reductions.eOnc
developed, a WQIP will be incorporated into regiddBM plans and will be reviewed and renewed astiea
every seven years.

The development and delivery of the Tully WQIP haen managed by the regional NRM board (Terrain
NRM, the business name of FNQ NRM Ltd.), with supfimm the Cardwell Shire Floodplain Program
(CSFP) and Cardwell Shire Council (CSC). Reseanderpinning the draft Tully WQIP was conducted by
the CSIRO's Floodplain Renewal Program along wathels Cook University (JCU), DPI&F, NRW, Bureau
of Sugar Experiment Stations (BSES), Universitokensland (UQ), and Australasian Groundwater &
Environmental Consultancies.

The CSFP framework was established, based ongbkerie learnt from the Douglas WQIP (Kraziral.
2006), to manage and support the planning andypoksearch, management and extension activities
underpinning the development, delivery, and ultehathe implementation, of the Tully WQIP (Figur84,
b). The CSFP forms a partnership between primatystry groups, the Girringun Aboriginal Corporation
conservation groups, CSC, Terrain NRM, State amttizé Government agencies, and research

! pollution is defined as 'a deleterious change in the cheénpibgsical and biological qualities of an ecosystue to
human activity', angollutantsas 'the substances, structures and species (ic@lag chemical) that cause the
pollution' (Baker 2003).
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organisations (Appendix 1). This partnership aimrtprove the long-term socio-economic and bioptgisi
productivity of the Tully WQIP area (Section 1.Bydugh the effective management of natural andiallt
resources (CSFP 2005a). The CSFP became synonymtbube Cardwell Shire Catchment Management
Association Inc. in November 2006.

To support the CSFP Steering Committee with dagiatp-management and alignment of NRM activities in
the greater Tully-Murray catchment area, while &sing on the development and delivery of the Tully
WQIP, the CSFP Steering Committee established theden Teams in August 2005. These Action Teams,
in the areas of Biodiversity (BAT 2006), Producti®AT 2006) and Socio-cultural and human capital
(SCAT 2006), have members from relevant CSFP padrmmnisations. The Action Teams have been
providing specific information, based on the bastilable scientific information and local knowleddge the
CSFP Steering Committee. In relation to the develaqt of the Tully WQIP, the CSFP Steering Committee
has played a crucial role in discussing, negotigéind making decisions on water quality improvemeat
outline responsibilities of all CSFP partners faernal and external communication, a communication
strategy was adopted by the CSFP Steering Comng@8EP 2005b).

1.2 Planning and policy environment of the Tully WQ  IP

The Tully WQIP has been developed in a broadematgnand policy environment, including Regional,
State and National plans and policies. The follgngactions provide a brief summary of each relephart
and policy, and their linkages to the Tully WQIP.

The Reef Water Quality Protection Plan

In 2005-06, the Great Barrier Reef (GBR) contribud@ estimated $6.9 billion per year (gross procact
the Australian economy (Access Economics 2007 Tontribution comprises mostly tourism ($6 billipn
followed by other recreational activities ($623lioit) and commercial fishing ($251 million), ancbpides
employment for approximately 66,000 (full time egplent) persons. This economic contribution depends
on the maintenance and enhancement of the envimdamalues of the GBR aquatic ecosystems.

To protect the GBR, and its environmental valuesnfland based sources of pollution, the Austradiad
Queensland Governments jointly developed and laethtieReef Water Quality Protection Plgthe 'Reef
Plan'; The State of Queensland & Commonwealth aftralia 2003). The goal of the Reef Plan is 'td hal
and reverse the decline in water quality enterfregReef within 10 years'. To support the achieveragn
this goal, the Reef Plan has two objectives:

1. reduce the load of pollutants from diffuse soulicehe water entering the Reef; and

2. rehabilitate and conserve areas of the Reef catuhtimat have a role in removing water borne
pollutants.

Actions to implement the Reef Plan include the tlgyment of locaWater Quality Improvement Plans
(Action D4), and the identification and establismtef Nutrient Management ZonéNMZs) (Action D8).

To support the Reef Plan, the Reef Water Qualityneeship (RWQP) was established to bring together
Australian and Queensland Government Agencies &l @gional NRM boards to deliver water quality
targets, monitoring and reporting. The organisationolved include Australian Government Agencies
(Department of the Environment and Water ResoUuiREsV), Department of Agriculture, Fisheries and
Forestry, and Great Barrier Reef Marine Park AuthdGBRMPA)), Queensland Government Agencies
(Department of Premier and Cabinet, Departmentaifitl Resources and Water (NRW), Department of
Primary Industries and Fisheries (DPI&F), and Emmimental Protection Agency (EPA)), and GBR regional
NRM bodies (Burdekin Dry Tropics Board, Burnett M&egional Group, Fitzroy Basin Association,
Mackay Whitsunday NRM and Terrain NRM).

The RWQP Management Committee is the core of th&@RWnd comprises agency representatives from
the Reef Plan Intergovernmental Operational Conemi{Reef Plan IOC) and representatives of the GBR
regional NRM bodies. The Management Committee doates government and regional NRM body water
guality target-setting, monitoring and reportingdties. This includes the development and implatagon

of workplans to deliver coordinated and prioritisedivities through this forum. The Management
Committee reports to the Reef Plan IOC and the Jgureensland — Australian Government NRM Steering
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Committee (JSC) for regional NRM issues. A Scian#fdvisory Panel provides independent sciencecalvi
to the Management Committee.

Coastal Catchments Initiative

The CCl is a national program under the Naturalitelge Trust, administered by DEW. The CCI, in
collaboration with State Environmental ProtectiogeAcies, seeks to achieve and maintain targeted
reductions in pollutant discharges to coastal waelity hotspots. The CCl is rolled out in twogsa:

1. agreement on the coastal hotspots and prepardtMater Quality Improvement Plan& WQIP is
prepared consistent with tikeamework for Marine and Estuarine Water QualityoRrction(Appendix
2) and in collaboration with regional NRM boardsda

2. investment in water quality projects identifiedabgh the WQIPs. During WQIP development, CCI
funds interim projects that support short-termt-@ffective measures to improve water quality, and
build institutional capacity and tools for WQIP ilamentation.

The Frameworkbuilds upon key elements of thiational Water Quality Management StratédiwVQMS)
and theNational Principles for the Provision of Water fecosystem@NPPWE). Both the NWQMS and the
NPPWE have been developed by the Australian, tatelerritory Governments, and are part of the
Council of Australian Governments' Water Reformrieavork.

The main policy objective of the NWQMS is 'to achdesustainable use of the nation's water resolgces
protecting and enhancing their quality, while maiiming economic and social development' (ANZECC
1994). NWQMS provides policies, a process (Figugd, and a series of national guidelines to help
communities manage their water resources to mestrduand future needs (ANZECC 1998). NWQMS
considers community involvement in water managensgtital, to (i) identify the preferred uses ot
water bodies, and (ii) develop community acceptamcelation to the costs associated with improweadier
guality. NWQMS has developed 21 national water itypugliidelines, includinghustralian and New Zealand
Guidelines for Fresh and Marine Water QualiNZECC 2000), andQueensland Water Quality
Guidelines(2006). TheAustralian Drinking Water GuidelingNHMRC 2004), andsuidelines for
Managing Risks in Recreational Wat@fHMRC 2006) are referred to from the ANZECC guides.

The main purpose of the NPPWE is 'to provide pdiiitgction on how the issue of water for the
environment should be dealt with in the contexgerfieral water allocation decisions' (ANZECC 1996).
Similarly to the NWQMS, the NPPWE recognises ththtrélevant environmental, social and economic
stakeholders will be involved in water allocatidarming and decision-making on environmental water
provisions' (ANZECC 1996). In Queensland, wateouese planning is conducted through the development
of Water Resource Plans (WRP) and resource Opesafitans (ROP) under the Water Act 2000.

Regional NRM Plan

The regional NRM board (Terrain NRM) oversees rattgsource management in the Wet Tropics region.
Terrain NRM has developed a series of plans, inetuthe regional NRM plan (FNQ NRM Ltd and
Rainforest CRC 2004) and companion aboriginal fMdet Tropics Aboriginal Plan Project Team 2005),
which provide the foundation for Terrain's work.€Tpreparation of a WQIP for each Wet Tropics cataim
is identified in the regional NRM plan as a ManagetAction Target in the water resources &s3éte
targets identified in the Tully WQIP, and assodatganagement measures and control actions, will be
included in the revised regional NRM plan.

Nutrient Management Zones

Reef Plan requires the identification and estabiestit of nutrient management zones (NMZs) (Action,D8
i.e. land areas that contribute significant quaggiof nutrients to waterways entering the GBR.sEhmones
will provide a focus for extension services, propeesource management planning and NRM funding to
minimise impact of nutrients on the GBR. To imprdéeed management practices and reduce nutrient
export, ten areas of significant fertiliser use aviglentified as NMZs in 2007, including the Wet pics
Coastal area (Brodie 2006, DPI&F 2007).

2 See Section 3 for definitions of Management Acfianget and asset as used the national CCl and pieitams.
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As measures and actions for achieving improvedeptality are being progressed under WQIPs, it is
intended that NMZs will add weight to and completrefforts focussed on improving nutrient management
with specific emphasis on those intensively farroeshmodities with close proximity to the coast. Tugh

an integrated monitoring and evaluation framewtirk,success of sector specific management praatices
eliciting desired improvements in nutrient managetwdll be assessed. Policies associated with NMZg
give rise to more stringent control actions beingsidered should preferred voluntary, self managesed
industry led approaches prove ineffectual (A. WB§I&F, pers. comm. 2007).

FNQ 2025 Statutory Regional Plan

The Queensland State government (via the Departofidrtical Government, Sport and Recreation) is
currently developing a statutory regional planFar North Queensland. The FNQ 2025 planning prosess
aimed at managing growth and development, andviegotonflicting pressures on land, environment and
resources. This planning process will establisticatiland use categories for the region, with dipalar
focus on setting the urban footprint for the regiamwell as determining strategically importarmagtural
land. In setting these land use categories, adetermining critical land use performance indicatoithin
these categories, water quality issues will beafribe key environmental considerations. CCl hasmédy
funded a five month project (June to October 2@08xplore how best to deal with water quality
management issues within the context of this emgrgggional planning framework.

1.3 Characteristics of the Tully WQIP area

The Tully basin has been identified as a high csichment under Reef Plan (The State of Queengland
Commonwealth of Australia 2003). Each GBR catchmead assessed against the following criteria:
biophysical risk, social risk, development risk aistk to marine industries. Each criterion includegtlibutes
and rankings against which each catchment was tatéetermine risk. Based on this risk assessrttent,
Tully basin was identified as being in the top ighhrisk catchments, making the development of lyTu
WQIP is a high priority.

The following sections provide a brief summarytwé turrent status of each criterion (see also Agges),
preceded by a definition of the area covered byftilly WQIP.

The Tully WQIP area

The Tully WQIP area refers to the combined geograpblarea of the Tully and Murray basins (Johnson
1998) and the Cardwell Shire Local Government AFégure 1.4) (Bohnegt al. 2006 2007). The area
contains parts of the Wet Tropics World Heritageaand discharges into the GBR World Heritage Area.
The six major sub-catchments include: (1) Hull Rized coastal tributaries; (2) Tully River (compigs
Upper Tully River and Nitchaga Creek, Lower Tullw& tributaries, Davidson Creek and Echo Creek,
Jarra Creek, Banyan Creek, and Lower Tully Riv&)Murray River; (4) Dallachy Creek; (5) Meunga
Creek and Kennedy Creek; and (6) coastal creelsinigainto Hinchinbrook Channel (including
Hinchinbrook Island) (Johnson 1998).

These six sub-catchments discharge into sevenmastiacluded in the Directory of nationally impaorta
wetlands (Miller and Deacon 2005), DPI&F declaréshPHabitat Areas, seagrass meadows, and the GBR
Marine Park and World Heritage Area. During floagets, approximately 2,000 Krof marine receiving
waters are influenced by this discharge (Figurg, vith the exact area depending upon the volunde an
duration of flow, as well as the direction of cunteand winds (Brodiet al. 2007a). Based on plumes from
several Tully-Murray flood events from 1994 to 198 receiving water body includes at least theerga
south to Hinchinbrook Island, east to beyond theoks and Family Islands, and north to the Barnslahts
and up to near Innisfail. Importantly, this recatyiwater body is also affected by flood plumes filmth

the Herbert and Burdekin rivers (Levéisal. 2006). Recent satellite imagery shows that pluimes Wet
Tropics rivers, including the Tully, can extendteasds across the entire reef shelf and beyondirgo
Coral Sea (Figure 1.5; Brodét al. 2007a).

Current status of biophysical risk

The high rainfall in the Tully-Murray basin, combeohwith near-coastal steep typography and extensive
fertilised land use on the floodplain, provides plogential for erosion and pollutant transporthe teceiving
waters. Moreover, increased run-off rates and amaolure to removal of wetlands and floodplain vetieta
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and the installation of land drainage systems asta floodplains, mean that higher sediment aridemt
loads may now reach receiving waters. These loadkkaly to have an impact on protected and ingoart
habitats in estuarine and marine receiving wateestd their close proximity to the coast.

Climate

The climate in the Tully-Murray basin is characted by very humid summers and mild, relatively dry
winters (Johnson 1988). The basin receives a meaunearainfall between approximately 2000 and 4000
mm (Bureau of Meteorology 2007). In the upper rangeKoombooloomba Dam, the mean minimum and
maximum monthly rainfalls are 84.9 mm (October) 4id.8 mm (March), respectively, with 500.9 mm
(March 1967) being the highest daily rainfall redmx. At this site, the highest mean monthly maximum
temperature in summer is 28.1°C (December), whileekt mean monthly minimum temperature in winter is
19.6°C (July). At the southern end of the basi@atdwell , the mean minimum and maximum monthly
rainfalls are 30.1 mm (August) and 467.4 mm (Fetyaespectively, with 527.1 mm (January 1934nbei
the highest daily rainfall recorded. At this stiégghest mean monthly maximum temperature in sunsner
31.5°C (January), while lowest mean monthly minimemperature in winter is 13.6°C (July).

Land use

The Tully-Murray basin comprises 2,787 kmwith eight major land uses (Armoet al.2007a; Table 1.1,
Figure 1.6). The higher elevations and upper reachéhe rivers and creeks are primarily occupigd b
tropical rainforest and sclerophyll forests, white coastal floodplain has largely been cleareddnathed
for agricultural purposes (sugarcane, grazing, banaorticulture and plantation forestry) (John$68a8).
Remnant patches of rainforest are found on theiallplains, and in wetlands and estuaries neaalibgial
coast.

The total area under sugarcane in the Tully Sughrakéa has almost doubled from 15,676 ha to 3D/
from 1991 to 2001 (McDonald and Weston 2004). FI®80 to 1998, the area cultivated for bananas
expanded by approximately 50% in the Tully-Murrayobhments (GBRMPA 2001). These expansions were
accompanied by an estimated 118% increase in wsageogen (N) fertilisers in sugarcane and banana
production in the Tully—Murray catchments from 1986999 (GBRMPA 2001). Surveys indicate that N
fertiliser usagger hahas declined in both industries, by 25% in sugagdérom 200 kg N / ha yr in 2000 to
150 kg N/ha yr in 2007; McMahon 2007), and by 40%bananas (from 520 kg N/ha yr in 1995 to 313 kg
N/ha yr in 2007; Lindsay 2007b), respectively. Rddion forestry has expanded from 6,828 ha in 2004
10,314 in 2007 (based on QLUMP 2004 and recens saflermation).

Ecosystem communities

Most of the natural forest in the Tully-Murray bass protected, and is located in the Wet Tropicsd/
Heritage Area, in National Parks or State Forestd,in Nature refuges (Figure 1.7). The area afdjain
vegetation in the basin is approximately 20.8 kamd has decreased by approximately 80% compared t
pre-European areas (Furnas 2003). These changegetation communities reflect clearing for agtictal
development and an increase in tussock grasslaseddgeland, with a decrease in open and closest fore
(Furnas 2003). In contrast to the other vegetatipas, the areas of mangrove vegetation do notiathyr
differ from their pre-European extent (Furnas 2003)

The riparian area in the basin is approximatelki8 and has decreased by approximately 60% since
European development (Furnas 2003). The last sunvE997 indicated that riparian condition varieo
very good (28%) to very poor (28%), with the rend&inin good (10%), moderate (18%) and poor (16%)
condition (Johnson 1998).

The Tully Province contains 68 regional ecosystéRiss) that are classified, based on vegetation
management and biodiversity status, as endang&BdREs, 6,907 ha) and of concern (55 REs, 68,575 ha
(EPA 2005a). Many of these 68 REs have been erplddr their grazing and timber values and havabee
extensively cleared and changed hydrologicallyafnicultural purposes. Current threatening processe
include further changes to hydrology and drainfi@gmentation (including wind exposure), residdrdizd
industrial development, agricultural and pondedyasdevelopment, grazing pressure, change in fire
regimes, invasions of weeds, vines and/or rainfpfesal pigs, and recreational and vehicular disinces
(EPA 2005a).
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Most of the receiving waters in the Tully-Murraysiraare protected and/or considered to be of naltion
importance (Figure 1.8). These include the GBR Wbltritage Area, the GBR Coast Marine Park, seven
wetlands included in the Directory of Nationallydortant Wetlands, DPI&F declared Fish Habitat Areas
and seagrass meadows. The basin contains 9,53tphaustrine wetlands and 63,230 ha of estuarine
wetlands (EPA wetland mapping, version 1, Augu§t®20Compared to pre-European wetland areas
approximately 69% have been lost (Furnas 2003).sEen wetlands listed in the Directory of Natidnal
Important Wetlands include Licuala Palm Forest (B88 Tully River - Murray River Floodplains (39117
ha), Edmund Kennedy Wetlands (11,033 ha), HerhiggrRjorge (21,542 ha), Hinchinbrook Channel
(30,718 ha), Missionary Bay (11,072 ha), SundayKiroad-leaved Paperbark Site (39 ha), and the GBR
Marine Park (34,108,876 ha) (Miller and Deacon 200%e DPI&F Fish Habitat Areas protect inshore and
estuarine fish habitats in the Hull, Tully and MayRivers and Dallachy Creek, and were declard®88

to sustain local and regional fish stocks and figise

The receiving water body (Figure 1.4) contains fb¥¢he 70 bioregions within the GBR Marine Park,
including high nutrients coastal strip, inner stegligrass, inner mid-shelf lagoon, coastal cerged$, and
northern open lagoon reefs (GBRMPA 2004). Thesmnsgcontain seagrass beds, nursery areas forijgven
fish, prawns and other animals, dugong protectieass and foraging areas for turtles and dugomgs, a
reefs. Water quality in these regions is affectgadriculture, aquaculture, coastal development and
shipping, as well as the loss of wetlands and \atiget including riparian zones (Baker 2003).

Current status of social risk

The capacity to change practices that (potentiabyise land-based pollution is, to a certain extent
determined by major economic drivers. In the Welplgs region, the major drivers of the economy are
tourism, followed by agriculture and grazing, aaditlesser extent, mineral production (McDonald and
Weston 2004) (Table 1.2). In contrast, the econofitfie Cardwell Shire is almost completely reliant
agricultural production. In 2007, regional agricuétl income totalled $126.7 million (Roebeliegal.
2007b). Both the sugarcane and banana industrydeawenstrated capacity to change practices thateed
land-based pollution (Section 4).

Capacity to effect change is also determined by NRfk&structure. In the Tully-Murray basin, NRM
infrastructure has been enhanced by the establighohéhe CSFP (Section 1.1) and by financial supfoo
the Shire's Parks, Gardens and Revegetation URM Mfrastructure could be further enhanced by
strengthening local capacity of State Agencies Wi#M responsibilities.

Improvement of water quality is likely to be supigak by the local community. In a recent wellbeing a
livelihoods survey conducted in the Cardwell Skieger quality was identified dee mosimportant
ecological wellbeing factor (Larson 2007). Otheolegical wellbeing factors identified as importéoyt
more than 50% of respondents included (in ordeawking): air quality (78%); condition of
landscape/beaches (77%); beauty of landscape/teétbid); access to natural areas (74%); soil gqualit
(64%); swimming and bushwalking (62%); and fishamgl collection (57%).

The Wet Tropics Aboriginal Plan outlines strategiad actions for water resources to deal with ssdie
concern, including water pollution (Wet Tropics Alginal Plan Project Team 2005). Three Aboriginal
Traditional Owner groups live in the area covergdhg Tully WQIP, including the Girramay, Jirrbalda
Gulnay people. In 2001, 716 persons (6.3% of fodglulation) stated Aboriginal and/or Torres Strait
Islander origin (OESR 2007a). Current families awm associations with country that stretch backemo
than 1500 generations, and today’s elders contimeie oral history traditions. The Girringun Abarigl
Corporation, representing the three Aboriginal Ttradal Owner groups, has been involved in the
development of the Tully WQIP as a partner of tis€.

Current status of development risk

The Cardwell Shire Local Government Area is 3,068, land encompasses most of the Tully-Murray
catchment (Figure 1.4). The Cardwell Shire hasnigdeen usurped into Cassowary Coast Shire Cbunci
together with Johnston Shire. Major townships duaik t(preliminary) estimated resident populatiores a
Tully (2,533), Cardwell (1,438), and Wongaling Bedt,159) (OESR 2007b). Smaller townships and
settlements include Bilyana, Cardstone, Carmooator Feluga, Hull Heads, Jumbun, Kennedy, Lower
Tully, Murray Upper, Murrigal, Silky Oak, South Mi®n Beach, and Tully Heads.
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The Cardwell Shire Local Government Area had aimaséd resident population of 10,084 in 2006, with
projected population of 15,155 in 2026 (OESR 200rayeased population growth and urbanisation
provides the potential for erosion and pollutaahsport to the receiving waters.

Current status of risk to marine industries

Commercial tourism visits to the marine receivingtevs averaged ~12,000 a year from 2003 to 2005 (C.
Honchin, GBRMPA, pers. comm. 2007), and contributethe $10.6 million spent on tourism
accommodation in Cardwell Shire in 2006 (OESR 2(Q0TYburism resorts at Dunk, Bedarra and
Hinchinbrook Islands provide focal points for acgiag the marine environments, with >70% of comnarci
tourism visits going to Dunk Island and the surming Stingaree Reefs. Commercial fisheries earnimgs
the coastal and marine waters off the Tully-Murpagin were over $3.0 million in 2005. Both the tsor
and commercial fisheries industries could be &tfriem the progressive decline in water qualitythad
waterways entering the GBR (The State of Queendla@dmmonwealth of Australia 2003).
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Table 1.1: Major land uses in the Tully-Murray basinbased on the draft QLUMP 2004 data for the Tully andMurray

catchments (from Armour et al. 2007a).

Tully-Murray Area (ha) Area (km2) % of catchment
Natural forest 198,200 1,982 71.2
Sugar Cane 36,700 367 13.2
Grazing 14,900 149 5.3
Forestry plantation 10,300 103 3.7
Waterways 7,700 77 2.7
Banana 7,500 75 2.7
Urban 3,000 30 1.1
Other horticulture 400 4 0.1
Total 278,700 2,787 100

Table 2.2: Contributions of major economies in the Vet Tropics region and Cardwell Shire, based on the ost recently
available data. Note that contributions of differert economies may have been calculated during diffemeyears, making

absolute comparisons difficult.

! = Prideaux and Falco-Mammone (2007%, = OESR (2007b)3 = FNQ NRM Ltd and Rainforest CRC (2007),* = DPI&F

Economy Wet Tropics Cardwell Shire
Tourism $2 billion* n/a
Tourism accomodation $355.7 million® $10.6 million®
Commercial fishing $200 million® >$3 million*
Sugar Cane $65.4 million®
Grazing > ‘02’\ $8.4 million®
. RN -

Forestry plantation & (& $4.7 million®
Banana / horticulture $48.2 million®

http://chrisweb.dpi.gld.gov.au/chris/,® = McDonald and Weston (2004)° = Roebelinget al. (2007b)
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Figure 1.1. Conceptual diagram showing some key dogical responses to sediment, nutrients and pedities in the inshore marine environment (from J. Prage, GBRMPA, 2007).
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> envwiranmental impact

(section 4, App. 8 accepilable

sustainable loads (section 4)

4. legal & institutional arrangements
(Aop. 6)

5. adaptive management strateqy
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Figure 1.2. Process for developing a Water Qualitimprovement Plan, adapted by the Queensland Enviromental Protection Agency from the National Water Quality Management Strategy
(NWQMS). The relevant sections of the Tully WQIP ae outlined for each component of this framework.
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Figure 1.3. Participatory planning, research, and egagement framework established to develop and deér the Tully WQIP,
showing the central role of the CSFP Steering Comttée. (a) a side view of the CSFP framework showirtpe two main
programs, the development of the Tully WQIP and CSRO Floodplain Renewal Program, in relation to CSFPand (b) a top-
down view of the CSFP framework showing linkages ltieeen planning & policy, research, and on-ground ag extension
activities (CSFP 2005a).
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Figure 1.4. The Tully WQIP area (Tully-Murray basin and Cardwell Shire Local Government Area overlay), andnarine
area of influence.
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Figure 1.5. Flood plumes from the Wet Tropics riversincluding the Tully and Murray Rivers, following heavy rainfall and
flooding in February 2007, on (a) 9 February 2007b) 11 February 2007 and (c) 13 February 2007. Nothat the flood
plumes extend eastwards across the entire reef shahd beyond into the Coral Sea. MODIS-Terra sateile imagery,

developed for/by CSIRO, NASAEOS
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Figure 1.6. Major land uses in the Tully-Murray basn based on the draft QLUMP 2004 data for the Tully ad Murray
catchments (from Armour et al. 2007a).
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Figure 1.7. Protected terrestrial ecosystems in thE€ully W QIP area, including the Wet Tropics World Heritage Area,
Queensland Estates (gazetted National Parks Sciemtif National Park, National Park Recovery, Conservaon Park,
Resources Reserve, Forest Reserve, State Forest dmchber Reserve), and Nature refuges and coordinatedonservation
areas.
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Figure 1.8. Freshwater, estuarine and marine ecosigsns in the Tully WQIP area that are protected and/o considered to be
of national importance, including the GBR World Heritage Area, GBR Coast Marine Park, Directory of natonally important
wetlands, DPI&F fish habitat areas, and seagrass meows. Numbers refer to the Directory of nationallyimportant
wetlands: (1) Licuala Palm Forest; (2) Tully River -Murray River Floodplains; (3) Edmund Kennedy Wetlands; (4)
Missionary Bay; (5) Herbert River gorge; (6) Hinchnbrook Channel; and (7) Sunday Creek Broad-leaved &perbark Site.
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2 DRAFT ENVIRONMENTAL VALUES AND WATER QUALITY
OBJECTIVES

2.1 Introduction

The Tully WQIP will establish environmental valu&/s) and water quality objectives (WQOs) for
freshwaters, estuarine and marine reaches of tie W@QIP area that are consistent with thiational Water
Quality Management StrategdWQMS) framework (Section 1.2). This frameworleimbedded in the
Queensland&Environmental Protection (Water) Policy 19&PPW). Using this process, the preferred
(environmental) values and uses of local waterdm@oth surface and groundwater) are determined by
identifying the current and future values or usethe waterways which contribute to public or pteva
benefits (i.e. EVs; Table 2.1). Draft WQOs are blase the community's choices for EVs, and the exgst
water quality guidelines and standards intendeadtect them (EPA 2006, Honchét al. 2008). Water
guality guidelines define desirable ranges and mari levels for certain parameters that should be
achieved (based on scientific evidence and judg®n@maintain specific EVs. Thus, WQOs are
measurable indicators of the characteristics netaptbtect the EVs of particular waterways, any ina
defined for a range of physical, chemical and lgjmal parameters, as well as other measures diratat
condition. By being consistent with the EPPW prsessthe established WQOs will assist the EPA in
undertaking licensing of Environmentally Relevamtidities (ERAS), in working with Local Government
on urban stormwater management, and in guidingadhievestments in critical improvements in rurabla
diffuse water quality issues. Moreover, RegionalMNBodies are encouraged to use this process tblisbta
EVs and determine draft WQOSs that they can adopiadsr quality targets in their NRM plans (EPA 2006
For the Tully WQIP, this framework has been usedi¢mtify the draft EVs and WQOSs using processes
developed with and agreed to by the EPA and the [GBR

2.2 Process for establishing EVs

The established EVs are the values and uses ofdterways that the management actions outlineldn t
draft Tully WQIP will try to protect. Therefore, alfirst step in a water quality management progsata
determine the preferred values and uses of locen@dies (ie identify the EVs). EVs are thoselitjga of
the waterway that make it suitable to support paldir aquatic ecosystems and human uses (EPA 2005).
Specifically, EVs are categorised into aquatic gstesns, primary industries, recreation and aestheti
drinking water, industrial uses, and cultural apgliwial values, with further stratification for @
categories (Table 2.1; ANZECC 2000, EPA 2006). Ehmpsalities require protection from the effects of
pollution such as waste discharges, siltation andff to ensure healthy aquatic ecosystems andways
that are safe and suitable for community use (EG@52 All water reaches will possess at least dribeo
EVs listed (ie protection of aquatic ecosystemsy, more than one EV may be designated for a specifi
water reach (EPA 2005).

The EVs for the Tully WQIP were established usimg fiollowing process:

1. interviews with community members in the Tully WQiRea (Bohnegt al. 2006);

2. three workshops with community members in the TWIQIP area (Bohnedt al. 2007);
3. discussions with the CSFP Steering Committee; and
4

further meetings with, and input from key stakeleotdand the community to enable provision of
comments on the draft EVs, during the public ca@asiain phase on the draft WQIP.

The last step is to ensure that (i) the draft E&ed with the inputs provided to date throughrvigews,
workshops and CSFP Steering Committee; and (ii) lnegsnof the community, who have not been involved
to date, have a chance to provide their input.
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Draft EVs from interviews, workshops and CSFP Steer  ing Committee
The following information is from Bohnet al. (2006, 2007), unless otherwise noted.

To identify the draft EVs accorded to waters in Tudly-Murray basin, a two-staged approach was used
following a social-ecological framework for sustaite landscape planning (Bohnet and Smith 200@pest
one comprised qualitative interviews with 49 comibumembers to gain an understanding of the EVs
attached to waters in the Tully-Murray basin. laews were stratified geographically and socialith
initial contacts established through key informantthe local community and further contacts preddy
interviewees.

Stage two comprised the completion of communityksbops to identity the EVs of the main rivers and
creeks, as well as estuaries, coastal and adjaw@iie environments. Workshops were widely advedtis
through the local media and networks, including ESFocio-cultural Action Team. Based on the
community's response, three workshops were hetd2@tparticipants; one at South Mission Beach t@rco
the Hull River and coastal and marine areas, ofigmo to cover the Tully-Murray floodplain andecat
Cardwell to cover the Kennedy valley and the sautipart of the Cardwell Shire including coastal and
marine areas. During these workshops, participalateed EVs in a spatially explicit location on datent
maps.

Interviewees and workshop participants includedifi@nal Owners, other Indigenous peoples, counrs|l
local (non-farming) residents, sugarcane farmeogpjdal fruit growers, banana growers, grazieregters,
tourism operators and conservation representatives.

Based on the geographic information provided bgrinewees and workshop participants, draft EVs
identified by the community were assigned to eddhe 28 river reaches with common EVs within the
Tully-Murray basin. River reaches were definedratte workshops using protocols outlined in EPAO&0
and ANZECC (2000) (see Section 2.5). Additionabinfation on uses and values for wetlands was iedud
based on information obtained through a prioritisaexercise for wetland investments undertakehén
Tully-Murray basin (D. Sydes, CSC, pers. comm. 30Barticipants in the wetland workshops included
Traditional Owners, landholders, technical expéresrain NRM and State Agency staff, local governtme
and industry representatives. The draft EVs fohedthese 28 reaches were presented to and déstuss
with CSFP Steering Committee (April 2007).

