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EXECUTIVE SUMMARY

Background

1.

In November 2017, North Queensland Bulk Ports implemented an ambient marine water quality monitoring
program surrounding the Port of Abbot Point. The objective of the program is to collect a long term water
guality dataset to characterise marine water gt\lconditions within the Abbot Point region, and to
support future planned Port activities. This document reports on data collected from July 2018 to July 2019.
This program has incorporated a combinatafrapproaches to collect ambient water qualitytddrom the
coastal ocean. The approaches adopted incladet field measurementand water sample collection,
acquisition of data via deployment bigh frequency continuous loggers, and laboratory anabfsamples

for a range of nutrients, herbicidesd heavy metals.

The Port of Abbot Point hd&/e establishedsites forambient water qualitymonitoring whose locations

align with key sensitive receptor habitats (e.g. corals or seagrass), along with key features in the study
region (e.g. river flow pats).

Climatic conditions

1.

Thetotal wet season rainfall within the study area during 8@D19 wasabove average compared teet
season totals since 1961. Data also shows that there has been higlamteal variability in rainfalfor
example totalwet seasorrainfall in the previous year (2@12018) was considerably lesand therefore
catchmentdischargevasalsoconsiderablyess

Inter-annual variability of wet season rainfall and catchment discharge to the coastal biggdights the
necessityfor a longterm commitment to ambient marine monitoring programs, as continued monitoring
will allow changes immbientenvironmental conditionslue to differences in annuadinfall to be better
understoodand characterised, rather than monitoring and evaluation supported by much shorter time
series data sets

The daily average wind speed and direction recorded at Abbot Point for the reporting period was
predominantly from the south east, with 3® of daysaving wind speeds greater than R hr. Wind
rarely came from the northwest direction during this reporting period  6f the days)which is different

to other ports under NQBP management

Water chemistry

1.

Field water quality conditions were measd at all siten a ~6 weekly basis. Parameters collected were
water temperature, electrical conductivity, pEnddissolved oxygeat three depths (surface, midiater

and bottom) along withsecchi disk depthnd light attenuation.

Seasonal differences water quality were minor, except for temperature which was highest during the
summermonth¥ | AAYAfFNJ LI GGSNY. (2 LINBOA2dza &SI NEQ NI
There wadittle difference in temperatureamong the threedepthsexamined, indicating thathe water
column ae persistently well mixed on a vertical plane

Particulate nitrogen concentrations exceeded the guidelines throughout maked&0182019 monitoring
period, this pattern has remained over previous years monitoring, which outlines the need for a closer
examination of sources of particulate nitrogen

ChlorophyHa concentrations exceeded the GBRMPA (2010) Water Quality Guideline in most months and
all sites surveyed during tH20182019 monitoring period.

Copper, nickel, and arsenic were detected in watamples collected in August 2018, although the
concentrationcontinue to bebelow relevant guideline value®lo other metals were detected throughout

the reporting period.

Atrazine, Diuron, Hexazinone, and Tebutryn were detected during all survey in the 2018/2019 period
although their concentrationsontinue to notexceed relevant guideline valuedll other pesticides and
herbicides tested for during ambient monitoring says were belw analytical limis of detection.
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8. An assessment of the plankton community (both phytoplankton and zooplankton) was completed during
this reporting periodPhytoplankton abundance was high over the 2018/19 wet season, while diversity was
lowest in February 2018. As the dataset grows, relationships between the plankton community and other
physiochencal/nutrient parameters can be statistically aduated. Evidence offrichodesmiunmblooms
were again observed during the reporting period, ancoon phytoplankton that occurs during the warm
summer months when conditions are suitable.

Sediment deposition and turbidity

1. RMS water height values were mostly driven by weather events and this is clearly evident in the data as
peaks in RMS water heightsere observed at the same times at all sites over the survey year. Variation in
the magnitude of RMS water height values during peak events and duringvestt periods differs among
sites due to differences in water depth and site exposure to wave energy

2. The NTUe/SSC time series data at each site followed a typical pattern of low background values with
recurring peak events. These peak events occurred at the same times at each site and coincided with peak
in RMS water height. This is a typical pattetnick is similar to data collected in coastal locations in north
Queensland

3. Time series deposition data shows that deposition tends to peak following high RMS water height events
but with a lag so that peak deposition occurs at a time when RMS water Hedghtlecreased to near
background levels. An explanation for this lag is that as waves resuspend sediment, little deposition is
expected because the energy in the system will keep the sediment in suspension. It is only when waves
decrease and there is norger enough energy in the system to keep the same quantity of sediment in
suspension that deposition begins to occur.

4. Current meter data indicates the prominent current direction and velocity at each site and shows that
coastal current, tidal current or @ombination of both influence current direction and magnitude.

Light attenuation (Photosynthetically active radiation; PAR)

1. Benthic PAR was highly variable within sites throughout the year, with peaks and troughs occurring both
regularly and intermittenly over time. Semiegular oscillations between low and high PAR levels were
overridden by larger episodic events caused by storm or rainfall eegptrienced in the regianThe data
series here continuestincrease, which is slowly providingt@aterinsight into trendsandwhether these
be tidally influenced odependenton seasonality and cloud cover. Benthic PAR is also important to assess
and validate NTUe sensor data.

Recommendations

1. The program thus far includes five monitoring sites, ang itticommended that these same five sites
remain for the 20920 period in order to continue to capture local water quality conditiongich will
then provide 3 full years of data to thereby base further recommendations on ratiocinations to the ambient
water monitoring program.
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L= = od o 1o 11 (=Tox 1o ) 0 RS 57

Figure 3.33 Current rose at Spoil Grounds (AMB 2) for the monitoring period from July 2018 to July 2019. The
current rose plotgshe number of currents recorded in each direction within the ranges of different current speeds
iNdicated INthE IEOENM............oo i e et e e e e e e e e e e e e e e e e e e e e e e e e e s e e e s s e s e saaee s nannnes 58
Figure3.34 Average current speed rose at Spoil Grounds (AMB 2) for the monitoring period from July 2018 to
July 2019. The average current speed is rose is coloured in green, while the red values indicate the average currel
value at each SPECITIC AIFECHION........ccccci e e e e e e e e e e e e e e e e e e e e s s e e e s e e b e s e e sraeseeeeees 58

Figure 3.35 Current rose at Camp Island Elliot River (AMB 43) for the monitoring period from July 2018 to July
2019. The current rosplots the number of currents recorded in each direction within the ranges of different
current speeds indicated iN the [EJENM.............uiiiiii e 59

Figure 3.36 Average current speed rose at Elliot River (AMB 3) for the monitoring period from July 2018 to July
2019. The average current speed is rose is coloured in green, while the red values indicate the average curren
value at @acCh SPECITIC TIMECTION.. ... ...eiiiiiiiiiiee e e e e e s e e e e e s et e e e e e s annbeeeeeeas 60

Figure 3.37 Current rose at Camp Island (AMB 4) for the monitoring period from July 2018 to July 2019. The
current rose plots tb number of currents recorded in each direction within the ranges of different current speeds
(glo[or=e=To Wl g It g [=To =] o To IO P PP PPPPPRPPPPPPY 61

Figure 3.38 Average current speed rose at Camp Island (AMB 4) for the monitoring period from July 2018 to July
2019. The average current speed is coloured @egrand the red values indicate the average current value at each

£ 0 Lo 1ol 1= o 1o VR 61

Figure 3.39 Current rose at Holbourne IslagdMB 5) for the monitoring period from July 2018 to July 2019. The
current rose plots the number of currents recorded in each direction within the ranges of different current speeds
1o [Toz= 1 (=T BT TN g =N 1= To 1T o o 1S 62

Figure 3.40 Average current speed rose at Holbourne Island (AMB 5) for the monitoring period from July 2018
to July 2019. The average current speed is rose is coloured in grbda,the red values indicate the average
current value at each Specific dIrECHAN...............uuiiiiiiiiiieee e 63
Figure3.41 Bootstrapping relative importancanalysis following a stepwise multiple regression analysis. Bars
represent 95% bootstrap confidence intervals, and % of r squared values are normalized to sum.100%.64
Figure3.42 Partial effect plots for AMB1 parameters affecting the concentration of suspended solids in the
water column. Grey area indicates 95% CI and rugaxisxstand for data density...........ccccevviiiiiieeneeennnnndd 65
Figure3.43 Bootstrapping relative importance analysis following a stepwise multiple regression analysis. Bars
represent 95% bootstrap confidence intervals, &af r squared values are normalized to sum 100%. Ovérall R

0 1 PRSPPSO 66
Figure3.44 Partial effect plots for AMB2 parameters affexithe concentration of suspended solids in the
water column. Grey area indicates 95% CI and rugaxisxstand for data density...........ccccevvviiiieeneeennnnnd! 67

Figure3.45 Bootstrapping relative importance analysis following a stepwise multiple regression analysis. Bars
represent 95% bootstrap confidence intervals, and % of r squared values are normalized to sum.100%.68
Figure3.46 Partial effect plots for AMB3 parameters affecting the concentration of suspended solids in the
water column. Grey area indicates 95% CI and rugaxisxstand fodata density...........ccccveeeiiiiiieeeeeennnd 68
Figure3.47 Bootstrapping relative importance analysis following a stepwise multiple regression analysis. Bars
represent 95% bootstrap confidence intervals, and % of r squared values are normalized to sum 100%.2Gverall R

O T OO PP PP UOPPR 69
Figure3.48 Partial effect plots for AMB4 parameters affecting the concentration of suspended solids in the
water column. Grey area indicates 95% CI and rugaxisxstand for data density..........cccccccceeeieiiiverreeeennnnn 69
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Figure3.49 Bootstrapping relative importance analysis following a stepwise multiple regression analysis. Bars
represent 95% bootstrap confidence intervals, and % of r squared values are normalized 16@%
Figure3.50 Partial effect plots for AMB5 parameters affecting the concentration of suspended solids in the
water column. Grey area indicates 95% CIl and rug-axixstand for data density.............cccccccoeeeiiieiiiinnd 71
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1 INTRODUCTION

1.1  Port operations

The Port of Abbot Point is situated in naturally deep waters off the central QueerStzamt Figurel.l). The Port
of Abbot Point is located approximately 25 kilometres north of Bowen, and North Queensland Bulk Ports
Corporation (NQBP) is the Port Authority. The Port has one operating terminal

and provides important services for the surrounding region.

