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1. Executive Summary

1.1. Introduction

This report details the sampling that has taken place under Ree=f Rescue Marine
Monitoring Program:Terrestrial discharge into the Great Barrier Reef (project 3.7.2b) for
the 200940 sampling yearRiver pume sampling for this period focused on the Iyul
Burdekin, Mackay Whitsunday and FitzRiyers

River pume extents and concentrations were mapped using a combination of data and
techniques, including field sampling and remote sensed imagery. True colour imagery has
been used to develop a better derstanding of the extent of plume waters in relation to

weather and flow conditions.

1.2. Methods

Water sanpling occurred over fouregionsin the Great Barrier Reef (GBR)cludingthe
Wet Tropics, MackaWhitsunday Burdekin and Fitzroy. Plume samplingasried out on
small vessels, taking surface water samples from the mouth of the flooding river along a
north east transect away from the mouth. Depth samphmas carried ouusing acurrent-

temperaturedepth (CTD profiler with additionallight attenuaton (PAR measurements

The extent and concentrations of plume waters, coupled with exterisigituwater quality
sampling has been used to estimate the frequencyrieér plume exposure for inshore
biological systems within BR waters for the TullyBurdekin, Mackay Whitsundays and
Fitzroy marine areasin the 200940 wet season. This spatial assessment of plume
movement has used imagery available from aerial flyovers, true colour MODIS imagery and

the application of water quality algorithms.

Classifiation of water types within the plumes is ongoing, with identification of the water
types through a combination of true colour and spectral thresholds. The area and extent of
the water types, and characteristics of each water type have been used to develpp

which highlight areas that are most likely to exceled current Water Quality Guidelines for
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TSS and Ghl

Plume typology was further explored through the analysis of field datarambte sensing
imagery. Flood plume categorieswere definedbased uponthe concentration of water

guality parametersthat can bereadily derived from ocean colour remote sensing.
Plume types were classified using the following criteria:

(@ Primary water typesvere defined as having a high total suspended mineral (TSM)

load, minimal chlorophyll (Chl) and high coloured dissolved and organic matter (CDOM).

(i) Secondary water typewere defined as a region where CDOM is still high however,
the TSM has been reducebh this region, it was deemed that increased light and nutrient
availability prompted phytoplankton growtithus, the secondary plume exhibits high Chl,
high CDOM and \@ TSM.

(i)  Tertiary water types arg¢he zone of the plume that exhibmo elevated TSM and
reduced amounts of Chl ant@dDOMwhen compared with that of the secondary plunihis
zone can be described as being the transition between a secondary plume abde@m

conditions.

1.3. GBRwide results

Sampling of flood plumes @009/10 was carried out in marineceiving water®f the Tully,
Burdekin, Mackay Whitsunday and Fitzroy Rivers at a range of timings following peak flow.
The focus within thismonitoring is to capture the height of the peak flow within flood
plumes, but this is not always possible due to logistics and the increased demand to sample
as many catchments as possible in peak flow years. Sampling the peak flow lztbevs
characterization othe prnmary water types, i.e. the high TSS carrying waters in the lower
salinity ranges. However, it is the full extent of both secondary and tertiary water types,
with high nutrients, higher capacity for production and high CDOM, which has a much
greater influence over time and space. To capture this, the program has shifted focus
slightly to try to capture more events, at longer time periods after peak flow. This can be

seen in the data presented for Q0/10 sampling forthe Tully, Burdekin, Mackay

13]



Whitsundayand FitzroyRivers where sampling took place 1 to 21 days after the peak flow.
Note that flow volumes can still be elevated (above the median) for many days after the
peak flow wagneasured and can still delivergnificant volume of freshwater to the mae
environment. Concentrationsof water quality parameters that have been taken at later
stages in the hydrograplwill be reduced from the initial flush concentrations but still
substantially elevated compared to the long term ambient concentratidhe® prolonged
elevatedconcentrations of dissolved and particulate nutrients, CDOM, chlorophyll and TSS
contribute to higler annual concetrations of TSS and chlorophyll, drivir@uideline
exceedancef the long term annual meanRemote sensing images presed in this
program for the Burdekin, Fitzroy and Mackay Whitsundagions show areas of high green
colour, due to very high concentrations of @dnd CDOM over large areas over a period of
days to weeks after the largest flow eue supporting that tle measurenents of water
quality parameters stay elevated over a large part of the wet season, particularly for the

more episodic rivers such as the Tully River.
1.4. Regionakesults

1.4.1. River flow and event periods

The results for flood plum sampling in 20090 wet season are summarised below. For
each sampling location, information is presented on the flow characteristics of the dominant
river discharge (compared to long term median discharges) and a description of each of the
events sampled including the eveperiod, the peak flow, the number of days where the
flow exceeded the 95 percentile and the number of sampling days. Note that the event
periods are defined by any single day measurements being greater than theed&entile.

The mean concentrationsfdIN, chlorophyll and TSS sampled in each event are also

presented.

14|



Table i: Summary of flow characteristics for the four marineeasthat were sampled over
the 2009/10 sampling yearColour from green (low) to red (high) denotes the degree of

difference between the 2009/10 year to the long term median flow.

Flow characteristics Tully | Pioneer | Burdekin| Fitzroy
Long term river discharge median 3128458| 731441 | 5957450 | 2708440
Total Year discharge (ML) 3175298| 1319393 | 7857344 | 1068339
Differencebetween LT median and total yr discharg| 0.82 1.8 1.32
Wet season discharge (ML) 2261121| 1282060 | 7615441 | 10675175
Wet season flow as % of total year discharge 71% 97% 96% 99%

Table ii: Tully River 2009/10 flow and sampling measurements

Flowcharacteristics for Tully Rivé009/10

Event Start date | End date| No of days > | Peak flow (ML/day)
95" %ile
(30,000ML)

1 27/1/09 30/01/10 4 26774

2 14/3/10 16/3/10 3 27279

3 28/3/10 31/3/10 4 40698

4 5/4/10 8/4/10 4 35053

5 19/4/10 20/4/10 1 25976

6 25/4/10 26/4/10 1 31043

Details of sampling in the Tulfub-region for 2009/10

Sampling Date No of | Mean DIN Mean Chl | Mean TSS

event 2s | um) (glt) | (mglL)

1 29/12/09 |1 0.7 0.32 18.6

2 2/2/10 1 1.7 1.1 5.7

3 3/3/10 1 2.1 0.78 2.32

4 1/4/10 1 2.6 0.84 6.2

5 8/4/10 1 2.8 0.94 6.8

1 Note that the TullyRiver plumeavas also sampled outside of the main flow events,

including sampling o™ February 2010 and3™ March2010
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Table iii. Mackay Whitsunday regiorg Pioneer River 2009/10 flow and sampling

measurements

Flow characteristics for Mackay Whitsundagion2009/10

Event Start date | End date | No of days > | Peak flow]
95" %ile| (ML/day)
(15,000ML)

1 25/1/10 31/01/10 | 4 33120

2 12/2/10 | 1/3/10 3 40436

3 21/3/10 | 24/3/10 |4 66002

Details of sampling in the Mackay Whitsunday region for 2009/1(
Bvent Date No of | Mean DIN | Mean Chl | Mean TSS
s ) |mon) | (mon)

1 8/2/10 1 2.3 0.93 6.4

2 4/3/10 1 2.1 1.6 16.3

3 5/3/10 1 2.5 14 15.0

Table iv: Burdekin Rive2009/10 flow and sampling measurements

Flow characteristics for Burdekin River 2009/10

Event Start date | End date| No of days > | Peak flow
o5 %ile| (ML/day)
(88,000ML)

1 31/1/10 1/2/10 1 144874

2 1/2/10 2/2/10 2 111076

3 17/2/10 28/2/10 |12 281442

4 1/3/10 10/3/10 |9 154547

5 23/3/10 | 31/3/10 |1 326936

Details of sampling in the Burdekin region for 2009/10

Sampling| Date No of | Mean DIN | Mean Chl | Mean TSS

event s M) |mon) | (mon)

1 24/2/10 1 4.8 1.9 22.2

16



Table v: Fitzroy River 2009/10 flow arsdmpling measurements

Flow characteristics for Fitzroy River 2009/10
Event Start date | End No of days> | Peak flow (ML/day)
date 95" %ile
(48,000ML)