The results for the draft EVs are summarised ind al® and are provided in more detail in Appertlix
(Table 4.2). The draft EVs demonstrate that theematys in the Tully WQIP area are used and valoed f
wide range of activities (Table 2.2). All 28 reaslae used and valued for their aquatic ecosystemtheir
indigenous and non-indigenous cultural heritagd,fantheir amenity. Aquatic foods are obtainedra4
out of the 28 reaches; apparently no food is tdk@n natural wetlands in four out the six catchrsefitull
and Murray rivers, Kennedy and Meunga Creeks, aadtal creeks to Hinchinbrook Channel). Primary and
secondary recreation were identified as an EV $oardd 27 reaches, respectively. This differenaeaches
used for activities involving direct versus indireontact reflects the distribution of estuarinecadiles
(Crocodylus porosysAlmost all reaches with freshwater were usedifamking (12) and stock water (11),
as well as farm supply (11) and irrigation (10)uFbrackish reaches are used and valued for aquaeul
purposes. The two industry uses in the area ar€ule Sugar Mill and Koombooloomba Dam, which is
used for hydro-electricity generation.

All user groups use and value the aquatic ecosygstieat local waterways provide, as well as thdirkiing
water and aquatic food values. Differences andnpialeconflict between the various values is oftetween
‘consumptive’ (e.g. irrigation) and ‘non-consumgiye.g. recreational and cultural) uses (Tablg.Z.Be
main consumers of water in the basin are farmedgratustry (e.g. Koombooloomba Dam, banana farmers,
Tully Sugar Mill). In contrast, local residents atiitional Owners and conservation groups use ahg va
waterways primarily for recreation and aesthetic@s, as well as for cultural and spiritual purgosguch
conflict may be further exacerbated by differenicesommunity perceptions regarding the state oewat
guality and aquatic ecosystems. Specific mentios made that Traditional Owners' values are nottalse
seriously as farmers' values. These differencéstjmg to the weighting of (i) different EVs idefiéid by the
local community, and (ii) EVs identified by locagégional, national and international communities, a
currently not addressed by the NWQMS frameworkstting EVs and WQOs.

Draft Tully Water Quality Improvement Plan 18



2.3 Identification of high ecological value waterwa  ys

For theaquatic ecosysteaV, the NWQMS identifies three levels of proteatior waterways with different
ecosystem conditions (high ecological value, shigttt moderately disturbed and highly disturbed)isT
allows the community to identify those waterway#wiigh ecological value to be protected. The drafty
WQIP recommends that, similar to the Douglas W@i&erways which fall within 'protected’ areas under
existing legislation (i.e. Wet Tropics World HegwArea, Queensland Estates (including gazettetichl
Parks Scientific’, ‘National Park’, ‘National PaRecovery’, ‘Conservation Park’, ‘Resources Reserve’
‘Forest Reserve’, ‘State Forest’ and ‘Timber ResgnNature Refuges and Coordinated Conservation
Areas, Queensland Declared Fish habitat area [@lass1d Marine Park Areas [Preservation Zones and
better]) be considerddigh Ecological Valuewaterways (Figure 2.2). It further recommends thatEPA
and Terrain NRM complete a more detailed assessofi¢hé conservation values of the area’s waterways
This will allow further consultation with the commity on which additional waterways could be
recommended for high ecological value status.

2.4 Specific issues and threats identified by the ¢~ ommunity

Specific issues and threats related to uses anéval waterways were identified in the interviemsl
workshops. These have been summarised here idtagras of concern and other issues relevant tewat
quality, and have been taken into account in thveldpment of management actions (Section 5).

Sediment, nutrients and pesticides were identd®g@ollutants of concern by the community and CSFP
Steering Committee. Specific mention was madevefrfbank erosion, council (road) works, and thé lafc
commitment to change practices to minimise or gtepuse of agrochemicals. Additional pollutants of
concern that were mentioned included acid sulpbaite, bacteria and pathogens, hydrocarbon suleganc
heavy metals, and dissolved oxygen reducing sutssaiincluding sugar, general organic matter, efftu
from Tully Sugar Mill and Tully Sewage Treatmenafd (STP), and banana waste).

Issues of concern that were identified by the comitywand CSFP Steering Committee as relevant temwat
quality for freshwater reaches include: (i) theepabf drinking water; (i) limited or no accessdmeas of
cultural and spiritual significance; (iii) the losElocal water bodies including wetlands, lagoand small
streams; (iv) the clearing of native vegetatiortt@upper reaches of the rivers and creeks andias=sw
agricultural development; (v) the condition of nilga zones; (vi) environmental flow and water qutsint
(vii) groundwater quality and quantity; (viii) wednfestations; (ix) feral pigs; (x) increase intdisution and
abundance of crocodiles; (xi) litter produced by Bianana industry; and (xii) reduction in fish &iseries
species.

For the estuarine and marine waters, additionakssf concern include: (i) coastal erosion; (@yttion
from marinas; (iii) marina development; (iv) urbamd coastal development, including developmentod |
below flood level; (v) sewage treatment plantsstarids; and (vi) maintaining healthy reefs, mangsoand
wetlands.

The workshop participants identified economicsahbarm level and local government level as onthef
main drivers causing landscape, land use and emagatal change impacting on water quality and dtyant
Participants provided a number of suggestions tmate these impacts, which is indicative of the
importance placed on water quality as a wellbeawdr (Section 1.3), as well as the community’s
aspirations and commitment to improve water quatitthe Tully-Murray basin. These suggestions have
been taken into account in the development of namagt measures and control actions (Section 5).

2.5 Establishing draft WQOs that will protect draft EVs

Process for establishing Draft WQOs

Draft WQOs are based on both the community's cedimeEVs as well as the water quality guidelined a
standards to protect them. WQOs are measurablesaitods of the characteristics needed to protectd&Vs
particular waterways. They may be defined for eaof physical parameters (e.qg. turbidity, suspdnde
sediment and temperature), chemical parameterspfgogphorus, nitrogen, biochemical oxygen demand
and toxicants), and biological parameters (e.cqaaldiatoms, macroinvertebrates and fish), asagatither
measures of catchment condition (e.g. erosiondeviglarian vegetation and channel morphology). ¥he
more than one EV is identified for a waterway (evgter suitable for both irrigation and aquatic
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ecosystems), the WQ guidelines to support eactevaatd use should be identified. For each waterthay,
most stringent guideline for each water qualityi¢atbr is the draft WQO selected, in order to Imestect
all identified EVs (ANZECC 2000, EPA 2006).

Water Quality Guidelines

WQ Guideline Documents

WQ guideline values depend on the EV being consitleiThere are a number of WQ guideline documents
available for the various environmental values #pgily to the Tully WQIP area. Regional specific
guidelines can accommodate local conditions andevtinere is more than one set of applicable guidsli

the most local accredited guideline informationlistake precedence over broader guidelines. Howdeer

a number of indicators, notably toxicants, theddttie or no local information. For these indicegpthe
Australian and New Zealand Guidelines for Fresh Batine Water Qualitf{ ANZECC 2000) guidelines

will remain the principal source of information.

To draft the WQOs for the Tully WQIP, the followimgater quality guidelines for surface water (andeve
applicable, ground water) have been usetrim marine water quality guidelines for the @tdarrier
Reef Marine Park(Draft) (Honchinet al.2007),Queensland Water Quality GuidelindsPA 2006),
Australian and New Zealand Guidelines for Fresh 8atine Water Qualitf ANZECC 2000) Australian
Drinking Water GuidelineéNHMRC 2004), andsuidelines for Managing Risks in Recreational Water
(NHMRC 2006). These guidelines are considered ¢rigglues, that would indicate a potential
environmental problem if exceeded, and ‘triggemanagement response (e.g. further monitoring,
investigation, refinement of guideline accordinddcal conditions, etc.).

The ANZECC guidelines (ANZECC 2000) refer to thestralian and New Zealand Food Standards Code
(ANZFSC 2007) for standards for chemical contamisamfood for the protection of human consumers of
aquatic foods; these standards are statutory.dedr éremical, standards are set for one or moctifems.

If a standard for a chemical is not listed for dipalar food item, there must be no detectablatesof that
chemical in that food. If a chemical is not listdtere must be no detectable residue of (metabalifethat
chemical in food. Note that food standards arésanany non-aquatic food items, including sugaecan
bananas and beef.

Identification of reaches with common water types

WQ guidelines for aquatic ecosystems and some &tYieralso depend on the type of water being
considered (e.g. fresh water, estuary). The Quemsh$Vater Quality Guidelines (EPA 2006) defineevat
types to 'create areas within which water quatitgufficiently homogenous that a single water dyali
guideline value can be applied to all waters wittgch water type'. The seven water types defindeFR#y
(2006) for the Wet Tropics region were used forTady WQIP, and adjusted as follows:

1. upland freshwaterstreams and major rivers above 150 m.
lowland freshwaterstreams and major rivers below 150 m.
lakes deepwater habitat situated in dammed river chamiih total area >8 ha.

wetlands ‘palustrine’ wetlands as per EPA wetland mapgiversion 1, August 2006).

a > DN

mid-estuary:

0 upstream limit = ‘estuarine’ wetlands as per EPAlavel mapping (version 1, August 2006).
0 downstream limit = mouth of estuary = coastline.

6. enclosed coastal/lower estuary:

0 upstream limit = mouth of estuary = coastline.

o downstream limit = lower limit of ‘estuarine’ wetlds as per EPA wetland mapping (version 1,
August 2006).

7. open coastall5 km buffer from combined coastline/island ceast
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An eighth water type,ftshore maringis outside the limit of Queensland Waters (3 italitniles from the
coast) and is defined by the National Water Quaitydelines (ANZECC 2000):

8. marine offshoreall marine waters >15 km off the coast, thatagdnd the 15 km buffer.
Future spatial analysis may assist in refinemettiéniocation of these water types in the Tully WQ@rea.

The presence of each water type (Figure 2.1) weskeldl within each of the six sub-catchments inTihéy
WQIP area (Johnson 1988) and considered in congumatith the 28 reaches with common EVs (Table
2.2). This led to the establishment of draft WQ@rsdll these reaches in the Tully WQIP area (sedtDr
WQOs section below).

WQ Guidelines Used for the Tully WQIP

Using the relevant guidelines and standards fop#itdcular EVs and the water types that they apmly
water quality guidelines and standards for sedimarttients and pesticides were assigned to eatemipal
environmental value (Appendix 4, Table 4.1a, b).

Draft WQOs for reaches with common EVs

To protect the draft EVs identified by the communihe relevant National, State and Regional |exagker
quality guidelines and standards for each of the EMntified were used to establish draft WQOs @ujix
4, Tables 4.2a,b). In cases where more than one&\dentified for a particular water reach, thestno
stringent water quality guideline was applied asdhaft WQO for that water reach, to ensure praiacif
all EVs. Because the Tully WQIP is primarily conued with reducing sediment, nutrient and pesticide
loads in the water entering the GBR, draft WQOsavestablished for associated parameters. The draft
WQO for waterways with high ecological value is intain and improve existing water quality'.

These draft WQOs for the 28 water reaches serwaates quality targets which, if achieved, wouldtead

the EVs that the community would like to see prdcConversely, these draft WQOs should be coreside
trigger values that would indicate a potentimdblem if exceeded, and ‘trigger’ a managemergorse. The
standards for chemical contaminants in food forgteection of human consumers of aquatic foods
(ANZFSC 2007) arenb detectable residue®r any of the pesticides assessed. Note thaetsandards are
statutory, unlike water quality guidelines. Consaly, the draft WQOs for human consumption shdgld
'no detectable residuesf these pesticides in aquatic foods.

Further consultation is required to finalise thierim marine water quality guidelines for the Gtdarrier
Reef Marine ParkDraft) (Honchinet al. 2007), and further research is required to devioally and
regionally specific water quality guidelines forsgieides for the Wet Tropics region (including thdaly
WQIP area). Consequently, the draft Tully WQIP #eBned aspirational targets for all water quality
parameters as the draft WQOs in marine watersaapidational targets for herbicides as the draftQg@
all waters. When this information becomes availatitaft WQOs may be changed in the near future into
(more short-term) resource condition targets.

To determine whether the current water quality arime receiving waters achieves the draft WQO#$oset
these waters, the draft WQOs of two water typaashore marine waters (‘enclosed coastal/loweregtu
and ‘all marine waters 15 km off the coast’) were compared against availdata on current condition of
water quality in these waters in 2005/2006 and 2li& (J. Prange, GBRMPA, pers. comm. 2007). This
comparison shows that, for pollutants for whichfitWdQOs have been set (i.e. water quality guidaliwere
available) and/or current condition was monitoidraft WQOs are met except for chlorophyll-a (Tahl&).

Sustainable load targets and current pollutantdegete also estimated using a combination of mango
and modelling which is discussed in Section 3.

The Tully WQIP developed under the Coastal Catchrimétiative (CCI) had a downstream focus aimed at
protection of the Great Barrier Reef. The draft WEX@t for other waterways in the Tully WQIP area,
except those for pesticides, will not be furthensidered in the Tully WQIP. Management Actionstfor

rest of the waterways will be developed in theaagl NRM Plan.
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Table 2.1. Potential environmental values (EPA 2006).

Environmental values |

Supporting details

Questions

AQUATIC ECOSYSTEMS

Aguatic ecosystems

g Pristine (see HEV systems below) or
modified Aquatic Ecosystems —

High conservation /
ecological value
systems (HEV)

Systems are largely unmodified or have
undergone little change. Often found
within national parks, conservation
reserves or inaccessible locations.
Targets aim to maintain and improve
existing water guality.

Are any waterways largely unmodified or
changed very little? Where are they?

Modified systems

Freshwater

What components of ecosystems do you
want to protect e.qg. turtles, fish,
macroinvertebrates, riparian vegetation,
instream habitats, flows?

Modified systems

Estuarine/Coastal/Marine

What components of ecosystems do you
want to protect e.g. reefs, seagrasses,
mangroves, dugongs, turtles, fish,
shellfish?

HUMAN USES

Primary industries

i rigating  crops such as sugar cane,
lucerne, etc

Where is the water used for irrigation?
What crops, etc are irrigated?

e Water for Farm Use such as in fruit

Where is the water used around farms for
washing down areas or fruit packing?

Where is the water used for watering
stock? What type of stock?

Water for Aquaculture such as
barramundi, prawn or red claw farming

Where is the water used in aquaculture
operations and what species are
cultivated?

Human Consumption of wild or stocked
fish or crustaceans

Where is there consumption of wild or
stocked fish or crustaceans?

Recreation and
aesthetics

b Primary recreation with direct contact
with water such as swimming or
snorkelling

Are there any recreational activities
where people are fully immersed in the
water e.g. swimming, snorkelling? If so,
where?

Secondary recreation with indirect
=dl contact with water such as boating,

canoeing or sailing

Are there any recreational activities
where people are possibly splashed with
water e.g. fishing, boating, sailing? If so,
where?

Visual appreciation but no contact with
water such as picnicking, bushwalking,
sightseeing

What areas of waterways are regularly
used by people who enjoy looking at and
being near the waterway?

Drinking Water

aw Drinking Water  supplies

Where do people or local governments
take water from the river for water
supplies?

Industrial uses

Water for Industrial Use such as power
generation, manufacturing plants

What are the industries that take water
from the river for their operations and
where does this occur?

Cultural and
spiritual values

Cultural and spiritual  values

What are the cultural and spiritual values
associated with these waterways?
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Table 2.2. Draft environmental values (EVs) for edt of the 28 water reaches in the Tully WQIP area. Baft EVs were identified based on (i) interviews wth 49 community members (Bohnet
et al. 2006), (ii) three community workshops with 29 paitipants (Bohnetet al. 2007), and (iii) feedback from CSFP Steering Comrtee. Empty cells indicate that a particular EV wasnot

identified for a particular reach. Water types correspond to those presented in Figure 2.1.

Catchment

Reaches with common Environmental Values  *

Aquatic ecosystems

Hull River and coastal
tributaries

Freshwater in natural areas

Freshwater in developed areas

Natural wetlands

Upstream limit of tidal influence to mouth of estuary

Tully River

Freshwater in natural areas

Freshwater in developed areas

Koombooloomba Dam

Natural and constructed wetlands

Upstream limit of tidal influence to mouth of estuary

Murray River

Freshwater in natural areas

Freshwaters in developed areas

Natural and constructed wetlands

Upstream limit of tidal influence to mouth of estuary

Dallachy Creek

Freshwater in natural areas

Freshwaters in developed areas

Natural and constructed wetlands

Upstream limit of tidal influence to mouth of estuary

Kennedy & Meunga
Creeks

Freshwater in natural areas

Freshwaters in developed areas

Natural wetlands

Upstream limit of tidal influence to mouth of estuary

Coastal creeks to
Hinchinbrook Channel
(including
Hinchinbrook Island)

Freshwater in natural areas

Freshwaters in developed areas

Natural wetlands

Upstream limit of tidal influence to mouth of estuary

Inshore marine

Mouth of estuary to marine waters
All marine waters < 15km off the coast

Offshore marine

All marine waters >15km off the coast

Notes:' See text and EPA (2006, Appendix B) for definisoBefinitions for marine waters differ between E@A06) and GBRPMA. Coastal water = low water tai@obath (GBRMPA) 015
km (EPA), open water = seaward of 10 m isobath (BBR) or >15 km (EPA); here the EPA definitions ased? Outside the limit of Qld waters (3 nautical mileNpte that the 3 nautical mile

boundary applies around QIld islands
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Table 2.3. Summary of different uses and values ofaterways by groups of people in the Tully WQIP area++ represents the
main use/value, + represents a reasonably commonedgalue, and — represents minimal or no use. The gga colour indicates
non-consumptive uses of water, whereas the yellowlour indicates primarily consumptive uses of wate(from Bohnet et al.
2007).
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Who values what? -
Farmers
Sugarcane + - + — - - + + + ++ + —
Banana + ++ ++ — — — + + + ++ + =
Tropical fruit + ++ ++ - - = + + + ++ + -
Small crops + ++ ++ - - - + + + ++ + =
Graziers| + - + ++ - = + + + ++ - -
Foresters + Gt - - - = + + + ++ + -
Industry institutions
Sugar + = = — — - _ _ _ _ T+t _
Banana + ++ ++ = — - — _ _ _ ++ _
Tropical fruit + ++ ++ = = - - — — _ ++ _
Tourism | ++ - - = = = ++ ++ ++ + = +
Aquaculture + - - - ++ = = = = - ++ -
Commercial fishing + - - = = ++ = — - — ++ _
Traditional Owners ++ - - - - - ++ ++ ++ ++ = ++
Conservation groups ++ = - - - — ++ ++ ++ o+ _ o
Local (non-farming) residents 1 - - - - - ++ ++ ++ ++ + +

Draft Tully Water Quality Improvement Plan 24



Table 2.4. Comparison of draft water quality objectves (WQO) for nutrients, sediment and pesticides itwo water types in
inshore marine waters in the Tully WQIP area (from Appendix 4; Table 4.2), against current condition ofvater quality
during flood events in 2006/2007 (J. Prange, GBRMPAers. comm. 2007). Nutrient, suspended sedimemdchlorophyll-a
data are median values of three inshore reef sitdsvo sample events at each Dunk Island, King Reehd North Barnard
Islands) collected in January 2006/April 2007. Herizide data area median values of seven grab watearmples collected
between the Tully River and Dunk Island in the floa event post Cyclone Larry in 2006. TAN = Total ammora N, NON =
nitrite, NO 3N = nitrate, NO,N = oxides of nitrogen, FRP = filterable reactive posphorus, Chl-a = chlorophyll-a, TSS = total
suspended sediments. Empty cells = no (or insuffegit) data available, < dl = below detectable limit.

Draft WQO
Indicator Unit el\gt(?;;t:]y(:; A\:\I/;?;rsln; C“rf"f”‘
_ condition
marine 15km off
waters the coast
TAN 15 2 1.6
. NO,N
Inorganic N NO,N 910
Nutrients _ NON 10 2 0.2
Organic N Hg/L 135 135 99
Total N 160 140 102
FRP 5 3 2.2
Total P 20 20 12
Mg;g;'t?]a' Chl-a 2.0 05 1.3
Turbidity NTU 10 1
Water Clarity |Secchi m 1.0 >10 5
TSS mg/L <5 <2 4.5
Diuron 0.9 0.011
Atrazine 0.4 0.004
Chlorpyrofos 0.005 <dI
Endosulfan 0.005 <dl
Ametryn 0.5 <dl
Simazine 0.2 <dl
Pesticides |Hexazinone Ho/L 75 0.004
2,4-D 0.8
Tebuthiuron 0.02
MEMC 0.002
Diazinon 0.06
Tributyltin 0.001
Irgarol 0.02
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Figure 2.1. The spatial location of eight water typgwithin each of the six sub-catchments in the TullWQIP area. For clarity
only major rivers and streams are shown. See texnd EPA (2006, Appendix B) for definitions. Definitims for marine water
types differ between EPA (2006) and GBRPMACoastal water = low water to 10 m isobath (GBRMPA) or<15 km (EPA),
open water = seaward of 10 m isobath (GBRMPA) or >15 km (EPA)here the EPA definitions are usedMarine offshore is
outside the limit of QId waters (3 nautical miles)Note that the 3 nautical mile boundary applies arand Qld islands.

Draft Tully Water Quality Improvement Plan 26



[ Legend
'N: — Aivers Eresme

Lt' D Coitbingd Shire/Catchmanta Extant
JJ Vet Tropics WHA

= R M Fash Haldlal & Tenas

B SERMER saine Mationat Fark & Fresenation Zones |
I - Queensiand Extales
! - Hahwo Rafiges & Coordinabed Consarcalion Areas

e A= e =

15"{‘3’8
S IR
1800NE

: 1 Matlura 1 g i
Sl

Figure 2.2. Proposed High Ecological Value waterway@.e. waterways which fall within ‘protected' areas under existing
legislation, (i.e. Wet Tropics World Heritage Area,Queensland Estates (including gazetted ‘National P&s Scientific’,
‘National Park’, ‘National Park Recovery’, ‘Conservation Park’, ‘Resources Reserve’, ‘Forest Reserve'State Forest’ and
‘Timber Reserve’), Nature Refuges and Coordinated Guservation Areas, Queensland Declared Fish habitarea [Class A],
and Marine Park Areas [Preservation Zones and bettd).
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3 SUSTAINABLE LOAD TARGETS AND CURRENT STATUS OF
POLLUTANT LOADS

3.1 Introduction

The Tully WQIP has set targets (i.e. WQOSs) to moteitical waterway assets (i.e. EVs) (Section 2).
Targets are defined agiantifiable performance levels or changes in léodie attained at a specific future
date. The following hierarchy of targets has been usestructurally align the Tully WQIP with the regial
NRM plan:

» aspirational target= Aspirational statements about desired conditiomatural resources in the longer
term (50 years);

» resource condition targéRCT) = Specific, time-bound and measurable targetating largely to
resource condition, against the minimum set of enatfior regional targets (timeframe 10-20 yeans)l, a

* management action targé1AT) = Short term targets (1-5 years), relatingmhato management
actions or capacity-building. These targets mustrdmute to progress towards the longer-term resour
condition targets.

The Tully WQIP is primarily concerned with reducisgdiment, nutrient and pesticide loads in the wate
entering the GBR (The State of Queensland & Comneattiv of Australia 2003). Consequently,
aspirational targets have been defined based aréfiewQOs for marine waters (Section 2.4).

Specific resource condition targets (RCTs) havebeen defined due to a current lack of availabilense to
determine definite quantitative relationships bew@mprovements in) water quality and the (chanye
condition of a resource. Draft WQOs may be changelde near future into RCTs, with finalisation of
Interim marine water quality guidelines for the @t@arrier Reef Marine ParkDraft) (Honchinet al.
2007), and development of locally and regionallgasfic water quality guidelines for pesticides the Wet
Tropics region (Section 2.4).

This section describes the process used: (i) tmat sustainable load targets based on the dr@fDgfor
marine waters (i.e. aspirational target); andt@itompare these estimates with current pollutzadsd.
These results were subsequently used to developgearent action targets to progress towards aclgievin
sustainable loads.

3.2 Pollutants of interest

The Tully WQIP is primarily concerned with reducisgdiment, nutrient and pesticide loads in the wate
entering the GBR (Figure 1.1). Hence, sustainattkecairrent pollutant loads were estimated for flood
events when the majority of pollutants are trantgzbto the marine receiving waters (Mitchetllal. 2007).
A brief description of each of these pollutants #relr potential impact on the GBR is provided beldhe
following information is from Furnas (2003), GBRMR2007a,b) and Brodiet al. (2007a), unless
otherwise noted.

Suspended sediment is usually measuradtaksuspended sedimefitSS), which can be further divided up
into fine (<2 um), medium(2-63um) andcoarse(>63um) sedimentFine sediment is carried widely over
the GBR shelf, while medium and coarse sedimentamged over only relatively short distances,
accumulating in river channels and forming deltasfd-or receiving waters, fine sediments are diqdar
concern because these particles can increaseityileikls, smother corals and seagrass, irriiatedills

and absorb and transport other pollutants suchigients and pesticides.

The main nutrients of concern for the GBR are g@mand phosphorus. In water, both are found ntura
as both as inorganic and organic species and $olged and particulate forms. Common measureménts o
nitrogen aradissolved inorganic nitroge(DIN), dissolved organic nitroge(DON), andparticulate organic
nitrogen(PN). DIN is the summed concentration of nitrai€©¢), nitrite (NO,) and ammonium (NK) and

is biologically available in fresh and marine wateConcentrations for nitrate and nitrite are Samnest
presented combined as N@hcreased DIN concentrations can promote growtiaoteria, phytoplankton,
algae and weeds. DON is a form of nitrogen thatderporated into dissolved organic matter anduideb
amino acids, proteins and urea. It has generaty lassumed that DON is not directly bio-availalvle #énus
of minimal concern for receiving waters. Howevecent work cited by Wallact al. (2007a,b) suggests
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that particular forms of DON may be more bio-avaigathan commonly assumed and further research is
being conducted to examine this possibility. Pid ferm of nitrogen in biomass and dead organic enatir
attached to mineral particles and suspended setimest components of PN are biologically available

Common measurements of phosphorudiliezable reactive phosphoru$RP),dissolved organic
phosphorugDOP) andparticulate organic phosphory®P). FRP (or phosphate) is the principal soluble
inorganic form of phosphorus, can include orthophases (HPO,, HPQ?, PQ*) and readily binds to
sediment particles. DOP is a form of phosphorusigh@corporated into organic and inorganic matBath
FRP and DOP are readily available for and utilisgglants and bacteria. PP is a form of phosphiorus
biomass and dead organic matter, or attached teraliparticles and suspended sediment; some comfzone
of PP are biologically available.

Pesticides include a range of chemicals that s¥d tsmanage pests, such as weeds (herbicides}tsns
(insecticides), mites (miticides), nematodes (nerides) and fungus (fungicides). In the GBR region,
pesticide use has increased, particularly in aljual and urban areas, and shifted from chemmath as
DDT, dieldrin and heptachlor to modern triazinggarophosphate and urea-based pesticides. Both
historically used and current agricultural pestisithave been widely detected in both fresh andnmari
waters of the GBR region (Haynesal. 2000, Kaperniclet al. 2006, Lewiset al. 2006, Rohdet al. 2006;
see also Honchiaet al. 2007), including the Tully region (e.g. Kapernetkal. 2006, Faithfulet al. 2007,
Honchinet al. 2007). Pesticides can harm freshwater and matamégpand animals and may progressively
accumulate in sediments or in biological tissuesgifi\et al. 2007, Honchiret al. 2007).

3.3 Sustainable sediment, nutrient and pesticide lo  ads

To estimate sustainable load targets the draft WfpOsarine waters (Section 2) were linked to éngst
monitoring and modelling information on water qtiain the GBR lagoon. Sustainable load targets were
estimated for flood events when the majority oflytaints are transported to the marine receivingrsat
(Mitchell et al. 2007).

Nitrate

A sustainable load for nitrate was estimated uaicgmbined hydrodynamic / chlorophyll-a (Chl-ajtrate
correlation model for the GBR (Wooldridgt¢ al. 2006). This model links a quantitative river diaae
parameter (dissolved inorganic nitrogen (DIN) coricaion in event flows) with a quantitative indicaof
health in the marine environment (Chl-a concerargtiChl-a, a photosynthetic pigment, is an indicaf
phytoplankton biomass and is widely used as a pfoxgutrient availability (GBRMPA 2007). Such a
relationship has been confirmed for the GBR noftthe Burdekin River, where observed summer Chl-a
concentrations in the inner-shelf areas increapgefiiantly with event flow DIN concentrations oYers
that discharge into it (Wooldridgs al. 2006).

The Wooldridge model estimated the degree of imgmmnt in river water quality (i.e., % reductiorDiN
concentration) that is necessary to ensure thaa@il.6ug/L>for all locations within the northern GBR
lagoon. Specifically, to estimate sustainable |dadsitrate for the Tully River the Wooldridge neldised:
(i) modelled spatial extent of runoff-seawater tifiln ratios; (ii) observed runoff-induced lagoonl-@h
concentrations (Brodiet al. 2007d); and (iii) observed flood-induced rivernient concentrations (Furnas
2003) (Wooldridgeet al. 2006). The observations are based on monthly sumeunerds of Chl-a
concentrations across lagoonal waters since 19@#l{@et al. 2007d), and NQ(nitrate and nitrite) data
collected over 12 years (1988-2000) at the Eurarayé (Furnas 2003).

The outcomes of the Wooldridge model suggest tiidtddncentrations at Euramo bridge (Tully Rivem), o
nitrate that is lost from the land, would need ¢aréduced by at least 80% to83¥L to reduce Chl-a
concentrations in the open coastal lagoon to nieeaigpirational target of Oug/L (draft WQO; Appendix
4, Table 4.2a). The mean NGoncentration at Euramo bridge over these 12 y@a®ug/L) is comparable
with the 2006 wet season average (~1g@Q) (J. Prange, GBRMPA, pers. comm. 2007). Thigossts that

® The Chl-a concentration of Oi&)/L represented the upper limit water quality taigeGBR inshore coastal waters
when the Wooldridge model was run (Wooldridgel. 2006). Since then, the interim marine water qualiidelines
for the Great Barrier Reef Marine Park have redubegito 0.5ug/L for open coastal waters and QgL for marine
offshore waters (GBRMPA 2007). These concentratiin also been established as the draft WQO fba@Gh
marine waters (Table 2.2a).
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NO, concentrations at Euramo bridge need to be rediecg@ding/L to achieve draft WQOs for marine
receiving waters This value corresponds to the concentration sstggefor NQ in Wet Tropics freshwater
lowland streams (30g/L, EPA 2006).

Sediment, nitrogen, phosphorus and pesticides

Receiving water models and local water quality gliigbs for suspended sediment, forms of nitrogaerot
than nitrate, phosphorus and pesticides are ndsgfece sustainable load targets (i.e. a link betwee
concentrations in rivers and draft WQOs for makiragers) can be estimated. In the interim, whilesé¢he
model are being developed, CSFP Steering Comnfitte@greed that every attempt should be madetto hal
and reverse the decline of water quality enteriveg@BR lagoon, based on the assessment of managemen
scenarios (Section 4).

Pre-1850 loads

An assessment of the estimated change in delifeé®bpTN and TP to the GBR from the pre-development
period (i.e. pre-1850) to current conditions magtabute to the development of sustainable loagetis:

For wet catchments, such as the Tully WQIP are& @Simates were based on 2,500 tonnes peokm
discharge (2.5 mg SS/L). The average nutrient tapdoefficients were assumed to be equivalenteo th
median concentrations calculated for samples delileat a site just below the rainforest on Dalryarpteek
(Herbert River) (Brodiet al. 2003). Export estimates were subsequently cakdillay multiplying the

annual freshwater discharge from the basin bydhadihg coefficient.

For the Tully WQIP area. Brodet al. (2003) estimated that pre-1850 loads were:
* TN =940 tonnes/year; and
e TP =110 tonnesl/year.