1.2  Progam outline

Routine maintenance dredging is periodically required at the Port of Abbot Point to maintain vessel navigational
depths, and has only been triggered once in the last 25 years. In order to better define the potential impacts
associated with poroperations and to characterise the natural variability in key water quality parameters within
the adjacent sensitive habitats, NQBP committed to an ambient marine water quality monitoring program in and
around the coastal waters of the Port Abbot Point(Figurel.1; Tablel.1). As part of this programyater quality
parameters are being investigated at a range of sites. This monitoring program contains a range of ambient water
quality components that collectively continue to characterise the natural variability in key water quality
parameters, includinghose experienced at the nearest sensitive receiving habitats.

4

Hiolbournellsiand

Kilometers

.

h & %)
Figurel.1 Geographical positions for the locations of the ambient marine water quality monitoring program sites at the Port of
Abbot Point
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Tablel.1 Descriptions for the locations of the ambient marine water quality monitoring program sites
Location AMB site no. Lat. Long. Water quality Deposition/PAR logger
Euri Creek 1 -19.9047 148.1418 Yes Yes
Spoil Grounds 2 -19.8444 148.0077 Yes Yes
Elliot River 3 -19.8922 147.9368 Yes Yes
Camp Island 4 -19.8417 147.9058 Yes Yes
Holbourne 5 -19.7358 148.3593 Yes Yes

1.3 Rainfall and river flows

Total rainfall duringthe 2018/2019 wet season periodvashighin comparison to wet seasamainfall totals since
19611962 (Figurel.2). Rainfall in recent years has also been highligiffégurel.2), indicating that the ifluence

of rainfall, and therefore catchment flow, can have high irdenual variability. This highlights the necessity for
long term commitment to ambient marine monitoring programs.

.
2016-2017

I 2017-2018

—————
1
———
I 2(15-2016

0 500 1000 1500 2000 250
Wet season rainfall (mm)

Figurel.2 Wet season rainfall fothe Bowen regiomanked in order of decreasing totaket seasorrainfall (mm) Daily rainfall
datawasobtained fromthe Bureau of MeteorologiMount Dangemveather station $tation numbei033096). Totals
were calculated for the weteason period ¥ November to 3% March for each reporting yeaRedbar represents the
current201819 ambient marine water quality monitoring periptlue bars show total rainfall over the previous four
years Solidred line represents mediawet seasorrainfall1961/62 to 2018/19 and dasheed line represents one

standard deviation from the median.
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A hydrograph for Euri River near Abbot Poffg(rel.3) shows a large increase in river discharge atehé of
February 201%lue to high rainfalfunoff originatingfrom a monsoonallow pressure systemF{gurel.4). River
discharge associated with this rainfall event was higher than the maximum flow rate (22,640)Micorded
during TC Debbie in 2016/2017.

l I

I BT S S S S S S G s
Q\\'\Q\ 0\\’\7’\ Q\\@) 0\\0“\ 0\\06\ Q\\Qg 0\\\0\ 0\\’\‘2) 0‘\\0‘2’ Q‘\\QD'\ Q‘\\QG\ ‘3;\\1'31‘l

Date

Figurel.3 Flow (MLd™?) recorded for Euri River (station number: 121004A) during October @0l 2019. The vertical dashed
line indicatesa period of heavy rainfall due to convergence of a monsoon anepi@ssure systenfsee Figure 1.4)
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Palmerville

Rainfall (mm)

Innisfail 1600 mm
1200 mm
800 mm
600 mm
Townsville 400 mm
300 mm
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100 mm

50 mm

25 mm

10 mm

— O0mm

© Commonwealth of Australia 2019, Australian Bureau of Meteorology 1D code: Analyser Issued: 03/03/2019

Figurel.4 Heavy rainfall occurred in the region duripdgJanuary t® February 2019 due to convergence of an active monsoon
trough and slowmoving low pressure system. Rainfall map sourced from Commonwealth of Australia 2019, Special
Climae Statement 69; an extended period of heavy rainfall and flooding in tropical Queensland.

1.4  Wind for Abbot Point

The daily average wind speed and direction recorded at Abbot Point airport for the reporting period was
predominantly from the south east, aneB0% of days had wind speeds greater tharkg#h* (Figurel.5). Wind
rarely came from the nortiwest direction during this reporting period (<bof the days).

Year 2017 to 2018 Year 2018 to 2019
D70
% N . N
Wind Speed (km hr'") 60% 40%
50% 35%
. 30%
=24 40% 25%
30% 20%
18-24 20% 15%
10% s
w w % | A E
12-18
o-12 l

<6

S S

Figurel.5 Daily average wind direction and strength recorded at Abbot Poieaah monitoring period
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1.5 Project objectives

The goal of the program is to characterise the ambient marine wattity monitoring within the region and
adjacent to the Port of Abbot Point. This report provides a review and analysis of data collected between November
2018 and July 2019. These data are part of a lotgyen commitment to monitor and characterise reggig water

quality conditions, in particular to support future planned asset management and protection for both these ports.
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METHODOLOGY

Ambient water quality

Spot water quality samples were collected at sites approximately onvael basis Tablel.1) from a research

vessel.

At each site, a calibrated multiprobe is used to measure water temperature, salinity, dissolved oxygen

(%sal), pH, andurbidity (Figure2.1). In addition to spot measurementsecchi disk depth is recorded, as a measure
of the optical clarity of the water column, alongth light attenuation using a LiCor meter. These fielgitn
measurements are recorded at three depth horizons: a) surface (0.25m); ljaptt; and c) bottom horizon. The
measurements assist in characterising water quality conditions in the watemeoolu

In considering key priority outcomes outlined in recently published Coastal Strategic Assessment and Marine

Strateg

ic Assessments for the Great Barrier Reef World Heritage area (DEHP, 2013; GBRMPA, 2013), the wa

quality program design below was cohafed. The list of parameters examined consisted of:

1 Ultra-trace dissolved metals : arsenic (As), cadmium (Cd), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb
and zinc (Zn);

1 Nutrients (particulate nitrogen and phosphorus);

1 Chbrophylta;

1 Pesticides/herbicides (Low LOR suite (EP2B4(Acluding: diuron, ametryn, atrazine, terbutryn. Note that
pesticides are suspected to be in low concentrations during periods of low rainfall runoff, and only
detectable following rainfall. As a consequersampling of only two events at all sites for pesticides, one
during the dry and a wet seasanthough note that the timing of sample collecti@re dependent on
prevailing weather conditions, so tharting of each survey will différom year to yeg and

1 Phytoplanktonand zooplankton collection occurrédur times across this reporting period. The timing of
sample collection, similar to pesticides/herbicides, is dependent on prevailing weather conditions, to
capture a range of different conditions rangifrom wet, dry, late dry, late wet, post wet etc. This strategy
maximises the opportunity to sample under different conditions, and overtime a stronger understanding
of the variability of plankton communities is possible.

N \\)
Figure2.1 TropWATER staff conducting field water quality sampling
Table2.1 Summary of instrument maintenance and water quality surveys completed during the 2018/19 reporting period
Date Nutrients, Metals, Plankton Logger
Chloro herbicides ;
maintenance
August 2018 Yes Yes Yes Yes
October 2018 Yes - - Yes
November 2018 Yes - Yes Yes
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February 2019 Yes Yes - Yes
March 2019 Yes - Yes Yes
May 2019 Yes - Yes Yes
July 2019 Yes - - Yes

Sampling methodology, sample bottles, preservation techniques and analytical methodology (NATA accredited)
were in accordance with standard methods (i.BEHP2010; Standards Australia 1998). Field collected water
samples were stored on ice in eskiesmadiately during field trips aboard the vessel, and transported back to
refrigeration, before delivery to the TropWATER laboratory. For chlorophyll analysis, water was placed into a 1L
dark plastic bottle and placed on ice for transportation back to refagon. For dissolved metals and nutrients,
water was passed through a 0.45 pm disposable membrane filter (Sartorius), fitted to a stemile $@ringe
(Livingstone), and placed into 60 mL bottles (metals) anthll@ottles (nutrients) for posterior angis in the
laboratory. (The use of these field sampling equipment and procedures have been previously shown to reduce the
risk of contamination of samples, contributing to false positive results for reporting; TropWATER, 2015). Unfiltered
sample for totalnitrogen and total phosphorus analysis were frozen in aniOtube. All samples are kept in the

dark and cold until processing in the laboratory, except nutrients which are stored frozen until processing.

Water for chlorophyll determination was filterechitough a Whatman 0.45 um GF/F gldibse filter with the
addition of approximately 0.2 mL of magnesium carbonate within (less than) 12 hours after collection. Filters are
then wrapped in aluminium foil and frozen. Pigment determinations from acetone @stiaf the filters were
O2YLX SGSR dzaAy3 aLISOINRLIK20G2YSUNESY YSGK2R RSaONAOGS
2 2086 GSNE mMnunn | & / KEt2NRPLKeff Qo

Water samples are analysed using the defined analysis methods and detectionalinited in Table2.2. In
summary, all nutrients were analysed using colorimetric method on OI Analytical Flow IV Segmented Flow
Analysers. Total nitrogen andéh@sphorus and total filterable nitrogen and phosphorus are analysed simultaneously
using nitrogen and phosphorous methods after alkaline persulphate digestion, following methods as presented in
W{dl yRINR aSiK2R& T2NJ (0KS 9 HB0GNQBIF.iANtEmAted?CRdum R&idktioh vy R
aSiK2RQ YR AY Wil yRINR aSitiK2R& T2 NJIPFKAStontated Asdonsit G A :
I OAR WSRdOUA2Y aSiK2RQ® bAGNI G863 bAGNRGS FyR ! YY2y

the Examination of Water and Wastewater, 45803 C® ! dzi2 Yl 4GSR /I RYAdzY wSRdzO(
Methods for the Examination of Water and Wastewater, 45002 . @ / 2f 2NAYSINA O aSiK:
Methods for the Examination of Water and Wastewa#$00b | o D® ! dzi2YI 4GSR t KSy I (S

CAftGSNIrofS wSIFEOGAPS tK2AaLK2NRdza Aa |ylFrfeaSR F2ff2
Examination of Water and Wastewater, 4500 C® ! dzi2Yl SR ! 802NDBA O kAR wS

metals, and herbicides are analysed by Australian Laboratory Service (ALS).

For all water quality plots, boxes are@nd 80" quantile, centre line is median, and whiskers represent tfie 5
and 95" percentile.