1 1/2/10 31/3/10 | 59 285066

Details of sampling in the Fitzroggion for 2009/10
Sampling Date No of | Mean DIN| Mean Chl | Mean TSS
event days lumy  |mom) | (o)
1 8/4/10 1 2.6 11 33
1 25/4/10 1 1.9 0.5 26.5

1.4.2. Water quality characteristics

Water quality measurements in plume waters across the GBR were variable over time and
space but did show consistemqtatterns over the salinity gradient. Dissolved inorganic
nitrogen reduced over the salinity gradient; however there was evidence of biological
processes in the middle salinity ranges and elevated concentrations at very low salinity
values indicating movenmt of elevated dissolved nutrients into the offshore waters. DIP
measurements in the Tully marine area showed increasing inorganic phosabaalinity
decreased, suggesting strong desorption movement of dissolved phosphate from the
particulate stage. Thassessment of priority pollutants from the Tully catchment may need
to be revised in the context of this higher DIP movement. Suspended solid concentrations
were higher in the Burdekin catchment, but settled out quickly over short spatial scales. In
contrast, suspended solids measured in the Tully marine area showed some reduction in the
lower salinities but a contrasting pattern of increasing concentrations at the higher salinities
was evident. This may indicate complex transformations with the movemesediment

type. The role and biprocessing of the available dissolved organic nitrogen needs to be
further explored. Chlorophyll concentrations were elevated in all plumes and reflect the
phytoplankton production which is linked to the availability afhti and higher nutrient
concentrations. The reduction and mixing processes of the three main pollutants along the
salinitygradient TSS, CH and DIN) are compared below (FigureRirther details on the

water quality parameters collected in the plumeatgrs are presented in the regional
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summaries within this report. In summary, water quality parameters reduce over the salinity
gradient, however there are distinct differences between the source concentrations
measured in the low salinity zones {® ppt) between the marine regionand the mixing
processes vary for each water quality parameter dependent on the physical and biological

properties for each parameter.
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Figure i The mean concentrations of &l TSS and dissolved inorganic nitrogen (DIN)

measured across the salinity zones of measured plume water quality in the four regions.
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1.4.1. Spatial delineation of high exposure areas

This report documents a mapping process by which catchment loads and the frequency of
plume waters are combined to estimasn area of high exposure to plume waters. This
spatial assessment of plume movement has used imagery available from aerial flyovers, true
colour MODIS imagery and the application of water quality algorithms, combined with in
situ water quality data. Thestimated area of high exposure is measured across the GBR,
extending into the midshelf region. The numbers of reefs and seagrass beds which are

located within the high exposure areas are detailed for each Region in the table below.

Tablevi: Numbers of eosystems located within the high exposure areas as calculated by
spatial mapping of plume extent and catchment loadSote that only the high exposure

category is presented.

Frequency of exposure to elevated DIN concentrations
Exposure Seagrasses Reefs Seabed
_ category Area Area Area
Region Number | (Knf) Number | (Knf) (Kn)
Wet Tropics| High 40 173 33 173 2184
Burdekin High 66 552 37 20 5025
Mackay
Whitsunday| High 90 178 229 145 5052
Fitzoy High 0 0 0 0 0
Frequency of exposure to elevated TSS concentrations
E Seagrasses Reefs Seabed
Xposure
_ category Area Area Area
Region Number | (Knf) Number | (Knf) (Knf)
Wet Tropics| High 0 0 0 0 0
Burdekin High 66 552 37 20 5025
Mackay
Whitsunday| High 0 0 0 0 0
Fitzoy High 96 199 106 79 4453
Frequency of exposure to elevated PSII herbicide concentrations
E Seagrasses Reefs Seabed
Xposure
_ category Area Area Area
Region Number | (Knf) Number | (Knf) (Knf)
Wet Tropics| High 40 173 30 25 173
Burdekin High 0 0 0 0 0
Mackay
Whitsunday| High 93 196 264 172 6774
Fitzoy High 96 199 106 79 4453
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Using a combination of exposure mapping and the characterisation of plume water types,
we have also been able to extrapolate which areas are most likely to excedaluilelines
trigger valuedor TSS and Chl The summary table below identifies the number of reefs
and seagrass beds which are located in areas most likely to be impacted by anthropogenic
water quality, that is, the areas where the Guidelines are most likely to be exceeded. The
number of ecosystemiin the risk areas are reduced from the numbers within the exposure
areas reflecting the much larger area which has been ascribed to exposure but which we

have limited data to further define the risk areas.

Table ii: The number of ecosystems, includimgefs, seagrass beds and open coastal

waterbody that are found in the different probability classes.

TSS
Probability of Kt % of % Open
exceeding WQ Marine Marine | Coastal No. No.
guidelines for TSS| Park Park Waterbody Seagrassey Reefs
High 1,872.4 0.5% 6.6% 53 35
Medium-High 1,746.3 0.5% 4.6% 30 29
Medium 6,218.4 1.8% 11.6% 91 142
Low 108,575.2 31.2% 64.4% 255 1,415
Total 347,861.5 34.0% 100.0% 432 2,983
Chla
Probability of Kn? % of % Open
exceeding WQ Marine Marine | Coastal No. No.
guidelines for TSS| Park Park Waterbody Seagrassey Reefs
High 7,890.4 2.3% 26.3% 144 242
Medium-High 10,884.1 3.1% 8.0% 156 254
Medium 24,667.6 7.1% 30.0% 124 410
Low 74,970.1 21.6% 23.0% 63 817
Total 347,861.5 34.0% 87.3% 432 2,983

Ongoing integration betweem situplume sampling and evolving remote sensing mapping

techniques will allow more confidence in our ability to define water types and the maximum
concentrations that are likely to be found in these water types. From this information we
will continue to refineour understanding of spatial extent of high exposure and high risk

areas within GBR waters.
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From this work, we have been able to map out areas of high risk as shown below in Figure ii.
This is an example of areas at risk of exceeding water quaiitielines for TSS and &htor
the whole GBR.

1.5. Discussion

Sampling in the 2009/10 year took place in foegionsand shoved that the influence and
impact of the high flow events is continuous over the whole wet season. Previous work
(Devlin et al., 2001has identifiedthat the concentrationof pollutants measured in plume
waters arehigh and can influence longer term water quality concentrations, however this
work did focus more on the transport and transformation on the water quality parameters
over ashort time scale. Changes in the timing and frequency ofilh&tu plume sampling

has nowprovided a greater source of water quality data over various stages of the flow
hydrograph and a better understanding of transport processes over longer time frdmes
areas where flow can be continuous, such as the Wet Tragig®on the influence of
altered catchment water quality can be seen in higher concentrations of dissolved nutrients,
fine suspended sediment and &hl This year was also significant in terof high flows for

the southern catchmentsparticularlyfor the Fitzroy River where the daily flow measured
above the 98 percentile for59 days. This was seen in the elevated concentrations of

dissolve nutrients and Glal measured up to three weeks aftthe peak flow event.

Collection ofin situ water quality data across different flow scenarios builds into the existing
database of plume water quality data and allofes modellingof concentration and flow
measurements from different catchments. Mairesituplume data also allowkr validation

of the spatial measurements of water tgp and the identification dfigh risk areas.

21



Great Barrier Reef Marine Park 3 Great Barrier Reef Marine Park

TSS Exceedance Probability TSS Exceedance Probability
I High 3 I High
B Medium-High : Medium
Medium I Medium-High
Major Rivers Major Rivers

| Regional Catchments
NRM Marine Boundaries

| Regional Catchments
NRM Marine Boundaries

Reefs Reefs
Cape York il
0 100 200 w0 N o 85 175 o N
S S S S S S ] e s )
Kilometres. ‘P Kilometres A

Wet Tropics

Burdekin

Mackay-Whitsunday

Figure ii. Final outputs of the spatial mapping of plume frequency and characterisation of
water types show areas of high risk for T&siidelineexceedances are locatedearshore
between the Mackay Whitsunday and Fitzroyregions and for Chia Guideline
exceedances, the area is over a much smaller geographical area atbegMackay
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2. Introduction

2.1. Terrestrial runoff to GBR

The Reef Rescue Marine Monitoring Program (herein referred to as the MMP) undertaken in
the Great Baier Reef (GBR) lagoon assesses the-teng effectiveness of the Australian

and Queensland Governmeat Reef Water Quality Protection Plan atite Australian
GovernmentReef Rescuaitiative. The MMP was established in 2005 to help assess the
longterm status and health of GBR ecosystems and is a critical component in the
assessment of regional water quality as land management practices are improved across
GBR catchments. The program forms an integral part of the Reef Plan Paddock to Reef
Integrated Moritoring, Modelling and Reporting Program supported through Reef Plan and

Reef Rescue initiatives.