Brodieet al. (2003) mention the considerable uncertainty inr&seilts and suggest that confidence to two
significant figures is reasonable. Because of thedertainty these figures are indicative only, duld be
used as interim aspirational targets for the TWIQIP. The estimate for pre-1850 TSS loads are densd
not reliable due to the use of the RUSLE in cldseest situations on steep slopes in tropical emvirents,
and the relative uncertainty of pre-1850 vegetatimmposition and its erosive potential in the Tdlyrray
basin (Brodie, ACTFR, pers. comm. 2008), and isimdtided here.

34 Current status of pollutant loads and critical sources

To determine the current status of pollutant loadsl, identify critical sources, a combination ofnitoring
(and associated modelling) was used. Monitoringiseed around flood events in 2006 and 2007, wheen th
majority of pollutants are transported to the mariaceiving waters.

Sediment, nutrient and pesticide loads in waterways

Current sediment and nutrient loads delivered tamaaeceiving waters by rivers and creeks in thiyT
Murray basin were estimated using SedNet/Annexi(Saat River Netvork/Annual Nutrient Export)
(Armour et al.2007a). This model estimates a long-term, annedagge load, rather than predicting short-
term events. Major improvements compared to thetSleym Modelling project for Wet Tropics
catchments (Hatelest al. 2006) include the use of a 25 m digital elevatimdel, the use of more recent
land use data (QLUMP 2004 and recent expansioteotation forestry), the recalculation of the C
(vegetation cover) factor and K (soil erodibilif@ctor of the Revised Universal Soil Loss Equation
(RUSLE) based on improved data, and revised swdgen and phosphorus concentrations from published
soil surveys.

Importantly, the potential contribution of constiert drains to sediment and nutrient delivery teastrs (e.g.
Bartleyet al. 2004) was not included in the SedNet/Annex moagllApproximately 1,100 km of
constructed drains are present in the Tully WQHagArmouret al. 2007a). However, catchment-wide data

* Marine receiving waters of the Tully WQIP area affected by flood plumes from both the Herbert Boddekin
Rivers. The Wooldridge model indicates that simitaductions in DIN loads need to be achieved isaheo
catchments to meet the aspirational target ofi/& Chl-a in the open coastal waters of the GBR.

Draft Tully Water Quality Improvement Plan 30



required for incorporating these structures inrtfodelling, such as an artificial drainage layer,
classification into major and minor drains, andmnfiation on actively eroding drains and stablergraivere
not available (Armouet al.2007a). Estimates of sediment budgets for the BSUyQIP suggest that cane
drains can contribute significantly to total sedninéand nutrient) loads (Bartlet al. 2004). This plan
recommends that the information required to incloolestructed drains into catchment models be deliec
and that their total and proportional contributiorsediment and nutrient loads be estimated.

Where possible, the relative contribution of indival sources of pollution to sediment and nutrieatls
was estimated, based on SedNet/Annex modellinfuédifsources) or discharge information (point sesixc
Potential sources of pollution considered include:

» diffuse sourcegnatural forests in protected areas, sugarcaaeirgy, plantation forestry, banana and
horticulture, urban run-off and development sites] waterways, including river and stream banks);

* point sources, including:

o licensed(Tully Sugar Mill, Tully Sewage Treatment Plargwsge treatment at resorts, caravan
parks and holiday villages, aquaculture facilitiegtractive industries, other environmentally
relevant activities, and boat discharges); and

0 unlicensedunsewered residential areas).

To estimate current status of pollutant loads,entrmanagement practices were included for all majo
industries, based on the most recent surveys (Tabjeand research (Hateleyal. 2006, Roebeling and
Webster 2007). In sugarcane, 48 growers were sedvegvering a total area of 9,189 ha (25% of Tully
WQIP area) (McMahon 2007). In banana, an unknownhbar of growers was surveyed covering a total
area of 868 ha (10.8% of Tully WQIP area) (Lindsagl.2007a). At the time of writing, survey results for
grazing, and current uptake management practicesataral forests in protected areas, urban laed asd
waterways, were not available. Current statusigiaiential sources of pollution in the Tully WQélPea are
summarised in Appendix 3.

Currently, models to estimate total pesticide caweht loads in the Tully-Murray basin are not avaga
However, monitoring programs did measure pestieiqeort from several diffuse sources.

The relative contribution of six diffuse sourceat(ral forest, sugarcane, grazing, plantation foyes
bananas and urban) to current pollutant loadsdifreent and nutrients was monitored in rivers anelashs
in the Tully-Murray basin during two wet season80@2007 and 2007/2008) (Faithktlal. 2007). Water
samples were also analysed for ten herbicide resi(ametryn, atrazine, desethyl atrazine, desipgpro
atrazine, diuron, fluometuron, hexazinone, prometsymazine and tebuthiuron). Other pesticides wete
included because of uncertainty surrounding the @trwhich pesticides were used in the area, add®to
the unavailability or costs of the analyses reglire

The following information is from Armouet al. (2007a) and Faithfultt al. (2007), unless otherwise noted.
Sediments

Modeling estimates of total catchment loads
SedNet/Annex modelling estimated that:

» atotal of 183,000 tonnes TSS/year is supplieddtermways in the Tully-Murray basin, consisting of
hillslope erosion (116,000 tonnes TSS/year), baokien (57,000 tonnes TSS/year) and gully erosion
(10,000 tonnes TSSlyear);

e 119,000 tonnes TSS/ year is transported to endref-(Table 3.2; Figure 3.1); and

» adoption of Green Cane Trash Blanketing in sugartes reduced the TSS contribution by sugarcane
from 173,000 tonnes/year in 1970 to 29,000 tonmas/ynder current conditions.

® Note that this is an over-estimate of the reductioTSS contribution by sugarcane, as this corsparassumes that
the area of sugarcane production and other crapg isame as the current condition (Armeual. 2007a). This
assumption is not valid (see Section 1.3).
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The modelled proportional contribution of each larsé to the total TSS (and associated PN and B&3 lo
exported to the end-of-river contradicted direcdetations from monitoring and sediment fingermit
(Hateley 2007), and are not further considereds @igcrepancy is associated with the use of thellRUS
closed forest situations on steep slopes in tropicaronments (Armouet al. 2007a).

Point sources for which annual TSS loads couldstimated contribute an additional <4% to the averag
annual TSS load delivered to receiving waters (Aype3):

e 0.13% (Tully Sugar Mill);
* 0.001% (sewage treatment plant); and
* 3.2% (aquaculture).

Compared to pre-1850 loads, the current TSS lopdaap to have increased by a factor of around dd{Br
et al.2003).

Monitoring estimates of contribution by land use and total catchment load

Catchment monitoring results showed that TSS cdratons from all sub-catchment sites were reldive
low, particularly compared to data from other GBRcbments. Median TSS concentrations from natural
forest sub-catchment sites were consistently Idatam those from other land uses, indicating thethraent
disturbances in the latter resulted in minor insesan sediment losses. Sediment tracing work ind3an
Creek, Jarra Creek and Tully River demonstratetidhaverage 75% of suspended sediments were derive
from surface erosion (sugarcane, grazing and bynaith the remainder contributed by bank erosion
(Hateley 2007). In this study, no suspended sedimaa detected in Davidson Creek, Jarra Creek aifig T
River that could be traced to natural forests enrtspective upper catchments (Hateley 2007).

The average suspended sediment tran$gort the Tully River catchment onlyased on: (i) three years of
logger estimations at Euramo bridge (Tully), is , 080 tonnes/year (range: 79,000 — 237,000 tonre/ye
and on (ii) on four years of water quality monitayiat Euramo bridge (Tully), is 125,000 tonnes/year
(Mitchell et al.2007). The logger-derived estimates are consideréeé based on measurements of fine,
well-suspended sediment. This suggests that thee&@&shnex modelled estimates of TSS loads are
conservative.

Nitrogen

Modeling estimates of total catchment loads
SedNet/Annex modelling estimated that:

» atotal of 2,300 tonnes of TN is exported to the-efiriver per year, comprising 1,160 tonnes (50%)
DIN, 529 tonnes (23%) of DON, and 630 tonnes (28%%)N (Table 3.2, Figure 3.1); and

» sugarcane contributes most to this DIN load, foldviby banana and horticulture, both as a proportion
of total and per ha (Table 3.2, Figure 3.2).

Modelled and monitored DIN concentrations at sixgling locations were in general agreement, prowgjdi
confidence in the outcomes of the SedNet/Annex node

Point sources for which annual TN loads could hieneged contribute an additional ~4% to the average
total TN load per year delivered to receiving wat@ppendix 3):

* 0.3% (STP), consisting of approximately 75% DIN @330 DON; and
* 3.5% (aquaculture).

Compared to pre-1850 loads, the current TN loa@arspto have increased by a factor of around 3d{Bro
et al. 2003). This corresponds with the estimated 80%atoh required in DIN concentrations at Euramo
bridge (Tully River), to reduce Chl-a concentration the open coastal lagoon to meet the aspidtianget
of 0.5pg/L (Section 3.3).

Monitoring estimates of contribution by land use and total catchment load
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Catchment monitoring indicates that DIN, DON and fiRiin sub-catchment sites with fertilised land use
(particularly sugarcane and bananas) were elevategared to natural forest sites. Results fronatatr
monitoring in the Tully catchment during wet seasower a total period of 16 years (1987-2000; 2004-
2007) show that mean N@oncentration at a site increases significantihwhe proportion of fertiliser-
additive land use above that site (Figure 3.3; Mitbet al. 2007). Specifically, mean N@oncentrations
increase by a factor of 35 with an increase inlifget! land use above the sampling site from 0%0@%.

The approximate doubling in area cultivated fordvaas and sugarcane in the 1990-ies was accomganied
an estimated increase in N fertiliser usage by 1ik8#be Tully-Murray catchments (GBRMPA 2001,
McDonald and Weston 2004). This most likely conttédal to the continuing increase in nitrate, PN BRd
concentrations at Euramo bridge, Tully River, frb&88 to 2000 (Mitchelkt al.2007). Since then, surveys
have indicated that N fertiliser usager hahas declined in both industries (Section 1.3) thistdecline has
not been reflected in a decrease in DIN loads ncentrations at end-of-river. This suggests ththeei
fertiliser usage is underestimated in surveys,aritie existence of a time-lag between decreakk in
fertiliser usage and DIN loads or concentrationsnat-of-rivers.

The average total nitrogen transpiooim the Tully River catchment onlyased on 13 years of water quality
monitoring at Euramo bridge (Tully), is 1,250 toareé TN, comprising of 570 tonnes (46%) DIN, 200
tonnes (16%) of DON, and 440 tonnes (35%) of PNi¢Mill et al. 2007). Mitchellet al. (2007) suggest that
SedNet/Annex derived values, particularly thoself@N, may be closer to real values due to issuds tive
analytical methodology.

Phosphorus

Modeling estimates of total catchment loads
SedNet/Annex modelling estimated that:

» atotal of 240 tonnes TP/year is exported to treeadmiver, comprising of 50 tonnes (22%) of FRB, 3
tonnes (13%) of DOP, and 160 tonnes (65%) of PBI€T&.2, Figure 3.1); and

» contribution of FRRPper hais highest in urban, followed by banana and gigavhile contribution of
DOP per area is highest in sugarcane, banana amthgi(Table 3.2).

Point sources for which annual TP loads could tienased contribute an additional ~8% to the avetatg
TP load per year delivered to receiving waters @mpx 3):

* 0.3% (STP), consisting almost completely of FRR} an

* 7.5% (aquaculture), consisting almost completeB0@&) of PP, and is sourced from feeds,
phytoplankton and detritus (Presteinal. 2000).

Compared to pre-1850 loads, the current TP loadagdo have increased by a factor of around 2d{Bet
al. 2003).

Monitoring estimates of contribution by land use and total catchment load

Catchment monitoring results indicated that corragians of the three forms of phosphorus were highe
run-off from sub-catchments with fertilised landysane, grazing) and urban areas, compared toahatu
forest sub-catchments. Sediment fingerprinting sftbthat phosphorus concentrations in banana seils w
two to three times higher than in natural foresdzing and sugarcane soils (Hateley 2007). Ovexta 13
year period, PP concentrations at Euramo bridge imreased significantly with increases in ardas o
fertilised land use in the catchment (Mitchetllal. 2007).

The average total phosphorus transfrorn the Tully River catchment onlyased on 13 years of water
guality monitoring at Euramo bridge (Tully), is fdhnes of TP, comprising of 15 tonnes (16%) FRP, 12
tonnes (12%) of DOP, and 68 tonnes (70%) of PPcfMitet al. 2007). Mitchellet al. (2007) suggest that
SedNet/Annex derived values, particularly thosed@P, may be closer to real values due to issustie
analytical methodology.

Pesticides
Monitoring estimates
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Catchment monitoring detected seven herbicide wesiith waterways of the Tully WQIP area: ametryn
(range from 0.01 to 0.0&g/L), atrazine (0.01 to 1.4g/L) and its decay products desethyl atrazine (01
0.08ug/L) and desisopropyl atrazine (0.01 to Ou@BL), diuron (0.02 to 19g/L), hexazinone (0.1 to 3.6
ug/L), and simazine (0.03 to 0.Q@/L). Fluometuron, prometryn, and tebuthiuron weoé detected at all.
Four of these five herbicide residues detected (igmeatrazine, diuron, hexazinone) are used imgiane,
two are decay products of atrazine, while the sewvésimazine) is used in plantation forestry operet

Because of their potential toxicity, the observedaentrations of herbicides were compared agamast d
WQOs in the freshwater reaches of the Tully WQIRdé&r the national water quality guidelines, hedsei
are considered toxicants, that is, ‘chemical coimants that have the potential to exert toxic affexdt
concentrations that might be encountered in the@mwent’ (ANZECC 2000).

Herbicide concentrations equalled or exceeded W&IOs (and national water quality guidelines for
drinking water, stock water and freshwater ecosysteANZECC 2000) (Appendix 4, Table 4.1, 4.2) in 30
of the 102 samples analysed (Table 3.3). The naaic Uses upstream of the sampling locations atgatat
forest, sugarcane and grazing:

e atrazine was detected in 41 samples, with cond@misaequalling or exceeding drinking water andisto
water guidelines (both 0yg/L) in 20 samples;

» diuron was detected in 44 samples, with concentiatequalling or exceeding guidelines for freshwate
ecosystems (0.2g/L) in 26 samples; but not for drinking water atdck water (3@ug/L);

* hexazinone was detected in 48 samples, with coratemis exceeding guidelines for drinking water and
stock water (21g/L) in two samples;

* ametryn concentrations did not exceed guidelinedrioking water and stock water g§/L), guidelines
for freshwater ecosystems do not exist; and

» simazine was only detected twice, both times inMineray River, but well below guidelines for drimij
water and stock water (Oug/L) and guidelines for freshwater ecosystems (8/2).

Draft WQOs, derived from water quality guidelin&P@ 2006, ANZECC 2000) are considered trigger
values, that would indicate a potential environrakptoblem if exceeded, and ‘trigger’ a management
response. Given the results, Terrain NRM informPd\ Bf the detection of herbicide levels above water
quality guidelines for drinking water, stock wagerd freshwater ecosystems. Additional management
responses need to include a further risk assesssh#érgse herbicides for the specific conditionsropical
freshwater environments. Further action may beireduo inform changes in the regulatory system, as
current recommended practices for pesticide usdetermined by label recommendations and permit
conditions under the National Registration Framdworanaged by the Australian Pesticides and Veterin
Medicines Authority.

No herbicide residues were detected in the 36 ssswalllected immediately below natural forest, gkce
two with levels at or just above detection levdie$e were collected at Tully Gorge (hexazinonet OgiL)
and Davidson Creek (diuron; 0.08/L), and may reflect a sample contamination pnoblalternatively,
land use above the Tully Gorge sampling locatiowl, the location of a sugarcane field next to theidson
Creek collection site may have contributed to thesedetections.

Monitoring in receiving waters in April 2006 detedtatrazine, diuron, hexazinone and simazine at the
Euramo bridge (Tully River), and from the Tully Rivto Dunk Island; tebuthiuron was not detecteallat
(Kapernicket al.2006). Further, marine monitoring at Bedarra Idl&mom June to October 2005 detected
diuron and simazine; no sampling was conductedduhie wet season. In 2007, atrazine, diuron,
hexazinone and simazine were detected at the Eupadge (J. Prange, GBRMPA, pers. comm. 2007).

Analyses of mud crab$¢ylla serraty, collected in the Tully River mouth in 2005 ar@DB, did not
indicate any pesticides (polychlorinated biphengtdycyclic aromatic hydrocarbons, chlorpyrifos,
endosulfan, DDTs, dieldrin, trans-chlordane, traosachlor, and heptachlor-epoxide) or herbicidas¢a
and atrazine) (Negst al. 2007).

An additional 21 pesticides used in bananas wesesaed according to their relative risk to the tiqua
environment (Gausst al. 2007). This included five insecticides, three neodes, two miticides, six
fungicides, and five herbicides. Pesticides wenied according to their application rates, for itipitential
to enter the aquatic environment and with respetidir toxicity to aquatic organisms. Priority gpoone,
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representing pesticides with relatively high aquésk indices, include all insecticides (chlorpgsi,
prothiofos, diazinon, fipronil, and bifenthrin), tmematicides (fenamiphos, cadusafos), and ondcioab
(paraquat). This ranking needs to be used by thar@aindustry and Terrain NRM to prioritise managetn
strategies that minimise off-site impacts of pedés used in bananas, to guide water quality mongo
programs, and to compare risk indices to thosegbalimained for other land uses (e.g. plantatioady,
grazing).

Herbicide use in grazing, plantation forestry anghn environments is currently not well documented
(Appendix 3), and could not be assessed.

Sediment and nutrient loads in over bank floods

Sediment and nutrient loads estimated by SedNe#Aane annual averages that would be delivereukto t
ocean by flows from rivers and creeks in the Tilyrray basin. However, the Tully and Murray
catchments are subject to frequent flooding, whexter runs over-bank and discharges into the éstuar
and marine environment without re-entering the miser channel. During such floods, the Tully and
Murray river gauges do not record the dischargg well. For example, the Tully river gauge at Eucam
only records 73% to 86% of the flood discharge wedUpper Murray gauge only records 5% to 12% ef th
flood discharge (Wallacet al. 2007b). Consequently, during over-bank floodsdaagiounts of water leave
the Tully and Murray catchments that are not reedray the catchment river gauges.

As part of the Tully WQIP, sediment, nitrogen ammbgphorus loads were estimated in over-bank floods,
based on total flood discharge estimates and sediamel nutrient concentrations during floods (Walet

al. 2007a,b). The results clearly demonstrate thafgignt contributions that over-bank flood eventska

to pollutant loads delivered to receiving waterng(Fe 3.1a,b,c). For example, during the 2007 waten

the three flood events alone carried sediment airient loads that were similar to the annual agefdaads
exported by rivers and creeks in the Tully-Murragin. Since most of the flood discharge is not ness

by the river gauges, much of this flood loathigddition tothe currently estimated annual riverine load. Per
over bank flood, these additional amounts range 266 to 99% of annual river loads, depending on
pollutant type and flood size.

A second important feature emerges from the oveklflaw water quality data. The largest fractiortioé
nitrogen load in flood waters is in the form of D@Wallaceet al. 2007a,b). This contrasts markedly with
the nitrogen species reported for river waters,re&dN is the dominant form. It is believed thag tmain
source of DIN is from agricultural land, whereas thain source of DON is likely to be from upper
catchment rainforest. It is generally assumedttiete DON loads may not contribute to marine
eutrophication, because DON loads to receiving atey not have changed or are not biologically
available (ref?). However, runoff to the GBR laganay have increased due to land drainage (e.g.
McCulloch 2006), resulting in an enhanced DON laathe ocean. Furthermore, this extra DON may be
directly assimilated by macrophytes, seagrasseslgaé, albeit at lower (10% to 20%) rates than BIN
assimilated (see Wallaet al. 2007a,b). Consequently, the biologically availabteogen load to the ocean
may also have been enhanced by elevated DON lostisgairom the upper catchment rainforest.

The implications of the flood water quality studieghe Tully WQIP area, and potentially for othiet
Tropics WQIPs, are as follows (Wallaeeal. 2007b):

* over-bank floods make a significant contributioritte marine load of TSS and nutrients and much of
this load is not recorded by catchment river gauges

* on average, the annual TSS load, delivered by titlg WQIP area to the GBR, may be 60% greater
than that estimated from river data alone (Armetual. 2007a);

* on average, the annual nutrient loads, deliverethéyully WQIP area to the GBR, may be double that
estimated from river data alone (Armaairal. 2007a);

» these data suggest that current marine load essnghfTSS, TN and TP (and associated species of N
and P) from wet tropical catchments with frequergrebank flooding (based on gauged flows, measured
river concentrations and SedNet modelling) are g@lobbtoo low;

» the size of these underestimates in any catchmentyi year will depend on the number and size of
over-bank flood events in that catchment in thairy wet years, such as 2007, the over-bankdbad
nutrients can be similar to the annual average toad,;
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» this will make the monitoring of any trends in oedeads difficult unless they are made over long
enough periods to remove inter-annual variability;

» previous WQIPs that centre around on-farm intefeestin agriculture will potentially reduce DIN
loads (e.g. for Douglas Shire); and

* reductions in DON (and sediment) loads that arigside the floodplain require different intervemiso
e.g. those that slow down and reduce drainage.

3.5 Annual and seasonal variation in sediment and n utrient loads

Annual discharge in the Tully River is amongst st variable between years of all Australianrrive
catchments (Mitchekt al.2007). This is in sharp contrast to most othezrgvn Queensland, which
generally show huge year-to-year variability inctligrge. In contrast, monthly discharges vary sicguittly,
with a clear ‘wet season’ from December to May aing season’ from June to November. Records fazehr
years (1996, 1997, 2000) show that the dry seaischalge contributed only 20% to 24% to the total
discharge volume. Hence, the majority of pollutasftsoncern are most likely transported to the GBR
during the wet season, in particular around flooehés.

Mitchell et al. (2007) showed that concentrations of most pollstarcreased with increasing discharge,
however, concentrations of particulate and dissbfeems responded differently during higher disgeas:

In general, concentrations of particulate formshsag TSS, PN and PP increased with flow and wegteest
during the wet-season, as heavy rains mobilisécpéate material. Phosphate showed a similar, lighitty
weaker relationship with discharge, presumablydihko its adsorption to particulate material. Intcast,
concentrations of dissolved forms such as nitrata&ily increased with increasing flow, but subgently
decreased with increasing dilution. Nitrate con@iins were highest in January, reflecting fitash
elevations. Responses of other dissolved forms asdOP and DON to variation in discharge couldb®ot
reliably analysed.

Combined, these data indicate that sediment anmtentitoads to receiving waters are highest dutimgwet
season. Input from most point sources would beivelst constant throughout the year, however, these
contributions are likely to be highly localised andome cases seasonal (e.g. Tully Sugar Mill).

3.6 Key pollutants and critical sources

A list of key pollutants and critical source catags was developed, based on the best availaldaczEio
estimate sustainable load targets and currenttpalilbads (Brodiet al. 2007a). This list was presented to,
and discussed with, the CSFP Steering Committee Steering Committee accepted this list and agiestd
it be used to develop scenarios to examine thetaffechanges in land management on water quality
(Section 4).

1. Nitrate andparticulate nitrogen are considered the priority pollutants. The getimmeand delivery of
DIN in the catchment is extremely high comparegristine catchments, especially in sub-catchments
with fertilised land use (Figure 3.3). Over 85%00N is sourced from agricultural land uses, priryari
sugarcane and bananas. Particulate nitrogen isexbfnom eroding soils, especially those exposed
during land development activities, and those &medcin nitrogen through a history of fertiliser use
Models show that DIN concentrations at Euramo l&iigully River) are much higher than would meet
draft WQOs for chlorophyll-a in the open coastgdan. This DIN concentration correspondsiitbate
that is lost from the landand the models suggest this loss would need tedheced by as much as 80%.
In practical terms, this translates into an 80%uo#idn in nitrate losses from farms to surface otin-
and groundwatenot necessarily into an 80% reduction in fertiliseplégation rates.

2. Herbicide residues including ametryn, atrazine, diuron, hexazinone simazine, are ranked second
due to their widespread detection in both freshraadne waters where they can have impacts at very
low concentrations. Atrazine, diuron and hexazinomecentrations in 30 of the 102 samples analysed,
equalled or exceeded draft WQOSs in the catchmek éaceeded national water quality guidelines for
drinking water, stock water and freshwater ecosgsjgTable 3.3). Unlike DIN, a receiving water
model is still needed to link herbicide concentmasi in rivers to draft WQOs in the GBR lagoon. No
pesticides or herbicides were found in mudcrablecigd in the Tully estuary in 2005 and 2006.
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Ametryn, atrazine, diuron and hexazinone are usadgarcane; while simazine is used in plantation
forestry. Moreover, a pesticide risk assessmemtaeight out of the 21 pesticides used in banasas
high relative aquatic risk. In contrast to sugaecand bananas, pesticide use in grazing, plantation
forestry and urban environments is currently ndt decumented and requires further research.

3. Suspended sedimen&ndparticulate phosphorusare ranked third, reflecting the relatively low
generation and delivery of sediment in the catchpparticularlycompared to data from other GBR
catchmentsThe catchment results for suspended sedimendl @sib not be linked to draft WQOs in
marine receiving waters, due to the unavailabdityi) local water quality guidelines for suspended
sediments, and (ii) a receiving water model to Bokpended sediments concentrations in riversaio dr
WQOs in the GBR lagoon. Residual sediment sounaepr@sent in sugarcane cultivation (plant cane
stage), horticulture (fallow management, inter-roanagement), grazing (carrying capacity, river and
stream bank management including cattle access)tgtion forestry (establishment stage, inter-row
management) and waterways (river and stream bashoer), as well as urban development, roads and
drains in all land uses.

4. DON is ranked fourth due to their relatively high a@imition to nitrogen loads in over-bank flows. This
high load of potentially bio-available nitrogenrxeiving waters i addition tonitrogen loads
delivered by river flows. Preliminary research tesundicate that the majority of DON in these cver
bank flows originates almost completely from th@eimpcatchment rainforest (largely because of their
much greater area). Increased run-off rates andiatndue to removal of wetlands and the instaltatio
of land drainage systems in coastal floodplains; reault in higher DON loads now reaching receiving
waters. Further research is being conducted tdrootifiese results, and to assess potential manageme
actions to reduce total DON load exports to maviaers.

Monitoring and modelling indicated that, based lo& ¢urrently available information, point sources
contribute a small proportiorx7.5%) to the total annual sediment, nutrient arstipiele loads. Generally,
point sources are regulated activities, meaningttiey have been assessed, deemed to have met
environmental management considerations and condii accordingly. While most contributions of point
sources are small compared to those by diffusecesuthese contributions are likely to be hightalsed
and in some cases seasonal.
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Table 3.1. Summary of current (a) soil, (b) nutrientand (c) pest management practices in sugarcane abdnana in the Tully
WQIP area. R = ratoon, F= fallow, P = plant stageffom Lindsay 2007a, McMahon 2007).

@

Land use and

Soil management

survey parameters Practice Area (%) Growers (%)
Sugarcane Annual soil testing n/a 68
48 growers (14%) |Legume fallow 59 (F) 60
9,189 ha (25%) | Zonal tillage 0 0
Zero tillage 0 0
Green cane trash blanketing 93 n/a
Row width (1.52m - 1.68m) 83 n/a
Planting in single rows 76 n/a
Drains stable and vegetated n/a n/a
Wetlands n/a 52
Silt traps n/a 24
Riparian zones vegetated (trees, shrubs, grass) All n/a
Slashing headland vegetation n/a 79
Horticulture/banana |Annual soil testing n/a n/a
Growers (n/a) [Use soil analysis 100 (P), 94 (R) n/a
868 ha (10.8 %) [Crop eradication: herbicide & cultivation 42 71
Crop eradication: cultivation 58 29
Crop eradication: dry season only 45 86
Land preparation: dry season only 100 100
Groundcover during fallow 94 86
Interrow vegetation 100 100
Difficulty maintaining interrow vegetation in ratoon 85 71
Trash residues on row areas 100 100
Drains stable and vegetated 100 100
Silt traps 45 86
(b)
Land use and Nutrient management
survey parameters Practice Area (%) Growers (%)
Sugarcane Annual leaf testing 0 0
48 growers (14%) [Fert application tailored to soil types & varieties n/a 78
9,189 ha (25%) |Fert application: subsurface - beside row (R) 33 (R) n/a
Fert application: subsurface - split stool (R) 67 (R) n/a
Annual mud application 8 67
Horticulture/banana |Annual leaf testing n/a n/a
Growers (n/a) |Use leaf analysis 38(P),38(R) 71(P),71(R)
868 ha (10.8 %) |N application: broadcast (P) 91 (P) n/a
N application: Fertigation (P) 83 (P) n/a
N application:Broadcast (R) 97 (R) n/a
N application:Fertigation (R) 83 (R) n/a
Monthly N application 43 n/a
P application: Broadcast (P) 57 (P) n/a
P application:Fertigation (P) 43 (P) n/a
P application:Broadcast (R) 94 (R) n/a
P application:Fertigation (R) 22 (R) n/a
Monthly P application 25 57
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Land use and

Pest management

survey parameters Practice Area (%) Growers (%)
Sugarcane Formal monitoring for weeds n/a n/a
48 growers (14%) |Spray headland vegetation n/a 52
9,189 ha (25%) |Herbicide (glyphosate) (F) 58 (F) 42
Herbicide (Diuron) (P) 11 (P) 23
Herbicide (Diuron) (R) 56 (R) 60
Herbicide (Diuron & hexazanone) (P) 42 (P) 42
Herbicide (Diuron & hexazanone) (R) 36 (R) 35
Herbicide (Atrazine) (P) 42 (P) 48
Herbicide (Atrazine) (R) 14 (R) 27
Herbicide (Paraquat) (P) 66 (P) 67
Herbicide (Paraquat) (R) 93 (R) 85
Herbicide (2,4-D) (P) 39 (P) 52
Herbicide (2,4-D) (R) 87 (R) 85
Herbicide (Pendimethalin) (P) 43 (P) 46
Herbicide (Atrazine & ametryn) (P) 15 (P) 17
Horticulture/banana |Formal monitoring for lead pests & diseases 33 43
Growers (n/a) |Formal monitoring for soil pests & diseases 88 57
868 ha (10.8 %) |Formal monitoring for weeds 0 0
Nematicide use (P) 0 n/a
Nematicide use (R) 36 n/a
Insecticide (P) 78 n/a
Insecticide (R) 100 n/a
Fungicide (P) 100 n/a
Fungicide (R) 100 n/a
Miticide (P) 67 n/a
Miticide (R) 67 n/a
Herbicide (Pre-emergent) (P) 71 n/a
Herbicide (Pre-emergent) (R) 0 n/a
Herbicide (Pre-emergent) (Headland & drains) 0 n/a
Herbicide (Knock-down) (P) 98 n/a
Herbicide (Knock-down) (R) 100 n/a
Herbicide (Knock-down) (Headland & drains) 100 n/a
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Table 3.2. Current river loads for suspended sedinm and nutrients, and relative contribution of seva diffuse sources of pollution in the Tully-Murray basin, derived from SedNet/Annex
models (from Armour et al. 2007a).