Table2.2 Water analyses performed during the program

Routine water quality analyses

pH 4500-H" B

Conductivity (EC) 2510 B 5 pS/cm
Total Suspended Solids (TSS) 2540 D @ 103 - 105°C 0.2 mg/L
Turbidity 2130 B 0.1 NTU
Salinity

Dissolved Oxygen
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Pesticides/herbicides
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Organophosphate pesticides In house LC/MS method: EP234A 0.0002-0. 001 eg/ L
Thiocarbamates and Carbamates In house LC/MS method: EP234B 0.0002 eg/L
Thiobencarb
Dinitroanilines In house LC/MS method: EP234C 0.001 eg/L
Pendimethalin
Triazinone Herbicides In house LC/MS method: EP234D 0.0002 eg/L
Hexazinone
Conazole and Aminopyrimidine In house LC/MS method: EP234E 0.0002 eg/L
Fungicides
Propiconazole, Hexaconazole,
Difenoconazole, Flusilazole, Penconazole
Phenylurea Thizdiazolurea Uracil and In house LC/MS method: EP234F 0.0002 eg/L
Sulfonylurea Herbicides
Diuron, Ametryn, Atrazine, Cyanazine,
Prometryn, Propazine, Simazine,
Terbuthylazine, Terbutryn
Nutrients
Total Nitrogen and Phosphorus (TN/TP) Simultaneous 4500-NO;” F and 4500-P F 25 pg N/L
analyses after alkaline persulphate
digestion

5 pg P/L
Filterable  nutrients  (nitrate, nitrite, 4500-NOj; F 1 pg N/L
ammonia, Nox)
Ammonia 4500- NH; G 1 mg N/L
Filterable Reactive Phosphorus (FRP) 4500-P F 1pg P/L
Chlorophyll 10200-H 0.1 pg/L
Trace Metals
Arsenic, Cadmium, Copper, Lead, Nickel, = 3125B ORC/ICP/MS 0.05 to 100 e¢€g
Silver, Zinc, Mercury

2.2 Plankton community
Atall sites, a6 Y LI yl1d2y ySi O6F2NPYKPBHRYF OV GFEL O6FVRNIT »

behind the survey vessel for approximat&é§0m (Figure2.2). Thenets were towed at a speed approximately 6

kts, with the position recordetly GP&t the start and end of each plankton tow. At the esfdeach plankton tow,

the nets wereretrieved, and the contents retained in the plastic jar attached to the net was immediately transferred
to preservation containers. Samples were identified to the lowest possible taxon.
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Figure2.2 ExampldeJt | Y1 G2y &l YL S® 0 ¢NAOK2RS&aYAdzy 6f22Y 2y aSl &dzN
vessel

2.3 Multiparameter water quality logger

Sediment deposition, turbidity, Photosynthetically Available Radiation (PAR), water depth, Root Mean Squared
(RMS) water depth and water temperature were measured at seven sites using multiparameter water quality
instruments manufactured at the Marine Gedysics Laboratory, School of Engineering and Physical Sciences,

James Cook Universitffigure2.3). Theseh y & (1 NHzY Sy G a I NB o0 a £R00@ data loggér thaf LIo S
has been programmed to measure and store these marine physical parameters using specifically designed sensor

2.3.1 Turbidity

¢KS Gdz2NDPARAGE &ASy&a2N) LINPBGARSE RIEGE AYy DbSLIKSE AYS G NR
Suspended Sediment Concentration (SSC) in mg/L (Larcombe et al., 1995). The sensor is located on the side of |
logger, pointing parallel ligkemitting diodes (LED) and transmitted through a fibre optic bundle. The backscatter
probe takes 250 sani@s in an eight second period to attain an accurate turbidity value. The logger is programmed
to take these measurements at 10 minute intervals. The sensor interface is cleaned by a mechanical wiper at a twc
hour interval allowing for long deployment peds where biefouling would otherwise seriously affect readings.

It must be noted the international turbidity standard 1ISO7027 defines NTU only for 90 degree scatter, however, the
Marine Geophysics Laboratory instruments obtain an NTUe value using 18@ thagfescatter as it allows for much

more effective cleaning. Because particle size influences the angular scattering functions of incident light (Ludwig
and Hanes 1990; Conner and De Visser 1992; Wolanski et al., 1994; Bunt et al., 1999), instrumediféeusitig
scattering angles can provide different measurements of turbidity (in NTU). This has to be acknowledged if later
comparison between instruments collecting NTUe and NTU are to be made. To enhance the data, all sites were
calibrated to provide a easure of SSC (nig) and enable for the accurate comparison between 90 degree
backscatter and 180 degree backscatter measurements.

2.3.2 Sediment deposition

Deposition is recorded in Accumulated Suspended Sediment Deposition (ASSBW{mgrhe sensor isiped

clean of deposited sediment at a 2 hour interval to reducefbiding and enable sensor sensitivity to remain high.
The deposition sensor is positioned inside a small cup shapefi@iameter x 18nm deep) located on the flat

plate surface of the istrument facing towards the water surface. Deposited sediment produces a backscatter of
light that is detected by the sensor. Deposited sediment is calculated by subtracting, from the measured data point,
the value taken after the sensor was last wipedadleThis removes influence of turbidity from the value and re
zeros the deposition sensor every 2 hours.
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If a major deposition event is in progress, the sensor reading will increase rapidly and will be considerably above
the turbidity sensor response. &® deposition will appear as irregular spikes in the data where the sediment is
not removed by the wiper but by fsuspension due to wave or current stress. When a major net deposition event

is in progress the deposited sediment will be removed by the m@mel the deposition sensor reading should fall
back to a value similar to the turbidity sensor. The data will have a characteristic zigzag response as it rises, perhay
quite gently, and falls dramatically after the wipe (see Ridd et al., 2001).

Depositon data is provided as a measurent of deposited sediment in mgm? and as a deposition rate in nogt

2d™. The deposition rate is calculated over the 2 hour interval between sensor wipes and averaged over the day for
a daily deposition rate. The deptien rate is useful in deposition analysis as it describes more accurately the net
deposition of sediment by smoothing spikes resulting from gross deposition events.

2.3.3 Pressure

A pressure sensor is located on the horizontal surface of the water qualgintpmstrument. The pressure sensor

is used to determine changes in water depth due to tide and to produce a proxy for wave action. Each time a
pressure measurement is made the pressure sensor takes 10 measurements over a period of 10 seconds. Frol
thesel0 measurements, average water depth (m) and Root Mean Square (RMS) water height are calculated. RM:
water height,Duys, is calculated as follows:

D, =JZ (D.-D) /In

Equation 1 whereD, is the nth of the 10 readings ar@is the mean water depth of the n readings.

The average water depth and RMS water depth can be used to analyse the influence that tide and water depth may
have on turbidity, deposition and light levels at an instrument location. The RMS water height is a measure of short
term variation in pressuretdahe sensor. Changes in pressure over a 10 second time period at the sensor are caused
by wave energy. RMS water height can be used to analyse the link between wsugpension and SSC. It is
important to clearly establish that RMS water height is maoteasurement of wave height at the sea surface. What

it does provide is a relative indication of wave shear stress at the sea floor that is directly comparable between sites
of different depths. For exampl&heretwo sites both have the same surface wdngight,if site one is 10n deep

and has a measurement of 0.01 RMS water height and site two is 1m deep and has a measurement of 0.08 RM
water height. Even though the surface wave height is the same at both sites, the RMS water height is greater at the
shallower site and we would expect more-seispension due to wave shear stress at this site.

2.3.4 Water temperature

Water temperature values are obtained with a thermistor that records every 10 minutes. The sensor is installed in
a bolt that protrudes from thénstrument and gives sensitive temperature measurements.
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b)

Figure2.3 Example coastal multiparameter water quality instrument: a) site navigation beacon for safety and instrument
retrieval; b) instrument shwing sensors and wiping mechanisms

2.3.5 Photosynthetically Active Radiation (PAR)

A PAR sensor, positioned on the horizontal surface of the water quality logging instrument, takes a PAR
measurement at ten (10) minute intervals for a one second period. Tom@te total daily PAR (mol Ad™?) the

values recorded are multiplied by 600 to provige estimateof PAR for a 10 minute period and then summed for
each day.

2.4 Marotte current meter

The Marotte HS (High Sampling Rate) is a-titagurrent meter invented at the Marine Geophysics Laboratory
(Figure2.4). The instrument records current speed and direction with an inbuilt accelerometer and magnetometer.
The current speed and direction data are smoothed over aniitute period. The instrumentare deployed
attached the nephelometer frames and data is download when the instruments are retrieved. Inclusion of this
current meter has been added to the program as a way to trial new technology, gather new data andvadusedd

to the project outcomesand deliverables.
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a .
) 1% Electronics Housing

Tether

Figure2.4 a) Basic schematic of Marotte HS current meter; and b) Marotte HS alongside Marotte at Moore Reef. Image courtesy
of Eric Fisher

2.4.1 Measuring environmental controls on SSC

Stepwise regression analysis was used to investigate the environmental controls on SSC at the ambient sites, witl
data selected including:

(a) Ambient sites:

[1] "AMB1"[2] "AMB2"
[3] "AMB3"[4] "AMB4"
[5] "AMB5"

(b) River Gauge Station:
[1] "Euri"[2] "Don"
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(c) Wind Station:
[1] "Station 3332 Bowen"

(d) Tide Gauge Station:

[1] "Bowen"

In this assessment, the environmental parameters with control on SSC were analysed by stepwise regressiol
analysis followed by relative importance analysis (Gromping, 2066 R language (R Core Team, 2015). The
stepwise analysis allowed the selection of the environmental variables that explain the SSC variability in the water
column. The relative importance analysis allowed these selected variables to be ranked baswir @mverall
explanation of the SSC variability. In order to visualize the effect of each environmental parameter selected in the
stepwise analysis, a partial plot analysis (Crawley, 2007) was carried out. These partial plots indicate the
dependence betwee SSC and each selected variable when all the other variables in the model are kept constant
(Crawley, 2007). The data set used in the stepwise analysis wastsformed, if needed, in order to satisfy
requirements for regression analysis. For each silehe following variables were tested in an initial model against
SSC: RMS of water depth, mean daily wind, maximum tide amplitude and the Don and Euri River discharges. The
rivers were selected due to their proximity to the sampling sites. Mealy dand was calculated from 8 daily
readings decomposed into NEWW and NWSE components. Maximum tide amplitude was calculated as the
maximum absolute difference between two consecutive maximum or minimum tide readings. Wind components
were calculated ashe mean value of 8 daily measurements decomposed to in two diagonaS\WWN&nhd NASE.
Variables presenting autocorrelation were excluded based on a variance inflation test (Fox and Monett, 1992) > 4
and outliers were removed based on Bonferroni Outliest{€ook and Weisberg 1982).
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3 RESULTASND DISCUSSION