Water quality in the GBR is influenced by an array of factors includingbkset runoff and
river flow, point source pollution, and extreme weather comatis. Monitoring the impacts

of terrestrial discharge into the GBR is undertaken within the flood plume monitoring
program, which targets the sampling and understanding of the high flow events which input
large volumes of terrestrially sourcqmbllutants throughriver dischargeResults presented

in this report summarise the floodata collected over the 20020 wet season. To further

the understanding othe extent and frequency of plume waters, remote sensing methods

were also incorporated into thBood monitoring and will be reported for the whole of GBR.

Because of the large size of the GB&ine Park(350,000km?), the shortterm nature and
variability (hours to weeks) of runoff events and the often difficult weather conditions
associated with floodsit is very difficult and expensive to launch and coordinate
comprehensive runoff plume water quality sampling campaigns across a large section of the
GBR(Devlin et al., 2001; Furnas, 200%5p counter this variability, thigroject runs amulti-
prongedassessment of the exposure s¢lectedGBR inshore resto material transported

into the lagoon from GBR Catchmenters.Plume water quality data is measd through a
combination ofin situ water quality measurements taken at peak and post flow coodgi

in targeted catchmets throughout the wet season. Rivetume extent, frequency and

duration are measured through the use of remote sensing products.
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2.2. Mapping of plume waters

Since the commencement of the MMP, significant investment fraithin the program has
supported the development of remote sensingiethods as a monitoring tool for water
quality (chlorophyll, CDOM,SBand light attenuation) in the GBRField based mapping of
flood plume extent and concentrations is relatively accurate, though can be constrained by
costs and logistics. It is difficult to employ boats and in situ sampling for the duration of the
plumes, specifically the larger dry tropipkimes which may last for several weeks. There
are also issues in being able to identify the visible plume extent when the plume water type
is related to the nutrient enriched waters driving elevated chlorophyll concentrations. A
combination of field and aellite image mapping is suggested as an alternative as flood
plumes have been mapped successfully from remote sensed data in number of different
coastal environments around the world. Remote sensing is moreaftesttive and more
informative for a varigy of detection, monitoring and processes understanding taskese
improvements have enhanced the confidence in remote sensing estimates and it is intended
that remote sensing may soon be a primary tool for detecting broad scale changes in GBR

water quailty.

Recent advances in the use of remote sensing algorithms, including the use of regionally
parameterised algorithms has allowed a much greater area of the inshore GBR to be
monitored by remote sensing and added data value to the program by incredseng t

frequency of available measurements during periods that can be limiting for vessel sampling

due to adverse weather conditions.

Thetechniquesused in remote sensingnd their resulting products evolved in complexity
with time, from basic aerial photogphy in combination with ksitu monitoring to the

application of advanced regional parameterized ocean colour algori{rig2.1)
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Figure2-1: The evolution of remote sensed imagery in the mapping anbnitoring of
plume waters in the Great Barrier Reef.

Aerial and remote sensing surveys in other marine waters (Andrefouet et al., 26@8,bin

et al., 2008; Paris and Chérup008 Soto et al., 200Pand the GBR (Devlin et al., 2001;
Devlin and Brdie, 2005, Brodie et al., 2010) have been useful in the determination of areas
of marine coastal ecosystems subject to exposure to river flood pluflesnes can be
mapped and their intersection with ecosystems visually assessed. Water samples collected
from within the plume can be analysed for the contaminants of concern (Devlin et al., 2001)
and estimates of the length of exposure and concentrations experienced by biological

systems can be assessed

At present there exists uncertainty of the extent of tsgort and potential influence of

catchmentderived contaminants in the GBR system. Previous studies of flood plumes and

coastal sediment transport off the Burdekin River (Wolanski and van Senden, 1983;
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McCullah et al., 2003Devlin et al., 2001; Orpin at., 2004), the Wet Traps rivers (Devlin

et al., 2001 Devlin and Brodie, 2005) and the Fitzroy River (Brodie and Mitchell, 1992;
Devlinand Brodie, 2005Devlin and Schaffelke, 200Bave revealed exposure of inshore
ecosystems including coral reefsich seagrass to a range of nutrients associated with
dissolved and fine particulate fractions of the river load. The use of remote sensed imagery
allows us to identify areas of risk in the Great Barrier Reef. Knowledge of high exposure
areas will be usefuh the links between catchment characteristics and reef healtbdiret

al.,, 2008a; 2008b), andavill link in with the currentMMP to provide an invaluable

monitoring technique for the assessment of water quality and reef health in GBR waters.

Our understanding of impact relates to our understanding of the links between exposure
and impacts. Recent work on the mapping and modelling of plume exposure is a key link to
identifying where the terrestrial influence extends to and how frequently an ecesyshay

see altered water quality conditions (Devlin and Brodie, 2005, Devlin and Scha2@lié;
Maughan and Brodie, 2009). The monitoring and measurement of riverine plumes now uses
the combined information from aerial imagery, remote sensing imaged/ \water quality
O2yOSYy (NI} A2ya RdzZNAYy 3 KA 3IK hightedpasursSt@iuyhésa A i 2
the GBR marine area. Devlin and Schaffelke, 2009 were able to identify the areas at risk
adjacent to the TuliMurray catchments with a modelled @®ate of the frequency at
which inshore reefs and seagrass beds would see plume wéggs2.2) Maughan and
Brodie, 2009 built on previous work (Maughan et 2D08 Devlinand Brodie 2005 and

used simple spatial calculations based on plume movenwithment characteristics, flow
intensity and proximity of the inshore ecosystems to model thgh risk areas in GBR
waters (Maughan et al2008; Maughan and Brodi€009) This workpresened a simple

reef exposure model to visualise current contaminastposure to reefs and future

management optiongMaughan and Brodie, 20Q9)

Another new approach to map the extent of freshwater discharge to the GBR is currently
under development by using only the regional parameterized CDOM product applied to
MODIS d&a as a surrogate for low salinity waters. A maximum CDOM absorption map is
generated from January to March of each year through aggregation of daily CDOM imagery.

By applying a CDOM eaff threshold, previously defined from linear regression obitu
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(DOM and salinity measurements, freshwater extent can be mapped as illustrakegliie
2.3. Ongoing work on the relationship between CDOM and salinity will be useful in the

further validation of this mapping method.
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Figure2-2: Plume exposure map for the TulMurray marine area. Exposure is calculated
along a high to low gradient, where high exposure relates to a higher frequency of plume
intersections
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Figure2-3: Great Barrier Reef subdivided into five management regions (left). Maximum
CDOM absorption from regional parameterized ocean colour algorithm mapped for the
period January to March 2008 (centre). Freshwater plume extent meg by applying a
CDOM threshold derived from linear regression of -situ CDOM and salinity
measurements.

An estimate of the exposure of individual reefs to various contaminaats providethe

basis of arisk assessment of GBR condition from water dyainfluences. Mapping of

AL GAFET RAFFSNBYyOSa Ay gFGSNI ljdzZt AGe O2y OSyi
very clearly a strong gradient of change north to south and inshore to offshorking the

movement of flood plumes and impacted watguality to reef exposure has been useful in
identifying the reefs at risk from contaminants (Devlin et al., 2005; Maughan et al., 2008).

This work led to a Reef Exposure model, where é&xposure criterion would factor
parameters such as the proximity ohd reef to the source of the contaminant, the

likelihood and frequency of exposure of the reef to river plumes, and the amount of
contaminant within the plumes at a range of distan¢btaughan et al., 2008)The model

provides a relatively simple way of mbining contaminant load estimates, river flow and
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variability characteristics with plume and contaminant behavior, and the distance of every
reef to each river mouth to give an estimated reef exposure cldgstorical flood plume
extent data (modelled) as used to quantify the typical spatial extent of the summer
runoff¢seawater mixing zone of the GBR lagoon. This spatial analysis demonstrated the
existence of a discernable nogkouth gradient along the length of the GBR. The
undisturbed catchments of # northern GBR showed much lower levels of nutrient
enrichment with a strong correlation between this nogdouth enrichment gradient and

the flood concentration of dissolved inorganic nitrogen (DIN) entrained by the various river
systems.Recent work (Dedy | YR 5S8SQF KX wnlngT ChoWNR O% 881
Fabricius2010) identifies strong gradients of water quality with biological measurements,
showing very clearly that water quality does and is influencing changes in biological
responsesRegionally specific spatial models, created by the combination of remote sensing
imagery and irsitu water quality datare now being investigated with exposure models for
the Tully and Burdekin (Devlin and Schaffelke, 2009; Devlin et al., 2010) identifign
actual number and location of reefs and seagrass beds at risk from high TSS and/or nutrient
waters. Further work o the application of remote sensing algorithms is underway with
CDOM measurements being used to define the actual full extent of plunwerifre) waters

for each year, and the total area of freshwater influenbBeylin et al., 2010 Finally the use

of remote sensing algorithms and high frequency data loggers are being sourced for use in
water quality compliance monitoring over the regiorsakas (Brando et al201Q Devlin et

al., 2010).