Land use| Total Natural forest Sugarcane Grazing Plantation forestry Ba nanas Urban Horticulture
Area (ha, %)| 278,700 | 198,200 71.2% 36,700 13.2% 14,900 5.3% 10,300 3.7% 7,500 2.7% 3,000 1.1% 400 0.1%
Pollutant loads |tonnes fonnes %  kg/ha tennes %  kg/ha topn es %  kg/ha | tonnes %  kg/ha [tonnes %  kg/ha tpnnes %  kg/ha td nes %  kg/ha
TSS 119,000 n/a - - n/a - - n/a - - n/a - - n/a - - n/a - - n/a - -
DIN 1,159 104 9.0 0.5 888 76.6 24.2 44 3.8 3.0 20 17 1.9 91 79 121 10 0.9 3.3 2 0.2 5.0
DON 529 211 399 11 189 357 51 55 104 3.7 20 3.8 1.9 38 7.2 51 15 2.8 5.0 1 0.2 25
PN 630 n/a - - n/a - - n/a - - n/a - - n/a - - n/a - - n/a - -
FRP 54 16 29.6 0.1 8 14.8 0.2 6 11.1 0.4 1 1.9 0.1 12 22.2 1.6 11 20.4 3.7 - - -
DOP 31 13 41.9 0.1 11 35.5 0.3 3 9.7 0.2 1 3.2 0.1 2 6.5 0.3 - - - - - -
PP 159 n/a - - n/a - - n/a - - n/a - - n/a - - n/a - - n/a - -

Note The modelled proportional contribution of diffatdand uses to the total TSS, PN and PP loadarprasented, as the results contradict directrghiens from monitoring and sediment
fingerprinting. This discrepancy is associated wlith use of the RUSLE in closed forest situatiamsteep slopes in tropical environments (Armetal. 2007).
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Table 3.3. Number of water quality samples in whictatrazine, diuron and hexazinone were detected, arefjualled and/or exceeded National water quality gdelines, at various waterways
and locations in the Tully-Murray basin. The total number of samples collected at each location is gn (from Faithful et al. 2007). Herbicide concentrations in a total of 30ut of 102
samples analysed equalled or exceeded draft WQOstime catchment (note that herbicide concentrationsn some samples equalled or exceeded more than anédeline value).

Waterway Banyan Creek Davidson Crk Kyambul Murray River Tully River Warrami Crk
Sample location Dean Rd Highway Davidson Rd | Copperhead Rd K1 Highway Euramo Blackman Rd
Total number of samples| 10 8 9 7 4 8 2 7
Atrazine
Number of samples detected 9 7 1 7 4 8 2 3
Number of samples equalled or exceeded’ 2 2 0 7 4 3 1 1
Diuron
Number of samples detected 7 8 4 7 4 8 1 5
Number of samples equalled or exceeded’ 3 5 2 5 4 6 0 1
Hexazinone
Number of samples detected 7 8 5 7 4 8 2 7
Number of samples equalled or exceeded® 0 0 0 0 2 0 0 0

! drinking water and stock water quality guidelines (both 0.1 pg/L)
2 aquatic ecosystem guidelines (0.2 pg/L)
% drinking water and stock water quality guidelines (both 2 ug/L)
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Figure 3.1. Total estimated annual loads of (a) tot@&uspended sediment (TSS), (b) nitrogen (N) and (phosphorus (P), in
tonnes per year, delivered to receiving waters byivers and by over-bank floods in the Tully WQIP area Contributions of
different N and P species to total N and P loads argiven (from Armour et al. 2007a, Wallacest al. 2007b).
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Figure 3.3. Relationship between mean nitrate cono&ation (pg/L) in streams and rivers during events and proporion of
fertiliser-additive land use above each sampling pot (from Mitchell et al. 2007). Mean nitrate concentration at a site
increases significantly with an increase in propoibn of fertiliser-additive land use above that siteThis relationship is
statistically significant, with 86% of the variation in nitrate concentration explained by the proporion of fertiliser-additive
land use (R = 0.86). The results are based on nitrate monitoriin the Tully catchment during wet seasons over @tal
period of 16 years (1987-2000; 2004-2007). Samplgnmbers are given next to each symbol (except forudter near zero);
different-sized symbols are indicative of total nurber of samples. Data sources given in legend.
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4 ASSESSMENT OF MANAGEMENT SCENARIOS TO REDUCE LOAD S

4.1 Introduction

To effectively contribute to the objectives of R&ddin, the Tully WQIP needs to contribute to thiitng
and reversing of the decline in water quality entgthe GBR by 2013. A number of modelled scenarios
were used to examine the cost-effectivehegshanges in land management to reduce key polllbads
from critical sources. These scenarios investigttegotential of land management practices inecitfand
uses to reduce nitrate, herbicide and suspendéuesetdoads to the marine receiving waters. Thaades
did not consider land use changes between indsisaseinitial modelling suggests that significant
improvements in water quality can be made throagheted change in management practices in
combination with large-scale riparian restoratidowever, the improvements in land management [mescti
are dependent on the developmamd implementation of new technologies, and associatgioagement
actions have been proposed to further this. Theoouts of these modelling scenarios were subseguentl
discussed with CSFP Steering Committee in March/gd 2007, to commence the development of
aspirational and management action targets, amtiagsd management actions (Section 5) and toaehie
progress towards sustainable target loads (Se8}ion

4.2 Methodology used to model scenarios

The most promising land management practices feenvggality improvement in the four major agricuétu
industries were identified from recent industryvays (Lindsay 2007a, b, McMahon 2007) and outcoohes
industry workshops and expert opinion (Roebeling) Afebster 2007). The cost-effectiveness of these
management practices for water quality improveraerg analysed in sugarcane, banana/horticulture,
grazing and plantation forestry production in theélyFMurray catchment, both at a plot-scale (Ro#tupbt
al. 2007a) and a catchment-scale (Roebddingl. 2007b, see also Armoet al.2007a).

Modelled scenarios were developed to examine fleetedf changes in land management and compared to
current land use and management (Appendix 3), on:

1. Sediment, nutrient and pesticide generation, transmd delivery (Armouet al.2007a, Roebelingt
al. 2007a,b). Changes in water quality were examis&aguSedNet/Annex for sediment and nutrients,
and expert opinion for herbicides;

2. (Plot level) financial-economic consequences (Riedpet al. 2007a). These were examined using
production system simulation models for sugarc&uggi€ultural Production Systems sIMulator,
APSIM), banana and plantation forestry (land us@ ¢technical coefficient generator, LUCTOR) and
grazing (pasture and animal system technical adeffi generator, PASTOR). Cost-benefit analyses
were used to determine the annuity gross margifendfuses and management practices; and

3. (Catchment-scale) environmental-economic conse@sefiRoebelingt al. 2007b). These were
examined using an environmental-economic spati@stment prioritisation model (Roebeliapal.
2007b). This model integrates a land use and \@iag model with the water quality model
SedNet/Annex (Smitkt al. 2005), to explore cost-efficient industry-speclfiad management
arrangements for water quality improvement.

Scenario outcomes of (1) and (2) were presenteghtbdiscussed with, the CSFP Steering Committee in
March and April 2007. The CSFP Steering Commitgreed to a list of key actions for water quality
improvement (Section 4.6), and to proceed with na@tailed discussions on implementation (including
project leaders and partners, budgets and timgl{Sestion 5).

The following information is from Armouet al. (2007) and Roebelingt al. (2007a, b), unless otherwise
noted.

® Cost-effectiveness is defined here as a compadbtre costs and benefits (i.e. financial-econocuicsequences) of
different land management strategies to improvemnaality.
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4.3 Assessing management scenarios for agriculture and forestry
plantations

Nitrate

To estimate potential reductions in nitrate loadhea end-of-river, five future scenarios were mtmtkthat
specifically targeted continual improvement of mifen management in sugarcane and bananas, anseasses
the denitrification potential of riparian zones e€ldutcomes indicate that the most cost-effectideicton in

DIN delivery at end-of-river can be achieved wittogption of management practices in sugarcane and
bananas, including improved matching of N applaratiates to crop and soil requirements in sugaraade
bananas, and re-composition of fertiliser applaratatios in bananas (Table 4.1).

In sugarcane, the models show that complete adopfithe BSES ‘Six Easy Steps’ program reduces the
average total DIN load per year to end-of-river28%6 to 898 tonnes (Figure 4.1). The models setrben
fertiliser application at 140 kg N/ha per yearrséa@ on a preliminary estimate prior to the develepnof
BSES’ ‘'Six Easy Steps’ process for Tully (Schroesteal. 2005). Moreover, plot-scale financial economic
analyses indicated that the economic optimum raké¢ application in sugarcane varies with soil typed
ranges from 90 to 150 kg N/ha per yearr. This suppbe implementation of ‘Six Easy Steps’, aséhwé
the six components of this process deal with sseasment, testing and associated fertiliser
recommendations (Schroedsral. 2005). ‘Six Easy Steps’ is a component of thetdredgram for NMZs in
the Wet Tropics, and is currently being calibramdmplementation in Tully.

Using the CSIRO based ‘N replacement’ managemeadetiens and modelling complete uptake in
sugarcane reduces the average total DIN load pertgend-of-river by 45% to 637 tonnes (Figure 4.1
The models set mean fertiliser application at 14 Olkha per yearr, based on results of N replacement
experiments for sugarcane (Thorbetral. 2007, Webster and Brodie 2007). At the plot-scale,
implementation of ‘N replacement’ leads to grossgime at or just below the economic optimum. ‘N
replacement’ is an emerging methodology that apién the order of 1 kg N for every tonne harvesie
the previous crop. Experiments in the Wet Tropingiéfail, Mossman) have shown little yield penaity
comparison with current N application rates (Webatel Brodie 2007). ‘N replacement’ is still inesearch
‘proof of concept’ stage.

Modelling complete uptake of ‘N fixation’ in sugairee reduces the average total DIN load per yeande
of-river by 66% to 391 tonnes (Figure 4.1). The mledet mean fertiliser application at 30 kg N/kayear
based on experimental results (J. Reghenzani,imé¥iRM Ltd, pers. comm. 2007). Plot-scale financial
economic impacts of N fixation could not be anati/dae to the unavailability of financial data. ‘IN&tion’
utilises free-living, nitrogen-fixing bacteria taggply most of the crop’s nitrogen needs. Signiftdanal
research will be required to determine whethertitinique is viable in sugarcane, and potentially
bananas, as well as the potential impact and spfesuth bacteria beyond the intended crops.

In bananas, complete adoption of a 30% reductidwh application to 225 kg N/ha reduced DIN contribat
from the banana industry by 27%, from 91 to 66 &sDIN per year. Moreover, N application may be
reduced to 250 kg N/ha without measurable lossedfl fArmour and Daniells 2002). Plot-scale finaahci
economic analyses indicate that largest gross m&gge attained at around 308 kg N/ha, 21 kg Ritl&ras
kg K/ha, with exact nutrient requirements and satiarying with soil type.

The current modelled scenarios do not achieve @& i@duction in nitrate concentration that models
estimate is required to meet aspirational targeestfon 2.4). This may be due in part to uncetigsrin the
models, and the predicted effects of approved n&magt actions will need to be validated in monitgri
programs. With improved understanding of systerpaese to implementation of management actions,
additional management actions that need to be taidar can be determined. Two options for additional
management actions to reduce nitrate concentragi@nfurther discussed here.

First, a riparian mapping tool was applied to thdyTWQIP area, to assess the potential of ripabiaffiers
to reduce nitrate loads delivered to streams vé&fav, and to identify potential denitrificatiohdtspots’
(Rassam and Pagendam 2007). The results demorthtratgparian restoration in the Tully WQIP arfa,
the purpose of denitrification of groundwater deied to streams, should target 285.5 km of streanhe
central catchment, and include low areas, flatsanmeions of medium hydraulic conductivity sodad
areas where current land use results in maximurateitielivery to streams. Based on a 10 m ripastiap
on either side of a stream, a 285.5 km ripariatoraon project would cost approximately $10.0M (D
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Sydes, CSC, pers. comm. 2007hus, restoration of riparian zones can redutratgi contribution to the
coast when implemented over larger scales, whitellsaneously enhancing identified environmentalgal
such as aquatic ecosystems, indigenous and nagemaliis cultural heritage, and amenity (Section 2).

Second, a continuing increase in nitrate, as vealiaaticulate nitrogen and particulate phosphorus
concentrations, at Euramo bridge from 1987 to 20806ihcided with an approximate doubling in area of
fertiliser-additive land use during that period {thiell et al. 2007). A decline in nitrogen fertiliser usgger
ha by both sugarcane (25%, from 200 kg N/ha per ye2000 to 150 kg N/ha year in 2007; McMahon
2007) and bananas (40%, from 520 kg N/ha per yed995 to 313 kg N/ha per year in 2007; Lindsay
2007b), has not been reflected in a DIN load rednat Euramo bridge. This suggests that eithéitigar
usage is underestimated in surveys, and/or théeexis of a time-lag between decrease in N fertilisage
and DIN loads or concentrations at end-of-riversrédver, if current recommended management actions
not achieve the 80% reduction in nitrate conceiotnat these results suggest that changes in lanthag
need to be assessed to further reduce DIN loadstisvachieving a sustainable targets load (e.do&tiog
et al.2007b).

Herbicides

To estimate potential reductions in herbicide dgljrate, one scenario was modelled that spedifical
targeted herbicide management in sugarcane. Iis¢bisario, residual herbicide use is halved usingoaled
sprayer. Based on expert opinion, it was assurnredbh of the plot level rate of herbicide applioatis
delivered to the end-of-river (J. Brodie, ACTFRrpe&omm. 2006; Green and Young 2006).

The outcome suggests that complete adoption obddwbsprayer leads to a 50% decrease in herbicide
delivery to the end-of-river and only a slight dease in gross margin (~$50/ha) (Table 4.1). Howetvisr
assumed that the reduction in herbicide applicat@sno yield impacts, which needs to be validateter
local conditions. Additional scenarios could notrbe, due to the lack of (i) water quality and emoic
information of different herbicide management pige, and (ii) a hydrological model that descrithes
relationship between farm level herbicide concdiuating and total herbicide load to end-of-river.

Suspended sediment, PN and PP

To estimate potential reductions in suspended saditoads at the end-of-river, four future sceraviere
modelled that specifically targeted continual imgnment of soil management in sugarcane and bananas,
and reduced bank erosion in waterways: TSS, PNP&aere modelled together, given that PN and PP are
generally attached to inorganic particles. The @ukes indicate that the most cost-effective redndtiol SS
delivery at end-of-river can be achieved with coetgladoption of reduced and zero tillage in sugerca
(Table 4.1), while large-scale restoration of rigambuffer zones also significantly reduces barsien.
Additional soil management practices, includingsged inter-rows in bananas and forestry and optimum
stocking rates in grazing, reduce delivery of snded sediment but may result in a small decreageoiss
margin (Table 4.1).

In sugarcane, complete uptake of zero tillage reslISS contribution from this land use by 44%, from
29,000 tonnes/year to 16,000 tonnes/year (and ®8&iloution to end-of-river by 10% to 107,100
tonnes/year). Zero tillage refers to spraying @adtof ploughing) out the sugarcane by applyinglgbgate
in sugarcane. Plot-scale financial economic analys#icated that a change-over from actual to #dage
in sugarcane results in a small increase (up toiB%Moss margin, due to a combination of reduaedscin
soil preparation and slight increases in yieldedent survey indicates that no growers use zdageil
(Table 3.1, McMahon 2007), suggesting that comelteption of this practice would contribute
significantly to reducing total suspended sedinheads.

In bananas, complete uptake of zonal tillage reslT&S contribution by the industry from 5,700
tonnes/year to 2,000 tonnes/year (and TSS coritibtt end-of-river by 3% to 115,430 tonnes/yelgte
that the reductions in TSS contribution per hectaieemuch larger. Zonal tillage refers to only ivalting
the top of the mound. The financial-economic effere currently unknown and strategies are propimsed
address this.

" Note that Rassam and Pagendam (2007) consideigarian zone of 50m width either side of the simesetwork in
their analysis. This would increase the costspEan rehabilitation up to approximately $50M,heitit considering
costs of potential land acquisitions.
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Bank erosion was reduced in the models by restaijragian buffer zones on (i) Dallachy, Whitfield,
Meunga and Kennedy Creeks (primarily the downstreaations), based on concerns expressed by the loca
community (Bohneet al. 2007), and (ii) on the worst 20% degraded streaks (124 km of mainly "8 and
4" order streams) in the area, based on an assessimgrarian condition by Johnson (1998). Bank &nos
was reduced by 4,000 tonnes TSS (or 7%), and 14¢00@s TSS (or 24%), respectively. Total TSS
delivery to end-of-river was reduced by 3% to 1B8,tbnnes, and by 5% to 113,050 tonnes, respegtivel
Based on an average estimate of $15,000 per héBt&gdes, CSC, pers. comm. 2007), a 124 km riparia
restoration project would cost $3.72M. Thus, rezgfon of riparian zones can reduce sediment caritab

to the coast when implemented over larger scaleiie wimultaneously enhancing identified environtaén
values such as aquatic ecosystems, indigenousamuhdigenous cultural heritage, and amenity ($ecti
2).

Combined DIN and TSS scenario

Compared to the current condition, complete adoptio(i) ‘Six Easy Steps’ and zero tillage in sugane,
and (ii) 30% reduction of fertiliser use and zotilldge in bananas, in combination with restoratibithe
worst 20% degraded stream links, reduced total@rdiN loads with 25% to 869 tonnes, and TSS loads
with 18% to 97,580 tonnes (with a concurrent reidacin PN and PP).

Overall, the outcomes of these scenarios for aljui@l land uses and forestry plantations demotestraat
significant improvements in water quality can bedmavith complete adoption of practical and achiéab
management practices in all land uses (given culaed use), and implementation of large riparian
restoration programs.

4.4 Assessing management scenarios in sugarcane for climate
change

Cost-effectiveness of key management practicesgarsane, including tillage management, fallow
management, and nitrogen (N) application rate aetthad, were assessed using APSIM for the least and
most favourable 2070 climate scenarios (Roebeatra. 2007a). Under both the least and most favourable
climate scenarios, reduced N application and, rtiquéar ‘N replacement’, remain cost-effective in
managing DIN delivery. Similarly, split N applicati remains equally cost-effective in managing DIN
delivery compared to single N application. Moreg\mth zero tillage and legume fallow remain cost-
effective in managing sediment delivery, compareddtual and minimum tillage and bare fallow,
respectively. Overall, cost-effectiveness of manag@ practices is generally not affected by climate
change, that is, management practices remain propalty equally effective in reducing water polnt
delivery. Levels of water pollutant (DIN) delivenyay, however, increase significantly under clinetange
projections for 2070 (up to 20% increase in DIN\g&l), thus potentially jeopardizing the attainmeh
water quality targets.

4.5 Assessing management scenario for urbanlandus e and
population growth

Specific land use patterns for population size ggated for a case study in Douglas Shire, inditate(i)
residential development first takes place nearnudaamtres, waterways and hillside areas, (ii) Hte of land
use conversion increases with population size (éhthe rate of nitrogen water pollution increaseith
population size (Roebelirgf al. 2007a). The changes in land use from agricultorae¢sidential means that
the potential for water quality improvement withtake of recommended agricultural practices will be
reduced. Moreover, assuming that pollution per argt of residential land use exceeds that of atuial
land use (Table 4.1), water pollution increase$ wipulation size because of the increased potletgoort
rate.

To achieve and maintain water quality targets withulation growth, implementation of recommended
management practices for both residential and algwi@l land uses is critical. In Cardwell Shireet
projected population growth and its potential impatwater quality emphasises the urgency and
importance of adoption of water sensitive urbangtepractices for residential land uses. Alterreliiy
population growth and associated residential dgrett may be constrained; this provides welfaragjai
when downstream costs from water pollution areriakén account (Roebelingt al. 2007c¢).
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4.6 Management actions for implementation

The outcomes of the modelling scenarios demondtnateargeted change in management practice in
current land use, in combination with large-scidedplain restoration, will achieve significant watuality
improvements towards draft WQOs identified for tharine receiving waters. The additional localised
benefits may include greater economic efficienagigbe local industries and better water qualitgl an
ecological health in the contributing freshwatesteyns.

The outcomes of the modelling scenarios were désmligith CSFP Steering Committee in March and April
2007. Key management practices identified in tlados and supported by the CSFP Steering Conamitte
focus on:

» continual improvement of nutrient management byicet fertiliser loss and improving applications,
particularly in sugarcane and banana/horticulture;

» continual improvement of pesticide management dyeeng loss and improving applications (e.g.
Calcino and Hurney 2007), replacing residual hédeg with knockdowns wherever practicable and
undertaking risk-assessment of pesticides usethzing and plantation forestry;

e continual improvement in soil management by targeérosion hot-spot areas and high-risk activities
such as constructed drains, agriculture, urbanlderent, roads and degraded low order streams; and

» targeted large-scale rehabilitation of riparianemmwetlands and general floodplain function, ffier t
purpose of (i) denitrification of groundwater delred to streams, (ii) reduction of bank erosiorl, @ir)
enhancing floodwater retention.

The final step of the Tully WQIP was to develogyits for implementation, based on the outcomeleof t
scientific research and four sector workshops.tiiecturally align the implementation of the Tully@\P
with the regional NRM plan, these targets weregiao the asset framework advocated by the natioGal
and NRM programs, and used in the regional NRM.plan
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Figure 4.1. Results of three scenarios, modellingpe effect of improved nutrient management in sugam@ne on total DIN
export to end-of-river (from Armour et al. 2007). Total DIN export (tonnes/year) and reductionn total DIN export (%) are
given for each scenario. Note that the % reduction in DIN export are for each scenario separately (i.e . not
additive). ‘N replacement’ and ‘N fixation’  are still experimental management practices and nelgo be validated under
local conditions.
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Table 4.1. Results of scenarios, modelling the cesffectiveness of management-practices for water glity improvement in sugarcane, horticulture, grazng and plantation forestry
production systems. Management practices were iddfied from outcomes of industry workshops and experopinion (Roebeling and Webster 2006), and were arined for their
consequences on (plot-level) gross margin and thedffectiveness in reducing (plot-scale) delivery afissolved inorganic nitrogen (DIN), herbicide andine suspended sediment (FSS). ++ =
positive effect, + = moderately positive effect, j+= slightly positive effect, 0 = no effect, (-) ghtly negative effect, - = moderately negative &ftt, and -- = negative effect (from Roebelingt al.
2007a).

. . Gross Reduction in delivery

Production system  Management practice . o

margin DIN Herbicide FSS

Sugarcane N application match crop requirements + ++ 0 0

Split N application 0 (+) 0 0

Legume fallow + - 0 0

Reduced herbicide application rate ) 0 ++ 0

Zero tillage (+) 0 0 ++

Horticulture Fertiliser application match crop requirements - + 0 0

Grassed interrows ) 0 0 ++

Grazing N application match crop requirements + (+) 0 0

Stocking rate match carrying capacity + 0 0 (+)

Plantation forestry Grassed interrows ) 0 0 (+)

Note In horticulture/banana, efficiency gains througkcomposition of fertiliser application ratios aaifrset the slight decrease in gross margin. Ammamd Daniels (2002) demonstrated that N
application may be reduced to 250 kg N/ha withoeasurable loss of yield.
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5 MANAGEMENT ACTION TARGETS TO ACHIEVE SUSTAINABLE
LOAD TARGETS

5.1 Introduction

The Tully WQIP has developed aspirational and manmsnt action targets that 8MART that is, targets
that are Pecific, Measurable, Shievable, Rlevant and ime-bound. The use &VIARTtargets will aid in
monitoring whether progress towards quantified watelity improvements is being achieved. To
structurally align the Tully WQIP with the regiomdRM plan, these targets are placed in the asset
framework advocated by the national CCl and NRMypaims, and used in the regional NRM plan. Targets
and actions have been developed within the waseurees asset, sustainable industries and community
assets, and a riparian and wetland asset (a safttbet biodiversity asset) Progressive improvement in the
capacity of the local community to set and eval@&#ARTtargets is anticipated with further investment in
research and development, modelling and monitoewgluation and reporting.

5.2 Targets

The draft Tully WQIP has defineaspirational targetdor all water quality parameters as the draft WQ@QOs
marine waters, anaspirational targetdor herbicides as the draft WQOs in all watersc{i®a 2). Moreover,
pre-European pollutant loads have been set asnméepirational targetgi.e. sustainable load targets)
(Section 3).

Specific RCTs have not been defined due to a culaek of available science to determine definite
guantitative relationships between (improvemenisviater quality and the (change in) condition of a
resource. As outlined in Section 2.4, draft WQOgy im& changed in the near future into RCTs, with
finalisation oflnterim marine water quality guidelines for the Gtdarrier Reef Marine ParkDraft)
(Honchinet al.2007), and development of locally and regiongligafic water quality guidelines for
pesticides for the Wet Tropics region.

Management action targets (MATS) were developeddas the outcomes of the comparison between
sustainable load targets and current pollutantd@8ection 3) assessments of management scenarios to
reduce loads (Section 4), and four workshops caeduo May 2007 (Robinsoet al.2007) (Table 5.1).

These workshops gathered detailed perspectivesifrdastry (sugarcane, banana), Cardwell Shire Gbunc
and CSFP Steering Committee on Tully WQIP partrprahd implementation design. The MATs have been
set for 2013 (or earlier) to ensure progress agthesgoal and objectives of Reef Plan (Section 1).

To meet the MATsmanagement actiortgeave been developed that identify strategic, itised and
achievable actions, which will result in progress{quantified) reductions in pollutant loads frooitb
diffuse and point sources. Within each MAT, manageinactions address the full adaptive management
cycle, includingPolicy development and plannirf@esource assessmgResearch and developmg@n
ground action Capacity building and engagemeahdMonitoring and evaluationimplementation of these
identified management actions for each diffuse @oidt source of pollution (Appendix 5) will make
progress towards achieving draft WQOs that aresotlyr not met.

Prioritisation of management actions

Following their development, athanagement actiondentified were further prioritised using seveedfic
criteria that were equally weighted, including:

» significance of action to water quality;
e urgency of water quality improvement;

» level of certainty of positive outcomes from actpn

® These assets are reflected in the current CSF&tstey with Production, Biodiversity and Socio-cu#tl Action
Teams (Figure 1.3).

° Target loads are set based on reduction in raatd not based on total loads (i.e. river loads and oveikiitood
loads). Further research is required to estimagtamable loads for over-bank flows. However, gxpected that some
of the management actions in the nutrient and sextimmanagement areas are likely to contributedadieg these
loads (e.g. riparian revegetation, fencing of weth etc.).
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» cost-effectiveness of action to individuals andeyowment;

» level of increased adoption rate required,;

» acceptance of action by landholders (Roebelingvdebster 2007); and
» availability of practical method of action.

This resulted in a set of high priority managenwaaiions (Table 5.2 a,b,c). The implementation ebéh
management actions is estimated to reduce by 2013:

» total nitrate load from 1,159 tonnes/year to 8#has/year (Table 5.3a);
» total suspended sediment load from 119,000 toneastp 97,5000 tonnes/year (Table 5.3a); and

* herbicide concentrations to meet Australian watelity guidelines in freshwater and marine
environments.

Moreover, implementation of more aspirational mamagnt actions beyond 2013 is estimated to reduce
total nitrate load further to 522-786 tonnes/y8at{e 5.3 b). Note that these recommended managemen
actions are dependent on significant further R&Bmio implement on-ground.

5.3 Critical areas of intervention

Nutrient management in intensive agriculture

Diffuse sources contribute the largest amounthedatal annual nutrient loads in waterways, withstn
agricultural industries contributing a dispropontdly large amount per unit area (Section 3). Sicgut
improvements imutrient managemeim agricultural industries will need to be madel@nonstrate
progress towards achieving the goal of the Reef Bya2013 (Section 1). Scenario modelling demotesra
that reducing fertiliser application rates to matobp and soil requirements will lead to improvetsdan

both water quality and gross margins (Sectionmijpdrtantly, current management actions recommefated
implementation are likely to achieve a 25% redurctionitrate concentrations at Euramo bridge. Tueae
the 80% reduction in nitrate concentrations regljiferther intervention, targeted riparian restoragnd an
assessment of different land uses are also req{$estion 4).

Herbicide management

The widespread detection of herbicides, includiogoentrations above water quality guidelines faradie
ecosystems, drinking water and stock water, congbivith documented community concern about pesticide
use, indicates that all industries need to immedtliaddres$ierbicide managemenill industries need to
ensure complete uptake of recommended practicgeefiicides, complete uptake of Chemcert®
accreditation (or equivalent) by all farmers andvggrs, as well as exploring alternative optionhsas
development of new crop/pasture varieties andaiintg the use of weed sensors. Sugarcane and banana
industries need to use the outcomes of recentif@admd Hurney 2007, Gaes al.2007) and current
pesticide risk assessments to prioritise and implgrmanagement strategies that minimise off-sifgarts

of pesticides, and to guide water quality monitgnimograms. Moreover, it is recommended that the
potential of volatilisation, atmospheric transpamtd wet deposition of pesticides from agriculture t
protected areas and beyond be examined (e.g.€Daly2007).

Sediment (and PN and PP) management

Improvements irsoil managemerih localised erosion hot-spots and targeting tedidources, including
roads and drains in all land uses, is the most®@feway to further minimise soil loss. Moreoveargeted
river and stream bank stabilisation, including ¢aggale riparian rehabilitation, can significamtgduce
sediment loads.

Protection and restoration of floodplain function, including priority riparian zones and
wetland areas

Substantially enhanced nitrogen loads (DON) froturah forest may now reach and be available in
receiving waters, due to removal of wetlands ardnbtallation of land drainage systems in the ebas
floodplains (Wallacest al. 2007). Due to the different causes, managementipea and control actions to
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reduce these particular loads are quite diffenemmhfthose to control nutrient loads, and may inelcet
establishing the filter function of coastal floodipls. It is recommended that this includes restoraif

priority riparian zones, wetland areas and otreydplain retention areas (e.g. Van Der eeal.2004).
Moreover, continued improvementsfinodplain managementill need to be made to demonstrate progress
towards achieving the goal of the Reef Plan by 2@&Egtion 1). It is recommended that CSFP lead=batd
about a long-term river management program, taudsestrategies for both flood risk management and
ecological rehabilitation of the coastal floodpkin
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Table 5.1. Management actions targets (MATSs) devgbed for the Tully WQIP, placed in the asset framewrk advocated by the national CCl and NRM programs,and used by the regional

NRM plan. The MATs have been developed based on tleeitcomes of current and future land management soarios (Section 4), and four workshops conducted iMay 2007, and have been

set for 2013 (or earlier) to ensure progress agaihthe goal and objectives of Reef Plan (Section 1).

CRITICAL AREAS
FOR ACTION

ASSET

Water resources

Sustainable industries

Riparian zones and wetlands

Nutrient
management

Herbicide
management

Sediment
management

Restoration of
floodplain function

WL1. Incorporate land use planning
and pollutant offsetting
mechanisms into the FNQ 2025
Regional Plan by 2008

WR2. Reduce total DIN loads
delivered to receiving waters by
streams and rivers by 25% to 870
tonnes/year by 2013

SI1. Reduce nitrate loss by 50%
from contributing land uses by
2013

RW1. Undertake 285.5 km of
riparian rehabilitation in identified
areas to denitrify groundwater
delivered to streams by 2013

WR3. Meet the Australian and
GBR water quality guidelines for
pesticides by 2013

SI2. Reduce herbicide losses by
50% from contributing land uses
by 2013

RW?2. Minimise impact of invasive
species that threaten inland
aquatic and terrestrial ecosystems
by 2013

WR3. Reduce total TSS loads
delivered to receiving waters by
streams and rivers by 18% to
97,500 tonnes/year by 2013

SI3. Reduce sediment loss by
10% from contributing hot spots by
2013

RW3. Undertake 124 km of
riparian rehabilitation in identified
areas to minimise bank erosion by
2013

WRA4. Identify floodplain
retentation areas that can
contribute to filtering function by
2013

Sl4. All main land uses have
implemented, and are
continuously updating, current
recommended practices by 2013

RWa4. No further degradation or
fragmentation of aquatic
ecosystems by 2013
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Table 5.2. High priority management actions develogd for the Tully WQIP, for (a) nutrient management, (b) herbicide management, and (c) sediment managemt. Codes in MAT column
refer to those in Table 6.1. P = Policy developmemind planning, RA = Resource assessment, RD = Reas#aand development, O = On-ground action, C = Cayty building and
engagement, and ME = Monitoring and evaluation. Imfementation workshops, focussed on developing comtmient to, and resources for these management actisnwill be held with
partner organisations during the public consultation phase.