3.1  Ambient water quality
3.1.1 Spot water quality physiechemical

For the eporting period between Julg018 and July 2019 water temperature ranged between 21 andC30 °
(Figure3.1). There is a strong seasonal effect on water temperatures in the region, with the highest water
temperatures observed during surveys in the summer months, and cool water tetapesabserved during the
winter months Figure3.1). Theseatterns are consistent throughout the water column, indicating that the water
column profie is vertically well mixed. There are no guidelines for water temperature in coastal areas, however,
temperature is an essential interpretative aid for ecological assessment in environments. For example, species
such as fish and other animals have therstagéss point which causes discomfort and could be misconstrued as
being a toxicological impact (example are the coral trout; Johansen et al. 2015). There were no observed or
known impacts on aquatic species in the region during this monitoring period.
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Figure3.1 Water temperature box plots recorded: (a) the three depth horizons during each survey (sites pooled) where colour

indicates monitoring period: black = 2017/2018 and orange = 2018/2019; and (th)rdeedepth horizons for each site
(pooled across all monitoring periods 262@19)
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Electrical conductivit{EC)values (i.e. November 2018 July 2019) show higherariability, but overall EC has
remained between 51 m&n! and 55 mSm?, generallyindicating oceanic conditiongigure3.2a). EC is stable
among sites, with little evidence of changing conditions throughout the water cqlame acrgs surveygFigure

3.2).
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Electrical conductivity box plots recorded: (a) the three depthizoms during each survey (sites pooled) where colour
indicates monitoring period: black = 2017/2018 and orange = 2018/2019; and (b) the three depth horizons for each site
(pooled across all monitoring periods 262@19)

Dissolved oxygen saturatiamngedbetween 83 to 1096 figure3.3) and were similaacross sitesHigure3.3b).
There was some variability amongngaling nonths, with the lowest concentrationgcorded in November 2017

(Figure3.

3a). The water column continues to be well mixdithhough there is a subtle gxline withdissolved oxygen

concentrationsdecreasing with depti{Figure3.3). Field pH measurements were alsimilar across sites and
depths, primaty ranging between 7.4 and 9.0 (Figure 3.4). However, higher variability in pH measurements was
recorded during the current monitoring period in comparison to the previous monitoring pefigdre3.4a).
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(pooled across all monitoring periods 262019)
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Figure3.4 pH box plots recorded: (a) the three depth horizons dyigach (sites pooled) where colour indicates monitoring

period: black = 2017/2018 and orange = 2018/2019; and (b) the three depth horizons for each site (pooled across all
monitoring periods 201-2019)

Field turbidity measurements ranged betweend to 120 NTU Figure3.5a). Turbidity was similar among sites and
relatively consistent throughout the water columBigure3.5b). Secchi disk depth (m) is a vertical measure of the
optical clarity of the water column and ranged between 1 andnl@igure3.6b). The range measured is a response

to localised variation in water quality, most likely a difference in tidal stage among sites during a survey, short term
localised changes in turbidity thatassociated with tide or algal blooms that reduce vertical clarity. The secchi disk
depth to depth ratio (&:Z,Figure3.6b) was calculatefbr each siteand survey. This ratio corrects the secchi disk
depth for water depth, and ranged between 10 and 100% of the water column.
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Figure3.6 (a) Water secchi disk depth for all sites (surveys pooled for all monitoring periods2202Y; and (b$ecchi depth

depth to depth ratio (4:Z) for sites (surveys pooled for all monitoring periods 2PQ79)

3.1.2 Nutrients ard chlorophyltia

Particulate nitrogen (PN) and phosphorus (PP) concentrations were compared to the Water Quality Guidelines for
the Great Barrier Marine Park Authority (GBRMPA, 2010). Particulate nitrogen concentrations exceeded the
guidelines throughout most of the 204819 monitoringperiod Figure3.7a). Alsowhen pooled across all surveys,
concentrations exceeded guidelines at all sites. High concentrations ofgPillmiassociated with the contribution

from local land use activities, as base flow from rivers and local rainfall is known to contribute to nutrient loadings
to coastal regions (Brodie et al. 2012; Kroon et al. 2012; Schaffelke et al. 2012; Loga@%t)aln addition, other
sources of the nutrients might be via remobilisation of coastal sediments, and release of available nutrients
adsorbed to coastal sediments (Devlin et al. 2012). Elevated nutrients may also be related to reprocessing o
nutrientswith algal blooms, where there has been an obvious trichodesmium (a marine cyanobacteria; Capone et
al. 1997) bloom across the region during most surveys, but most notably during late spring and early summer.
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Figure3.7 Particulate nitrogen box plots: (a) during each survey (sites pooled) where colour indicates monitoring period: black =

2017/2018 and orange = 2018/2019; and (b) pooled at each site across all monitoring perio€s)201Horizontal
red-dashindicatesthe guideline value.

Particulate phosphorus concentrations were similar across seasons and sites and exceeded the GBRMPA (201
Water Quality GuidelinbetweenNovember 201& May 2019 Figure3.8). AMB3 had the highest concentration

of particulate phosphorusHigure3.8b). Chlorophy#a concentrations exceeded the GBRMPA (2010) Water Quality
Guideline in most months and all sites surveyEwj(re3.9). Relationships between nutrient levels (i.e. PN, PP,
Chloophylta, and Phaeophytia) across all sites and sampling periods were weak (correlation coefficients (r)
ranged between0.01¢ 0.3; FHgure 3.10).
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Figure3.9 ChlorophyHa box plots: (a) during each survey (sites pooled) where colour indicates monitoring period: black =
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Fgure 3.10 Scatterplot of nutrient relationships at pooled across all sites and surveys. Lines of best fit with 95% confidence
intervals are displayed in blue, and correlation coefficients are shown in pomdsg plots. Density plots show log
normal distribution of the data, and therefore ngrarametric spearman correlation was used.

3.1.3 Ultra-trace water heavy metals

Ultra-trace heavy metal concentrations were compared to the ANZECC and ARMCANZ 2000 Witguglelines
(ANZECC, 2000). Mddterable metals were not detected above the Limit of Reporting (LOR), except for copper
and nickel in August 2018 ¢ble3.1). Notethat ANZECC guidelines have not been established for arsenic. Arsenic
is released into the environment naturally by weathering of arsepittaining rocks and volcanic activity. It can be

in the form of As (Ill) or As (V), which can be toxic to marinatgtife. A low reliability marine guideline trigger
@rtdzS 2F nop >3Ik[ F2NI !'a& o6+0 YR uwdo >3Ik[ F2NI ! a&
guidelines are only an indicative interim working level. Although Arsenic was detectedméasured
concentrations were below low reliability guidelines, and similar values have recorded consistently at these sites
since mid2016.
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Table3.1 Summary statistics for metals data recorded asaéls during the program. Values are pooled across sites. Values are
compared to the ANZECC 95% protection guideline values (2000).

Arsenic Cadmium Copper Lead Nickel Silver Zinc Mercury

Unit ug/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L

LOR - 0.2 1 0.2 0.5 0.1 5 0.001

ANZECC - S5 13 4.4 70 1.4 15 0.4

Apr-18 Mean 1.64 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.001
Min 15 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.001

Max 1.7 <0.2 0.5 <0.2 <0.5 <0.1 6 <0.001

Aug-18 Mean 1.64 <0.2 1.6 <0.2 <0.5 <0.1 <5 <0.001
Min 1.5 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.001

Max 1.7 <0.2 4 <0.2 0.7 <0.1 <5 <0.001

Feb-19 Mean 1.64 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.001
Min 1.5 <0.2 <1 <0.2 <0.5 <0.1 <5 <0.001

Max 1.7 <0.2 0.5 <0.2 <0.5 <0.1 <5 <0.001

3.1.4 Water pesticides and herbicides

The major pesticides and herbicidegere not detectedat concentrations exceedingater quality improvement
guidelines for the Great Barrier Reef Marine Park (GBRMPA, 2010) and all detected concentrations were below th
95% protectiorlevel (Table3.2).

Table3.2 Average concentrations giesticides/herbicides recorded at all sites during the program (all values are pg/L). Values
are pooled across sites for each survey and compared to the Vatality Guidelines for the Great Barrier Reef
Marine Park (GBRMPA, 2010) 95% protection level

Survey Guideline Atrazine Ametyn Diuron Hexazinone | Tebutryn
ug/L ug/L ug/L ug/L ug/L
GBRMPA 14 1.0 1.6 1.2 -
(2010)
April 2018 0.0005 <0.0002 0.065 0.0015 0.0001
August 2018 0.0001 <0.0002 0.0055 0.0001 0.0001
February 2019 0.0028 <0.0002 0.004 0.001 0.0001

3.1.5 Ordination of data

Spot water quality measurements have been collected at all sites for: water temperature, electrical conductivity,
dissolved oxygen (%), pH, nutrients (particulate nitrogen and phosphorus), and chlophydiddition to these

spot measurements, secchi depth has also been recorded, as a measure of the optical clarity of the water column
These measurements contint@ assist in characterising water quality conditions within the water column, among
sites and surveys.

Principal components analysis (PCA) was used to explore relationships between physiochemical and nutrient dat
collected at the water surface at eaclesduring each month of samplinghe PCA determinettiat 40.6% of the
variability among sites and sampling months is explained by phaigical and nutrienparameters(Figure3.11).