This spatial mapping work has used available spatial information to identify the large scale
spatial and temporal changes that occur along and across GBR waters. In all cases, the
exposure and risk assated with areas north of Cooktown were different from areas south

of Cooktown. This included water quality concentrations, outputs from the long term
chlorophyll monitoring and measured impacts on biological systems. We will build on these
spatial mappindgechniques to further assess the impact of plume (riverine) influence on the
GBR, and to identify which areas are more at risk from exposure to altered water quality

conditions.
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Monitoring questions that we intend to investigate over the course of thisitaring are as

follows:

a) Assess the concentrations and transport of major land sourced pollutants to the GBR

lagoon,

b) Assess spatial and temporal variation in rearface concentrations of suspended
solids, turbidity, CDOM and chigobyll a during available 200910 river plumes in the

GBR catchment using remote sensing,

c) Assess the concentrations of chemical pollutants in the vicinity of inshore GBR reefs

during flood eventsand
d) Quantify the exposure of reef ecosystems to these land basedconants.
Further research questions that will be explored include

1 The fate of dissolved and particulate materials in flood plumes (sedimentation,

desorption, focculation, biological uptake),
1 The pocessing, dispersal and trappinfgjroaterials duringlbod events,

1 Quantify the temporal dynamics of sediment dynamics, light availability and

phytoplankton growth during andfter plume events, and

1 Changes in phytoplankton assemblages during the duration of the plume event, and

how this influences long terrohlorophyll concentrations within the different regions.

2.3. Review of riverine plumes in the Great Barrier Reef

Review of flood plumes in the GBRere published in 200%and 2010(Devlinet al., 2003,
Devlin and Waterhousan press)which reported on floodplumes sampled from 1991 to

2009. The main conclusiorfeom thesereviews were:

U The main driving influence on plume dispersal is the direction and strength of wind

and discharge volume of the river.
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Wind conditions are dominated by south easterly windsal drive the plume north
and towards the coast with the majority of plumes being restricted to a shallow
nearshore northward band by stronger sotglsterly winds following the cyclones

or wind events.

It is possible and probable when light offshore @srare occurring, that the plumes
can disperse seaward and north over much of the shelf with lengths of direct

impingementranging from days to weekgon mid and outesshelf reefs.

The amount of rainfall that falls over a particular catchment can haveaged
effect on the distribution of the plume. Another factor in the distribution of flood
plumes is the influence of headlands on the movement of the plumes (steering)

(Wolanski et al., 1994)

Modeling of the plumes associated with specific weather doos has
demonstrated that inshore reefal areas adjacent to the Wet Tropics catchment
(between Townsville and Cooktown) regularly experience extreme conditions
associated with plumes. Inshore areasifth of Townsvillg receive riverine waters

on a lesgrequent basis.

Data from flood plumes clearly indicate that the composition of plumes is strongly
event specificvarying over time and water deptffiming of sampling is critical in
obtaining reliable estimates of material exported in the flood plumElsere is a
hysteresis(lag effect)in the development of a flood plume, which is related to
catchment characteristics (size, vegetation cover and gradient) rainfall intensity,
duration and distribution and flow volume and duration. The time lag differaace
lesssignificant in the smaller Wet Tropic rivers (Herbert to Daintrésgn in the
larger Dry Tropiciversof the Burdekin and FitzroRivers which may influence the

offshore waters for periods of weekBevlin and Brodie, 2005)

Mixing profiles demnostrate initial high concentrations of all water quality
parameters in low salinity waters, with decreasing concentrations over the mixing
zone. Mixing patterns for each water quality parameter are variable over catchment

and cyclonic event, though thererea similar mixing profiles for specific nutrient
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species. Processes occurring in addition to mixing can include the biological uptake
by phytoplankton and bacteriaf nutrients sedimentation of particulate matter and
mineralisation or desorption from pddulate matter. These processes can occur at
the same time and make it difficult to determine which processes dominate.
Nutrients carried into coastal waters by river plumes have a marked effect on

productivity in coastal waters.

In the initial mixing zonewater velocity is reduced and changes in salinity, pH and
eH promote flocculation of particulate matter. Most of the river derived particulate
matter settles from the plume in this zone. Thigyigical for larger rivers such as the
Burdekin Riverwhere suspended solid and particulate phosphorus concentrations
droppedto very low levels only a fekilometersfrom the Burdekin Rrer mouth at
salinity of approximately Jipt. However benthic sediment distribution information
shows that the area off the mobtof the Burdekin River has a low proportion of fine
sediments. This apparent inconsistency is best explained by the resuspension and
northward transport and deposition in northerly facing bays of fine sediments which
occurs throughout the year under thefiluence of thepredominantsouth-easttrade

wind regime on the inner shelf. Reductions in suspended sediment with increasing
salinity in the pluméhave beerless clear in some of the othstudied plumes but

this is complicated by resuspension during the plume event in stronger wind

conditions on these occasiofBevlin et al., 2001)

Nutrients such as nitrogen associated with the discharge travel much further
offshore than sediment. Concentrations otraie and orthophosphate measured in
flood plumes reached 50 times the concentrations measured in non flood conditions.
These elevated concentrations are maintained at inshore sites adjacent to the Wet
Tropics catchment for periods of approximately emeek. Plumes associated with
the larger Dry Tropics catchment@he Fitzroy and Burdekin Riv@rexperience

elevated concentrations for periods of up to three weeksing flood events

Chlorophylla concentrations hae an inverse pattern of increasing cantrations at
some distance from the river mouth. Thsslikely to be influenced by the length of
time which water column phytoplankton have been exposed to flood generated
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nutrients and increasing light assuspended matter settke out. Chlorophylla
coneentrations were higher than phaeophytin concentrations in all samples,
confirming that most of the chlorophyll detected was associated with new algal
biomass stimulated by flood water dischar¢feevlin and Brodie, 2005; Devlin and
Schaffelke, 2009)

Concatrations of dissolved nutrients experienced at inshore reefs are considerably
above those known to produce adverse affects on coral reef ecosystems, particularly
in respect to enhancement of algal growth, reductions in coral reproductive success

and increse in mortality.

2.4. Knowledgegaps

There are several areas of study which require further work to improve our understanding

of flood plume distributions, dynamics and impacts on the GBR. The following areas are

currently being investigated under a number different research and/or monitoring

projects:

1
1

Elucidationof load concentrations with actual plume measurements.

Further integration ofremote sensing techniques in the identification of plume

extent and plume concentrations.
Horizontal and verticalefinition of plume constituents.
Plumebehaviorlinkedto ongoing climate modéng scenarios.

Development of a reporting metric forlypne concentrations and extestfor the

Paddock to Reef Integrated Monitoring, Modelling and Repotfragram.
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3. Methods

3.1. Sampling design

The flood plume monitorings part of a water quality assessmenthich includes both
baseline and event samplinghismonitoringisrun in partnership withthe other MMPsub-
programsincluding water quality (3.7.8)and coral monitoring(3.7.1b) (Schaffelke et al.,
2010; Thompson et al., 2010)

The three mairfacets ofthe marine flood plume monitoring are
1. Transport and processing of nutrienssispended sedimerdnd pesticides

91 Delivered through the water qualitynonitoring Measurementof water
guality parameters presented against salinity gradients for each catchment
and each event to describe the movement and transport of water quality

parameters

2. Extent and exposure of flood plummeo reefsrelated to prevailing weather and

catchmentconditions

91 Delivered through spatial mapping of plume extent and frequency.
Information acquired from remote sensing products including true colour
processing of plume waters and the application of water quality algorithms
(Chlorophyll and Coloured didged organic matter and Total suspended
solids) Catchment runoff events involve space scales ranging from hundred
of metres to kilometers and time scales from hours to weeks, thus the use of
remote sensingproductsat appropriate time and space scalsseful as a

key indicabrs of cause and effect

3. Incorporation and synthesis of monitoringata into GBR wide understanding of
anthropogenic water quality conditionsyater models the MMP and Paddock to

Reef reporting:

1 Synthesis and reporting of flood phe water quality data and exposure

mapping into the MMPThe 29/10 reporting will use remote sensing data.
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Further work on the integration and reporting of water quality data collected
under this subprogram (3.7.2b) andthe longterm water quality sub
program (3.7.8) is currently being investigated by JCU, CSIRO and AIMS
researchers through Reef Rescue funding. More integrative approach to

reporting will be offered in the 2010/11 reporting period.