(@)
. . Timelines
MAT Management actions Action type Stan | Tirieh
Nutrient management
WR2 [Ensure magement action targets for WQIP and NMZ are the same P 2008 2008
WR2 [Finalise NMZ policy, including clear articulation of implications of WQIP and NMZ alignment P 2008 2008
Sli1 Develop "Wet Tropics" grazing land management, including optimum nitrogen management strategy P 2008 2010
WR2 [Calibrate BSES Six Easy Steps for sugarcane RD 2008 2008
WR2 [Test nitrogen replacement methodology in sugarcane RD 2008 2013
WR2 [Progress reseach into nitrogen fixation in sugarcane RD 2008 2013
SI1 Determine nitrogen contributions and losses from legumes in sugarcane RD 2008 2013
SI1  |Cost-benefit analysis of application of mill mud in sugarcane RD 2008 2013
WR2 [Determine optimum nitrogen management strategy for sugarcane growers and receiving waters RD 2008 2013
WR2 |Develop detailed nutrient management process for horticulture RD 2008 2013
WR2 [Develop nutrient decision support system for horticulture RD 2008 2008
WR2 [Determine optimum nitrogen management strategy for horticulture growers and receiving waters RD 2008 2013
SI1  |Determine nitrogen requirements of plantation forestry RD 2008 2013
SI1  |Develop slow release fertiliser technologies RD 2008 2013
Ensure complete uptake of current nutrient recommended management practices, across sugarcane, horticulture, grazing and plantation
Sl4 ; . . o ) . - o] 2008 2013
forestry industries, as per industries' Codes of Practices and/or (more recent) industry recommendations
Sugarcane, horticulture, grazing and plantation forestry industries to take a coordinated approach to nutrient management strategies and
sl . o 2008 2008
investment
WR2 [Complete uptake of Six Easy Steps in sugarcane, including nutrient management plans O 2008 2010
WR2 [Implement detailed nutrient management strategy for horticulture (0] 2008 2013
Sli1 Extension on legumes in sugarcane (0] 2008 2008
SI1  |Extend results from phosphorus reduction research in horticulture O 2008 2013
SI1  |Implement plantation forestry establishment procedures that minimise erosion o] 2008 2013
Sli1 Establish Model farm project ("Systematic implementation of nutrient and sediment source controls on wet tropical cane farms") (0] 2008 2008
RW1 |Revegetate key locations as determined in nitrate removal model O 2008 2013
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SI1  [Compile, present, and extend nitrogen budget work conducted in Johnstone C 2008 2008
WR2 |Large-scale demonstration trials of nitrogen replacement trials in sugarcane C 2008 2013
WR2 [|Maintain and expand the use of key nutrient management practices in horticulture influencing water quality C 2008 2013
WR2 |Report on coordinated approach to nutrient management across sugarcane, horticulture, grazing and plantation forestry industries ME 2008 2010
WR?2 |Establish effective reporting frameworks across sugarcane, horticulture, grazing and plantation forestry industries ME 2008 2008

Build on and maintain regular benchmark surveys to monitor progress in nutrient recommended management practices uptake in sugarcane,
WR2 horticulture, grazing and plantation forestry industries ME 2008 2010
WR2 |Plot and farm-scale monitoring of Six Easy Steps and nitrogen replacement (in model farm) ME 2008 2013
WR2 |Field-scale monitoring of nitrogen fixation in sugarcane ME 2008 2013
WR2 |Monitor nutrient concentrations in riverine environment, including loads at end-of-river ME 2008 2013
WR2 [Monitor nutrient concentrations in Tully River flood plumes ME 2008 2011
WR2 |Monitor nutrient and cholorphyl a concentrations in marine receiving waters ME 2008 2011
WR2 |Compare existing water quality data against draft WQOSs for nutrients in 28 water reaches ME 2008 2010
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(b)

. . Timelines
MAT Management actions Action type San | Tinieh
Herbicide management
WR3 |On-going review of (residual) pesticides registration P 2008 2010
WR3 |Improve pesticides application guidelines to reflect local environmental condition RD 2008 2010
WR3 |Improve Chemcert® accreditation to reflect local environmental condition RD 2008 2010
SI2  |Cost-benefit of hooded sprayer in sugarcane (model farm) RD 2008 2010
SI2 Precision Agriculture research in sugarcane, horticulture, grazing and plantation forestry industries RD 2008 2010
SI2 Explore new crop / pasture varieties RD 2008 2010
si2 Expand .integra_ted pest management strategies for local properties, for large-scale application in sugarcane, horticulture, grazing and plantation o 2008 2010
forestry industries
Ensure complete uptake of current pesticide recommended management practices across sugarcane, horticulture, grazing and plantation
Sl4 ; . . o . ; . (0] 2008 2008
forestry industries, as per industries' Codes of Practices and/or (more recent) industry recommendations
SI2 Ensure complete uptake of Chemcert (or equivalent) accreditation in sugarcane, horticulture, grazing and plantation forestry industries (0] 2008 2008
WR3 Sugarcane, horticulture, grazing and plantation forestry industries to take a coordinated approach to pesticide management strategies and o 2008 2008
investment
RW2 [Strategic control of Hymenachne in priority areas as identified in control plan o 2008 2013
WR3 |Extend BSES revised and recommended herbicide application strategies to sugarcane growers (0] 2008 2008
WR3 |Report on Chemcert® accrediation in sugarcane, horticulture, grazing and plantation forestry industries ME 2008 2010
SI2 Plot and farm-scale monitoring of hooded sprayer in sugarcane (model farm) ME 2008 2013
WR3 |Establish effective reporting frameworks across sugarcane, horticulture, grazing and plantation forestry industries ME 2008 2008
WR3 |Report on coordinated approach to pesticide management across sugarcane, horticulture, grazing and plantation forestry industries ME 2008 2010
Build on and maintain regular benchmark surveys to monitor progress in pesticide recommended management practices uptake in sugarcane,
WR3 : . - : . ME 2008 2010
horticulture, grazing and plantation forestry industries
WR3 |Monitor pesticide concentrations in riverine environment, including at end-of-river ME 2008 2010
WR3 [Monitor pesticide concentrations in marine receiving waters ME 2008 2010
WR3 |Assess bio-accumulation of pesticides in freshwater, estuarine and marine environment ME 2008 2010
WR3 |Monitor pesticide levels in aquatic food ME 2008 2010
WR3 |Compare existing water quality data against draft WQOs for pesticides in 28 water reaches ME 2008 2010

Draft Tully Water Quality Improvement Plan 58




(©

. . Timelines
MAT Management actions Action type Stan | Einieh
Sediment management

WR4 |Review and reform institutional arrangements for drain management P 2008 2008
WR4 |Collate spatial information on drainage network, including drain capacity, location, current structure and audit of crossings RA 2008 2008
SI3  |Assess eroding drainage and road networks RA 2008 2010
WR4 |Examine zerotillage in sugarcane RD 2008 2010
WR4 |Examine zonal tillage in horticulture RD 2008 2010
WR4 |Examine stocking rate estimates in grazing RD 2008 2010
WR4 |Examine cost-effective options for grassed interrows in forestry RD 2008 2010
SI3  [Cost-benefit of drain design and stabilisation in sugarcane and horticulture RD 2008 2013
RW3 [Determine key locations for riparian revegetation, using SedNet and other methods RD 2008 2007

Ensure complete uptake of current sediment recommended management practices across sugarcane, horticulture, grazing and plantation
Sk forestry, as per industries' Code of Practices and/or (more recent) industry recommendations 0 2008 2013
WR4 |Sugarcane, horticulture, grazing and plantation forestry to take a coordinated approach to sediment management strategies and investment (0] 2008 2008
WR4 |Promote adoption of zero tillage in sugarcane (0] 2008 2013
WR4 |Promote adoption of zonal tillage in horticulture ©] 2008 2013
WR4 |Promote adoption of zonal tillage during forestry establishment (©] 2008 2010
si3 Promote recommended management practice for riparian zones through sugarcane, horticulture, grazing and plantation forestry industry o 2008 2013

groups
SI3  |Extend information on sustainable drain management through sugarcane, horticulture and plantation forestry industry groups ©] 2008 2008
SI3  [Modify farm drain shapes to reduce erosion (®] 2008 2013
RW4 [Fence "keywetland” areas, with particular focus on Upper Murray area (0] 2008 2010
RW4 |Implement key recommendations of river management plans (0] 2008 2013
RW3 [Revegetate key locations as identified by SedNet and other methods ©] 2008 2013
RW4 [Revegetate key riparian sites across shire as identified in regional and catchment rehabilitation plans (0] 2008 2013
RW4 Develop incentives program to fence all creeks and provide off stream water points adjacent to grazing lands (Echo and Davidson Creek o 2008 2013

catchments)
RW4 [Develop incentives program to fence all creeks and provide off stream water points adjacent to grazing land (Ropers Creek) ®] 2008 2013
RW4 [Develop incentives program to fence all creeks and provide off stream water points (Murray River Catchment ) (0] 2008 2013
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WR4 |Identify degraded grazing areas, discuss rehabilitation options with landholders and develop cost-sharing solutions. 2008 2010
Provide technical advice, support and extension to the community on the management and rehabilitation of riparian areas and key aquatic
RwW4 habitats 2008 2013
SI3 Benchmark current sediment management BMPs for drains and roads ME 2008 2008
WR4 [Plot and farm-scale monitoring of zero tillage in sugarcane (model farm) ME 2008 2013
WR4 |Plot and farm-scale monitoring of zonal tillage in horticulture ME 2008 2013
WR4 |Reporton coordinated approach to sediment management across sugarcane, horticulture, grazing and plantation forestry industries ME 2008 2010
WR4 |Establish effective reporting frameworks across across sugarcane, horticulture, grazing and plantation forestry industries ME 2008 2008
WR4 |Build on and maintain regular benchmark surveys to monitor progress in sediment BMP uptake ME 2008 2010
WR4 |Monitor sediment concentrations in riverine environments, including loads at end-of-river ME 2008 2013
WR4 | Monitor sediment concentrations in Tully River flood plumes ME 2008 2011
WR4 |Monitor sediment concentrations in marine receiving waters ME 2008 2011
WR4 |Compare existing water quality data against draft WQOs for sediment in 28 water reaches ME 2008 2010
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Table 5.3. Estimated reduction in current loads wit implementation of (a) priority management actionsoy 2013, and (b) aspirational management actiona 60" years. Only those

management actions are given for which estimates Inad reductions could be quantified using SedNet#nex (Armour et al. 2007a). Note that additional proposed managementtons are

expected to contribute to a reduction in current lads, but quantification of their effects has not ben possible with currently available models. Aspirdonal targets (AT) are based on pre-
1850 load estimates, and should be considered inditve only due to their uncertainty (Brodieet al. 2003).

(&)
Current pollutant loads MAT (2013) . Reduction Loads in
Management actions
Pollutant tonnes tonnes tonnes % 2013
TSS 119,000 97,500 Promote adoption of zero tillage in sugarcane 13,000 10
Promote adoption of zonal tillage in horticulture 3,700 3
Revegetate key locations as identified by SedNet and other methods 5,950 5
TOTAL 22,650 18 96,350
DIN 1,159 870 Complete uptake of Six Easy Steps in sugarcane, including nutrient management plans 261 23
Implement detailed nutrient management strategy for horticulture 25 2
Total 286 25
DON 529 n/a n/a
PN 630 n/a Promote adoption of zero tillage in sugarcane 73 12
Promote adoption of zonal tillage in horticulture 22 4
Total 95 16
TN 2,318 2,029 TOTAL 381 16 1,937
FRP 54 n/a n/a
DOP 31 n/a n/a
PP 159 n/a Promote adoption of zero tillage in sugarcane 20 13
Promote adoption of zonal tillage in horticulture 6 4
Total 26 17
TP 244 n/a TOTAL 26 17 218
(b)
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Current pollutant loads

AT (50" yrs) Management actions Reduction Loads (50 °
Pollutant tonnes tonnes tonnes % yrs)
TSS 119,000 n/a n/a
TOTAL 0 0| 119,000
DIN 1,159 232 Complete uptake of N replacement in sugarcane, and/or 522 45
Complete uptake of N fixation in sugarcane 768 66
Total| 522-768 45-66
DON 529 n/a n/a
PN 630 n/a n/a
TN 2,318 943 TOTAL 522-768 45-66| 1,550-1,796
FRP 54 n/a n/a
DOP 31 n/a n/a
PP 159 n/a n/a
TP 244 107 TOTAL 26 17 218
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6 IMPLEMENTATION AND MONITORING AND EVALUATION

6.1 Implementation framework

At the catchment level, CSFP Steering Committeksmibport the implementation of the Tully WQIP. To
progress from development to implementation, thBESteering Committee proposes that implementation
workshops be held during the public consultatioagehto determine project leaders, timelines, bgcmyad
partners. These workshops, to be organised byihddiRM, will focus on the technical detail of the
management actions that need to be developedwilhensure that all information relating to curteand
future management actions is captured in implententéables. Second, targeted effort is neededchaleer
level within industry organisations and State angtfalian Government agencies to: (i) determine the
funding needed for implementation; (ii) discussguemn, policy and budget alignments among the lead
agencies and partner organisations committed t@ganent actions; and (iii) consider any additional
funding required to achieve implementation.

At a regional and catchment level, Terrain NRM \plly a lead role in the ongoing coordination of IRQ
planning and implementation. In this task, it vied supported through long-term partnerships wighG&FP
Steering Committee. Terrain NRM will carry out thade by continuing to build strong partnershipshwi
Government Agencies, Council, industry groups, Ti@aal Owners and the general community.

At a cross Regional, State and Federal level, tiIMQR (Section 1.2) provides a framework to suppoksl
between Australian and Queensland Government Ageeid GBR regional NRM bodies to implement the
Tully WQIP. The RWQP was established to bring thgetAustralian and Queensland Government
Agencies and GBR regional NRM boards to deliverawguality targets, monitoring and reporting.

Ultimately, the draft Tully WQIP will be finalisebly taking the outcomes of these processes intauatck
is intended that the final Tully WQIP be signed-aif implementation by Terrain NRM, CSFP Steering
Committee, State and Australian Government agencies

Roles and partnerships for implementation

The Tully WQIP will be implemented by Terrain NRMdLin collaboration with the CSFP and its partner
organisations (Section 1.1). Key partners of TarNiRM in the major packages of intervention are (in
alphabetical order):

* nutrient managemenABGC, BSES, Canegrowers, CSIRO, DPI&F, Growcoh§ Forestry Ltd, JCU,
PFNQ and Rewards Group Forestry Ltd.

» herbicide/pesticide managemeAgForce, ABGC, BSES, Canegrowers, CSC, CSIRO&ZPPNRW,
EPA, Growcom, ITC Forestry Ltd, JCU, PFNQ, Rewdaedeup Forestry Ltd and UQ.

» sediment managememtgForce, ABGC, BSES Canegrowers, CSC, CS RITRTSIDPI&F, NRW,
EPA, Growcom, ITC Forestry Ltd, JCU, PFNQ and Relsaeroup Forestry Ltd.

» restoration of floodplain function, including pratén and restoration of priority riparian zones@n
wetland areasAboriginal Traditional Owners supported throughri@gun Aboriginal Corporation,
AgForce, ABGC, Canegrowers, CSC, CS RIT, CSIRO&PNRW, EPA, GBRMPA, Growcom, ITC
Forestry Ltd, JCU, PFNQ, Rewards Group Forestrydrtd Stanwell Corporation Ltd.

Role of CSFP Steering Committee and Action Teams

Detailed perspectives on partnership and implentientdesign were gathered in a workshop with CSFP
Steering Committee in May 2007 (Robinsetral. 2007). Here, the outcomes of this workshop are
summarised as it relates to Tully WQIP implementati

The CSFP Steering Committee has agreed on thregyoocipals, namely to:

1. streamline the project endorsement and prioritrgeprocess while maintaining a forum for
representation at catchment level (by the Catchivamiagement Association (CMA) as the revised
Steering Committee);
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2. maintain the Action Teams as formal teams or engagé networks to maintain ownership of projects
and actions at sector/stakeholder level; and

3. reduce the time, administration and managementurdm Action Teams by appointing a full time
coordinator to manage the implementation programvige support to Action Teams and liaise with
CMA.

The outcomes of the workshop also highlighted sddiscrete and important actions to be undertdiyen
or through, the CMA/Steering Committee, to supploetmove from Tully WQIP development into Tully
WQIP sign-up and implementation phases (Robiretai. 2007):

1. clarify preferred stakeholder sign-up/endorsementgss sought by Australian Government funders,
the CMA, and local stakeholder groups;

2. address absence of key technical and compliance®gee.g. EPA, NRW, DPI&F) in clarifying
contribution to monitoring and regulatory functipircluding providing locally-based officers in the
catchment;

3. consider emerging pressures or processes in tblengaht from new implementation arrangements e.g.
expansion in plantation forestry

4. clarify employment arrangements for full time implentation manager/coordinator including funds
(e.g. Terrain NRM), and hosting arrangements @zgtralise role within the new committee structure
or embed this role within sectors such as Localeeawent);

5. identify resources individual sectors and stakedslsheed to stay engaged in CMA/Steering Committee
level discussions or in Action Teams ;

6. clarify reporting arrangements (both for accounigt@nd adaptive management) between Action
Teams, Steering Committee and Regional Body; and,

7. clarify by what means Action Teams implement tlegidorsed projects —

a. contracts with sectors or organisations adminidtémeough Terrain NRM (on behalf of the
CMA);

b. direct tendering process or fee for service mandgedigh the Action Teams themselves
and/or coordinator, or,

c. Mixture of the two strategies.

Broader institutional arrangements to support imple mentation

The Tully WQIP has been developed in a broademitagnand policy environment, including Regional,
State and National plans and policies (Sectiol€C). has recently developed a project proposalteve

and analyse legislative and administrative arramgesio support WQIP implementation at a statewide,
regional or local level (Appendix 6). The projeaha to review and analyse state and local goverbmen
legislation that supports WQIP implementation, amtigular environment protection, land use planning
water resource, coastal zone management legislainahlocal government by-laws. Regional NRM groups
(including Terrain NRM) and local governments pmipg WQIPs in the GBR region will act as contact
groups for this project. The findings of this pdjavill be included in the Tully WQIP in 2008/20089.

State and Federal Government

Currently, the relationship between the Tully WQIRI decision-making related to ERAs under
Queensland'&€nvironment Protection Act 1994 of most significance. The draft EVs and WQUQstle

Tully WQIP were established through processes stersi with schedulable EVs and WQOs. Through the
CSFP Steering Committee, the catchment commungydraissed on the development of voluntary targets
at this stage, to improve scientific confidenceaing achievability of, the proposed targets throaigh

adaptive management approach. This has enabl€2ShP Steering Committee to establish meaningful and
robust targets. By being consistent wiihvironment Protection Act 199focesses, however, these draft
WQOs will assist EPA in undertaking licensing of &R in working with Local government on urban
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stormwater management, and in guiding overall itn@ests in critical improvements in rural and diffus
water quality issues.

Moreover, the Queensland State government (vi#dpartment of Local Government and Planning) is
currently developing a statutory regional land pise for FNQ (Section 1.2). CCI has recently funddore
month project (June to October 2007) to explore best to deal with water quality management issues
within the context of this emerging regional plamgframework.

Local Government

CCl has recently funded a one-year project to ifleptactices that may be undertaken by local
governments to contribute to the achievement of R objectives. Specifically, to protect and e
water quality through WQIPs, the project will rewviand assess local government activities (i) totifie
the current best standards of local governmentipeain natural resource and water quality manageme
and (ii) to scope additional statutory, land plawgndand management opportunities. Key focus arehsde:

e community engagement (promotion and education RKMNand water quality issues),

* land and waste management (for example, through gmyvernment management plans, policies, local
laws and best environmental practice), and

» water actions (including water quality monitoringdavaterway biodiversity retention).

This project will identify the cost-effective, ptazable and timely measures available to local guvents
to protect and improve the quality of water entgtime GBR Marine Park. A priority will be given to
maintaining the integrity of the Reef Guardian Caliprogram, which will assist local government in
contributing to development and implementation @Ms. CSC is (currently) not one of the councilthia
benchmarking project, but it is anticipated thag firoject will identify potential roles of locabgernment in
WQIP implementation. Relevant outcomes will beuded in the Tully WQIP in 2008/2009.

6.2 Monitoring and evaluation framework

To ensure consistency in the GBR region, the RW&falising a strategy for WQIP monitoring and
modelling, as well as a reporting framework. Theisategies aim to support the evaluation and reypdf
progress against management action targets. TieWA@QIP recommends that monitoring and evaluation
be progressed using this strategy and framewoakiimmalised State of the Catchment reporting, with
progressive updates on an annual basis. State @atchment reporting will also feed into broader
approaches to reporting on resource condition @amditat the regional and reef-wide level. Significa
review of the Tully WQIP, however, is intended viitla five-year time frame to coincide with the asfd
Reef Plan (2013). This should give the communithance to make the management actions within the
Tully WQIP work, to adapt actions as an outcomeesearch currently underway, and to monitor the
progressive effects of improvements.

A specific water quality monitoring strategy foetfiully WQIP has been developed (Brodiel. 2007c).
Moreover, water quality monitoring and modellinglre Wet Tropics region, including the Tully WQIP
area, is coordinated through the North QueenslagidRal Alliance. This alliance is a sub-grouptu# t
RWQP, and brings together regional representatif€gderal and Queensland Government Agencies
(GBRMPA, EPA, NRW), Terrain NRM and research orgations (CSIRO, JCU), to deliver water quality
targets, monitoring and reporting.

Currentmonitoringactivities in the Tully WQIP area include:

» plot-scale monitoring of ‘Six Easy Steps’ and ‘Nlecement’ (BSES, CSIRO, DPI&F)
 filter function of a tropical wetland (CSIRO)

e catchment-scale and end-of-river load monitorinR\(

* GBR Marine Monitoring (GBRMPA)

Monitoring of the receiving waters is currently eseen by GBRMPA for the Reef Plan Marine Monitoring
Program, conducted under ReefPlan (GBRMPA 200 MeSactivities of this program are located in orrnea
the Tully WQIP area. To evaluate changes in watetity against Tully WQIP implementation, it is
recommended that this program continues to motiiti ully River floodplume and inshore marine area
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(including concentrations of nutrients, sedime@isl-a, and pesticides), the health of inshore aaefs and
seagrass beds, as well as socio-economic indicéborst least the next four years.

To track uptake or problems with use of sustainpbdetices, from productivity and environmental
perspectives, the Tully WQIP recommends that atihgas report regularly on progress of management
actions, and build on recent benchmark reports (éngsay 2007a,b, McMahon 2007, Roebeling and
Webster 2007). An independent audit process sHmikktablished as a support to self-regulatioti of a
sectors. Moreover, each sector needs to ensure thaje enough area is covered to ensure thag\sdata
are statistically representative of their sectoopBsed mechanisms are to (i) target those landholgho
manage most of the land for each sector, andr{i)the Tully Sugar Mill's intake of sugarcane witfe
lodging of a survey by individual farmers. Suchaeg are critical for industries to report on wajeality
improvements prior to the end of ReefPlan (20X8)atget extension efforts, and will help to raise
profile of positive (industry) performance by commeating progress to communities and governments. A
case in point is the (previously undocumented) owpments in soil and nutrient management quantitied
this Tully WQIP.

Currentmodellingactivities include:
e catchment-scale and end-of-river load modelling (YR
» estimates of sediment and nutrient loads in ovek flaods (CSIRO)

CCl recently funded a three-month (June to Aug0872 project to conduct a review and gap analyfsis o
receiving-water water quality modelling in the GBRhe project will provide basic background on ig t
conceptual basis of models, (ii) model capabilitied limitations, (iii) the opportunities for lirg
catchment delivery of pollutants to ecological ames through modelling frameworks, and (iv) provida
gap analysis on model frameworks and knowledges Wiil include an analysis of how model capability
and linked modelling frameworks might be achieved technical sense (and institutionally), inclgdin
estimates of the scale of effort required to aaghigych capability and frameworks. The project will
recommend a strategy (or possibly alternativeesgias) that could be implemented for model develpm
and application for supporting the management ®GBR.

CCl has recently funded a 15-month project to preepaReef Plan reporting strategy and pilot repartl.
Reef Plan requires reporting to evaluate the éffesess of actions in halting and reversing thdide of
water quality to the GBR. This project is intendedssist the Queensland Government in ensuringtha
reporting strategy is developed and a 2006/200ttye report card is produced with existing dataMay
2008, to maximise the long term utility of reef esaguality reporting and report card developmehisT
project will develop and deliver a reporting stogpt@nd pilot report card. The prototype report cailtinot
be comprehensive for all catchments given the éichdurrent available catchment data. The FNQ region
(through Terrain NRM) will contribute to the devptoent of the reporting strategy and pilot reportica
The findings of this project will be included inetfrully WQIP in 2008/2009.

Adaptive management strategy

WQIPs need to prepare an adaptive managementgstifatethe life of the WQIP that ensures a regalad
predictable review of management practices andaloattions based on:

» additional information from monitoring including proved understanding of the effectiveness of
different management actions;

» improvements in predictive modelling capacity; and
» revised water quality objectives, load targetsrasirdnmental flow objectives and regimes.

CCl has recently agreed to fund a short projeddpsed September to December 2007), to develop a
protocol for developing adaptive management stiasefor WQIPs. The project will agree on a concaptu
framework for adaptive management, and work wighTally WQIP as a case study to develop and test a
protocol for adaptive management strategies. Th&@RVBcientific Advisory Panel will provide advice on
the science implications of this for the Tully WCdRd other Reef WQIPs. The adaptive management
strategy for the Tully WQIP will be developed thgbuthis process, which will be incorporated inte th
WQIP in 2008.
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6.3 Finalising the Tully WQIP

The WQIPs currently being prepared in the GBR nedsiave various tasks in common. Some of these tasks
have been coordinated into cross-regional projgcthe RWQP's Regional Implementation Group. The
following projects have not been finalised, howeteeir outcomes will be included in the Tully WQIP
2008/2009.

Socio-economic assessment of improving GBR water qu ality

Management actions need to include an evaluatidimeofvider social, economic and environmental ingpac
of such actions, and of any actions needed to addtech impacts. The socio-economic impact of impgp
water quality for the Tully WQIP area has been ssse by Bohneg( al. 2006, 2007) and Roebelirg al.
(2007a,b). Specifically, Roebelirgg al. (2007a, b) demonstrated that significant improveisien water
quality can be made through the adoption of managémpractices that provide a benefit to the inquasr
well as to the wider community. The informationrfrehese assessments has been used for stakeholder
consultation on deciding priorities for, and acedjlity of, proposed management practices and/otrob
actions.

CCl has also funded a six month project (April gp@mber 2007) to assehe social and economic
impacts (benefits and costs) of protecting the BMsues and uses) of GBR waterways by achievingmwat
quality targets/objectives established in Reef W& IWppendix 8). The Tully WQIP is a component study
for this project, and the findings of this projesti be included in the Tully WQIP in 2008/2009.

Margin of safety and reasonable assurance

All WQIPs need to demonstrate that a margin oftgdfas been applied to account for uncertainty in
estimating the total maximum pollutant loads. T$hsuld account for the accuracy limits of availablals
and information.

All WQIPs also need to prepare a reasonable asseistatement that substantiates with a high degree
confidence that (i) projected reductions in thedkaf pollutants to the receiving water body anéteyf
pollutants to priority estuaries and beaches, andtfainment of river flow regimes (expressedlas/
exceedence curves) for estuaries, will be achigwddWQIP implementation. The reasonable assurance
statement will substantiate with a moderate to kighree of confidence that the WQOs, total maximum
loads and environmental flow objectives are achitaand that the WQIP targets are appropriatavimg
and extent for achievement of those targets.

CCI has recently funded a one-year project (JuB720 June 2008) to prepare protocols for addrgssin
margin of safety and reasonable assurance in RE#P®/(Appendix 7). The project will prepare protisco
for the use of margin of safety concept in spenifyihe ecologically sustainable load, and the [siowiof
reasonable assurance statements for Reef WQIPgrdjeet will consider pollutant loads, specifigall
sediment and nutrient loads, but does not consider flow objectives. The FNQ region will be usaslone
of two case studies for the project, and the figdiaf this project will be included in the Tully Win
2008/2009.
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APPENDICES

APPENDIX 1. Cardwell Shire Floodplain Program

Table 1.1 Member and partner organisations of the Galwell Shire Floodplain Program Steering Committee,and its three
Action Teams (Production, Biodiversity, Socio-cultwal). Organisations and persons are presented in phabetical order.
Current Chairs and Facilitators are Bill Shannon ard Paul Devine (Steering Committee), Derrick Finlaysn and Peter Lucy
(Production Action Team), Paul Devine and Damon Syde(Biodiversity Action Team), and Keith Noble and K& Hensler
(Socio-Cultural Action Team). Current Program Manage and Officer are Frederieke Kroon and Damon Sydestespectively.

Steering Production Biodiversity Socio-cultural

Organisation Person Committee Action Team Action Team Action Team

Girringun Aboriginal Corporation Claude Berron X X
Clarence Kinjun X X
Leigh Pentecoast
AgForce Norm Kippin
Australian Banana Growers Council Mark Jackson
BSES Alan Hurney
Matt McMahon
Canegrowers Peter Lucy
Nick Stipis (p)
Cardwell Shire Council Paul Devine (RIT)
Jim Nicholson
Damon Sydes (Terrain NRM)
Chamber of Commerce Jean Vallianos
Conservation Volunteers Australia David Hudson X
CSIRO Iris Bohnet X
Frederieke Kroon (Terrain NRM) X X X X
Jim Wallace X
Tony Webster X
David Westcott X
Department of Primary Industries and Fisheries Alf Hogan X
Stewart Lindsay X X
Diana O'Donnell (p) X
Terry Reid (p) X
Neil Sing X
Jim Turnour (p) X X X
Adam West X
Department of Natural Resources and Water John Armour X
Steve Bertocchi X
David Green (Terrain NRM) (p) X
Environmental Protection Agency Niall Connolly X
Peter Morisson (p) X X
GBRMPA Donna Audas X
David Briggs X
Carol Honchin X
Karen Lawrence (p) X
Karen Vella (p) X
GrowCom Graham Cripps (p) X
Keith Noble X X
Joe Rhodes (p) X
George Russell X
Mark Warmington X
ITC Darryl Killin
JCU Jon Brodie
Brian Roberts
Local Marine Advisory Committee Bill Shannon
Private Forestry North Queensland Max Bell
David Skelton
Rewards Group Tony Sturre
Stanwell Corporation Kim Forde (p) X
Terrain Ltd Allan Dale X
Rowena Grace X
Kate Hensler X
Steve McDermott X
John Reghenzani X
Joann Schmider X
Jessica Stainley X
Rachel Wicks X
Tully Sugar Ltd Dick Camilleri (p) X X
Derrick Finlayson X X
Wildlife Preservation Society Queensland Ron Zamora (p) X

xX X X
x
x

X X X X

X X X X X X

X X X X X

X X X X X X X
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APPENDIX 2. The Framework for Marine and Estuarine  Water Quality
Protection

A Water Quality Improvement Plan will as a minimum:

a.