There are no inteannual differences in physiochemical parameters among sites, except for higher variability in
2019 Figure3.11a). However, there physiochemical parameter differ seasonally, with higher temperatures and
dissolved oxygen levels in the wet season monkhigure3.11b).
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Figure3.11 Principal components analysis (PCA) exploring relationships between nutrients and physiochemical parameters (black

vectors) and monitoring sites. The 9%confidence intervallipses show overall differences between: A) sites grouped

by month and B) sites grouped by season. Vector labels are abbreviated as follows: PP = Particulate Phosphorus, PN =
Particulate Nitrogen, EC = Electrical Conductivity, and DO = Dissolved hotgewariance explained by Dimension 1

and Dimension 2 = 40%

3.2 Plankton communities

3.2.1 Diversity and abundance

A total of 62 phytoplankton species have been identified, comprising cyanobacteria, diatoms, flagellates and green
algae taxa. Several specieer® recorded at all sites, including Ceratium gibberum, Ceratium trichoceros,
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Chaectoceros spp, Chlamydomonas spp, Guinardia spp, Hillea spp, Odontella sinesis spp, Phormidium sp
Thalalssionema nitzchioides, and Trichodesmium spp. Trichodesmium sppgermelly the most abundant
phytoplankton species recorded across all sites. AMB2 had the highest phytoplankton species richness in Novembe
2017 (28 species), while the lowest diversity was recorded in February 2018 at AMB3 and AMB5 (B(Bjzrcies
3.12a). There were large increases in phytoplankton abundance at AMB1, AMB4, AMB5 in November 2018,

February 2018, and March 2019, respectiveéig(re3.12b).
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Figure3.12 a) Species richness of phytoplankton; and b) total abundance of phytoplankeathtsite during each survey period.
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A total of 30 different species of zooplankton were recorded during all surveys. Several species were recorded a
all sites, includinghcartia pacifica, Calanopia elliptica, Dictocysta spp, Echinoidea spp, GastrBeod&us spp,
Portunidae, Flaccisagittaenflata, Favella serrata and Siphonophorae. AMB1 had the highest diversity of
zooplankton species in December 2017 (16 species), while no zooplankton were detected at this site in Novembe
2018 Figure3.13a). The highest abundance of zooplankton was recorded in November 2017 at AMB4, mainly due
to high numbers oAAcanthometraspp, Calanopia ellipticaand EchiniodegFigure3.13b). There were additional

peaks in zooplankton abundance in August 2018 at AMB1 and ANtB8¢3.13D).
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Figure3.13 a) Species richness of zooplanktand b) total abundance of zooplankton at each site during each survey period.
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3.2.2 Planktonordinations

Exploratory statistical analysis of the plankton using-donensional scaling (hnMDS) revealed differences in species
composition of phytoplanktonHigure3.14) and zooplanktortommunities Figure3.15) between survey periods.
Overall, phytoplankton communities showed higher separation amengvey periods in comparison to
zooplankton communities. In particular, phytoplankton communities in November 2018, FebruarypadMiarch
2019 showed little similarity in species composition to other supeyods Figure3.14). Continuedmonitoring

will determine whether seasonality also plays a role in shaping these communities.
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Figure3.14 Nondimensional ordindbn plot for phytoplankton collected during three surveys throughout 20079. Dashed lines

represent 99% confidence interval ellipses for each survey period and colours correspond to survey periods as follows:
light orange = November 2017, light blu®ecember 2017, green = February 2018, yellow = August 2018, dark blue =
November 2018, dark orange = March 2019, and pink = May 2019. Data has been squared root transformed on the
Bray Curtis distance matrix (stress = (.22
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Figure3.15 Non-dimensional ordination plot for zooplankton collected during three surveys throughout-2019. Dashed lines

represent 99% confidence interval ellipses for each survey period and colours correspond to survey pefodidsvas

light orange = November 2017, light blue = December 2017, green = February 2018, yellow = August 2018, dark blue =
November 2018, dark orange = March 2019, and pink = May 2019. Data has been squared root transformed on the
Bray Curtis distanceaatrix (stress = 0.22

3.3  Multiparameter water quality logger

Instruments were deployed at five sites, AMB 1 to 5, from July 20181102019 (se@&ablel.1). Usingstandard
statistics, we describe observed trends and differences between sites and discuss the driving forces in these
environments. In addition to data loss due to fouling, two deplents were not recovered due to lost or failed
instruments: at AMB5 from October to November 2018 and at AMB3 from May to July 2019. Data is presented as
an annual statistical summary of root mean square water height (RMS; m), suspended sediment canoe|S&E;

mg ), sediment deposition rate (mg chday?), water temperature (°C), and photosynthetically available radiation
(PAR; mol mid?) for each site. The summary is depicted using box plots, whereby the central diamonds represent
the mean valuethe central line represents the median value, and the central box represents the range of the 25
and 75% quartiles. The vertical bars represent the range of the 90th and 10th percentiles. Time series and monthly
summaries are included in the appendices.

3.3.1 RMS water height

Root mean square water height (RMS) is mostly driven by weather events that increase RMS simultaneously at a
sites. Variation in RMS during anddetween peak events differs among sites due to differences in water depth
and exposure tavave energy. All sites had similar RMS values, with median values ranging from 0.014 m to 0.025
m (

Figure3.16, Table3.2). AMB%had the lowest median RMS (0.014) while AMB3 had the highest medi&(®RAOR5).
Peaks in RMS occurred throughout the deployment period at all sifgse@lix A1.2, Appendix A3d).
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Figure3.16 Box plot of RMS water height (m) at the five sites for the monitoring period dgn2018 to July 2019. The lower
whisker, lower edge of the box, central line, upper edge of the box and upper whisker represent the 10th, 25th, 50th,
75th and 90th percentiles, respectively. The diamonds represent the mean values.
Table3.3 Summary of RMS water height (m) statistics at the five sites from July 2018 to July 2019.
Site AMB 1: AMB 2: AMB 3: AMB 4: AMB 5:
Euri Creek Spoil Grounds Elliot River Camp Island Holbourne

Mean 0.028 0.020 0.031 0.028 0.017
Median 0.020 0.016 0.025 0.021 0.014
Minimum 0.000 0.000 0.000 0.000 0.000
Lower quartile 0.012 0.010 0.015 0.013 0.009
Upper quartile 0.035 0.026 0.040 0.035 0.022
Maximum 0.341 0.212 0.240 0.299 0.448
90th percentile 0.059 0.040 0.058 0.056 0.033
10th percentile 0.008 0.007 0.010 0.009 0.006
n 52810 52832 45986 52894 42845
St. Dev 0.025 0.016 0.022 0.022 0.013
St. Error <0.001 <0.001 <0.001 <0.001 <0.001

3.3.2 NTUe/SSC
aSRAIFY &ad4dzZALISYRSR aSRAYSyl OatvGEyrighke3il? Thyed.4).digHeiméan ¢ S NI
SSC at AMBand AMB4 indicate that these sites experienced more extreme turbidity events during the monitoring

period. AMB4 had the highest variance in (54.0 sd) but similar median SSC as the other sites. AMB3 had the lowe
median SSC compared to the other sites.

The NTUe/SSC time series data follows a typical pattern of low background values with recurring peak events
(Appendix A.2). Most sites exhibited SSC extremes in Octdberember (Appendix142). These events typically
occurred simultaneously at all sitesic coincide with increases in FBM This is @attern observedin coastal
locations in north Queensland by the James Cook University Marine Geophysics group (Ridd et al.,, 2001)
Differences in NTUe/SSC among sites result from differences in RMS water Wweaigintdepth, benthic geology,
hydrodynamics, and proximity to river mouths.
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Figure3.17 Box plot of SSC (nig) from July2018 to July 209. The lower whisker, lower edge of the box, central line, ugulge
of the box and upper whisker represent the @5", 50", 75" and 90" percentiles, respectively. The diamond
represents the mean value.
Table3.4 Summary of SSC (rid) statistics at thdive sitesfrom July2018 to July 209.
Site AMB 1: AMB 2: AMB 3: AMB 4: AMB 5:
Euri Creek Spoil Grounds Elliot River Camp Island Holbourne
Mean 4.79 6.50 2.78 7.79 3.81
Median 0.85 2.64 0.60 1.12 1.00
Minimum 0.00 0.00 0.00 0.00 0.00
Lower quartile 0.41 1.32 0.29 0.54 0.34
Upper quartile 2.21 6.14 2.02 3.89 3.44
Maximum 868.91 307.84 251.19 1904.59 546.13
90th percentile 8.31 15.98 7.08 11.73 9.16
10th percentile 0.18 0.73 0.15 0.32 0.13
n 36408 44181 30488 43154 37430
St. Dev 19.76 11.62 7.62 53.96 12.18
St. Error 0.10 0.06 0.04 0.26 0.06

3.3.3 Deposition

Deposition of sediment is a natural process in all coastal marine waters. Suspended saditn@msported by
currents anddeposits in environments whengave energy is not sufficient toetain sedimentsuspendedn the
water column The time serie®f depositionratesindicate thatdeposition peakfollowing RMS events but with a
lag so that peak deposition occurs when RMS has decreased to near backgroundAepelsdix A.2). An
explanationfor this lag is thatas waves resuspend sediment, little depositmetursbecause the energy in the
system keepsediment in suspensioiloweverwhen waves decrease and there is no longer enough energy in the
system to keep sediment in suspensimd deositionoccuss.

Management of marine habitats requires that sediment deposition be monitored for changes from ambient values
The Water Quality Guidelines for the Great Barrier Reef Marine EBRIMPA2010) seta sedimentdeposition
trigger value at a man annual value of 3 mgm?2day* and a daily maximum df5 mg cm?day?. However, the
Guidelines suggeshat 10 mgcm?day? sedimentation is valid in areas of coarse sedim&rge grainsize, or low
organic content

42



Ambient Marine Water Quality Port of Abbot PairitropWATEReport no. 9/30

All caastal sites (AMB4), as vell as AMB5, exceeded the mean sediment deposition trigger vé&igere3.18,
Table3.5). However as these deposition rates are not normally distributed, we focus our interpretation on median
values, which rangeftom 1.77 (AMB5} 13.08 (AMB2)mg cm?day.

Differences in dposition ratesmay be more easily visualisedéstimatingthe thickness of the sediment deposited.