Data fromthe flood monitoringfeeds into the validationof existing models and the
development of regionally based remote sensigorithims (Brando et al., 2008; 20110
Water quality collected in flood plume waters look teeasure the conditionsluring first
flush and high flow event situation® identify the duration and extent of altered water
guality conditions Data collected under the MMP also feeds into the ongoing catchment to

reef monitoring programs and thiategrated Paddock todf reportingprocess Fig3.1).

eI Loads estimates
Processes (DERM) Plume sampling | In situ logging data
MTSRF3.7.2— | > JCU&AIMS N MMP WQ
Burdekin & MMP seagrass
MTSRF 3.7.5— S regional bodies MMP Corals
Tully Load calculations)

Aerial flyovers

Extend spatial and temporal information Dissolved and particulate nutrients

Remote sensing

Receiving water

> models
Exposure models
Estimates of risk

Suspended particulate matter

Development of Validation CDOM
regionally based Chlorophyll

algorithms Trace metals
Pesticides

Phytoplankton species

Figure3-1: Diagrammatic representation of the integrative progranasmd data availability
running concurrently with theflood plume monitoring.

Water quality data collected within thisionitoring subprogramare reported against the

baseline flow rates over the 2009/10 sampling period. Flow data for this sampling year has
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been supplied byhe Queensland Department of thenvironment ResourcesManagement

(DERM) under th&BR catchment monitoringrogram (DERM2010.

3.2. Sample ollection

Water sampling was carried out by ACTFR staff from the Catchment to Reef research group,
James Cook Universitiyurther sampling was also undertaken by boat operators located in
the Tully and Fitzroy areas. Appropriate training was carried oilt tvese individuals prior

to the plume samplingDetails of the sampling times and number of sites vary between
catchment and marine areas (Table 3\lJater samples are collected from multiple sites
within the flood plume. Location of sites area are ajwalependent on which rivensere
flooding and the areal extent of the plume, but generally samples were taken in a series of

transects heading out from the river mouth.

All plume sampling was carried out on marine vessels, gillface water samples cetited

for a suite of water quality measurements (Table 3.3amples in plume waters are
collected using a clean, rinsdmlicket in the top meter of watertaken at each site. The
samplesare then filtered for dissolved nutrientsand total nutrients Sample are also
collected for chlorophyll, total suspended solids, and colored dissolved organic matter
(CDOM), whictare place on ice andiltered within 24 hoursAt every third to fourth site
(dependent on size of sampling areaamplesare collected for plytoplankton enumeration

and pesticides. Depth profilegetaken at each sitavith a SeaBird profilercollectingdepth
profiles of salinity, temperature, dissolved oxygen and light attenuaficable 32). Depth
profiles were not collected at all sites €uto sampling by volunteers who did not have

access to all the sampling equipment.

Three regions were monitored for pesticide residues in the 2009/10 flood plume monitoring
program adjacent to the Wet Tropics (Rus$dlligrave and Tully Rivers), Burdekin

6. dZNRSTAY WAGSNDL FyR alOllé 2KAGaAdARHEF Ot A2y
on RANBOG ¢l GSNI 6WINI0Q0O &l YL Sa 6SNBE O2f f S«
samples from the RusséulgraveRiver flood plume, 9 from the Tully River flood plume, 3

FNRY (GKS . dzZNRS1AY WAGSNI Ft22R LX dzYSz mH FNRB

36



the Pioneer flood plumeln addition, three passive samplers were deployed and recovered
from Bedarra IslandtWo separate deployments January and March 2010) and from the
Tully River mouth (one deployment in March 201B)ve herbicides (diuron, atrazine,
hexazinone, simazine and tebuthiuron) and one insecticide (imidachloprid) were detected in

the monitoringprogram.

Water samples for pesticides were taken from surface waters. These sawglesnalysed

by high performance liquid chromatography mass spectrometry (HPRKZS) at the
National Association of Testing Authorities accredited Queensland Health aedsko
Scientific Services Laboratoryhe herbicides were extracted with dichloromethane and
guantified by HPL®MSMS adapted to analysis of seawater samples by omitting addition of
sodium chloride to extractionslurther analytical details are provided Lewis et al. (2009)
including a summary of analytical preparation procedures, analytical instruments and

settings, and reported detection limits.

The passive samplers were collected and refrigerated at 4°C before extracted with acetone,
ethyl acetone ad trimethylpentane. The extracts were analysed by HRMEMS and
herbicide water concentrations were calculated by dividing the mass of the herbicide by the
sampling rates (deployment timegpecific details on the extraction procedure, analytical
methods and the calculation of herbicide water concentrations from the mass sequestered

in the passive samplers are provided in Shaw et al. (2009b; 2010).
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Table3-1: List of sampling dates and locatiorier all sampling events in the 20090 wet

season.
Date No of
Trip sampled Location sites | Description

Full suite of WQ parameters plus Seabir

1| 29/12/2009 | Tully 13| data
Full suite of WQ parameters plus Seabir

2| 2/02/2010| Tully 15| data
Russell Full suite of WQ parameters plus Seabir

3| 3/02/2010 | Mulgrave 11 | data
Mackay Full suite of WQ parameters plus Seabir

4| 8/02/2010 | Whitsunday 8 | data
5| 24/02/2010 | Burdekin 5 | Nutrients, CDOM, salinity and chlorophy
6| 3/03/2010 | Tully 13 | Nutrients, CDOM, salinity and chlorophy
Mackay Full suite of WQ parameters plus Seabir

7| 4/03/2010 | Whitsunday 25 | data
8| 8/04/2010 | Fitzroy 6 | Nutrients, CDOM, salinity and chlorophy
9| 1/04/2010 | Tully 10 | Nutrients, CDOM, salinity and chlorophy
10| 8/04/2010 | Tully 11 | Nutrients, CDOM, salinity and chlorophy
11| 25/04/2010| Fitzroy 6 | Nutrients, CDOM, salinity and chlorophy
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Table3-2: Summary of chemical and biological parametessampled for the MMP
flood plume monitoring.

Type of data Parameter Comments Reported
Physico pH Taken  through x
chemical the water
cou Same
Dissolved Oxygen profiler X
Turbidity X
Light Attenuation (PAR) X
Water quality Dissolved nutrients Surface samplin¢ X
Particulate Nutrients only X
Chlorophyll X
Suspended solids X
CDOM X
DOC
Trace Metals Not collected in| -
2010
Pesticides Not at all sites X
Sediment Clay Minerology To be reported| -
tracing onin3.7.2
Trace elements -
Sr/Nd isotopes -
Biological Phytoplankton counts Not at all sites X
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3.3. Regional sampling

High flow events occurred in all GBR catchments in the 2009/10 sampling year, with higher
than average flows being measured in all catchments south of the Burdegion (Table

4.1). Water quality sampling took place in plumes associatdith whe Tully, Brdekin,
Mackay Whitsunday and the Fitzroy Rivers. Multiple sampling occasmcurred in the
Tully, MackayVhitsunday and Fitzroy plume waters. Not all sampling was associated with
the peak fow, particularly for the Mackayhitsunday and FitzroRivers where sampling
occurred days to weeks after the highest flow peak occurred. Figuzadentifies the
hydrograph associated with these four rivers and the sampling times that occurred along

these hydrographs.