® O O O o O

o

h.

delineate the marine and estuarine waters to whielplan applies and the catchment which
contributes pollutants to those waters;

identify the environmental values of those marind astuarine waters;

set out the water quality issues, pollutants ofceom, and water quality objectives for those waters
and:

the estimated total maximum pollutant loads to eahiand maintain the water quality objectives,
and how this differs from the current estimateduysaht loads (assumptions used for the basis of
these estimates shall be detailed);

the estimated constituent point and diffuse soatoeations of the total maximum pollutant loads
(including from marine activities, e.g. aquaculjure

the estimated point source allocations to eacingied point source, and the allocations to non-point
sources of contaminants, including atmospheric siéipa or natural background sources;

the margin of safety used in establishing the toikimum pollutant load which accounts for
uncertainty, including that associated with estingapollutant loads, water quality monitoring,
ecosystem processes and modelling;

how decision support systems will be developedagppdied to appraise the likelihood of success of
the plan, and the degree and timeliness of rechgtiopollutant loads, including provision for
future growth which accounts for reasonably forabémincreases in pollutant loads (e.g. approved
industrial point sources, urban expansion); and

seasonal variation in pollutant load inputs, sunzt the water quality objectives will be met alaye
round.

set out the river flow objectives for those watéaying regard for ecological and geomorphic
processes relating to, but not limited to:

protecting natural low flows;

protecting important rises in water levels;

maintaining wetland and floodplain inundation;
maintaining natural flow variability; and

maintaining or rehabilitating estuarine processakslabitats.

estimate the time required to attain and maintaatewquality and river flow objectives, and the
basis to those estimates;

describe the control actions and/or managementuressvhich will be implemented to ensure:

discharges of pollutants to coastal waters arethessthe total maximum pollutant loads, for all
sources irrespective of category or land use agtiand

environmental flow provisions will achieve the idified river flow objectives.

set out a timeline, including interim targets aniteatones, for implementing the control actions
and/or management measures and attainment of guaéty and river flow objectives, including a
schedule for revising the regulatory and managereahgements, as appropriate;

identify accountabilities for implementing the \v@ars source control measures, as well as strategies
for the maintenance of effort over time;

identify strategies for adaptive environmental nggamaent, recognising the implications to
environmental monitoring programs of managemerugntions over time;
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n.
0.

set out the processes for monitoring and/or motgHind reporting on the effectiveness of the
control actions and/or management measures, anherhmllutant loads and environmental water
provisions are being met;

provide time lines and costs for plan implementagtio

identify opportunities for market based approadbhdmplement the plan;

. provide for the periodic review of water qualityjettives, total maximum pollutant loads, river

flow objectives and environmental water provisions;
set out the means for public involvement and pulgporting; and

identify the process and timing for revising tharpl

As an Appendix to the water quality improvemennplkhe plan will also contain:

a.

legal advice stating and describing the jurisditistatutory capacity to implement the plan and
commitments for legislative reform, as appropriate;

the programs and funding committed by the jurisdicto implementing the plan; and

a "reasonable assurance" i.e. a high degree oidemtle that projected reductions in the total
pollutant load and attainment of environmental watevisions will be achieved. The grounds to the
"reasonable assurance" should be substantiated.
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APPENDIX 3. Current status of pollutant sources

Diffuse sources of pollution

Diffuse sources of pollution are not regulated, nieg that they have not been assessed, and degquite

an environmental authority under thavironmental Protection Act 199%he main land uses considered as
diffuse sources of pollution in the Tully WQIP atiealude natural forests in protected areas, sagac
grazing, plantation forestry, banana and otherdwdttire, urban run-off and development sites, and
waterways including river and stream banks (Tall¢. Zor each land use, relevant legislations, Gdde
Practices, and current practices for sedimentjenitand pesticide management are summarised below.

The contribution of each land use to the totalreedit, nutrients and pesticides loads were estintzsdd
on monitoring and modelling information (Sectiod;3Table 3.2). A variety of modelling scenarios gveun
to examine the cost-effectiveness of changes ith lamnagement on reducing key pollutant loads from
critical sources (Section 4). Identified managenamtibns were subsequently prioritised using seven
specific criteria that were equally weighted (Satth)

Natural forests in protected areas

Natural forest is the largest land use in the FMiyrray basin (>70%, Table 2.1), and comprises ost
protected areas (Wet Tropics World Heritage Areatjdthal Park or State Forest), but also includésrie
lands. Management of protected areas is the rejilipf the Wet Tropics Management Authority and
the Environmental Protection Agency/Queensland$arnkl Wildlife Service (EPA/QPWS), and is
prescribed in legislation (and associated reguiajioThese include tHenvironmental Protection Act 1994
the Environmental Protection and Biodiversity ConseimatAct 1999theNature Conservation Act 1992
thelntegrated Planning Act 199and théNater Act 2000as well as various internal Management Plans,
Code of Practices and Manuals (EPA 2007a). Practareprotected area management in the Tully-Murray
catchment area are described in EPA (2007).

Similarly to the GBR, these protected areas progidenge of ecosystem uses and values to comnsuiattie
local, regional, national and international scaldss includes uses and values associated withtiaqua
ecosystems, indigenous and non-indigenous culgritage, and amenity (Section 2), as well as the
provision of a valuable tourism economy (Prideanct Balco-Mammone 2007) and the supply of clean
water to perennial streams. The latter is criicahaintaining water quality in tributaries anders,and
diluting pollutant input further downstream. Becausitural forests cover a large area in the TulI®
area, activities in these areas may impact on veatality in the Tully-Murray waterways and receiyin
waters.

Sugarcane

The sugarcane industry in Queensland has estathliisimde of Practice, entitlesistainable Cane

Growing in Queenslandin Cardwell Shire, 348 properties are rated pneidantly as sugarcane. The
following information on management practices iganeane in the Tully WQIP area is from Sing (2005),
Roebeling and Webster (2007) and McMahon (20078. mhbst recent survey of management practices, as
relevant to water quality, included 48 growers (1dBtotal) and covered 9,189 ha (~25% in Tully WQP
area) of the total production area in the Tully &msshnedy districts (McMahon 2007). Estimated adopti
rates reflect (the range of) industry and expeiniops on uptake by proportion of farmers (Roeleknd
Webster 2007).

The main soil conservation practices in sugarcaa@ieen cane trash blanketing (GCTB), reduced, @er
zonal tillage, grassed headlands, well designeidsiraediment traps and riparian plantings. GCTisied

on 93% of the response area, while 6% is burntrbedoafter harvest. In addition, moderate tilli&gyased

by 87% of the growers surveyed, while the estimategortion of growers practicing minimum/zeroadke

is less than 30%. An estimated 70-90% of the grewware grassed headlands which are managed by
slashing (48%), spraying (21%) or combinationseb&(31%). Estimated adoption rates of improvedndra
(shallow, spoon-shaped and well grassed) are bat@@&0%. Over 50% of growers surveyed use wetlands
(52%), silt traps (24%) or drop structures (18%in@nage water flows. All riparian zones in the syrarea

are vegetated with either trees and shrubs (85%dams (15%), which appears to be in contrast arith
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estimated 20-60% of farmers using a combinatioois, groins, netting and vegetation to reduce the
erosion of stream and river banks.

Effective nutrient management takes into accourgaairces of nutrients, including the soil, legueneps,
cane trash, carry over from previous cash cropls aadananas, mill mud, and synthetic sourcesasich
fertiliser. Estimated adoption of nitrogen managetmanges from 30% to 90%. Soil and leaf analysis a
conducted by 94% and 11% of the growers surveyspectively. Nearly all growers surveyed practice
fallow rotation, with more than half the fallow aré59%) planted to legumes (mainly soybean, cowguaa,
lablab). As far as fertiliser management is conegrmutrient management involves matching fertilise
application to crop requirements with regards targity, timing, placement and form. Seventy-eightgent
of the surveyed growers tailor fertiliser applioat to soil types and varieties. On average, NRand
fertilisers are applied at 115 kg/ha and 50 kgrespectively, during plant stage, and at 146 kgfith16
kg/ha, respectively, during ratoon stage. Thessrate below current BSES recommended applicadies,r
but may still be more than the plants need given $8% of the area uses legume fallow (Webster and
Brodie 2007). Almost all surveyed growers applyiliser to ratoon subsurface in a single appliaatioith
67% using split-stool application, and 33% applgithe the row. In addition, 67% of the responde®s (8
area surveyed) apply mill mud annually to bothdialreplant and ratoon.

The following herbicides are applied during plaatpon and fallow stage: glyphosate, paraquat2awdD
(knock-down herbicides), and atrazine, ametryni,affiuhexazinone, and pendimethalin (residual hierbi)
(see Calcino and Hurney 2007 for detailed infororatin application rates and areas). Chlorpyrifos wa
used by some growers to control cane grubs. Thirg/sugarcane farmers are currently Chemcert®
accredited (C. Summersell, pers. comm., Chemcearhifig Queensland, Sept 2007).

Grazing

The Queensland grazing industry has not develofgaada of Practice. In Cardwell Shire, 84 properdies
rated solely as grazing. The following informatimm management practices in grazing in the Tully WQI
area is from Turnour (2005) and Roebeling and Wel{007). Survey information on current management
practices in grazing in the Tully-Murray basin raevant to water quality, was not available attthee of
writing (S. Lindsay, DPI&F, pers. comm. 2007). Esited adoption rates reflect (the range of) ingustid
expert opinions on uptake by proportion of farm@&sebeling and Webster 2007).

The main soil conservation practices in grazingnaaitaining good ground cover, exclusion of cédtiben
water courses and river banks, and riparian managefor cattle and weeds. In the wet coastal gtazin
system, little if any risk exists of paddock eros@lue to extremely good ground cover. Stock adwessiter
courses and river banks appears to be limited, avitestimated 75% of graziers excluding cattle friver
and stream banks. An estimated 30% of graziers egsenbination of rocks, groins, netting and vegetato
reduce the erosion of stream and river banks.

Grazing in the wet tropics coastal area is baseidhproved pastures. Turnour (2005) suggests tttlat, lif

any, nitrogen fertiliser is applied to wet tropigsistures, based on discussions with AgForce an€l/OP

However, this is not supported by anecdotal eviddram the CSFP Steering Committee, and nutrient
management in the wet tropics’ grazing industryudthde further examined.

Grazing uses ponded pasture species, such as hginmengaragrass and aleman grass. All three aserire
in the Tully-Murray basin, with hymenachne origigahtroduced as ponded pasture into the areadnatie
1980s (DNRMW 2006). Hymenachne adversely impactaater quality and aquatic ecosystem health and
has now been declared a weed of national signiEdDNRMW 2006).

At the time of writing, no information was availaton the type, use and application rates of pdstdy
the grazing industry. Three graziers are curredtigmcert® accredited (C. Summersell, pers. comm.,
Chemcert Training Queensland, Sept 2007).

Plantation forestry

Plantation forestry in the Tully-Murray basin indks pine plantations managed by Forest Plantations
Queensland (formerly DPI Forestry), hardwood plaots managed by forestry companies (Great Southern
Ltd., ITC Forestry Ltd. and Rewards Group Forektd;), and smaller farm forestry plantations, gegr
established with the aid of Private Forestry N@treensland (PFNQ). In Cardwell Shire, five proesrare
rated as plantation forestry, but this is likelyomore as many plantation forestry propertidiscstitain,
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and are rated as sugarcane or bananas. The fojjamfisrmation on management practices in plantation
forestry in the Tully WQIP area, as relevant toevajuality, is from Bell (2005), Roebeling and Welns
(2007) and Lindsay (2007a), unless otherwise ndistimated adoption rates reflect (the range aijistry
and expert opinions on uptake by proportion of fansr(Roebeling and Webster 2007).

Management practices in plantation forestry areegly derived from two areas: (i) Forest Certifioa
Programs and (ii) Codes of Practice. The main forertification programs in use are the Australia
Forestry Standard (AFS), the Forest Stewardshim€b(FSC) and the Pan European Forest Certifinatio
Council (PEFC). The AFS is now a certified standamder the PEFC. Forest Plantations Queensland's
operations are now certified to AFS, while ITC'rgiions are certified under FSC. Moreover, 1SO0140
requires forestry companies to define and impleraesgecific set of responsibilities and processes f
dealing with environmental and related issues. Queensland Government has established Code of
Practices for native forest timber production asribe Queensland State forest estates (EPA 2002¥pa
native forest practice on freehold land (NRW 20®bit, not for native and non-native forest plantatio
production on freehold land.

Soil conservation practices in plantation forestiglude site cultivation outside wet season, minimu
tillage, maintaining ground cover, maintaining degje and drains, hard surfacing of roads and apari
management. Cultivation, land preparation and plgrgenerally takes place during the period May to
September, however, site preparation during these&ton was observed in 2007. Indeed, proposetinglan
times range from January to September. Accordinegdndustry, 75% of the growers restrict tillage
localised deep ripping of the plant row when pramafor planting, while 45% maintain grass intewrn
through regular slashing. An estimated 100% of gmvdevelop integrated drainage plans for plamtatio
forestry farms, with specifications for broad, $twaland vegetated drains. The major forestry congzan
anticipate that they will hard-surface roads tovpre erosion. Headlands are formed and stabiliggdsand
and gravel to prevent wash.

Fertiliser is applied around planting, followed diybsequent fertilisation as required in the next dwthree
years, with rates of approximately 50-100 kg NPW/ear (NPK = nitrogen, phosphorus and potassium
fertiliser; ratio unknown). Foliar analysis is ugeddetermine whether re-fertilisation is requicedvhether
nutrition appears to be a cause of poor performanttee early years. Estimated adoption of effectiv
nitrogen management is 75%.

Chemicals are used for weed control, with simaaimé glyphosate being the most generally used heedsic
in plantation forestry. Specific information on thee and application rates of these herbicidespatehtial
other pesticides, by plantation forestry was nailable. Zero growers are currently Chemcert® alited
(C. Summersell, pers. comm., Chemcert Training @siaed, Sept 2007).

Banana and other horticulture

The horticulture industry in Queensland has esthbti a Code of Practice of sustainable fruit amggtable
production in Queensland, entitlérmcare — Cultivating a Better Futdrén Tully WQIP area, banana
comprises the biggest component of horticulturarimation on banana and other horticulture is comd)
as other horticultural industries cover only a $raeda (Table 2.1) and management practices aitasiin
Cardwell Shire, 167 properties are rated for minee€, including bananas, lychees, etc. The following
information on management practices in bananagtily WQIP area is from Lindsay (2005, 2007c) and
Roebeling and Webster (2007). The most recent guivmanagement practices, as relevant to water
guality, covered 868 ha (~22%) of the banana priialu@rea in Tully (Lindsay 2007b). Estimated adtmpt
rates reflect (the range of) industry and expeitiops on uptake by proportion of farmers (Roelzekmd
Webster 2007).

The main soil conservation practices in bananagmend cover management, farm layout and design,
drainage design and maintenance, and river anahsto@ank management. Ground cover was actively
encouraged during the fallow period by growers (9f%rea), and crop eradication is restricted eNtay
to October period (45% of area). Moreover all grsasurveyed, time their land preparation for they Nga
October period, retain trash residue on the row,aard encourage and retain inter-row vegetatian-@if
is managed through farm lay-out and design, inalgididopting soil conservation structures on bloueikis
>5% slope (100% of area), installing silt traps¥@éf area), and stabilising and regularly maintaini
headlands and roads to prevent wash (100% of d&deaipage design and maintenance practices by all
growers surveyed include (i) primary drains thatlamoad, shallow and vegetated, (ii) maintaining
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vegetation cover on steep sided drains Novembkglareh period, (iii) regularly checking drains faoeion
and slumping, and (iv) timing maintenance for MayOctober period. Note that estimated uptake of
adoption of some soil conservation practices isi@antly lower, including fallow management (65%)
and inter-row management (50-60%) (Roebeling andafée 2007). An estimated 95% of growers use a
combination of rocks, groins, netting and vegetatamreduce the erosion of stream and river banks.

Nutrient management in bananas takes into accbargdil, trash and fertiliser. On average, nitroged
phosphorus fertilizer are applied at 262 kg/ha #né#lg/ha, respectively, during plant stage, arll&tkg/ha
and 71 kg/ha, respectively, during ratoon stageicey banana cropping cycles have one plant crdpugn
to six ratoon crops before a block is replantesiliteng in 15-20% of blocks in any one year beimghie
plant crop phase (Lindsay 2007b). Most produceessod and leaf analysis to guide nutrient managgme
Three different application methods are used ih Iptant and ratoon crop, including pre-plant, bozesd
and fertigation.

The banana industry uses the following pesticideseff, pest and disease management during pthn an
ratoon crop: bifenthrin, chlorpyrifos, diazinorprionil, and prothlofos (insecticides), cadusafesamiphos,
and oxamyl (nematicides), epoxiconazole, mancqgagipiconazole, pyraclostrobin, tebuconazole, and
trifloxystrobin (fungicides), and clofentezine aethbutatin-oxide (miticides). The following herhieis are
used during plant and ratoon crop, and managenidraalands and drains: diquat, glufosinate-amnmniu
glyphosate, paraquat, and pendimethalin (see Lin28@7b for detailed information on applicationesat

and areas). Diazinon has been detected in waterwalys region. Twenty-eight horticulture growere a
currently Chemcert® accredited (C. Summersell,.gmsim., Chemcert Training Queensland, Sept 2007).

The banana production system produces additionstlersireams which can affect water quality (see als
Brodieet al.2007a). Most growers (90-99%) dispose of vegetgtiacking shed waste by using it as fodder
or by placing it on fallow grounds and plant rows. estimated 50% to 75% of growers dispose of non-
vegetative waste (e.g. fertiliser bags, bunch covawlypropylene string, and chemical containerd, a
machinery products like batteries, tyres, filtdogl and oil) through registered contractors ovises. An
estimated 30% of growers treat water used in pgckiireds prior to release into natural waterways

Urban run-off and development sites

CSC refers to the Far North Queensland Regiona@sgtion of Councils (FNQROC) Regional
Development Manual (2004) for ‘comprehensive, dtrexrl and practical guidelines to promote consesten
in development standards’. These guidelines comtamstruction and development procedures, incluiing
design guidelines on road geometry, site regraditogmwater drainage and quality, water reticutgtio
sewerage system, utilities and landscaping, apdfécifications for earthworks, road pavementgmsntal
paving, stormwater drainage, water reticulatiomesage reticulation, concrete works and landscaping
(FNQROC 2004). Specific requirements for CSC aowided for some construction procedures and design
guidelines. Compliance rates with the FNQROC Regji@evelopment Manual (2004) are unknown at the
time of writing.

At the time of writing, no information was availaldn the type, use and application rates of feetii and
pesticides by the urban population.

Waterways, including river and stream banks

The statutory and policy obligations with regamishte Queensland aquatic environment were revidyed
Kroonet al. (2004). This review summarised relevant Queensfarts, Commonwealth Acts and
Agreements (in particular Agreements between ther@onwealth and Queensland governments), and
International Treaties joined by Australia.

At a national level, the NPPWE provides ‘policyatition on how the issue of water for the environtmen
should be dealt with in the context of general watlcation decisions’ (ANZECC 1996; Section 118).
Queensland, environmental flow requirements, atlona and monitoring are explicitly included in \Wat
Resource Plans under téater Act 2000Currently, the Barron River is the only Wet Tregptatchment
with a Water Resource Plan and associated Res@ueeration Plan (DNRM 2005).

TheWater Act 2000urther regulates water licences and permits. Agpuidy, irrigation licenses in the Tully-
Murray basin are currently neither capped nor gdugad many of the bores in the floodplain areagmsed
(Bohnetet al.2006, 2007). If this is indeed the case, theseladgd activities (and their environmental
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management) have not been assessed and may degtlynenpact on water quality and environmental
flows in the basin.

Under theWater Act 2000the Tully-Murray catchment is the only regulatadchment in Queensland with
declared embankments and drainage areas. In Fgl20@8, NRW reported to CSFP Steering Committee
that it had surveyed 35 levees and 400 plus urdeedrainage outlets, informed relevant land heltemw
outlets may be validated, approved four other lsyard had reduced the Byrne, Dore, Cavallaro lavee
licensed height. NRW suggested that some of th&svamrmpleted under the Sugar Industry Infrastrectur
Package (SIIP) may need some clarification reggrdaidation; however, requests to this effect haoe
been received by SIIP. NRW stated an interestékiag the views of major stakeholders to assessh&he
the present situation should continue or regulattoould be removed.

The ecological and physical condition of rivergeks and tributaries in the Tully-Murray basin are
described in the Tully State of the River repoohflson 1998). The condition of the catchment ahd su
catchments were assessed for bank stability; bedbanstability; channel diversity, habitat typesla
dimensions; riparian vegetation; aquatic vegetatgpatic habitat; scenic, recreation and consiervat
values; and overall condition. Johnson (1998) aadtexdl that condition ratings for the reach envineitkin
and between sub-catchments varied widely from penr to very good. Generally, overall condition of
reaches in the upper catchments was good, whiletleaches in the lower catchments was poor. kcowe
ratings were associated with sugarcane and grémguses.

Subsequent to Johnson (1998), additional and netedleld management plans have been developed for
Tully (Middle Reach), Jarra Creek, and Meunga C@ekEC 2001, 2002, 2003), and partially
implemented, by the Cardwell Shire River Improvetrienist (CS RIT) in association with CSC and prevat
landholders. As of February 2006, the CS RIT hadsaet register of $3M, and was developing detailed
management plans for Davidson Creek, Echo Creek/amchy River.

Management recommendations for natural habitatseimowlands, including wetlands, were provided by
Tait (1994) as part of the SIIP planning in thelfrahd Murray River catchments. These recommengdsitio
concerned status of habitats, conservation istuadstat protection, habitat rehabilitation and dagje

design. While significant acquisitions and protecthave been put in place since Tait's report (Ryl
Canegrowers, pers. comm. 2007), progress agairi& iecommendations has not been documented in an
accessible manner by SIIP.

More recently, 28 wetlands in the Tully Murray datent have been evaluated and prioritised for
restoration using a wetland decision support systiaveloped under the GBR Coastal Wetland Protectio
Program (D. Sydes, CSC, pers. comm. 2007). Follgwapid, on-ground assessment, individual wetlands
were prioritised for management action and devetoygrof investment areas, on the basis of theirthabi
values, assimilative capacity, ecosystem functignienure, as well as Traditional Owner and landkol
willingness to participate in restoration worksidlimformation has complemented and provided mocall
detail to the state-wide wetland mapping recentiyduicted by EPA.

Overall, since European settlement, the filteriolg of the floodplain has been substantially attedrie to
removal of wetlands and the installation of landinlage systems in the coastal floodplains. Relatddn of
waterways, including river and stream banks andiands, will improve water quality, restore uses and
values that have been lost over time (Bolatet. 2007b), as well as enhance the resilience ofdlastal
floodplain ecosystem. Uncontrolled drainage anddevanks results in inequitable off-site impacts
(Drummond 1993), including impacts on water qudlitgatchment and receiving waters.

Point sources of pollution

Large point sources of pollution are generally tatgd activities, meaning that they have been asses
deemed to have met environmental management coasiae and conditioned accordingly. Licensed
environmentally relevant activities (ERAS) in thelly WQIP area include the Tully Sugar Mill, thellyu
Sewage Treatment Plant, sewage treatment plargsats, aquaculture facilities, extractive indiestand
urban industries (Roberts 2007). ERAs are regulateltr theEnvironmental Protection Regulatid®98
which is legally binding and subordinate to #evironmental Protection Adi994 both are administered by
the EPA. Other point sources of pollution considdrere include ship-sourced sewage and residential
(unlicensed) septic tanks.
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For each regulated point source of pollution, seditnnutrients and pesticides loads have been astihif
monitoring and permit information was availabledtoso. The proportional contribution of each psimtirce
to the total sediment, nutrient and pesticide Icaesconsidered where possible (Section 3.4), atehpal
management measures and control actions are dest(Section 5).

The following information is from Roberts (2007)dEBEPA, unless otherwise noted.

Tully Sugar Mill

Sugar mills need to hold an environmental authdatywastewater treatment and disposal. The Tulige®
Mill is licensed to discharge into Banyan Creekaximum of 62,000 fhper day during the crushing
season, which generally lasts 24 weeks. The fdluresft ponds are emptied once a year and have no
discharge limit; but have an approximate maximumuahvolume of 156,000 HfL. Cripps, Tully Sugar
Mill, pers. comm. July 2007). The license furthpedifies that discharges must (i) be within certarits
for TSS, pH, dissolved oxygen (DO), biological ogpgdemand (BOD) and oil and grease, and, (ii) not
produce visible floating oil, scum or other objectble matter, nor contain any organisms or other
contaminants in concentrations capable of causingwful’ harm.

The effluent is analysed by the mill, including $kgarameters as required by the license, as svell a
conductivity, carbohydrates, and temperature. é¢n2005 crushing season, analyses of effluent waiaity
indicated that the mill complied with all licensenclitions except for two pH readings (above liraity ten
BOD (5 day incubation) readings (four above andogibow permitted DO range). In addition, condudtivi
showed a rise of approximately 30 unitsyB/cm) above ambient, while carbohydrate was alveayswv
detectable levels. Oil and grease concentrations hat exceeded licence limits since 1999. Fron0260
2005, mean temperature in effluent ranged fromo387€C and maximum temperatures from 39 to 43°C
(42°C in 2005), with recordings between 1 anfClabove ambient (+10°C in November 2005). Ovetlad,
results demonstrate that the mill meets most dicésise requirements and continually improves its
discharge water quality.

The nutrient content of most mill effluent is catesied not significant and the impact on water quatbuld

be considered negligible (E. Gustavsen, EPA, peram. in Roberts 2007). However, this was dispbted
Pearson and Penridge (1992), and outbreaks of (gefuagus’ (an excessive greyish filamentous grpwth
have been consistently observed in creeks beloarsuill outlets during crushing season, including t

Tully Sugar Mill (N. Connolly, EPA, pers. comm. ZD0Moreover, Mitchelkt al. (2007) report elevated
levels of nutrients immediately downstream from Tdly Sugar Mill and STP, compared to further
upstream in Banyan Creek. The mill is currentlyolred in a study with Bundaberg Sugar and Queedslan
University of Technology on the formation and imisaaf sewage fungus in Banyan Creek (J. King, Géner
Manager TSM, pers. comm. 2007).

The Tully Sugar Mill contributes an estimated maoamof 150 tonnes of TSS to the sediment loads into
Banyan Creek per year. This is based on (i) achaaimum TSS in mill discharge over five years (1g m
TSS/L) and permitted volumetric discharge durirggtaveek crushing season (10.4 milliof) nand (ii)
permitted maximum TSS in effluent discharge (30T&%/L) and approximate maximum annual discharge
from the four effluent ponds (156,000)nThis contribution by the mill is most likely aver-estimate, as
the actual maximum discharge TSS concentratiomdraged between 6 and 14 mg TSS/L over five years
(11 mg TSS/L in 2005), while ambient TSS concemnatanged from 5 and 26 mg TSS/L.

Tully Sewage Treatment Plant

STPs need to hold a valid environmental authoatysewage treatment (ERA 1&5RA 15 includes one
special and seven standard sewage treatment watdgories; the seven standard categories are ffurthe
divided up into categories relating to capacityréat sewage for ranges of 'equivalent persomes'liely
demand placed on the licensed system).

The Tully STP, completed in 2005 and fully comnoas®d in mid-2006, treats sewage effluent from Tully
and Mission Beach. The maximum allowable daily kigsge for the Tully STP during dry weather is 1,200
m® per day. During high intensity rainfall events Si€P is permitted to discharge three to five tihgs
weather flow. In May 2007, the STP discharged 1;80er day into Banyan Creek. The license further
specifies that discharges must be within certanitéi for TSS, total nitrogen (TN), ammonia, total
phosphorus (TP), pH, DO, faecal coliform and BOBeEffluent is analysed weekly by Cairns Water Javhi
in the future water samples will be taken at they@a Creek bridge and 100 metres above and belw th
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STP. In May 2007, the STP was meeting all licersalitions for liquid effluent (B. Barrat, CSC, pers
comm. 2007).

Sewage is treated by a tertiary process and theesffis sterilized with ultra-violet light beanfter
flocculation with polymer, the solids are dewatet@@ moisture content of 12-26%. This biowaste is
currently stockpiled on level land nearby, withiewto future use as fertiliser and soil amelioramtturf
farms, golf courses and parks. Current regulatiomsolids application to soils requires EPA appltresed
on guidelines (NSW EPA 1997). While CSC commissibageport on the suitability of the solids for
disposal options (GHD 2005, in Roberts 2007), mords are available to indicate whether or not
requirements of receiving soils (NWQMS 2004, NSWAEIR97) are being met. In May 2007, all solids
were being removed by a local landholder for apgion to cattle pastures (B. Barrat, CSC, pers.nagm

The Tully STP contributes an estimated maximum.8ftannes of TSS (2 mg TSS/L x 0.7 millio)n5.9
tonnes of TN (9 mg TN/L x 0.7 million ¥ and 0.4 tonnes of TP (0.55 mg TP/L x 0.7 milliaf) to the
overall sediment and nutrient loads into Banyare€ger year (based on actual TSS, TN and TP itetlea
effluent, and actual daily volumetric discharge)eTpotential contribution of solids disposal ondao
overall pollutant loads is unknown and will notfoether considered.

Resorts, caravan parks and holiday villages

Licensed septic systems are utilised by (remotgjsbaccommodation facilities, such as resortsa\van
parks, and holiday villages. Permit holders areiireg to hold a valid environmental authority femsge
treatment (ERA 15). ERA 15 licenses specify condsiof treated effluent release to land, and dahoiy
direct or indirect release of contaminants to {ied and banks of) any waters, unless specificaltynfited.
Nine sewage treatment permits and development agisrare currently approved in the Tully WQIP area,
including three in marine receiving waters (Dunkl &tinchinbrook Islands). Eight permits are activeee
are category ERA 15a (21 to <100 eps; eps = eqnvalersons) and five are ERA 15b (100 to <150). eps
None of these facilities have any marine outfall.

Provided that licensed septic systems are opersited,and maintained properly, including regular
monitoring and recording of groundwater, they arikely to impact on water quality. Their contrilmri to
overall pollutant loads will not be further congiele.

Aquaculture facilities

Aquaculture facilities need to hold a valid envimemtal authority for aquaculture activities (ERAERA 1
(Aquaculture) relates to ‘cultivating or holding rime, estuarine or freshwater organisms (other than
molluscs) in ponds or tanks or in enclosures irevsafmpoundmends ERA 1 (Aquaculture) includes five
categories related to (i) the total area of theaomgiments, and (ii) whether wastes are releasedtiers.

Five authorised aquaculture operations are opedticear Cardwell in Cardwell Shire, including ta20

ha (ERA 1e), one 10-20 ha (ERA 1d), and one <SLb§ hile the fifth operates seacages. The faut la
operations are licensed to release into water; auedldischarge of the three large operations iss@mum

of 56.4 million n? per year. Discharge volume for the smaller openatand proportion of prawn farm ponds
that utilise recirculation technology, were unknoatrihe time of writing. Licenses specify limitg f6SS,

TN, TP, chlorophyll-a (Chl a), pH and DO in releagater. In addition, the release must not produnge a
slick or other visible evidence of oil or greaser oontain visible floating oil, grease, scumglitor other
objectionable matter. The use of antibiotics israppd under permit by EPA, while pesticides areussd

in these operations (C. Robertson, DPI&F, pers.mog007).

The three aquaculture operations contribute amat#id maximum of 3,770 tonnes of TSS, 82 tonn&@3g\of
and 12 tonnes of TP to the loads into receivingevgaper year. This is based on permitted maxin¥eSd,
TN and TP in aquaculture discharges, observed annlimetric discharge at one farm (2.8 milliori;m
McKinnon et al. 2002), and permitted volumetric discharge at W dther farms (18.1 million H This
contribution by the aquaculture operations is niikety an over-estimate, as the actual maximumtldisge
TSS concentration has ranged between 6 and 14 f84-Twer five years (11 mg TSS/L in 2005), while
ambient TSS concentration ranged from 5 and 26 8fg/[I.
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Extractive industries (including dredging and quarries)

Operators are required to hold a valid environmexdthority for carrying out dredging activities in
freshwater (ERA 19), for higher levels of quarry{iitRA 20), and for screening, washing, crushing,
grinding, milling, sizing or separating materiatraxted from the earth or by dredging (ERA 22).tAHee
ERAs include three categories specifying the liedrsmount of material per year. In tidal reacheas (e
below the Euramo bridge), operators are also requo hold valid Allocations issued by EPA undex th
Coastal Protection and Management Act 198kocations and development approvals complereech
other.

Eleven extraction licenses are active in the TWIQIP area; six ERA 19 licenses, four ERA 20 licenged
one ERA 22 licence. Under ti@oastal Protection and Management Act 198i§ht valid development
approvals, and seven valid allocations (total gB@8 ni/year) exist.