For example, using the relationship between density, mass and volmediandeposition value of 5 mgm?day

! (e.g, AMB1Js equivalentto a layerof sadY Sy i 2F GKAOlySaa fSaa GKIFIy op >
gcms,

At most sites, the highest deposition rates were observed between November and February (ApdeBdix A
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Figure3.18 Boxplot of deposition rates (mg cA2 day1) from July 2018 to July 2019. The lower whisker, lower edge of the box,
central line, upper edge of the box and upper whisker represent the 10th, 25th, 50th, 75th and 90th percentiles,
respectively. The diamond rements the mean value.
Table3.5 Summary of the mean daily deposition rate (mgZuay?) statistics from July 2018 to July 2019.
AMB 1: AMB 2: AMB 3: AMB 4: .
Site Euri Spoil Elliot Camp Hﬁ:\gc?u?ﬁe
Creek Grounds River Island
Mean 18.02 27.42 15.17 17.06 7.23
Median 5.12 13.08 5.88 5.63 1.77
Minimum 0.01 0.31 0.04 0.00 0.00
Lower quartile 1.40 4.30 2.01 0.96 0.09
Upper quartile 20.64 31.75 11.22 21.24 8.84
Maximum 166.70 290.20 454.79  465.13 116.12
90th percentile 56.22 69.62 23.67 49.93 20.58
10th percentile 0.41 1.53 0.36 0.15 0.01
n 318 363 257 341 230
St. Dev 28.59 40.96 39.39 33.10 13.39
St. Error 1.60 2.15 2.46 1.79 0.88

3.3.4 Water temperature

Water temperatures were similaramong all sitesvith medians of 287 °C and similar ranges of temperatures
(Figure3.19, Table3.6). Watertemperature at all sites approached 30 °C from December until March (Appendix
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A.2).Water temperature is not a compliance condition for approval operations, howelhertemperature data
presented here holds imptance in future interpretation of ecological processes in the region, and across the GBR
(e.g. Johanson et al., 2015).
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Figure3.19 Box plot of the water temperature (°C) from July 2018 to July 20190oWe whisker, lower edge of the box, central
line, upper edge of the box and upper whisker represent the 10th, 25th, 50th, 75th and 90th percentiles, respectively.
The diamond represents the mean value.
Table3.6 Summary of water temperature (°C) from July 2018 to July 2019.
Site AMB 1: AMB 2: AMB 3: AMB 4: AMB 5:
Euri Creek Spoil Grounds Elliot River Camp Island Holbourne
Mean 25.29 25.26 26.04 25.58 25.96
Median 26.04 25.67 26.73 26.09 27.29
Minimum 19.73 20.69 20.33 20.43 20.38
Lower quartile 22.73 22.61 23.86 23.20 23.16
Upper quartile 27.58 27.72 28.02 27.82 27.74
Maximum 30.21 30.02 31.20 30.69 31.25
90th percentile 28.54 28.55 29.17 28.64 28.20
10th percentile 21.25 21.68 22.27 21.90 22.37
n 52792 46470 45975 52860 35593
St. Dev 2.73 2.67 2.58 2.60 2.35
St. Error 0.01 0.01 0.01 0.01 0.01
3.35 PAR

Mean levels of benthiphotosynthetically available radiatiofP AR rangedfrom 0.84to 6.26 mol m? day? (Figure
3.20, Table3.7). AMB3and AMB5 had the highesimean andvariancein PAR andare proximal to coral sensitive
receptor habitatsAMB2 had the lowest mean and lowest variance in PAR, likely due to its deeper location.

Benthic PAR was highly variable within sites throughout the, yrarPAR was generally highest in Jalgust and
lowest in Decembedanuary(Figure3.21, Figure3.22). Semiregular oscillations between low and high PAR were
overridden by larger episodic events caused by storm or rainfall.
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Figure3.20 Box plot of daily PAR (molthday?) from July 2018 to July 201Bhe lower whisker, lower edge of the box, central line,

upper edge of the box and upper whisker represent the 10th, 25th, 50th, 75th and 90th percentiles, respectively. The
diamond represents the mean value.

Table3.7 Summary of daily PAR (mof?day?) from July 2018 to July 2019.
Creek Grounds River Island
Mean 2.13 0.84 491 2.09 6.26
Median 1.84 0.68 4.96 1.88 4.95
Minimum 0.00 0.00 0.00 0.00 0.33
Lower quartile 0.70 0.32 2.26 0.22 2.16
Upper quartile 3.40 1.28 6.73 3.53 8.97
Maximum 6.30 3.19 13.90 7.24 21.50
90" percentile 4.64 1.85 9.53 4.77 12.81
10" percentile 0.08 0.06 0.55 0.00 1.66
n 364 365 312 364 294
St. Dev 1.66 0.68 3.21 1.83 4.87
St. Error 0.09 0.04 0.18 0.10 0.28
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Figure3.21 Time series of total daily PAR (maofday?) from July 2018 to July 2019. Daily mean PAR is plotted in blue and a 2
g y y y y y p

week movingaverage of daily mean PAR is plotted in red.
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Figure3.22 Monthly boxplots illustrating the variation in total daily PAR{m?day?) from July 2018 to July 2019. The lower
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75th and 90th percentiles, respectively. The diamond represents the mean value.
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Similarities in patterns of PAR among sites

Direct comparisons of PAR among sites are confounded by the different water depths at each location. However,
there are some weak relationships between the benthic PAdRffatrent locations Figure3.23). Less thad6% of

the variation in PAR at a given site could be explained by the PAR at any other site, highlighting the influence o
location conditions (depth, turbidity, etc.) on benthic irradianc® Bl and AMBhave thestrongest association

(R = 045) while AMB3 and AMB4 have the second strongest associatton@R1) These three coastal sites are
relatively close together, supporting the strong association betwespective PAReasurementsTheseanalyes

assistin understanding site redundancy opportunities, without missing important detail in characterising water

quality in the region.
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Figure3.23 Scatterplots of PAR between sites indicgtthe strength of the relationships between patterns of daily PARaRes

are presented for each comparison.

Relationship between light attenuation and suspended solid concentrations

In sedimenirich coastal waters, the dominant physical process tedtices PAR light intensity is scattering, which

if turbidity levels are high enough, can cause underwater light to become isoth\fite the PAR reduction is
dominated by scattering, light can also be absorbed before it reaches the sedfivestigations into the light
attenuation coefficienttanprovide insight into the dynamic relationship between suspended solid concentrations

and PARntensity.
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The amount of PAR attenuati@&msummarised by theiffuse attenuation coefficienf@) using BeetambeNIi Q& f |
(Gordon 1989; Dennison et al. 1993; Kirk 1994)

L g

»

where I, and I; are the downward directed irradiances at an upper deff) 4nd a lower depthZ) respectively
(Jerlov 1976; Kirk 1977).

Here, the relationship betweenght attenuation and suspended sediment concentrati®@Bis examined In

general when SSC increases, light levels decrease exponentially. An example of this relationship can be seen il
Figure3.24 where during periods of high SSC, light is attenuated and when SSC exceeds approximately 10 mg/L
light extinction occurs.
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Figure3.24 A typical example dhe relationship between SSC and PAR light, showing light levels decreasing as SSC increases during

JanFeb 2018 at Elliot River.

3.3.6 Comparison between wet and dry seasons

RMS water height

For RMS, mean values and"3ercentiles were slightly higher durimget seasons, but median values were similar
(Figure3.25). This suggesthat the typical RMS was similar between seasons, but periods of elevatedvieidS
fIFNASNI AY YI3IyAddzRS RdzZNAYy3I GGKS 6SiG aSl az2yo200KeNBE ¢
season and the data available from combined wet seasons.
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Figure3.25 RMS box plots for AMBAMBS (ae). Boxes represent the wet (1 Novemi&t March) and dry seasons (1 A1l
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October) using either one wet season (2€2BL9) or two wet seasons (20:2019).

SSC

Differences in SSC between seasons are less straightforward than for RMS. While median SSC was often simi
between wet and dry seasons, the upper quartiles typically increased during the wet season, indicated more
extreme turbidityevents Figure3.26). For thecoastal sites AMB4, the 90" percentile of SSC was approximately
double that of dry seasons. However, at AMB2B4 (not AMB1) the median andeian SSC were largely similar
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turbidity was observed during the wet seasons as the median value doubled from 0.7rt 1’5or the dryand

wet seasons of 2018019.

Notably, AMB5 exhibited an opposite trend from the coastal sites, AWM Bidhereby median SSC was thg L in
the dry season and 01ig L in the wet season.
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Figure3.26

SSMox plots for AMBJAMBS (ae). Boxes represent the wet (1 Novemi&t March) and dry seasons (1 A1l

October) using either one wet season (2€2®L9) or two wet seasons (20:2019).
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Deposition rate

In general, deposition rates were higher during vgeasonsKigure3.27), particularly sdor AMB1, AMB4, and
AMB5. At AMB3, median deposition ratesre similar between seasonwét: 0.7 mg cn? d?, dry. 0.5 mg crit d-
1), but the largest deposition rates (i.80" percentile) were largewhen compared to the drgeason\et: 8.7mg
cm?d?, dry: 5.3mg cm? d2).

In contrast, deposition rates at AMB2 were relativeiyilar betweerseasons (median 31ig cm? d*wet, 2.4mg
cm? d* dry). Ongoing investigatio will provide more data toverify whether these differences represergal
seasonal trends dnstead reflect a series @jpisodicclimate conditions in the regiofsee Figures 1.2 and 1.3).
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Total daily PAR
Photosynthetically available radiationAR) could differ between seasons due to longer ldagth or increased
cloud cover during the wet seasddowever, daily PAR for AMB3 and AMB4 increased 76 a#l(838ing medians),
respectively, during the dry seasoRigure3.28). Daily PAR totals for AMB1 and AMB2 were generally similar
between wet and dry seasons. In contrast to the other sitizsly PARt AMB5 decreased by 38 (using medians)
during the dry season armshowed thelargestvariance over the wet seasors.K S & S
general pattern in PAR between seasons, especially at sites close to Blfeeences in depth, distance from the
coast, and distance from rivenouths may influence how PAR differs between seasons at a given location.

Figure3.28
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Water temperature

There is a clear difference in water temperature between the wet andéagonsKigure3.29). Temperatureare
higherduring the wet seasorith median temperatures between 28 and 29 at all sitesyith much less variation
than in the dry seasarMedian dy season temperatureranged from22 to 24 °Cwith more variation than in the
wet season.
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3.4  Current meter

Current meter data was collected at all five sites. Marotte HS current meter instruments were deployed for the full
monitoring period fromJuly2018 to July 209 for AMB1-5. The current meter data indicates the prominent current
direction and velocity atach site. Data shows that coastal current, tidal current or a combination of both influence
current direction and magnitude. The figures below display the current meter data in current rose and average
current speed rose diagrams. The current rose diagranovide a visual representation of relative prominence of
current velocity and direction. The average current speed rose diagrams displays the average current speed in ever
direction. Presented together these diagrams highlight the prominent directi@uwent and the average velocity

of the current in this directionA shortandlonganimationillustrating how the current speed and direction changes
over time at each sitare accessible to view via shgoint (Figure3.30). Links to the videos are provided in
Appendix Al.4.