Focus was again on theailly catchmentdue b the ongoing monitoring within this area and

to the regular flooding cyclesCoordinated sampling was carried out within the Mackay
Whitsunday regiomn conjunction with the Reef Catchmeyteam. Boats were supplied (and
funded) by Reef Catchments and gadimg and analysis was carried out by ACTFR staff.
Inclementweather was a problem with repeated samplinghe Mackay Whitsundayegion

with only two field trips carried out within thisegion The events were not linked to the
peak flow events but samgdll as clos@l as possible to the peak date. Assistance from the
Reef @tchmens group was substantial, with funding for boat hire and help with sampling
logistics.The Burdekin River had two significant flow events, but again, due to inclement
weather,only the first (24' February2010) was sampled. The Fitzroy River had a very large
flow event, with sampling of the plume waters initiated two weeks after peak flow to try to

capture the longer term changes in water quality associated with plume waters.
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Figure3-2: Sampling times identifiecdbver the 2010 hydrograph for eachiver within the
2009/10 sampling period.
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3.4. Laboratory analysis

Laboratory analysis techniques vary slightly between agent@ies.methods described in
this report are for the ACTFR laboratories at James Cook University. Fddtaled

information on the scope of théield andlaboratory analyses can deund in the MMP
QA/QC Bport (RRRC 201@Qyww.rrrc.org.au.

3.4.1. Dissolved and total nutrients

Samples were analysed fooncentrations ofdissolved inorganic nutrients (NHNG, NQ,

NG + NQ, PQ and Siby standard procedures (Ryé al, 1982) implemented on a Skalar
20/40 autoanalyser with baselines run against artificial seawatéknalyses of total
dissolved nutrients (TDN and TDP) were carried using persulphate digestion of water
samples (Valderrama, 1981), which are then analysed for inorganic nutrients, as above. DON
and DOP werecalculated by subtracting the separately measured inorganic nutrient
concentrations (above) from the TDN and TDP valRagiculate nitrogen concentrations of

the particulate matter collected on the GF/F filters were determined by high temperature
combuston using an ANTEK Model 707 Nitrogen Analyser. The filters were freeze dried
before analysis. Following primary (65C) and secondary combustion (105Q), the

nitrogen oxides produced were quantified by chemiluminescence.

Particulate phosphorus was d=imined colorimetrically (Parsonst al, 1984) following
acid-persulfate digestion of the organic matter retained on the glass fibre filters -Aagh

glass minscintillation vials were used as reaction vessels. Filters were placed in the vials
with 5 ml of 5% w/v potassium persulfate and refluxed to dryness on an aluminum block
heater using ackivashed marbles as stoppers for the vials. Following digestion, 5 ml of
deionized water was added to each vial and the filter and salt residue resuspended and
pulverized to dissolve all soluble material. The residue in the vials was compressed by
centrifugation and the inorganic P determined colorimetrically in aliquots of supernatant.

Inorganic and organic P standards were run with the batch of samples.

3.4.2. Phytoplankton pigments

Phytoplankton pigments are analysedn the ACTFR laboratories using the

spectrophotometric method.Samples are npces&d promptly after filtration to prevent
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possible chlorophyll degradation from residual acidic water on filter Samples on filters taken
from water having pH 7 or higher may be stored frozentfoee weeks.The pigments are
extracted from the plankton concentrate with agueous acetone and thecaptdensity
(absorbance) of the extract is determined with a spectrophotometer achieve consistent
complete extraction of the pigmentshe cells aredisrupted the cells mechanically with a
tissue grinder.The absorbance of chlorophyll pigments withing centrifuged samples is

read using @lual beam spectrophotometer.

3.4.3. Total suspended solids

Suspended solids refdp any matter suspended ithe marine water.Suspended solids
concentrations are determined gravimetrically from the difference in weight ketw
loaded and unloaded 0.4m polycarbonate filters after the filters had been dried overnight
at 60°C. A welimixed sample is filtered through a weighed standard glass fibre filter and the
residue retained on the filter is dried to a constant weight 88-105°C. The increase in

weight of the filter represents the total suspended solids.

3.4.4. Coloured dissolved organic matter

Coloured dissolved organic matter (CDOM) is an important optical component of coastal
waters defined as the fraction of light absorgisubstances that pass through a filter of 0.2
>Y LJ2 NEDOH’ s ty@cdlly comprised of humic and fulvic substances which are sourced
from degradation of plant matter, phytoplankton cells and other organic matféaters
dominated by CDOM often appearellow/orange in color and often blackihis is a
consequence of strong absorption exhibited by CDOM in the blue and-wittiet (UV)
regions of the electromagnetic spectrunCDOM has been known to contaminate
chlorophyll satellite algorithms and also hhsen examined as a tracer estuarine/river
transport into the marine environmentThus, knowledge of CDOM variability within the

GBR is extremely useful.

Water samples are collected in glass bottles and kept cool and dark until analysis by ACTFR
laboratory, which should occur within 24 hours of collection generally (on occasion up to 72
hours). Beyond this period, there might be a slight effect of biological activity on the CDOM

concentrations, however provided that the material is cooled this effect wilitinimal and
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compared to other measurement issues, negligible. Samples are allowed to come to room
temperature before placement into a 10 cm pathlength quartz cell. The CDOM absorption
coefficient (m') of each filtrate is measured from 2@®0 nm using aGBC 916 UV/VIS
spectrophotometer, and MiHQ water (Millipore) used as a reference. CDOM absorption
spectra are finally normalised to zero at 680 nm and an exponential function fitted over the

range 356680nm.

3.5. Pesticidesampling methods

The watersamples were analysed by liquid chromatography mass spectrometry (LCMS) and
gas chromatography masgectrometry (GCMS) at the National Association of Testing
Authorities accredited QHFSS Laborat@yganochlorine, organophosphorus and synthetic
pyrethroid pesticides, urea and triazine herbicides apalychlorinated biphenylsvere
extracted from the sample with dichloromethane The dichloromethane extract was
concentrated prior to instrumentation quantification iyCMS and LCMBhe only variation

to thistechnique for the seawater samples was that sodium chloride was not added for the

extractions.

3.6. Remotesensing methods

Remote sensed imagery has become a useful and operational assessment tool in the
monitoring of flood plumes in the GBR. Combined with itin@re traditional in situ sampling
techniques the use of remote sensing avalid and practical way to estimate both the
extent and frequency of plume exposure on GBR ecosystems. The usmate sensing
algorithms has also become invaluable in theraate of water quality parameters, such as
TSS, chlorophyll and absorption of Coloured Dissolved Organic Matter (CDOM).
Concentrations of suspended sediment and yellow substamcesusedto track plume

distribution and dilution, and sedimentation.

Singleimagesof plume extentare selected based on their image quality and transposed
from georeferenced true colour images and/or CDOM measurements into GIS shape files.
The MODIS imagery was-teferenced to conform to GD84, MGA projection by applying

the imagery geographic coordinate values to the M@&Aprojected values (metres) to

achieve a simple bilinear solution (i.e. UTWue colour image of before, during and after
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each plume have been identified where there was low cloud cover and reasonaldy goo

visualization of the plume area

True colour imagery has been used to develop a better understanding of the extent of
plume waters in relation to weather and flow conditiosdvanced algorithms have been
applied to plume imagery to calculate concentraisoof TSS, chlorophyll and CDOM during
and after a significant flow event to trace the extent of water quality parameters in at peak
concentrations. The extent and concentrations of plume waters, coupled with extensive in
situ water quality samplingvas used to estimate the risk of plumexposureto inshore

biological systems.

3.6.1. Application of algorithms

Remote sensing data has been acquired from the Moderaselution Imaging
Spectroradiometed a h5L{ 0 2y 02FNR b! {1 Qa 91 NIK hoaSNID’
and AquaEach satellite has a revisit time oRltimes a day. The sensors have 36 spectral

bands and the spatial resolution varies per band. The spatial resolution for the bands which

are used to calculate the chlorophyll concentrations in the ocean have a resolution of
1000m. Data are accessed from the archiveay b! {! Qa hOSIy [ 2fz
(http://oceancolor.gsfc.nasa.goy/MODIS datasi used for the mapping of chlorophyglland

colour dissolved organic matter (CDQMEveral MODIS data products are freely available
via the internet.At present a library of MODIS data from flood plume events within the
Great Barrier Reef 206@esent, ae being catalogued at the ACTHERta is being sourced
both from NASA and CSIRO Land and Water at pixel resolutions oh 25@ 1000m.
Access to data from Mediwspectral Resolution Imaging Spectroradiometer (MERIS)
Fo2FNR (KS 9 dzNE LISA) Envifohdtesh SateliteS (ENVESATE hasé &dently

been approved.