Applicants are advised by EPA to seek input fromi@on their proposed sand extraction (Adam West,
DPI&F, pers. comm. 2007). While DPI&F is not reeuarto provide this input, DPI&F has a statutory
responsibility to protect declared fish habitatd ararine plants under thiésheries Act 1994By requesting
input, EPA wants to ensure that the proposed #&gtildes not adversely affect fish habitats and meari
plants. For example, the Tully River contains aalecl fish habitat downstream of several extractites.

At the time of writing, permit information for exction in the Tully WQIP area under tWéater Act 2000
was not available. However, there are at leastveofgerators extracting from the freshwater reacti¢se
Tully River.

CSC has issued seven current extraction licensé=geinold land (CSC Local Law No. 23); however sthe
are located away from major streams.

Extraction operations in or adjacent to streams caagribute to sediment loads due to channel ané ba
disturbance, as well as to nutrient loads in avatishigh concentrations of nitrogen and phosphorus
Nutrient and sediment loads from extractive indastrhowever, are difficult to estimate as voluncetr
discharge information is generally not availablke Tontributions of these industries to overallygaht
loads are not further considered.

Other Environmentally Relevant Activities

Eight additional ERASs, as well as those alreadgidiesd, are located within the Tully WQIP area. 3de
include crude oil storing (ERA 11, 2x), motor vdaiavorkshop (ERA 28), marina or seaplane mooring
(ERA 73), general waste disposal (ERA 75) and threspecified ERAs. The contributions of these
industries to sediment, nutrient and pesticide dam@ not further considered.

Boat discharges

The discharge of vessel sewage is regulated bixubgalian Maritime Safety Authority, the GBR Magin
Park Authority and Maritime Safety Queensland. Ehegyulations provide a range of sewage management
options for vessel owners and operators to helptaiai the environmental, health and aesthetic gatdie
Queensland and GBR Marine Park waters.

Within the Tully WQIP area no vessel sewage diggbsi(whether treated or untreated) are permittéarwi
a boat harbour, a canal, a marina (e.g. Port Hitcbok Marina), and a Marine National Park B,
Preservation or Scientific Research zones (e.gchiirook Channel). Moreover, all Class 1 Commércia
vessels must have a sewage holding tank fitteditidddlly, untreated vessel sewage cannot be digelda
within one nautical mile (1852 metres) of an aqltaice fisheries resource. For a vessel with 16 oram
passengers, no discharge of vessel sewage is ftmithin one nautical mile of a reef, the low aratnark
of an island or the mainland.

Discharge of vessel sewage can result in increlasets of nutrient and pathogen loadings, partitylia
poorly flushed areas such as embayments and lagoocalised effects on coral reefs include reduced
species diversity, lower coral cover and suppresseal recruitment. Vessel sewage is, howevemig a
minor contributor to the overall nutrient load ietGBR region relative to the run-off derived framal and
urban sources (L. Gray, GBRMPA, pers. comm. 200d)as an appropriately regulated activity is not
further considered.
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Unsewered residential areas

An unknown number of unlicensed septic systemsitilised by rural residential and agricultural
households. These systems may contribute nutréentpathogens to ground and surface water, patigul
if they are not sited and maintained properly. Gitlee small rural population in the Tully WQIP ardsese
contributions are likely to be low but could beHiiglocalised. For example, before Mission Beaclks wa
connected to the Tully STP, the composition of isgdpnk effluent was estimated at 50-60 mg N/L 464
15 mg P/L in the sandy coastal strip (Sinclair Knilylerz 2000). A survey of groundwater nitrate
concentrations in investigation wells in the Tullrray area showed that levels were within national
drinking water guidelines (Thorbust al. 2003).

In general, the rate and spatial extent of nutliesathing depends largely on solil texture, trenpd, squifer
configuration and rainfall. CSC has encouragedamgé to aerated systems which treat sewage todagon
treatment level. These installations require aisersontract that ensures regular maintenance and
inspections of treatment effectiveness.

As no data is available on the number of septikgamthe area, the contributions of septic taoksdlutant
loads are not further considered.
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APPENDIX 4. Draft EVs and WQOs

Table 4.1. Water quality guidelines for each potential environnental value, based on State and National water qugf guidelines, for (a) nutrients and sediment, andb) pesticides. TAN =
Total ammonia N, NO,N = nitrite, NO3N = nitrate, NO,N = oxides of nitrogen, FRP = filterable reactive posphorus, Chl-a = chlorophyll-a, TSS = total suspeled sediments; guidelines for
particulate nitrogen and phosphorus are not availate. * See EPA (2006), Appendix B, for definitionsfavater types.! = EPA (2006)2 = GBRMPA (2007),2 = ANZECC (2000),* = NHMRC
(2004),° = NHMRC (2006),° = ANZFSC (2007), na = not applicable, nd = no (dnsufficient) data, ndr = no detectable residue.

a.

Water quality guidelines for each potential environ mental value

Indicator
Micro-
Environmental Values Nutrients algal Water Clarity
Water Type* growth
Inorganic N . . .
NON NON NON Organic N Total N FRP Total P Chl-a Turbidity Secchi TSS
TAN 2 3 X
ug/l NTU m mg/L
High Conservation Freshwater Assess existing conditions in individual rivers or reaches. WQ objectives are set based on no change from existing values: i.e. no change in median and no
Value Systems change in outlying upper and lower percentiles.
Upland freshwater 61 nd? 17° 30* 1251 150* 51 10° 06" 6! na’ nd*
Lowland 1 1 3 1 1 1 1 1 1 1 1 1
freshwater 10 nd 17 30 200 240 4 10 15 15 na nd
Lakes 10! nd* 173 10" 330" 350" 5t 10" 3! 2-200" nd* nd*
Slightly to Wetlands 10! nd* 173 10! 330-1180 ' | 350-1200*| 5-25° 10-50* 101! 2-200* na' nd*
Aquatic i MOderately H 1 1 1 1 1 1 1 1 1 1 1 1
Ecosystems | Disturbed systems|  wid-estuary 15 nd nd 30 200 250 5 20 3 10 1 nd
Enclosed coastal / 1 1 1 1 1 1 1 1 1 1 1 1
lower stuary 15 nd nd 10 135 160 5 20 2 10 1 nd
Open coastal 21! nd* nd* 2! 1351 140* 3! 201! 05° 1!t nd? nd*
Marine offshore 1-6° nd ® nd® 143 nd® 1003 25°% 10° 0.3? nd ® nd ® nd ®
Highlv Disturbed Assess existing WQ at the highly disturbed test site. Initial objective is to ensure no deterioration from this. Long-term objective is to attain the slightly to
9 Sy stems All moderately disturbed objective value. Intermediate objectives can be set based on (a) 95%ile of reference values from a slightly disturbed reference site or (b)
Y on references values from another site that is highly disturbed but that is nevertheless in measurably better condition than the test site
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Water quality guidelines for each potential environ mental value
Indicator
Micro-
Environmental Values Nutrients algal Water Clarity
Water Type* growth
Inorganic N ) . )
TAN NON NON NON Organic N | Total N FRP Total P Chl-a Turbidity Secchi TSS
2 3! X
ua/l NTU m mg/L
Irrigation nd nd nd nd nd 5,000 % nd 50° nd nd nd nd
Farm Use nd nd nd nd nd nd nd nd nd nd nd nd
Stock Water nd 400,000° | 30,0003 nd nd nd nd nd nd nd nd nd
Upland & Lowland 1,000-
Primary P freshwater 1,000 * <100" 100.000 nd* nd* nd* 100° nd* nd ! 801 nd* 40°
Industries . 1,000-
Mid-estuary 1,000 * <1,000* 100.000 nd* nd?! nd* 1003 nd* nd* nd* nd* 753
Aquaculture .
Enclosed coastal / 1 i 1,000- i 1 i 3 i i 1 i 3
lower estuary 1,000 <1,000 100.000 nd nd nd 100 nd nd nd nd 75
1,000-
Open coastal 1,000 * <1,000* 100.000 nd?! nd?! nd?! 50 3 nd?! nd?! nd?! nd?! 10°
Human
Consumption na na na na na na na na na na na na
Primary recreation 103 3,000 ° 50,000 ° nd*® nd® nd*® nd® nd® nd ® nd*® >1.6° nd*®
Recreation & Secondar
Aesthetics Recreatioz nd ® nd® nd ® nd® nd ® nd® nd ® nd® nd ° nd® nd ° nd®
Visual na na na na na na na na nd® < 20% < 20% nd®
Appreciation change ® | change?®
Drinking Water | Raw water supply nd* 3,000 * 50,000 * nd* nd* nd* nd* nd* nd* 5% nd* <500 *
Industrial Uses Industrial uses nd nd nd nd nd nd nd nd nd nd nd nd
Cult.u_ral & qutural and nd nd nd nd nd nd nd nd nd nd nd nd
Spiritual spiritual values
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Water quality guidelines for each potential environ mental value
Indicator
Environmental Values
Water Type* Diuron Atrazine Chlor- Endo- Ametryn | Simazine Hexa- 2,4-D Tebu- MEMC Diazinon
pyrifos sulfan zinone thiuron
ug/l
High Conservation P ! -
All WQ objectives are set based on no detection of pesticides.
Value Systems
Upland freshwater|  0.2°° 133 0.013 0.033 nd? 3.2° 753 2802 223 nd? 0.01°3
Lowland 3 3 3 3 3 3 3 3 3 3 3
freshwater 0.2 13 0.01 0.03 nd 3.2 75 280 2.2 nd 0.01
Lakes 02° 133 0.013 0.033 nd* 32° 75°% 280 ° 228 nd* 0.01°
Slightly to Wetlands 0.2°3 133 0.01° 0.03° nd?® 328 753 280° 22° nd 3 0.01°
Aquatic i MOderately H 3 3 3 3 3 3 3 3 3 3 3
Ecosystems  |DiSturbed systems| - Mid-estuary nd nd nd nd nd nd nd nd nd nd nd
Enclosed coastal / 3 3 3 3 3 3 3 3 3 3 3
lower estuary nd nd nd nd nd nd nd nd nd nd nd
Open coastal 102 6.6°2 0.02° 0.005 2 022 1172 0.92 52.6° 1752 0.002 0.06
Marine offshore 1.0° 6.6° 0.022 0.005 2 022 11°2 0.9°? 52,62 1752 0.002 2 0.062

Highly Disturbed
Systems

All

Assess existing WQ at the highly disturbed test site. Initial objective is to ensure no deterioration from this. Long-term objective is to attain the
slightly to moderately disturbed objective value. Intermediate objectives can be set based on (a) 95%i
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Water quality guidelines for each potential environ mental value
Indicator
Environmental Values
Water Type* Diuron Atrazine Chlor- Endo- Ametryn | Simazine Hexa- 2,4-D Tebu- MEMC Diazinon
pyrifos sulfan zinone thiuron
ug/l
Irrigation 28 nd nd nd nd nd nd nd nd nd nd
Farm Use nd nd nd nd nd nd nd nd nd nd nd
Stock Water 30° 01* 10° 0.05* 5° 05* 24 01* nd * nd * 1t
Upland & Lowland 3 3 3 3 3 3 3 3 3 3 3
Primary freshwater 1.5 nd 0.001 0.003 nd 10.0 nd 0.004 nd nd 0.002
Industries .
Mid-estuary 15°% nd* nd* nd nd 10.0° nd 0.004® nd? nd? 0.002 3
Aquaculture *
Enclosed coastal /
lower estuary 15°% nd* nd* nd nd 10.0° nd 0.004 3 nd? nd? 0.002 3
Open coastal 153 nd 3 nd 3 0.001 3 nd 3 10.0° nd 3 0.004 3 nd 3 nd 3 0.002 3
Human
Consumption ndr ndr ndr ndr ndr ndr ndr ndr ndr ndr ndr
Primary recreation 30° 40° 10° 30° 50 ° 20° 300° 30° nd® nd® 3°
Recreation & Secondary 5 5 5 5 5 5 5 5 5 5 5
Aesthetics Recreation nd nd nd nd nd nd nd nd nd nd nd
Visual
L na na na na na na na na na na na
Appreciation
Drinking Water | Raw water supply 30* 0.1* 104 0.05* 54 05* 2% 01* nd* nd* 14
Industrial Uses Industrial uses nd nd nd nd nd nd nd nd nd nd nd
Cult.u.ral & letural and nd nd nd nd nd nd nd nd nd nd nd
Spiritual spiritual values
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Table 4.2. Summary of draft environmental values ag draft water quality objectives for each water type in catchments and coastal waters of the Tully W area, for (a) nutrients and
sediment, and (b) pesticides. TAN = Total ammonia NNO,N = nitrite, NO3N = nitrate, NO,N = oxides of nitrogen, FRP = filterable reactive posphorus, Chl-a = chlorophyll-a, TSS = total
suspended sediments. * See EPA (2006), Appendixf&, definitions of water types.! = EPA (2006)2 = GBRMPA (2007),% = ANZECC (2000),* = NHMRC (2004),% = NHMRC (2006),° =
ANZFSC (2007); empty cells = no (or insufficient) dta available to set draft WQOs (see Table 2).

a.

Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Nutrients

Micro-
algal
Growth

Water Clarity

Inorganic N

Total N FRP Total P

TAN

NO,N NO5N

Organic N
NON

Chl-a

Turbidity

Secchi TSS

g/l

NTU

m mg/L

Hull River and coastal tributarie

S

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

Existing water quality

Freshwater in developed areas

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values

10

17

30 200 240 4 10

15

15

Natural wetlands

Aquatic ecosystems
Visual appreciation
Cultural and spiritual values

10

17

10 330-1180 | 350-1200 5-25 10-50

10

2-200

Upstream limit of tidal influence|
to mouth of estuary

Aquatic ecosystems
Aquaculture

Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values
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Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Nutrients

Micro-
algal
Growth

Water Clarity

Inorganic N

TAN NO,N

NO,N

NO,N

Organic N

Total N

FRP

Total P

Chl-a

Turbidity

Secchi

TSS

ug/l

NTU

m

mg/L

Tully River

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

Existing water quality

Freshwaters in developed
areas

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water
Industrial use
Cultural and spiritual values

10

17

30

200

240

10

15

Koombooloomba Dam

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Industrial use

Cultural and spiritual values

10

10

330

350

10

3.0

Natural and constructed
wetlands

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Primary recreation
Secondary recreation
Visual appreciation

Cultural and spiritual values

10

17

10

330-1180

350-1200

5-25

10-50

10

2-200

Upstream limit of tidal influence

to mouth of estuary

Aquatic ecosystems
Aquaculture

Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values

15

30

200

250

20

3.0

10
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Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Nutrients

Micro-
algal
Growth

Water Clarity

Inorganic N

Total N FRP Total P

TAN

NO;N

NO;3N

Organic N
NOLN

Chl-a

Turbidity

Secchi

TSS

ug/l

NTU

m

mg/L

Murray River

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

Existing water quality

Freshwaters in developed
areas

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

10

17

30 200 240 4 10

15

Natural and constructed
wetlands

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Primary recreation
Secondary recreation
Visual appreciation

Cultural and spiritual values

10

17

10 330-1180 | 350-1200 5-25 10-50

10

2-200

Upstream limit of tidal influence|
to mouth of estuary

Aquatic ecosystems
Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values
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Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Nutrients

Micro-
algal
Growth

Water Clarity

Inorganic N

Total N FRP Total P

TAN

NO,N

NO5N

Organic N
NON

Chl-a

Turbidity

Secchi

TSS

g/l

NTU

m

mg/L

Dallachy Creek

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

Existing water quality

Freshwaters in developed
areas

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

10

17

30 200 240 4 10

15

Natural wetlands

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values

10

17

10 330-1180 | 350-1200 5-25 10-50

10

2-200

Upstream limit of tidal influence|

to mouth of estuary

Aquatic ecosystems
Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values
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Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Nutrients

Micro-
algal
Growth

Water Clarity

Inorganic N

Total N FRP Total P

TAN

NO;N

NO;3N

Organic N
NON

Chl-a

Turbidity

Secchi

TSS

ug/l

NTU

m

mg/L

Kennedy & Meunga Creeks

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

Existing water quality

Freshwaters in developed
areas

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

10

17

30 200 240 4 10

15

Natural wetlands

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Secondary recreation
Visual appreciation

Cultural and spiritual values

10

17

10 330-1180 | 350-1200 5-25 10-50

10

2-200

Upstream limit of tidal influence|

to mouth of estuary

Aquatic ecosystems
Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values
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Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Nutrients

Micro-
algal
Growth

Water Clarity

Inorganic N

TAN

NO,N

NO5N

Organic N Total N FRP Total P

NO,N

Chl-a

Turbidity

Secchi

TSS

g/l

NTU

m

mg/L

Coastal creeks to Hinchinbrook

Channel

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

Existing water quality

Freshwaters in developed
areas

Aquatic ecosystems

Farm supply

Stock water

Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

10

17

30 200 240 4 10

15

Natural wetlands

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Secondary recreation
Visual appreciation

Cultural and spiritual values

10

17

10 330-1180 | 350-1200 5-25 10-50

10

2-200

Upstream limit of tidal influence

to mouth of estuary

Aquatic ecosystems
Aquaculture

Human consumption
Primary recreation
Secondary recreation
Visual appreciation

Cultural and spiritual values

10

30 200 250 5 20

3.0

10
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Draft water quality objectives

Indicator
Micro-
Nutrients algal Water Clarity
Segment of water body Draft EV * Growth
Inorganic N . . .
Organic N | Total N FRP Total P Chl-a Turbidity Secchi TSS
TAN NO,N NO;N NON
Mg/l NTU m mg/L
Inshore marine
Aquatic ecosystems
Aquaculture
Mouth of estuary to marine Human consumption
ry Primary recreation 15 10 135 160 5 20 2.0 10 1.0
waters .
Secondary recreation
Visual appreciation
Cultural and spiritual values
Aquatic ecosystems
Human consumption
. < ) h
All marine waters < 15km off  |Primary recreatlon. 2 910 2 135 140 3 20 05 1
the coast Secondary recreation
Visual appreciation
Cultural and spiritual values
Offshore marine
Aquatic ecosystems
Human consumption
All marine waters >15km off Primary recreatlon. 1-6 1-4 100 25 10 03
the coast Secondary recreation
Visual appreciation
Cultural and spiritual values
Draft Tully Water Quality Improvement Plan 97




Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Diuron

Atrazine

Chlor-
pyrofos

Endo-

Simazine
sulfan

Ametryn

Hexa-
zinone

2,4-D

Tebu-
thiuron

MEMC

Diazinon

ug/l

Hull River and coastal tributaries

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

No detection of pesticides.

Freshwater in developed areas

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values

0.2

0.1

0.03 5 0.5

2.0

0.1

2.2

nd

0.01

Natural wetlands

Aguatic ecosystems
Visual appreciation
Cultural and spiritual values

0.2

13

0.03 nd 3.2

75.0

280

2.2

nd

0.01

Aquatic ecosystems
Aquaculture

Upstream limit of tidal influence|Human consumption

to mouth of estuary

Secondary recreation
Visual appreciation
Cultural and spiritual values
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Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Diuron

Atrazine

Chlor-
pyrofos

Endo-
sulfan

Ametryn

Hexa-

Simazine .
zinone

2,4-D

Tebu-
thiuron

MEMC

Diazinon

ug/l

Tully River

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

No detection of pesticides.

Freshwaters in developed
areas

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water
Industrial use
Cultural and spiritual values

0.2

0.1

0.03

0.1

2.2

nd

0.01

Koombooloomba Dam

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Industrial use

Cultural and spiritual values

0.2

0.1

0.03

0.1

2.2

nd

0.01

Natural and constructed
wetlands

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Primary recreation
Secondary recreation
Visual appreciation

Cultural and spiritual values

0.2

0.1

0.03

0.1

2.2

nd

0.01

Upstream limit of tidal influence

to mouth of estuary

Aquatic ecosystems
Aquaculture

Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values
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Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Diuron

Atrazine

Chlor-
pyrofos

Endo- Ametryn | Simazine Hexa- 2,4-D
sulfan zinone

Tebu-
thiuron

MEMC

Diazinon

ug/l

Murray River

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

No detection of pesticides.

Freshwaters in developed
areas

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

0.2

0.1

0.03 5 0.5 2.0 0.1

2.2

nd

0.01

Natural and constructed
wetlands

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Primary recreation
Secondary recreation
Visual appreciation

Cultural and spiritual values

0.2

0.1

0.03 5 0.5 2.0 0.1

2.2

nd

0.01

Upstream limit of tidal influence

to mouth of estuary

Aquatic ecosystems
Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values

Draft Tully Water Quality Improvement Plan

100




Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Diuron

Atrazine

Chlor-
pyrofos

Endo- Ametryn | Simazine Hexa- 2,4-D
sulfan zinone

Tebu-
thiuron

MEMC

Diazinon

ug/l

Dallachy Creek

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

No detection of pesticides.

Freshwaters in developed
areas

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

0.2

0.1

0.03 5 0.5 2.0 0.1

2.2

nd

0.01

Natural wetlands

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values

0.2

0.1

0.03 5 0.5 2.0 0.1

2.2

nd

0.01

Upstream limit of tidal influence

to mouth of estuary

Aquatic ecosystems
Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values
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Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Diuron

Atrazine

Chlor-
pyrofos

Endo-
sulfan

Ametryn

Simazine

Hexa-
zinone

2,4-D

Tebu-
thiuron

MEMC

Diazinon

ug/l

Kennedy & Meunga Creeks

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

No detection of pesticides.

Freshwaters in developed
areas

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Human consumption
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

0.2

0.1

0.03

0.5

2.0

0.1

2.2

nd

0.01

Natural wetlands

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Secondary recreation
Visual appreciation

Cultural and spiritual values

0.2

0.1

0.03

0.5

2.0

0.1

2.2

nd

0.01

Upstream limit of tidal influence

to mouth of estuary

Aquatic ecosystems
Human consumption
Secondary recreation
Visual appreciation

Cultural and spiritual values
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Segment of water body

Draft EV *

Draft water quality objectives

Indicator

Diuron

Atrazine

Chlor-
pyrofos

Endo-
sulfan

Ametryn

Simazine

Hexa-
zinone

2,4-D

Tebu-
thiuron

MEMC

Diazinon

ug/l

Coastal creeks to Hinchinbrook

Channel

Freshwater in natural areas

Aquatic ecosystems
Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

No detection of pesticides.

Freshwaters in developed
areas

Aquatic ecosystems

Farm supply

Stock water

Human consumption
Primary recreation
Secondary recreation
Visual appreciation
Drinking water

Cultural and spiritual values

0.2

0.1

0.03

0.5

2.0

0.1

2.2

nd

0.01

Natural wetlands

Aquatic ecosystems
Irrigation

Farm supply

Stock water

Secondary recreation
Visual appreciation

Cultural and spiritual values

0.2

0.1

0.03

0.5

2.0

0.1

2.2

nd

0.01

Upstream limit of tidal influence

to mouth of estuary

Aquatic ecosystems
Aquaculture

Human consumption
Primary recreation
Secondary recreation
Visual appreciation

Cultural and spiritual values
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Draft water quality objectives

Indicator
Segment of water body Draft EV * - R - R
Diuron Atrazine Chior Endo Ametryn | Simazine Hexa 2,4-D Tebu MEMC Diazinon
pyrofos sulfan zinone thiuron
ug/l
Inshore marine
Aquatic ecosystems
Aquaculture
Mouth of estuary to marine quan consum_ptlon
Primary recreation
waters .
Secondary recreation
Visual appreciation
Cultural and spiritual values
Aquatic ecosystems
Human consumption
. < . .
All marine waters < 15km off | Primary recreation 1.0 6.6 0.02 0.005 0.2 11 0.9 52.6 175 0.002 0.06
the coast Secondary recreation
Visual appreciation
Cultural and spiritual values
Offshore marine
Aquatic ecosystems
Human consumption
All marine waters >15km off Primary recreatlon_ 10 6.6 0.02 0.005 0.2 1 0.9 52.6 175 0.002 0.06
the coast Secondary recreation
Visual appreciation
Cultural and spiritual values
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APPENDIX 5. Measures and actions for pollutant sour ces

Diffuse sources of pollution

The diffuse sources contribute the largest amaiortise total annual sediment and nutrient loads) wiost
agricultural industries contributing a dispropontdly large amount per unit area (Section 3.4addition to
increased areas @drtiliser-additive land usehe nitrogen load to receiving waters has mastyli
increased due to removal of wetlands and the Iasitai of land drainage systems in the coastaljb@ins.
The widespread detection of herbicides, includiogoentrations above water quality guidelines faradie
ecosystems, drinking water and stock water, conabivith documented community concern about
pesticides use, indicates that all users also teredmediately address herbicide management.

Natural forests in protected areas

Potential sources of increasgeldimen{and associatenutrientg run-off in natural forest areas are roads
(including old logging roads), walking trails, caimg areas and pigs. While current load contribigioould
be considered ‘natural’; agencies need to repodusrent uptake of management practices agairestast
Acts and Regulations to demonstrate that sedimehnatrient contributions from protected areas are
minimised. Increased loads from protected areasmoayreach receiving waters, particularly duringiov
bank flows, due to clearance and drainage of thstabfloodplain (see 'Waterways’).

Management of feral pigs in protected areas igticparly sensitive issue in the catchment, int fp@cause
feral pigs are perceived as contributing to watelity problems (Bohnedt al.2007). It is recommended
that the contribution of pigs to sediment and muirioads is quantified to ensure cost-effectigtritiution
of resources to water quality improvement.

Importantly, since protected areas are the latgastuse in the Tully-Murray basin, it is critidal agencies
responsible for its management to become activimguarin the CSFP, to ensure successful implementat
of the Tully WQIP.

Sugarcane

The ‘Six Easy Steps’ process is recommended teleeded immediately to all Tully-Murray growersyrf
improved N management, resulting in improved ctigtiencies for farmers and a 23% reduction in DIN
delivery to end-of-river. This process will complem delivery of the draft program for NMZs in theetw
Tropics (DPI&F 2007).

Concurrently, the development of the ‘N replacermeoncept is being supported and tested for Tully
conditions. Progress needs to be closely monitoved a number of seasons, to validate the modelled
reduction in DIN delivery to end-of-river (45%) aadsociated cost efficiencies. Once validated, an
implementation program of N replacement is supjgorte

Other N management programs, such as ‘N fixaticold provide benefits to growers and receivingenst
but need to be validated and assessed, requigngisant investment. Modelled reduction in DIN ideky
to end-of river (66%) is promising.

To determine the optimum N management strateggudgarcane growers and receiving waters, interaction
between all available N management practices shmuildvestigated and extended. This needs to iaclud
cost-benefit analyses of legume fallow, and milldnaumnd split-nitrogen applications.

To improve retention of herbicides on-site and oedioerbicides levels in off-site waterways, BSE® wi
extend revised and recommended herbicide applitatiategies to sugarcane growers in September, 2007
and has employed a weeds agronomist to reviseHiieebicide Manual (Calcino and Hurney 2007).
Herbicide reduction strategies need to focus avoratrops, as these occupy ~70% of the cane prioduct
area and are mostly sprayed during the wet se&adnifo and Hurney, 2007). Chemcert® accreditation
and application guidelines need to be improveefiect local (rather than generic) environmental
conditions (including timing, rainfall, etc.) (Rotsionet al. 2007), and be adopted by all sugarcane farmers.
The use of hooded sprayers can significantly retheckicide application, but its current uptake el
potential effect on yield costs are unknown, anednte be determined.
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Complete uptake of zero tillage is the most cofetifive manner to reduce sediment delivery, bothet
plot and catchment-scale (Roebeling 2007a,b). Dnagnovement can significantly reduce sedimentdess
to receiving waters (Davis 2006), however, it ingidered costly while potentially leading to a @éase in
sugarcane production (Roebeling and Webster 2B{f)ce, investment needs to focus on (i) drain
improvement in sediment hot-spot areas, and @@aech into drain design and effects on yields (ielxeg
and Webster 2007).

A proposed mechanism for the sugarcane sectoptwtrezgularly on management practices uptake and
adoption, is to link the mill's intake of sugarcavith the lodging of a survey by individual farmefhe
Tully Sugar Mill, as well as other FNQ mills, couttlis play a critical role in collating management
practices information on behalf of their constitiseras well as progressively ensuring that farradogpt
sustainable practices.

Grazing

The Queensland grazing industry and DPI&F needtelarate the development and implementation of
‘Wet Grazing' Grazing Land Management for the Weatpics.

Information on management practice uptake in gepzias not available at the time of writing, anddwet®
be reported upon by DPI&F. This benchmark need®tosed to prioritise nutrient, sediment and pielgtic
management strategies in grazing.

Residual sources of increassetlimen{and associategutrientg run-off in grazing areas are (i) non-optimal
stocking rates, (ii) stream bank erosion assochattdcattle access, and (iii) low adoption ratés o
management practices associated with river andratetabilisation. Matching stocking rates to pastur
carrying capacity is expected to increase prodnaiano extra cost while decreasing sediment rfiraofi
should be included as a component of the Wet TsoBi@zing Land Management. River and stream bank
management, and associated establishment of eHirator hard surface watering points, requires
considerable investment without a direct finanélirn to the grazier, unless species that carabehted
are planted. In order to reduce recurring fencivgtsin flood-prone grazing areas, virtual fencing
technology (e.g. laser, GPS) needs to be examined.

Currentpesticideuse and application rates in the grazing industeyunknown, and need to be determined
for inclusion in the pesticide risk assessmentst{@e 3.4). Further, all graziers need to becomer@tert®
(or equivalent) accredited.

Plantation forestry

In light of the recent and future expansion of ion forestry in the Tully-Murray basin, and a&sd-NQ,
the relevant agencies need to urgently developrapiément a Code of Practice for native and noivaat
forest plantation production on freehold land.

It is recommended that NRW and EPA consider thenii@l impacts on water quantity and quality of
conversion of sugarcane and grazing areas intgtfgrplantations. The current FNQ 2025 planningcpss,
including the establishment of critical land useegaries for the region, may ensure that futurengka in
land use will happen in light of 'land fit for puge'.

Potential sources of increassellimen{and associateautrientg run-off in forestry plantations are (i) site
preparation and cultivation during the wet seaggrhare inter-rows and (iii) riparian managemesite
preparation and cultivation during the wet seaseeds to be avoided, as it significantly increakeschance
of sediment run-off. Inter-row management incurgaing, regular maintenance costs while yield begefi
are not expected, but could be negated with agitizing once seedlings are well established. Rimdr
stream bank management require considerable ineestmithout a direct financial return, unless spsci
that can be harvested are planted. Nutrient managgeim plantation forestry could potentially be ioyed
by including soil analysis.

CSIRO needs to improve the crop growth model useg@lantation forestry (LUCTOR) to enable more
realistic assessment of cost-effectiveness of nenagt practices, and associated changes in wadbtyqu

Currentpesticideuse and application rates in plantation foresteyret well documented, except that both
simazine and glyphosate are used. Pesticides dsapatication rates need to be determined for sictuin
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the pesticide risk assessments (Section 3.4). &l foresters need to become Chemcert® or atpriv
accredited.

Bananas and other horticulture

Both monitoring and modelling results demonstratg turrent N and P application can be substaytiall
reduced (Armour and Danniells 2001, Armetiial. 2007), and are being extended to the banana imydust
Efforts should be geared towards the expansiommwént nutrient management programs in horticulioie

a process that establishes soil-specific recomntimdfor nutrient application in banana (e.g. Growc
FMS). CCI has recently funded a 14 month projedly(2007 to August 2008) to develop a decision supp
tool for nutrient management in tropical horticuétuincluding banana production in the Tully and
Johnstone. Moreover, greater on-farm capacity fiseatly being built through a CCl-funded 15 month
project (February 2007 to May 2008) to trial anteed Growcom Farm Management System (FMS) in the
Wet Tropics (including Tully). To determine the iopam nutrient management strategy for banana grewer
and receiving waters, interactions between alllalle nutrient management practices should be
investigated and extended, including cost-benefilyses of fertigation systems, soil and leaf asialfor N
and P, inclusion of organic waste and soil moistnamagement (Roebeling and Webster 2007).