Tide Model

06/1_% 7PM  07/10 7TAM  07/10 7PM  08/10 7AM  08/10 7PM 3
Site Lat Lon Speed (m/s) Heading
1 -19.84170 14790580 0.16
-19.89220 14793680 0.00
-19.90470 148.14180 020

2
3
4 1972553  148.35405 030
5 -19.84440  148.00770 0.13

. 07-Oct:2018 19:00:00

B fon.
o %

Figure3.30 Example screengrab froourrent speed and directioanimations
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Ambient Marine Water Quality Port of Abbot PairitropWATEReport no. 9/30
3.4.1 AMB 1: Euri Creek
The current at EuCreek ranges from SE to NW with peaks at SSE and SW and average velocities are l@ween O.
m st and 012 m st (as shown in
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Figure3.31andFigure3.32). This showthat the current is flowing along the coast. Changes imenirvelocity are
likely the result of tidal current influence

Speed: ‘ =—<01m/s =—<02m/s <0.3m/s <04m/ls ==<0.5m/s =—All
N

NNW 12000 NNE

10000
NW
8000
\\

e
A7
%

>
/
0'0,'

H
7
A%

<
&\
<

56



Ambient Marine Water Quality Port of Abbot PairitropWATEReport no. 9/30

Figure3.31 Current rose at Euri Creek (AMB 1) for the monitoring period from July 2018 to July 2019. The current rose plots the
number of curents recorded in each direction within the ranges of different current speeds indicated in the legend.

WNW

w E
wsw ESE
__ 0.$6E
082
Figure3.32 Average current speed rose at Euri Creek (AMB 1) for the monitoring period from Julp 200y82019. The average

current speed is coloured in green while the red values indicate the average current value at each direction.

3.4.2 AMB 2: Spoil Grounds

Themost frequentcurrentdirectionsat the Spoil Groundsare ENE an8SW, but other directiongs@also commonly
observed Figure3.33), correspondingvith the sites position away from the coast whearerrent direction rotates
with tidal shifts. Arerage velocitiesangebetween 008 m s* and 016 m s (Figure3.34).
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Speed: | = <0.1m/s —<0.2mis <03m/s —<04m/ls —<0.5m/s —-All

Figure3.33 Current rose aspoil Grounds (AMB 2) for the monitoring period from July 2018 to July 2019. The current rose plots the
number of currents recorded in each direction within the ranges of different current speeds indicated in the legend.

0.16 0g4

Figure3.34 Average current speed rose at Spoil Grounds (AMB 2) for the monitoring period from July 2018 to July 2019. The
average current speed is rose is coloured in green, while the red values indicate the average current value at each
specific direction.
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3.4.3 AMB 3: Elliot River

The current at Elliot River ranges from SEW Figure3.35), reflectingcurrents flowing along the coastvérage
velocities are between 05 m s! and 009 m s? (Figure3.36). Changes in current velocity are likely the result of
tidal influence

Speed: \ —<01mis — <0.2mis <0.3mls <04mis = <0.5m/s =—-All \

Figure3.35 Current rose at Camp Island Elliot River (AMB 43) fonmthweitoring period from Jul2018 to July2019. The current
rose plots the number of currents recorded in each direction within the ranges of different current speeds indicated in
the legend.
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Figure3.36 Average current speed rose at Elliot River (AMB 3) for the monitoring period from July 2018 to July 2019. The average
current speed is rose is coloured in green, while the red values indicate the average current value at each specific
direction.

3.4.4 AMB 4: Campsland

The current at Camp Island predominately flowedttie NNW and ESE, flowing along tlweast Figure3.37).
Average current velocities ranged frdh®6 to0.15 m s? (Figure3.38). This shows thahe current is flowing along
the coast. Changes in current velocity are likely the result of tidal current influence.
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Speed: | = <0.1m/s —<0.2mis <03m/s —<04m/ls —<0.5m/s —-All

Figure3.37 Current rose at Camp Island (AMB 4) for the monitoring period from20d§ to July 2019. The current rose plots the
number of currents recorded in each direction within the ras@f different current speedsadicated in the legend.

Figure3.38 Average current speed rose aa@p Island (AMB 4) for the monitoring period from July 2018 to July 2019. The average
current speed is coloured in green and the red values indicate the average current value at each specific direction.
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3.4.5 AMB 5: Holbourne Island

The current at Holbournéslandranges from S ttNNE due to the fact that the site is on the NW side ofitend
(Figure3.39). Average velocities ranged from 0.06 to 0.1k h{Figure3.40). Changes in current velocity are likely
the result of tidal current influence.

Speed: \ —<01mis — <0.2mis <0.3mls <04mis = <0.5m/s =—-All \

Figure3.39 Current rose at Holbourne Island (AMB 5) for the monitoring period from July 2018 to July 2019. The current rose plots
the number of currents recorded in each direction within the remgf different current speedsdicated in the legend.
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oMo 0.11

Figure3.40 Average current speed rose at Holbourne Island (AMB 5) for the monitoring period from July 2018 to July 2019. The
average current speed is rose is coloured in green, while the red values indicate the axeragevalue at each
specific direction.
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3.5 River Plumes

3.5.1 Site specific outputs

AMB1 (Euri Creek)

A stepwise regression analysis was run against the AMB1 data (Euri Creek) to identify the appropriate
variable selection, excludingutocorrelation and outliers, for the multiple regression analysis. RMS of
water depth, the NESW and NWSE wind components explained 30% of the SSC variability (Table 3.8). T
relative importance analysis suggested that RMS of water depth is the mosintiéllparameter on SSC
(73% of overall B, followed by the NWSE wind component (15% of the ovefaluRd the NESW wind
component (12% of the overalPRFigure 311). The relationship between the RMS water depth and SSC
followed the expected trend, wh SSC increasing with RMS water depth (Figut®.3.

Table3.8 Statistical summary of the stepwise regression analysis to AMB1 data
AMBI1
Predictors Estimates CI p
(Intercept) 720 5.54-8.85 <0.001
10g(RMS) 168 131-205 <0.001
wind NESW 0.05 0.02-0.07 0.002
wind NWSE 0.04  0.02-0.07 <0.001

Observations 259
R2?/ adjusted R2  0.302/0.293

0.8 1

0.6

% of R2
o
IS

1

0.0

RMS wind_NWSE wind_NESW

Figure3.41 Bootstrapping relative importance analysis following a stepwise multiple regression analysis. Bars represent
95% bootstrap confidence intervals, and % of r squared values are normalized to sum 100%
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Figure3.42 Partial effect plots for AMB1 parameters affecting the concentration of suspended solids in the water
column. Grey area indicates 95% CI and rug-axixstand for data density

AMB2 (Bowen Spoil Grounds)

A stepwise regression analysis was run agatinst AMB2 data to identify the appropriate variable
selection, excluding autocorrelation and outliers, for the multiple regression analysis. RMS of water
depth, Don River discharge, and the NESW and NWSE wind components explained 15% of the S
variability (Table 3.9)The relative importance analysis suggested that RMS of water depth is the most
influential parameter on SS@4% of overall B, followed byDon River discharge (34% of oveR&)| the
NESWwind component (4% of the overall B and the NWE wind component 8% of the overall &
(Figure 3.43 The partial effects plot shows that SSC was positively related to each of the influential
environmental parameters (Figure4d).
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Table3.9 Statistical summary of the stepwise regression analysis to AMB2 data
AMB2
Predictors Estimates CI )4
(Intercept) 375 2.46-5.04 <0.001
log(RMS) 062 035-090 <0.001

log(Don + 1) 0.09 0.05-0.13 <0.001
wind NESW 0.02 0.00-0.05 0.020

wind NWSE 0.02 0.00-0.03 0.047

Observations 319
R?/ adjusted R 0.159/0.148

0.6 —_1
0.4
(g
m —
-
o
2
0.2 1 -
0.0+ -
RMS Don wind_NESW wind_NWSE
Figure3.43 Bootstrapping relative importance analysis following a stepwise multiple regression analysis. Bars represent

95% bootstragonfidence intervals, and % of r squared values are normalized to sum 100%. Gveta8R
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Figure3.44 Partial effect plots for AMB2 parameters affecting the concentration of suspended solidsiatirecolumn.

Grey area indicates 95% CIl and rug -@xis stand for data density

AMB3 (Elliot River)

A stepwise regression analysis was run against the AMB3 data to identify the appropriate variable
selection, excluding autocorrelation and outliers, ioe multiple regression analysis. RMS of water depth
and Euri River discharge explained 31% of the SSC variability (Table 3.10). The relative importance analy
suggested that RMS of water depth was the most influential parameter on SSC (92% of &yerall R
followed by Euri River discharge (8% of overgl(Rgure 345). Partial effects plots (Figure 8)4show

that SSC increases with RMS of water depth, but decrease in relation to Euri River discharge.

Table3.10 Statistical summary of the stepwise regression analysis to AMB3 data
AMB3
Predictors Estimates CI p
(Intercept) 5.74 4.62-6.85 <0.001
log(RMS) 142 1.13-171 <0.001
log(Euri + 1) -0.10 -0.16—--0.04 0.001

Observations 215
R2/ adjusted R2  0.309/0.302
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Figure3.45 Bootstrapping relative importance analysis following a stepwise multiple regreasialysis. Bars represent

95% bootstrap confidence intervals, and % of r squared values are normalized to sum 100%
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Figure3.46 Partial effect plots for AMB3 parameters affecting the concentratiorsudpended solids in the water

column. Grey area indicates 95% CI and rug-axixstand for data density

AMB4 (Camp Island)

A stepwise regression analysis was run against the AMB4 data to identify the appropriate variable
selection, excludingutocorrelation and outliers, for the multiple regression analysis. RMS of water depth
and the NESW wind component explained 17% of the SSC variability (Table 3.12). The relative importanc
analysis suggested that RMS of water depth was the most infligrarameter on SSC (92% of overall

R) followed by the NESW wind component (8% of over@l(Rgure 3.%). Partial effects plots (Figure

3.48) show that SSC increases in relation to both influential environmental parameters.
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Table3.11 Statistical summary of the stepwise regression analysis to AMB4 data

1.004 —_—

AMB4
Predictors Estimates CI P
(Intercept) 4.44 3.67-5.22 <0.001 0254 _
log(RMS) 0.81 0.61-1.02 <0.001

wind NESW 0.03  0.01-0.05 0.006

0.004 -_—

Observations 303
R2/adjusted R? 0.178/0.172

RI\IAS Windj\i ESW

Figure3.47 Bootstrapping relative importance analysis following a stepwise multiple regreasialysis. Bars represent
95% bootstrap confidence intervals, and % of r squared values are normalized to sum 100%. Gvéréll R
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Figure3.48 Partial effect plots for AMB4 parameters affecting ttmcentration of suspended solids in the water column.