More detailed methodology on the use ofmote sensingn flood plume monitoring was
presented in Johnson et.aP010 and Devlin et al., 2010 and will not be discussed further in

thisreport.
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3.7. Characteristics of plume water types

Water characteristicare identified in eachremote sensingmage, with theprimary water

type, characterised bligh turbidity, high sediment plume discharging relatively close to the
river mouth. Plumes chareterised by lowerturbidity (low values of TSM) andigher
production (identified by elevated chlorophyll values) are usually measured in the middle
salinity ranges (5 to 2ppt). Turbidity (measured as TSNMay change through these
secondary watergs a esult of theoffshoretransport of the finer particulate material and
desorption processes$lume water types moving further offshore are typically characterised
by elevated CDOM values, indicating some influence of freshwater, but TSM and chlorophyll
reducing to baseline concentrations. This area can be mapped rfurdier offshore and

north of the river mouththan the visually evident primary and secondary waters

The extent of theenrichment and increased productias hard to define by true colour
imagery only, and requires the application of a suite of algorithras, well as the visual
examination of thetrue colour processingTotal absorption at 443 nm may be used as an
indicator of organic material and CDOM absorption at 443 nm as an indicatoreoing
freshwater extent. Application of appropriate chlorophyll algorithms can also be helpful in
the offshore areas to identify the extent of the higher primary productower the whole

plume area

The derivedCDOM and detritus absorptiolCDOM+[pat 443 nm combined with careful
examination of quasdirue colour and chlorophyll images provided the information used to

derive simple qualitative indices for separating the different stages of plume movement, or

g GSN) ateliSaéds | yR Siesiwerg definedCtiage@ bpon lfiraineétérs OF G S
which are readily derived from ocean colour remote sensing. Thus the spatial extent of the

different water types can be mapped.
Plume types were classifieplalitativelyusing the following criteria:

) Primary wate type was defined as having a high total suspendetid (TS load,
minimal chlorophyll and higlvalues ofcoloured dissolved organimaterial plus detrital

matter (CDOM+D).
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(i) Secondary plume typavas defined as a region where CDOM+D are still high
however, the TSM has been reducéal this regionthe water is characterised bycreased
light and nutrient availability which canprompt phytoplankton growth.Thus, secondary
plumewatersexhibit high chlorophyl] high CDOM+D and lowd'S

(i)  Tertiary plume types the region of the plume that exhibits no elevatedSE®&d
reduced amounts o€hlorophylland CDOM+D when compared with that of the secondary
plume, but still above ambient conditionsThs region can be described as being the

transition between a secondary plume and ambient conditions.

Combining true colour information and appropriate algorithm applicatimentifies the
three plume typeswith a suitable degree of confidence. In the areslere cloud had
completely obscured the plume, estimations of the plume extents were achieved by
assessing the plume patterns from consecutive imagery epochs in the following-itays.
3.3illustrates the primary and secondary plume associated withBhedekin flood waters.

The very turbid inshore plume can be seen moving north and offshore from the Burdekin
mouth, moving approximately 60 kilometres north. Thecondary plume visible in the left

hand side of the picture, moving norplast Magnetic Islad.

Mapping the water typesshows that acombination of total suspended matter (TSM),
chlorophyll (Chl) and coloured dissolved and detrital matter (CDOM+D) imhgsrpeen

extremely useful in identifying plume boundaries
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Figure3-3: The identification of primary and secondary plume in the BurdekiRiverplume.
The pink line denotes the approximate extent of the primary plume water (high TSS) and
the yellow line denotes the approximate extent for the sendary plume water (fgh
chlorophyll carrying watersjlmagery courtesy of CSIRO)

3.8. Mapping water types using spectral thresholds

Definition of quantitative thresholds for each water type (primary, secondary and tertiary)
will allow us to map the extentral frequency of water typesvith far greater confidence

and identify the full range of spectral properties within each typerther elucidation of the
water types, using thresholds of the water quality concentrations (e.g. CDOM+D and TSM)
can be made by efining the range of optical properties within the broad categories of

water types.

Further elucidation of the movement of different water types, i.e., the high sediment waters

as compared to the secondary clearer productive waters allows better estiofaiek and

exposure fobiological ecosystemgigure3.4shows an example of mapping plume extents
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based on a series of water quality thresholds identified for different water types. More work
is required on testing the water quality thresholds relatedhtiological ecsystems and the

level of impact, andinks with existingauidelinetrigger values must be considered.

For comparison and validation, the finatageryclassification wasompared between the
gualitative approach (using true colour) and quantitat (using spectral thresholds)yhe
products were compared and outputs used to redefine the water typHEse initial
classification method, as described above, allowed us to ntep three main plume
mapping densities (e.g. primary, secondary and tertiary) based on the true colour images
allowed for a visual correlation of the classified valugg.using both of these products it
was possible to delineate the three recognised pluchessifications with a suitable degree

of confidence. In the areas where cloud had completely obscured the plume, an estimation
of the plume extents were achieved by correlating the plume patterns from any other

imagery epochs in the following days.
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Figure 3-4: Use of spectral thresholds to identify the plume water type (primary,
secondary and tertiary). Red denotes the primary, high sediment carrying waters, green,
the secondary, high colour and elevatedrguluction waters and blue, elevated CDOM
waters indicative of the full extent of the freshwater plume.
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4. Flood events in 209/10

4.1. Description offlood events

Regionaassessments for the Tullgurdekin Mackay Whitsunday and Fitzr&iverplumes
are presented in this reportReporting isdependent on the timing and structure of the

plume for each day that sampling occurred.

Therewere a number ofmonsoonal lows associated with tl2©09/10 season, with medium
flow to high flow measured in the northern catchments. There were some very large events
in the southern catchments, with significant flow measured in the Pioneer, Proserpine and
Fitzroy Rives. Flow rates fo2009/10 for theten wet and dry tropic rivers are presented (Fig
4.1). All rivers north of and including the Herbert has total flows that were less than the long
term median flow, with relative differences being from 0.49 (Normaritiye) to 0.98

(RusselRive) (Table5.1)

Flow rates forall rivers south of the HerbeiRRiverwere above the long érm medianflow
(Table 5.1) with the Plane, Fitzroy and BurneRivers having total year flow being
significantly greater than the long term median flow. Relative differences for the Plane,
Fitzroy and BurnetRiverswere 3.27, 3.94 and 5.96 respectively. Whilst the Plane and
Burnett Riverswere very large events, there cattient size is quite small, with total
discharge volume being 368,6 ML and 881, 58ML for the Plane and BurneRivers In
contrast the FitzroyRiver haghe largest catchment and with significant flooding in 2010,

has a total discharge volume of 7, 9780ML.

The summary of the plume events and the number of days in which flow exceeded a long

term 95" percentile is shown in Table 5.2.
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Figure4-1: Flow rates associated withen Great Barrier Reefivers Oeember 2009 to
May 201Q.
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Table4-1: Annual freshwater discharge (ML) for major GBR catchment river2009/10.
The median and mean annual flow is estimated from @ahle longterm time series for
each river. Data supplied by the Queensland Department of the Environment and
Resource Management. Lortigrm medians were estimated from annual total flows
(October to October) available orwww.nrw.gld.gov.au/precomp

Yorat Yorat Difference Relative
ongterm | Lohgrerm between difference
di rl\;]er di m;}er Total year | 2009/2010 between
ISC d?“ge ISCNArge | gischarge | flow and long|  2009/201fow
median mean | 2009/2010| term median| and longterm
Region River (ML) (ML) (ML) (ML) median
Cape York| Normanby  3,550,42] 3,707,001 1,723,44 -1,826,97¢ 0.49
Barron 692,44 795,27¢ 545,717 -146,73( 0.79
Mulgrave 719,62¢ 743,39¢ 611,602 -131,797 0.85
Russell 1,049,89¢ 1,051,74f 1,026,80 -23,094 0.98
North
Johnstone  1,845,33{ 1,797,64! 1,652,41 -192,921 0.90
South
Johnstone 810,02¢ 801,454 669,178 -140,847% 0.83
Tully 3,128,45{ 3,175,29{ 2,557,85 570,601 0.82
Wet Tropic| Herbert 3,122,76{ 3,492,13! 152,352 -2,970,41 0.05
Burdekin | Burdekin 5,957,45( 9,575,66( 7,857,34« 1,899,809« 1.32
Proserpine 35,73€ 70,56¢ 49,501 13,765 1.39
O'Connell 148,37¢ 201,47¢ 214,062 65,686 1.4
Mackay Pioneer 731,44] 648,23¢ 1,319,39 587,952 1.8
Whitsunday Plane 112,79( 154,092 368,61¢ 255,82¢ 3.27
Fitzroy Fitzroy 2,708,44( 4,461,13| 10,683,53 7,975,09 3.94
Burnett
Mary Burnett 147,814 217,511 881,587 733,768 5.96
Total 24,761,02] 30,892,633 30,313,40 5,552,38 1.22
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Figure4-2: High flow periods (dailyflow > 95" percentile) for 200910 in a selection of
GBR rivers.