The banana industry has been identified as a magrofpesticidessome of which may possess high risk

to the aquatic environment (Section 3.4; Geiual. 2007). These include all insecticides (chlorpysjfo
prothiofos, diazinon, fipronil, and bifenthrin), tmematicides (fenamiphos, cadusafos), and ondcioab
(paraquat). This ranking for banana pesticides sig@tle used to prioritise management strategas th
minimize off-site impacts of these pesticides, amduide water quality monitoring programs. Both th
economic and biophysical impacts of new pesticidaagement strategies are recommended to be assessed
Further, all banana growers and other horticulistsheed to become Chemcert® accredited.

Residualsedimensources in banana appear to be present in @wWatanagement and (ii) inter-row
management. Growing a break crop between croppiclgis expected to provide benefits for water
quality, yields and gross margin (Roebeling and S#&b2007). Complete uptake of zonal tillage caluce
sediment delivery, however, current uptake andceffen yield and gross margin are unknown and teeed
be determined.

CSIRO needs to improve the crop growth model useg@lantation forestry (LUCTOR) to enable more
realistic assessment of cost-effectiveness of nenagt practices, and associated changes in waabtyqu
Alternatively, CSIRO need to adjust the sugarcawduyction model (APSIM) for bananas.

Complete uptake for disposal of inorganic wasteugh registered contractors or services, and teyatof
waste water is recommended. The presence of (higilyle) litter in the catchment (e.g. Brodieal.

2007a) may negate other improvements in bananatindpractices as far as community perception is
concerned. The development and use of biodegrabableh covers and strings would at least minimise
potential impacts downstream. There is communityceon about the (lack of inspection on) quality of
waste water being released into the river (Bolkheal. 2006), and the low uptake of waste water treatment
is recommended that EPA investigate the qualityadte water from banana packing sheds and consider
including its release as a licensed Environmen®#ievant Activity under thEnvironmental Protection
Regulation1998if appropriate.

Urban run-off and development sites

Compliance rates with the FNQROC Regional Develagriwanual (2004) are unknown and it is
recommended that they be determined. A partnetsdtipeen CSC and EPA will strengthen local capacity
and improve timely and strategic response to uagwile urban land and water management practices
(Robinsoret al.2007). Such a partnership need to drive a fulissient adoption of water sensitive urban
design practices, with certainty this will happerathigh standard, with the policy and regulatoayrfework
in place to ensure desired outcomes. A State Rigrifolicy is currently being developed under the
Integrated Planning Act 199%ith guidelines for local government urban storrtevglanning and
development assessment, as well as provisionsast@ldvianagement Plans under @aastal Protection
and Management Act 199B. Curley, EPA, pers. comm. 2007). The main watedity issue addressed is
urban stormwater quality management for new urleareldpment.

The projected population growth in the area angdatential impact on water quality (Roebelietgal.
2007b) emphasises the urgency and importance gtiadof water sensitive urban design practices for
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residential land uses in Cardwell Shire. Alterngliyy population growth and associated residential
development may be constrained at levels that niagibvenefits from both terrestrial and marine based
economies (Roebelingt al.2007¢).

Waterways, including river and stream banks

Currently available data on water quality and aigifabds needs to be compared with draft WQOsris!,
estuarine and marine waters. These data can incturdpliance monitoring data for licensed point sear
(EPA), catchment and end-of-river monitoring d&N&\{V), and end-or-river and marine monitoring data
(GBRMPA). As it is unlikely that all 28 reaches Wik covered by existing data, it is recommendedi ah
monitoring program be established to assess watditgiand aquatic foods in the remaining reaches b
EPA.

Management of waterways, including river bankstaetion and drainage, is a political issue in thiéyF
Murray basin. Engineering solutions to reduce benolsion have included the complete rock armouring o
the Tully River, which is extremely expensive ahdit effectiveness in improving overall water gtyahas
not been demonstrated (Lait 2007). Bank erosioth ga@sociatedediment and nutrietbsses, can be
reduced by large-scale riparian rehabilitation (Aumet al. 2007a; Rassam and Pagendam 2007). While
such works will also require significant investngnmplementation will enhance protection of idéedi
environmental values such as aquatic ecosystedigeimous and non-indigenous cultural heritage, and
amenity. Alternative (non-engineering) solutionse¢duce bank erosion along large waterways may toeed
be explored, including progressively buying outtiees of neighbouring farmland for complete
rehabilitation of waterways, or establishing aérbank’ where neighbouring landholders deposit and
exchange land gained and lost during floods.

It is recommended that\Water Resources PlaitVRP) for the Wet Tropics, developed under\tihgter Act
200Q will be developed for the Tully-Murray area by WRThis proposed WRP will determine
environmental flows within the Tully-Murray systeamd should set the foundation for decision making
relation to water extraction within the system. sTisi particularly important in light of recentlygmosed
schemes and established taskforces, such as tHidBiascheme and the Northern Australian Land and
Water Taskforce. The development of a WRP will nimedocument and report on location, size and entak
of current water extraction operations, to dematetthat irrigation licenses and bores are sudibina
strong alignment of this planning process with Ty WQIP will ensure sustainable management d@hbo
water quality and water quantity in the Tully-Muwyrasin.

Drainage is not coordinated on a catchment-widkesdaspite a key recommendation in Drummond (1993)
for the CS RIT to develop and oversee the impleatant of a coordinated Drainage Control Plan.
Uncontrolled drainage and levee banks will resulhequitable off-site impacts (Drummond 1993),
including impacts on water quality in catchment agckiving waters. To manage drainage, and asedciat
water quality issues, at a catchment scale, ittic&l that the key recommendation by Drummond is
followed up on by NRW together with CS RIT. Spezafiy, the institutional arrangements of drainage a
the current regulated status of the catchment dimeiclarified and reviewed. A Drainage Review Plan
needs to include spatially explicit, catchment-wild¢éa on the approximately 1,100 km of construdiaihs
present in the area.

It is recommended that drainage management aathedcale needs to be targeted towards erosiospbtd
in the catchment by DPI&F. No duty of care is pthoa farmers on existing drains, unless they actaded
drains and embankment areas. Appropriate markehasentives may need to be developed by CSIRO,
and targeted towards erosion hot spot areas by BPI&

Substantial research effort will need to be dir@¢tavards evaluating the filtering role of coastal
floodplains, including the filter function of rigan zones and wetland areas, and the role of djaina
systems in increasing runoff rates and amount$), avitiew to re-establish at least some of thisriilty
function. This could include the establishmentaf lying areas as water retention basins duringdo A
current CSIRO study is examining the filtering ftian of Kyambul lagoon. Results from a monitoring
study to assess the effectiveness of silt trapscanstructed wetlands in sediment capture in Rep@reek
sub-catchment are not available at the time ofingit

Five wetlands have so far been identified for itvesnt from the GBR Coastal Wetland Protection Paogr
based on an evaluation and prioritisation for megion using a wetland decision support systenSales,
CSC, pers. comm. 2007). These are Kyambul, Pdtiersk coastal wetlands, Bunta lagoons, Glenbora
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wetlands and Domouros swamp. It is recommendedhbkatrotection of remaining wetland areas, incigdi
swamps and lagoons, be considered.

Research and management of pests (e.g. pigs) aubWe.g. hymenachne, paragrass and pond apple)
should focus on quantifying and minimising potentigpacts on water quality, to ensure cost-effextiv
management of water quality problems. Current vimtknderway by CSC to assess the effectiveness of
riparian restoration in reducing hymenachne infesta in the Upper Murray, and by Boar Busters to
manage pig numbers in Mission Beach and surrourafieas.

Point sources of pollution

Point sources of pollution are regulated activitie#sis means they have been assessed, deemecetakayv
environmental management considerations and condii accordingly. Monitoring information was not
obtained for most licensed point sources. Thisrhade it difficult to determine, as accurately assilae, (i)
the proportional contribution of point sourceshe total annual sediment, nutrient and pesticidddpas
well as (ii) whether current water quality meets thiaft WQOs and National and State water quality
guidelines for fresh and estuarine waters. Baseti@ourrently available information, point sources
contribute a small proportiorc7.5%) to the total annual sediment, nutrient arstipiele loads. While
contributions of point sources are small compaoeitidse by diffuse sources, these contributiondileety

to be highly localised and in some cases seasibmatecommended that EPA works with point source
industries to compare their monitoring informatagrainst the draft WQOs and State and National water
quality guidelines.

To strengthen local capacity and improve timely sindtegic response to unsustainable urban land and
water management practices, CSC has proposedneysdnip between EPA and CSC (Robinsbal. 2007).
These practices include environmental complianspaesibilities for sewage management, trade waste
management, urban storm water quality managemeaitwater conservation activities, as described unde
the Environmental Protection Act 199%0 implement such a partnership CSC proposescade, and jointly
resource with EPA, an environmental complianceceffin Cardwell Shire. It is recommended that sach
partnership is extended to include all point sosiioghe area, including Tully Sugar Mill, aquacud and
extractive industries.

Tully Sugar Mill

The Mill's license does not specify limits for etmutrient or pesticide concentrations in disghar
However, given the apparent role of the Mill's dimge in promoting outbreaks of ‘sewage fungus’ (N.
Connolly, EPA, pers. comm. 2007), nutrient conciuns in the discharge need to be assessed and
compared against draft WQOs and Qld Water Qualitid€lines for fresh and estuarine waters (EPA 2006)
Furthermore, to distinguish nutrient inputs frora Fully Sugar Mill and the STP, respectively, it is
recommended that a nutrient monitoring progransiatdished in Banyan Creek. The Mill is currently
involved in a study with Bundaberg Sugar and QuieedsUniversity of Technology on the formation and
impacts of ‘sewage fungus’ in Banyan Creek (J. KiBgneral Manager TSM, pers. comm. 2007). Further,
the detection of various herbicides in Banyan Ci@&elithfull et al. 2007) warrants an examination of the
mill's discharge for these pollutants.

The TSS concentrations in the Tully Sugar Mill'sahiarges have been consistently within permit
conditions. Consequently, no management practieereaommended for this pollutant for the Mill,desi
from ensuring that permit conditions continue tanoet.

The Tully Sugar Mill does have an issue meetin@(@ conditions (Roberts 2007). Extensive
modifications initiated by the Mill have not yetheed the BOD problem, and EPA may need to work with
the Tully Sugar Mill to identify a new approach.

Tully Sewage Treatment Plant

The Tully STP currently meets all license condisigB. Barrat, CSC, pers. comm. 2007), consequemdly,
management practices are recommended for thesagpa$ for the STP, aside from ensuring that permit
conditions continue to be met.

Various herbicides were detected in Banyan Creekndtveam from the STP (Faithfet al. 2007),
however, it is highly unlikely that the STP woulave contributed to those. Analyses of organochdorin
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pesticides in solids were inconclusive (GHD 2005R0oberts 2007), and it is recommended that CSC re-
examines concentrations of these pesticides indfitrent and solids.

The STP produces significant amounts of solids {3 day) that need to be disposed of consistently an
sustainably. Due to the detected presence of ootporine pesticides, the solids are classifiedeatricted
use (i.e. not for domestic or residential use)nAgecords on use of solids appear to exist, CRIERA
need to ensure that solid disposal guidelinesining conditions and requirements of receivingsaoil
agriculture, land rehabilitation and plantationefstry (see GHD 2005, in Roberts 2007), are being me

Resorts, caravan parks and holiday villages

To ensure draft WQOs and other water quality guidsl (EPA 2006, Honchiet al. 2007) are being met,
EPA and industry need to check and report on mongaoecords. In case of non-compliance, approgriat
management practices and control actions need potie place.

Aquaculture facilities

To ensure draft WQOs and other water quality guids| (EPA 2006, Honchiet al. 2007) are being met,
EPA and industry need to check and report on mongaecords. In case of non-compliance, approgriat
management practices and control actions need potie place. DPI&F can work with industry to a$sn
technology change (e.g. further uptake of reciteuhatechnology) and environmental compliance urider
Fisheries Act 1994

EPA and industry need to examine and report onauaad/or monitoring information for other potential
pollutants of concern, such as antibiotics.

Extractive industries (including dredging and quarries)

To ensure draft WQOs and other water quality guidsl (EPA 2006, Honchiet al. 2007) are being met,
EPA, NRW and industry need to check and report onitaring records. In case of non-compliance,
appropriate management practices and control actiead to be put in place.

To determine a sustainable rate of extractionHerTully River, EPA needs to commission a fluviaidy to
examine the relationship between sand availablextaction within the river system, potential éoosof

the adjacent bed or banks, longshore transportbaach nourishment. Based on recommendations by the
former Beach Protection Authority that no furthermits be issued unless operators could provide
information or data in the form of such a fluvitidy, the EPA has advised operators to provide thvém
such data. EPA has also started to explore coshghaitiatives to undertake such a study amongst
stakeholders, including operators, EPA, NRW, an@ dsis recommended that the undertaking of aifluv
study may be progressed via the CS RIT.

More effective and efficient arrangements for pepplications, as well as for ensuring compliamesd
to be explored for sand extraction by licensingnages (EPA, NRW), council and operators. It is
recommended that the lead agency keeps a spatdlade on the number, size and state of operdtion o
extractive industries, with a shared agreemengfitciency gains across jurisdictions. This woulsoa
facilitate input from DPI&F and other organisatiqesg. RIT) on potential (downstream) impacts of
extractive operations.

Other Environmentally Relevant Activities

To ensure draft WQOs and other water quality ginésl (EPA 2006, Honchiet al. 2007) are being met,
EPA and industry need to check and report on mongaecords. In case of non-compliance, approgriat
management practices and control actions need potie place.

Boat discharges

Vessel discharges are addressed under existintatiegis. In January 2010, existing regulationsviessel
sewage discharge will be further strengthened eyrtblusion of the following:

e 7to 15 passengers - nil discharge of untreatedgewithin 1 nautical mile of a reef, the low water
mark of an island or the mainland; and

» 16 or more passengers - no discharge to open waters
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Emphasis on communicating these changes to botimeocial and recreational vessel owners should be a
priority for the responsible Government agenciesstfalian Maritime Safety Authority, the GBRMPA and
Maritime Safety Queensland). Compliance auditingusthalso be undertaken to ensure that the chdaces
localised impacts associated with the discharges$el sewage are minimised.

Unsewered residential areas

To prevent or mitigate pollution problems in areas connected to the Tully STP, particularly insse
where bores are used to access drinking waterciitical that owners ensure regular maintenande a
inspections of septic systems. It is recommendatd@ISC keeps a spatial database on the numbegrsize
state of operation of residential septic systemd,raumber of bores used to access drinking wager g0
5.3.3.2, Drinking water).

Additional water quality issues and threats identif ied by the community

Developed under thReef Water Quality Protection Plgiihe State of Queensland & Commonwealth of
Australia 2003), the Tully WQIP is primarily conoed with reducing sediment, nutrient and pestitdes

in the water entering the GBR. Additional pollusand issues of concern were identified during canity
interviews and workshops (Section 2; Boheketl. 2006, 2007; see also Brodieal. 2007a). Management
practices and control actions for some of these h@en described above (e.g. sewage treatmeniaadss
feral pigs, waste from banana production systemgrudevelopment, maintaining healthy mangroves and
wetlands, and condition of riparian zone). Managarpeactices and control actions for the remaining
pollutants and issues of concern are briefly surisedrhere.

Additional pollutants of concern

Acid sulfate soils

The State Planning Policy 2/0Rlanning and managing development involving acitasei soils is part of
thelntegrated Planning Act 199and applies to the Cardwell local government.aréa policy has effect
when (i) certain development applications are agskgii) planning schemes are made or amendedjignd
land is designated for community infrastructures linclear whether this includes agriculture depeient.

Acid sulfate soils are present in the Tully WQIRa(Smith and Ahern 1998); however, their complete
extent is unknown. It is recommended that detailed sulfate soils mapping in the Tully WQIP argea i
conducted, as extremely reactive soils have bemmtly identified in previously unknown acid su#fegoils
areas (O'Donnell, DPI&F, pers. comm. 2007). CCliegently funded a two-year project (July 2007 tayM
2009) to map acid sulfate soils, and to establiahagement strategies for avoiding their disturbamce
mitigating disturbed acid sulfate soils, in Far thoQueensland. The results will be incorporated the
Tully WQIP in 2009/2010. Moreover, it is recommeddbat spatially explicit, catchment-wide data be t
approximately 1100 km of constructed drains is anemwith detailed acid sulfate soils mapping,deritify
and remediate deep drainage issues.

Heavy metals, hydrocarbon substances, and bacteria and pathogens

The following information is fromThe Framework for Marine and Estuarine Water Qualfrotection
(DEW), unless otherwise noted.

Heavy metalscan enter marine and estuarine ecosystems thtbagtischarge of industrial waste, treated
sewage, stormwater run-off, mining operations aheérodiffuse sources (such as from vehicles). Thetm
common heavy metal pollutants are arsenic, cadmehinomium, copper, nickel, lead, and mercury. i th
Tully WQIP area, cadmium and mercury could alseduerced from fertiliser and fungicide use (Broelie
al. 2007a). Mud crabsSgylla serratq collected in the Tully River mouth in 2005 and80wvere found to
have detectable levels of various metals and noédal(Negriet al. 2007).

Oil and hydrocarbon pollution of coastal waterways is largely linkedndustrial and stormwater
discharges. Many of the compounds in crude oil@hdr petroleum products have been known to smother
organisms, lower fertility and cause disease iratigwrganisms. In the Tully WQIP area, oil and
hydrocarbons could also be sourced from cane aedtfbres (Brodieet al. 2007a).
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Pathogenssuch as faecal coliforms and enterococci can éméemarine environment through the
downstream flow from discharge of sewage via rougtfalls and from stormwater system overflows to
rivers and streams. These pathogens pose thrdatsi@n health through gastro-enteritis, hepatités@her
diseases. Unacceptable faecal discharges to ceastls may arise from aging sewage and stormwater
infrastructure, combined system overflows aftenggains or inadequate wastewater treatment. I thiky
WQIP area, pathogens could also be sourced fromcadjure operations (Brodat al. 2007a). Note that
many point sources of pollution (Appendix 4) aneatly required to comply with permit conditionsexeint
to these pollutants.

In the Tully WQIP area, most of these pollutantgehan unknown occurrence or impact, while oil spilie
chiefly point or scattered sources (Brodteal. 2007a). It is not recommended that a monitoriraggm be
established to determine the potential occurreftieese pollutants in the area, to ensure coste
distribution of resources to water quality improwh

Additional issues of concern

Drinking water

The local community uses surface waters as drinkiaigr (Bohneet al. 2006), while an unknown number
may access groundwater via bores for drinking water

Terrain NRM has informed EPA of the detection afdigide levels above water quality guidelines for
drinking water (Section 3.4). It is recommended thmproved pesticide management practices are
implemented immediately by all industries (Sec®)nand that the number of bores and/or pumps tsed
access ground or surface water for drinking waterspatially documented by EPA and CSC. If drinking
water is accessed from waterways with herbicidelfeabove water quality guidelines (Section 319, t
EPA, sugarcane industry and CSC need to arrandedting this drinking water for herbicide concatitins
immediately.

Nitrate has also been detected in Tully-Murray gawater, with approximately 30% of all investigatio
wells surveyed between June and December 1997icmgaitrogen from an industrial source, most ljke
inorganic fertiliser (Thorburet al. 2003). Nitrate concentrations in most of thesdsweere low, with none
of the wells having nitrate concentrations abowekiing water guidelines.

Limited or no access to waterways

Increased access to and use of country is aspireg Traditional Owners and Indigenous peoples
throughout the Wet Tropics region (FNQ NRM and Raiest CRC 2004, Wet Tropics Aboriginal Plan
Project Team 2005). In the community interviews amdkshops (Section 2), Traditional Owners and
Indigenous peoples indicated that access to thaingmg cultural heritage sites, including areasontgnt
for traditional indigenous uses of land, estuasied sea, should be provided (Bohekeal. 2006, 2007).
Access to places of cultural and spiritual siguifice (e.g. story places) has been lost due totpriva
landholdership. This means that these areas artotosultural/spiritual practices, unless accesthbse
areas is permitted for those purposes by privagdaners. Sometimes this appears to be borne @utasid
holder’s ignorance of Traditional Owners and Indiggs peoples living in the area, and the signifieathey
place on access and use of country. In such cadesation and awareness raising may help in gaining
access. It is recommended that long-term and aoedimvolvement of Girramay, Jirrbal and Gulnay
Traditional Owners and their respective clan grotip®ugh the Girringun Aboriginal Corporation,tire
CSFP Steering Committee is strongly supported. Wiicontribute to increasing awareness and
understanding of the Tully-Murray basin as a caltand spiritual landscape for the Traditional Oxgremd
Indigenous peoples.

Groundwater quality

Industry knowledge suggests that ground water érétttan surface water) is a major carrier of paliis to
the receiving waterd\itrate has been detected in Tully-Murray grouncsatith gpproximately 30% of
all investigation wells surveyed containing nitradeom an industrial source, most likely inorgafadiliser
(Thorburnet al. 2003). To ensure effective management of watelitgui is recommended that the role of
groundwater in the production system and wateegyste examined.
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Increase in distribution and abundance of crocodiles

Management of crocodiles is the responsibility BIREQPWS. EPA/QPWS recently released RRAFT
Management program f@rocodylus porosus Queensland 2007 — 2017’ for public comment (EPA
2007b), with written submissions due by 4 May 2083cording to the draft plan, the general aim of
management is to retain crocodiles in the wild w/imihproving public safety.

The perceived increase in distribution and abunel@h€. porosuss not supported by extensive surveys
(EPA 2007D). In the area between Cooktown and Tatlycodile numbers appear to have been kept low by
urban, rural residential, and agricultural develeptmtogether with clearing of riparian vegetation,
disturbance by motor boats, commercial gill netiimgstuaries, and removal of crocodiles. Moreotres,
population structure dE. porosusn Queensland indicates that it may still be reecmg from hunting, or

that larger animals are still being removed from plopulation (EPA 2007b).

To elucidate the apparent discrepancy betweendimneinity's perceptions and the surveys, it is
recommended that EPA/QWPS reports to CFSP onnthérianagement program for crocodiles, with a
focus on the Tully WQIP area.

Marina development

New developments in catchments adjacent to the &®BRegulated and require approvals under a number
of legislative Acts. They will also fall under tsatutory regional land use plan for Far North Qisésnd
(FNQ 2025; Section 1.2). This plan is currentlynigeileveloped, with a proposed delivery date in 2008
further actions are considered in the Tully WQIP.

Maintaining healthy reefs

Inshore coral reef communities of the GBR areskt fiom impacts caused by cyclonic winds, bleaching
outbreaks of crown-of-thorns starfish as well asdgpexposed to sediment, nutrients and pesticiaes f
land runoff. An important attribute of a healthyokagical community, is that it should be self-pdtating
and ‘resilient’, that is, able to recover from diftance. Adult corals can tolerate poorer levelwatier
quality than new coral recruits, thus one of thgsia which water quality is likely to impact reef
communities is through an effect on coral reprodmcand recruitment.

It is anticipated that with improvements in wateality, associated with the implementation of thaiyl
WQIP, the status of inshore reefs should improvst]y in terms of reproduction and recruitment amdhe
long-term the reef community as a whole. In 200BR®IPA implemented a long-term water quality and
ecosystem health monitoring program under Reef. Hlaea monitoring undertaken as part of the program
will be used to help assess changes in water gw@ald the health of inshore reefs and intertidabsass
meadows. GBRMPA has recently released a repotie@ddta collected in the first 18 months of the
program, which provides baseline information orhore marine water quality, inshore reef and indeiti
seagrass health (GBRMPA 2007). To continue to asgdemnges with implementation of Reef WQIPs
(including the Tully WQIP), it is essential thaetleBRMPA continues the implementation of the Réah P
Marine Monitoring Program.
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APPENDIX 6. Legal and institutional arrangements

Background

CCIl has recently developed a project proposaltievweand analyse legislative and administrative
arrangements to support WQIP implementation aatewide, regional or local level. Specifically, the
project aims to review and analyse state and lgoatrnment legislation that supports WQIP
implementation, in particular environment protectitand use planning, water resource, coastal zone
management legislation, and local government byslaw

The findings of this project will be included iretffully WQIP in 2008/2009. Here, a brief summaryhef
proposed project, including methods, is given.
Project summary

The WQIP planning process includes a review antyysiseof legislative and administrative arrangensent
support WQIP implementation at a statewide, redionéocal level, and on this basis, provides sciope
making recommendations on:

1. regulatory reform, including minor and major ameieats,

2. administrative reform (e.g. how existing legislatimay be better used, what legislation can be bsed
is not currently being used for this purpose), and

3. addressing barriers to administration of relevagidlation (e.g. what are the information needs of
responsible authorities),

to better support WQIP implementation, in a timety cost-effective manner.

The review and analysis is to be followed by rec@ndations on Items 1-3 above, amendments to
facilitate/give incentive to/require implementatiohmanagement measures identified in WQIPs. These
potentially critical ‘control action’ elements fany ‘reasonable assurance’ statement for GBR WQIPs.
Methods

The project will be undertaken on behalf of regiddBM groups (including Terrain NRM) and local
governments preparing WQIPs in the GBR region.

The project will include the following activities:

1. with input from the contact group, prepare a dismuspaper that:
0 identifies and outlines relevant state-wide, reglanr local legislation,
0 makes suggestions on opportunities for improvedimigtration, and

0 identifies potential barriers to administrationigpathetic to implementation of WQIPs and
achievement of Reef Plan objectives;

2. conduct a workshop with representatives from cdrgemup agencies, and industry and community
environmental bodies (including urban developmemgxplore the discussion paper and the need
for/nature of any regulatory and administrativeorefs;

seek formal agency and industry feedback on workshibcomes;

prepare final report and recommendations on regyl@nd administrative reforms (including
opportunities and barriers) to implement WQIPs ifgwegard for agency and industry feedback.

Note environment protection, land use planningg land water resource and coastal zone management
legislation, and local government by-laws are ainary concern to this review.
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APPENDIX 7. Margin of safety and reasonable assuran ce

Background

CCl has recently funded a one-year project (Juy720 June 2008) to prepare protocols for addrgssin
margin of safety and reasonable assurance in RE#P®/ The project will prepare protocols for the os
margin of safety concept in specifying the ecolatjjcsustainable load, and the provision of reabtma
assurance statements for Reef WQIPs. The projdatamsider pollutant loads, specifically sedimand
nutrient loads, but does not consider river floyjeohives. The FNQ region will be used as one of tase
studies for the project.

The findings of this project will be included iretffully WQIP in 2008/2009. Here, a brief summaryhef
project, including methods, is given.
Project summary

WQIPs are the primary vehicle for delivering RekfrRobjectives at the catchment scale, with WQIPs
prepared in accordance with the Framework for Maand Estuarine Water Quality Protection (Appendix
1). Important features of the Framework are thelteeaddress margin of safety and reasonable assura

This project will develop a protocol for the deyeheent of WQIPs to assist regional NRM groups taresisl
margin of safety and reasonable assurance requitenihe protocol will be informed by a review of
available literature and experience with model pratliction uncertainties and with policy design,
implementation and effectiveness.

The protocol will be applied and assessed in twd/NBgions through direct collaboration with the NRM
groups. Based on the results, the protocol willdfimed to address identified shortcomings or presiy
unidentified/new/evolving opportunities.

Methods

For the purpose of addressing MoS, this projedt wil

1. identify and quantify key model uncertainties itctement models currently employed for Reef WQIPs
(e.g. Sednet and EMSS), as well as known/reasomaigipated uncertainties in future catchment and
receiving water quality modelling environments (€8, Brodie/Devlin receiving water quality model),
define what can and cannot be quantified in thesgets;

2. identify and quantify key prediction uncertaintassing from input data uncertainty (and bias) asd
propagation through model predictions;

3. identify and quantify the reduction in input datalanodel prediction uncertainties arising from
aggregation over different spatial scales, i.ecmgine the minimum area over which model predicion
must be averaged to provide satisfactory levelmogrtainty;

4. review USEPA and other methods for encompassingimaf safety and reasonable assurance to meet
the requirements of the Framework for Marine anti&ine Water Quality Protection, and associated
guidelines; and

5. recommend priority areas of investigation to imgrdve confidence of catchment models.

For the purpose of addressing reasonable asswstateeents, this project will:

1. review management policy and adoption benchmagdeardéng,

2. impact of alternative treatments on nutrient sasi(bgophysical effectiveness); and

3. likely adoption and compliance rates with respedteéatments (social and economic effectiveness);
4

in consultation with WQIP agencies, investigateabeption (and where possible ongoing compliance)
of a range of comparative policies. The goal bdlto provide a set of broad performance points of
references that can be used to assess the poarfialmance of the suite of policies proposed iwith
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any WQIP. Candidate policies will include thosehaitoadly similar aims or modes of operation, and
where possible using similar communities (and igeatisting policies in reef catchments). So faisas
practicable these will seek to replicate the rasfgeotential policies under consideration, and (if
possible) include compliance and effectivenessvpayghk for regulatory instruments as well as adoption
rates for voluntary information and incentive piagt Review current incentives systems (e.g.
awareness raising and capacity building, directgstem service payment, tax-based, market-based,
regulatory etc) and incentives frameworks usechtmerage adoption of management measures for high
risk activities or similar, and estimate the likelod of adoption under a range of incentives/scesar

Develop and test a protocol:

1.

provide a protocol for the development of WQIP4 #adresses margin of safety and reasonable
assurance considerations as informed by 1-7;

test the protocol with two NRM groups (1 agricuiwtominant, e.g. Mackay Whitsundays or Far North
Queensland, 1 grazing dominant, e.g. Fitzroy BAssociation or Burdekin Dry Tropics Board)
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APPENDIX 8. Socio-economic assessment of improving GBR water
quality

Background

CCIl has recently funded a six month project (AfwriSeptember 2007) to assé®s social and economic
impacts (benefits and costs) of protecting the remmental values (values and uses) of GBR watenbays
achieving water quality targets/objectives estaielisin Reef WQIPs. The Tully WQIP is used as a case
study for this project.

Note that the Tully WQIP has conducted its own sa®ent of socio-economic impacts of improving water
quality for the Tully WQIP area (Bohnet al. 2006, 2007, Roebelingt al. 2007a,b). The information from
these assessments has been used for stakeholdattabon on deciding priorities for and acceptipbf
proposed measures/actions (Section 5).

The findings of this project will be included inetfrully WQIP in 2008/2009. Here, a brief summarytod
project, including methods, is given.

Project summary

The socio-economic assessment and report will e disectly in WQIPs as justification of the bertefind
costs to the community of improving water qualifdarotecting environmental values of the GBR
waterways. The draft and final reports from thenernic and social assessment would be made avaitable
WQIP coordinators for their reporting and stakebolcbnsultations on deciding priorities for and
acceptability of proposed measures /actions.

Each WQIP is developing management actions to eeltfee necessary changes in water quality to aehiev
the WQOs and these will be inputs to this projéidiese are the actions that will reduce pollutaat.

The final report would also be used to assist edaling EVs and WQOs from each WQIP project under
Queensland legislation if EPA proceeded with tleigoa. Scheduling EVs and WQOs would help the
Queensland EPA regulate point sources and, in notign with the CCI-funded project “Integrating W3l
into state planning processes”, could be usedftigeince urban planning decisions and obtain watality
benefits from urban stormwater management.

Note that diffuse sources of pollution in agricudtiiand rural areas are more difficult to ident@fyd hence
regulate, so the scheduling of EVs and WQOs is\ded only to provide overarching ‘head of powersd a
direction to land use planning and natural resoaloeation processes. However, this project weliph
WQIPs to prioritise measures/actions to meet tisgreld WQOSs (e.g. for funding support). It will alassist
stakeholder consultations and engagement in codechieve these actions.

Methods

This project will:

1. Review literature of the relationship between wagality and economic/social activities;

2. Review current socio-economic condition and tresskasment (by each WQIP region) and provide a
clear synopsis of the range of activities with difiedirect reliance on/sensitivity to water quglit

3. Provide an appraisal of the likely effects of chesmign water quality/ecosystem health on the primary
social and economic use activities (EVs) withinreatthe WQIP regions, including an assessment of
the likely/potential economic and social significarof such changes;

4. Prepare, and if necessary peer review, of reparreyport released
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