Grey area indicates 95% CI and rug -@xis stand for data density

AMBS5 (Holbourne Island)

A stepwise regression analysis was run against the AMB5 data to identify the appropriate variable
selection excluding autocorrelation and outliers, for the multiple regression analysis. RMS of water depth,
Don River discharge, the NESW and NWSE wind components, and tidal amplitude together explained 36
of the SSC variability (Table 3.13). Relative importanegysis suggested that the NESW and NWSE wind

components were the most influential parameters on SSC, together explaining 74% of the o¥erall R

(Figure 3.9). Don river discharge explained 14% of the overalhRile tidal amplitude and RMS of water
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depth each explained 5% of the overall Rartial effects plots show that SSC increases in relation to
increased Don River discharge and tidal amplitude, although wide confidence intervals indicate that these
are weak relationships (Figures8).

Table3.12 Statistical summary of the stepwise regression analysis to AMB5 data
AMBS
Predictors Estimates CI p
(Intercept) -421  -599--242 <0.001
log(RMS) -0.69 -1.04—--0.33 <0.001

log(Don + 1) 0.13  0.08-0.18 <0.001

wind NESW -0.10 -0.12--0.07 <0.001
wind NWSE -0.06 -0.07--0.04 <0.001
Amplitude 0.43 0.20-0.67 <0.001

Observations 265
R?/ adjusted R2 0.355/0.342
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wind_rl\lESW W\nd_ll\lWSE Dclan Arnpllitude RI\IIIS
Figure3.49 Bootstrapping relative importance analysis following a stepwisdtiple regression analysis. Bars represent

95% bootstrap confidence intervals, and % of r squared values are normalized to sum 100%.
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Partial effect plots for AMB5 parameters affecting the @amtration of suspended solids in the water column.

Grey area indicates 95% CI and rug @xis stand for data density
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CONCLUSIONS AND REGENDATIONS

Conclusions
Climatic conditions

It is important to note when interpreting the 2812019 results thatoverall rainfall was low in the Abbot

Point region but in February 20%here was a particularly high river discharge event associated with a
monsoonalropical low.

Comparison of these data with future years will be important to characterise ambientrvepiality
conditions, particularly after the region experiences above average rainfall in the future.

The wind speed and direction recorded at Abbot Point has been a useful inclusion in this assessment. The
daily average wind speed and direction recorded the reporting period was predominantly from the
south east, with 30% of days hagiwind speeds greater than 24kmrt.

Ambient water quality

Seasonal differences in water quality were minor, except for temperature which was highest during the
summer monhs.

The water columiis well mixed wittprofiles for dissolved oxygen, temperature, electrical conductivity, pH
and turbidityshowing no abrupt changes.t@bugh turbidity was generally highest in the bottom horizon.
Thisis an important consideratiorior when examining receptor habitats, such as corals and seagrass that
are sendive to water clarity changed4easuring bottom horizon turbidity is a very relevant component of
this program; surface measurements for turbidity, or indeed suspended soligntations, might not be

an entirely relevant measure when the objective is to protect and enhance benthic habitats.

Particulate nitrogen concentrations exceeded the guidelines throughout most of the 2B monitoring
period.

ChlorophyHa concentratiors exceeded the GBRMPA (2010) Water Quality Guideline in most months and
all sites surveyed during tH0182019 monitoring period.

Copper, nickel, and arsenic were detected in water samples collected in August 2018, although the
concentrationswere below relevant guideline value®o other metals were detected throughout the
reporting period.

Atrazine, Diuron, Hexazinone, and Tebutryn were detected during all survey in the 2018/2019 period
although their concentrations did not exceed relevant glirtevaluesAll otherpesticides and herbicides
tested for during ambient monitoring surveys were below the analytical limit of detection.

An assessment of the plankton community (both phytoplankton and zooplankton) was completed during
this reporting peiod. Phytoplankton abundance was high over the 2018/19 wet season, while diversity was
lowest in February 2018. As the dataset grows, relationships between the plankton community and other
physiochemical/nutrient parameters will be evaluated.

Sedimentdeposition and turbidity

Continuous sediment deposition and turbidity logging data supports the pattern found more broadly in
North Queensland coastal marine environments, that during dry periods with minimal rainfall, elevated
turbidity along the coastlia is driven by the rsuspension of sediment (Orpin and Ridd 2012), and this has
been most notable here given the links drawn between RMS water depth and NTUe/SSC. Large peaks i
NTUe/SSC and RMS water depth were recorded over periods longer than a week.

The NTUe/SSC time series data at each site followed a typical pattern of low background values with
recurring peak events. These peak events occurred at the same times at each site and coincided with peak
in RMS water height. This is a typical pattern Whgsimilar to data collected in coastal locations in north
Queensland

RMS water height values were mostly driven by weather events and this is clearly evident in the data as
peaks in RMS water heights were observed at the same times at all sites ogeirtkg year. Variation in

the magnitude of RMS water height values during peak events and duringveat periods differs among

sites due to differences in water depth and site exposure to wave energy.
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Time series deposition data shows that depositiends to peak following high RMS water height events

but with a lag so that peak deposition occurs at a time when RMS water height has decreased to near
background levels. An explanation for this lag is that as waves resuspend sediment, little deposition is
expected because the energy in the system will keep the sediment in suspension. It is only when waves
decrease and there is no longer enough energy in the system to keep the same quantity of sediment in
suspension that deposition begins to occur.

Currentmeter data indicates the prominent current direction and velocity at each site and shows that
coastal current, tidal current or a combination of both influence current direction and magnitude.

Photosynthetically active radiation (PAR)

Finescale pattern®f PAR are primarily driven by tidal cycles with fortnightly increases in PAR coinciding
with neap tides and lower tidal flows. Larger episodic events which lead to extended periods of low light
conditions are driven by a combination of strong winds legdin increases in wave height and
resuspension of particles (Orpin and Ridd 2012), and rainfall events resulting from storms leading to
increased catchment flows and an input of suspended solids (Fabricius et al., 2013).

Benthic PAR was highly variabléghin sites throughout the year, with peaks and troughs occurring both
regularly and intermittently over time. Sesggular oscillations between low and high PAR levels were
overridden by larger episodic events caused by storm or rainfall events. It astanpto note that a full

year of PAR data has not yet been collected. As the data set increases, this will enable a greater insight int
any trends that occur, whether these be tidally influenced or dependent on seasonality and cloud cover.
Benthic PARsialso important to assess and validate NTUe sensor data.

While turbidity is the main indicator of water quality used in monitoring of dredge activity and benthic light
is significantly correlated with suspended solid concentrations (Erftemeijer and 2@06s Erftemeijer et

al., 2012), the relationship between these two parameters is not always strong (Sofonia and Unsworth
2010). At many of the sites where both turbidity and benthic light were measured, the concentration of
suspended solids in the wateplamn explained less than half of the variation in PAR. As PAR is more
biologically relevant to the health of photosynthetic benthic habitats such as seagrass, algae and corals it
is becoming more useful as a management response tool when used in comjuwith known thresholds

for healthy growth for these habitats (e.g., Chartrand et al., 2012). For this reason, it is important to include
photosynthetically active radiation (PAR) in the suite of water quality variables when capturing local
baseline condions of ambient water quality.

Recommendations
Consolidation of the water quality loggers

It is recommended that the ambient monitoring program remain into the 20 period. It will be
important to ensure that the site network is ready to captureaage ofwet seasorconditions in order to
characterise thevariability inconditions for the region.

Data base repository

An electronic version of the ambient marine water quality database has been prepared as an annexure to
this report. It currently compses MSExcel Workbooks containing raw data files including results for water
chemistry (insitu field measurements, nutrients, filterable metals, pesticides/herbicides) collected as
during the quarterly sampling, and all the continuous high frequencyelogiata files for sediment
deposition, PAR, turbidity, water temperature, and RMS recorded during the péuilyd2018and July

2019. This data base continues to be maintained by TropWATER personal, with back up copy archived or
the James Cook Universitetwork with restricted access.
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Al APPENDIX

Al.1 Calibration procedures

Turbidity/Deposition Calibration

The turbidity and deposition sensors on each instrunaetcalibrated to a set of plastic optical standards that give
consistent NTU return values. This enables the calculation of raw data values into NTU values. The NTU values c
then be converted into SSC and ASSD values through the SSC calibration Degesition sensors are calibrated

to give measurements in units of mg/cm2 using the methodology outlined in Ridd et al (2000) and Thomas et al
(2003). Instruments are calibrated every six months or after every deployment. Sediment samples ard taken a
each deployment site and used to determine sediment calibration coefficients used to account for variations in
grain size and shape that can alter the implied SSC value.

SSC Calibration

An instrument is placed in a large container (50 I) with blééssand the output is read on a computer attached

to the logger. Saltwater is used to fill the container. Sediment from the study site is added to a small container of
salt water and agitated. The watsediment slurry is then added to the large contaimdrich is stirred with a small
submerged pump. A water sample is taken and analysed for total suspended sediment (TSS) using standar
laboratory techniques in the ACTFR laboratory at JCU which is accredited for these measurements. Approximatel
6 differentconcentrations of sediment are used for each site. TSS is then plotted against the NTU reading from the
logger for each of the different sediment concentrations. A linear correlation between NTU and SSC is then
calculated. The correlations typicallyMesan r2 value equal to or greater than 0.9.

Light Calibration

The light sensors on each logger are calibrated every six months or after every deployment. The light sensor i
calibrated against a LICOR U250A submersible sensor that was calibratediaictding within the last 12 months.

The results of the logger light sensor and LICOR U250A are compared and a calibration coefficient is used to ensu
accurate reporting of PAR data. An in field comparison between the logger light sensor and LICOR tda86A

on deployment of the instruments to ensure accurate reporting of the data. In field calibration of the nephelometer
light sensor against the LICOR U250A at varying depth has been carried out to account for changes in sensitivif
changes at depth.

Pressure Sensor Calibration
All pressure sensors are calibrated against a pressure gauge and the pressure is converted into depth in metres.
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Al.2 Timeseries data
Al.2.1 AMB 1: Euri Creek
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Al.2.2 AMB 2: Spoil Grounds
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Al1l.2.3 AMB 3: Elliot River
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Al.2.4 AMB 4. Camp Island
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Al.2.5 AMB5: Holbourne
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