Table4-2; Summary of plume events in terms of the number of days that flow exceeded
BNLISNOSYUAETS Ft29 OFtdzS yR GKS ydzYoSNI 2F &S
greater than 2 days where the flow exceeded the"percentile).

River Normanby |Barron Russell N lohnstone |5 Johnstor Tully Herbert Burdekin Proserpingd Pioneer Fitzroy

NRM ID 105107|110001D |111101D 112004A 1121018 |116001E 116001E 1200068 122005 125007(119003A
75th

percentile

(daily flow) 4985.4 1156.9 3305.4 5525.5| 2253.8 4588.0 5893.6 5816.2 47.8 323.2 2670.0
95th

percentile

(daily flow) 46105.2 7647.5 12922.8 17756.2| 55329 31573.0 42382.7 1254448 218.5 3396.0 35656.0
Exceedance

of 95th%ile

(no of days) 14 15 18 15 13 5 24 32 64 60
No of "events 2 2 3 3 2 2 2 5 4 1
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5. Case study & BurdekinRiver

5.1. Details of sampling sites and timing

In 201Q sampling in the Burdeki plume took placet only one time on the 22 February

2010(Fig 5.2)Due to the low number of samples collected in the Burdekin plume, the data

is combined with results from the @/08 and 208/09 sampling period. For the @9/10
year, amples wergakenonly at the mouthand slightly north (Fig 5.18urdekin River flow
was reasonable, with thannualmedian flowfor 2009/10 being greater than the long term

median (Tables.1) with a relative difference of 1.3Zjowever the flow was much lower

thanthe previous events sampled in @0¥08 and 208/09 ig5.3).
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Figure5-1: Location of all sampling sites delineated by date for the Burdekagion.
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Figure5-2: Flow hydrograph for the Burdekin River 2010 Red linedenote the periods of
time in which sampling took place.
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Figure5-3: Flow hydrograph for the Burdekin Rivé2000¢ 2010)
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5.2. Water quality results

Water quality data wasakenon 24" February 2010The total volume of freshwater moving
into the marine environment wasignificant with a peak of almos281,442.7ML measured

on 22" February2010.

Due to the dw number of sitesampledin the BurdekinRiverfor 2009/10, presentation of
these values alone would not be instructive or descriptive of the plume components. To
counter this, Figure 5.4 shows four mixing plots of the Burdekiiver data for total
suspended sediment (TSS), dissolved inorganic phosphate @btPYissolvednorganic
nitrogen (DIN)and chlorophylifor the last three sampling years, including data from
2009/10.

Data analysis illustrates thepatial patterns within the BurdekirRiver plume waters.
Suspended particulate matter (SPM) is substantially elevated in the river mouth as observed
in other studies (Devliet al., 2002; Lewi®t al., 2009, and drops off rapidly in the initial
mixing zone (0 to 10 ppt). Howevehere is amarked differencan the SPM concentrations
between thethree yearswith the high concentrationsneasuredin 2008/09. This couldbe
indicative of agreater flux of heavier colloidal material in @09 due to the variable
flooding of the subcatchmentsor the finer particulate mattemovingfurther offshore in
2007/08 and a lack of offshore data in @9/10. This supports current work by Bainbralgt

al., (2009 that describeschanges in water quality concentrationgithin the river and
coastal systeman be linked back to theub-catchment source

The higher concentrations of the sediment and particulate nutrients in the initial mixing
zone are indicative of the primary plume, where suspended particulate matter measures
greater than 10mg/l and the paticulate nitrogen and phosphorus measure greater than 20
nmM and 3nmm respectivelyHigh turbidity waters are a characteristof theselow salinity,

high sediment concentrations and easily identifiable byia andremote sensingmagey.

The highestoncentrations of DIN measured in@)09 (7uM) wastakenin salinity waters

of approximately 20ppt, and generallydilutes with distance away from the river moyth
though the peak in the middle salinities does reflect some biological processing thioeigh t
salinity gradientThe lack of samples in the lower salinities makes it difficult to identify how
much of a reduction has occurred from the river mouth. Th@7208 data demonstrates
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non conservative mixing, with high concentrations in the lower sglientd (< 1(pt) with a
subsequent reduction in concentrations after gt illustrating that the movement of DIN is
controlled byboth dilution and biological process. Lower DIN concentrations are associated
with the drop in SPMand an increase in biolagal activity. In both years, the DIN
concentrations have reduced to approximatelyr® at the higher salinity endndicating a

long range movement of higher nutrient concentrations throughout the Burdekin plume
waters DIP concentrations in B@/08 also kow non-conservative mixing with the highest
concerirations around the 1(@pt mark reducingubstantivelyin the higher sality waters
Nutrient concentrationsfor DIN and DIRt 30 ppt are elevated in botlsampling events
indicatinghighinorganic nutrient concentrations have movadrth pastthe Palm Islands.
Chlorophyll, as an indicator of phytoplankton growth is elevated in both sampling events,
with high concentrations occurring in both low salinities, indicating some intrusion of
freshwater phytoplankton, and in higher salinities, indicating favorable growth conditions
for the phytoplankton in the an light limiting waters (Fi%.3). The higher nutrient and
higher production in the higher salinity ranges is indicative of what we teexondary

LI dzYSax 6KSNB (GKS Y20SYSyid FyR GNIYyaLR2NI 27
ManQa 2F {Af2YSUSNE gl & FTNRBY GKS NAGSNI Y2 dz
be seen in the higher values of nutrient concentrations, lower sedimencentrations and
favorable conditions for the elevated growth of phytoplankton. The extent and duration of
secondary plumes andheir impact on the biological communities is one of the key
guestions in our marine monitoring programs.

Figure5.5 preserts the plume concentrations over a ran@é salinity measurementtaken

over the last three yearsThe plots show the average concentrations of each parameter (TSS,
DIN and chlorophyll) over a set salinity ranigeall yearsthe overall patterns are cleawith

TSS falling out rapidly in the lower salinity ranges, with DIN concentrations reducing rapidly
in the middle salinity ranges, corresponding to the higher chlorophyll measurements

indicating the zone of higher biological activity.
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Figure5-4: Mixing curves fortotal suspended sediment (T$Slissolved inorganic nitrogen
(DIN)and dissolved inorganic phosphorus (Di@)d chlorophylifor all sampling events in
the BurdekinRiverplumes during the 2007/08 to 2009/10 wet seasors.
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5.3. Remote sensin@f BurdekinRiverplumes

Theextent of secondary plumes is harder to define by air surveillance alone, and requires
the application of a suite of algorithms, including true colour processing, total absorption at
441nm as an indicator of organic material and CDOM absorption anddas an indicator

of riverine extent. Application of appropriate chlorophyll algorithrmasn be used with
greater confidence in theoffshore areas to identify the extent of the higher primary
production in and after the plume intrusiofRlume extents havéeen identified by true
colour and CDOM absorbance at 44t (usingremote sensingechniques).A true colour
image of the Burdekin plumis available fronthe 6™ and 7" February2010tracking the
movementof the riverine waters (Fig.6). Note that the Budekin Dam has not overflowed

its banks, so the sources of flood waters in these images are from the Lower Burdekin
catchment. The TSS concentrations would be relatively low, thus supporting high
concentrations of Ckh and CDOM which are evident in the yestrong green colours

moving away from the BurdekiRivermouth.

FHgure 5.7 identifies the water types that have been identified fddurdekin Riverflood
waters. The very turbid inshore plume can be seen moving north and offshore from the
Burdekin mouth, almost reaching the offshore reefs. There is also a secondary plume visible
in the left hand side of the picture, moving northield sampling was ad to validae the

water type areasTSS and Gllconcentrationsaare shown on the water type maps (Fig 6.7).
Using a combination of information from catchment loads, the frequency and exposure of
plume waters and information on the characteristics of watges most commonly found
within the marine regions, we have identified the area most likely to extbedsuidelines

for TSS and Galin the Burdekin marine region (Fig85.

62| Page



Figure5-6: True colour image othe BurdekinRiverflood taken on the6™ and 7" February
2010 (courtesy of ACTER
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