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Executivessummary

Background

1. North Queensland Bulk Ports (NQBP) in partnership with The Centre for Tropical Water and
Aquatic Ecosystems (TropWATER) at James Cook University implemented an ambient
marine water quality monitoring program in the region surrounding the Poweipain
January 2018By incorporating a combination of approaches including spot measurements,
acquisition of data via deployment of high frequency continuous loggers, water sample
collection, and laboratory analysis of samples for a range of nutrerdsheavy ratals, the
objective of the program is to collect a lotgrm water quality dataset that characterises
the ambient water quality conditions within thé&/eiparegion.

2. The Port ofWeipacurrently haghree activesites for ambient water quality monitoring
Sites include twestuary site§Evans Landing and Leithen Posmi onecoastalsite
(South ChannglSeagrasseceptor habitat assessmentsr Weipaare available in
companion reports on the TropWATER website/y.tropwater.con).

3. In September 2021, a major investment by NQBP saw the roll out of newddttte-art
water quality loggers thabas allowed fomore reliable data logging broader range of
data acquisition across the regi¢e.g., multispectraPAR) andtherefore an increased
capacity to answer important scientific questions. This report covers the period from July
2022 to June 203.

Climatic conditions

1. This reporting year saw the third wettest year in Weipd70 mm) since the Bureau of
Meteorology data began here in 1992.

2. There was a large rainfall eveartd associated stream discharffem the Embley Rivein
late December 2022early January 2023Thiseventmoved a drge amounbf sediment
into the estuary andesulted in the buriabf water quality loggerat Evans Landing and
Leithen Point

3. Januanand February 2028awvery high wave activitywith more wavesneasuredover
1.2 m than any other month@ndmaximumwavesof up to 4 m

4. InMarch, alow-pressuresystemcausedextremewave energy, andesulted in the wave
buoy station becomingut-of-action for several weeks.

Water chemistry

1. Water qualityconditions were measured at all sites on a ~8 weekly basis. Parameters
collected were water temperature, electrical conductivity, pH, dissolved oxygen, and
photosynthetically active radiation at three depths (surface,nater, and bottom), along
with Sechi disk depth.

2. The water column is mostly well mixed with water temperature, electrical conductivity,
dissolved oxygen, and pH generally similar throughout the water column on each sampling
event and within normal range for coastal / estuarine environment. Thereatame
decrease in salinityn February 2023and April 2023 (to a lesser extertgused bywet
season rainfall.


http://www.tropwater.com/

3. Nitrogen: Total nitrogenTN andtotal dissolved nitrogenTDN showed a decline in
concentration over the reporting period with higher nitrogen concentrations measured in
the 2022 dry season compared to the 2023 dry season.

4. Phosphorous: Total phosphorousHq andtotal dissolved phosphoroug DB showed lower
concentrationgresentduring the wet season compared to the dry season.

5. ChlorophyHa concentrations were generally higher in the wet season compared to the dry
season following longterm trends

6. Dissolved trace metals were undetected (below limit of detection) throughout the
reporting year apart from arsenic whichagreported in low concentrationsn both
sampling events.

Turbidity

1. Turbidity logger data supports the pattern found more broadly in north Queensland coastal
marine environments, that during dry periods with minimal rainfall, elevated turbidity is
likely experiencedn relation to resuspension of sedimerty wind/wave activity

2. Turbidity was highly variablgt the coastal site South Chanmkiring June tdSeptember
andshowed a strong correlation to wave activayerall Evans Landinghowed high
variability throughout the yealut only a weak correlation to wave activity, whileithen
Pointwasthe most turbid of all the sitewith periods of high variabilitduring January,

Aprilto July and December.

3. Highest turbidity occurred at South Channel during March 2023 lowpressure system

that affeced the region.

Benthic photosynthetically active radiation fPAR)

1. bPAR was highest at the coastal South Channel site compared to both estuarine sites in the
Embley Riverwith Leithen Point showing the lowest light levEd®ARPf the entire year.

2. Patterns of light were similar among all sitegth lower light associated with periods of
higher rainfall and significant climate events.

3. During periods of high turbidity when water clarity was lowest, the more
photosynthetically useful shorter blue wavelengths were much more attenuated than the
longer red wavelengths. The spectral peddoshiftsfrom the bluegreen part of the
spectrum to longer yellow wavelengths.

Recommendations

This monitoring program has been underway sotyears (208 to present) and should remain in

place to continue to characterise, and build, a detailed understanding of the water quality dynamics
in and around this port facilityThe datds invaluable for usan plume modelling and determination

of regionally specific trigger values for enhanced management of maintenance dredging campaigns.
And willcontinue to assist NQBP to manage current activitesswell as assistith future strategic
planning and ranagement. With an emerging losigrm dataset, there islsopotential for

answering important research questions around coastal procesf$estingwater qualityin this

remote region of northern Australia.
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1 Introduction

1.1 Program outline

The Centre for Tropical Water and Aquatic Ecosystem Research (TropWATER) at James Cook
University (JCU) have partnered witlorth Queensland Bulk Portd@QBPto undertake longterm
environmental monitoring and researdhitiatives surrounding the Port of Weigdgigurel.1). As

part of the agreement, mambientwater quality monitoring program has been implementeit
incorporatesdiscreetfield measurementsacquisition of data via deployment of continuous
dataloggersandwater sample collectiofior laboratory analysisf a range of nutrientspesticides,

and heavy metalsThe program aims to characterise variability in water quality by monitaisgite

of key parameters to better define the potential impacts associated with port operations adjacent to
sensitiveseagrass and other coastabitats Along with regular monitoring of water quality
parameters, aroverviewof the meteorological and oceanographic (metocean) conditions that affect
the regionscoastal ecosystems gesented to increasenderstandingof factors drivingseasonal

and interannual variability in water quality.

1.2 Program objectives

The goal of the program is to characterise the ambient marine water qumlityonitoring within

the port limits of Port of Weipa. This report provides a review and analysis of data collected between
15t July 22 and 30" June2023. These data are part of a long&rm commitment to monitor and
characterise receiving water quality conditions, to support future planned asset management and
protection of this coastal porfThe partnership objective also moves beyond basic environmental
stewardship and incomgrates robust science research initiatives undertaken by leading researchers
and specialists in marine water quality, coastal habitat, seages®gy, and natural resource
managementThe longterm acquisition of data under the partnership presents an invaluable
resource for understanding the interannual variability and climatic influences that drive water
guality and ecological processes along coastal Queensland.
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Figurel.1l. James Cook University research vessel underwayntiuct water quality monitoringn
the Embley River estuary (Weipa)

2 Methods

2.1 Regionatlescription

Weipa is locatedh Albatross Bap M H ¢ n pr2f O 9 (X1 mlastalexiBaydiedt lorf the western
side of Cape YomReninsula, within the Gulf of Carpentaimenorthern QueenslandFigure2.1).
Fourmain estuaries (Pine, Mission, Embley and Heaghwith extensive mangrowined inlets

drain intoAlbatross Baydeliveringwet season freshwater, nutrientand sediments ranging from
mud through sanqLarcombe & Taylor, 199A diverse range of habitaisicludng coral reefs,
seagrass meadows, mangrove forests, estuarine waters, intertidal banks, saltpans, marshes, and
marine and freshwater wetland@re present, angbrovideimportant nursery habitats for juvenile
fish and crustaceans, of which more than 360 spelsge® been found in the regidiaker &
Sheppard, 2006)oastal processeat Weipa are influenced bigatures ofthe Gulfof Carpentaria
that include shallow bathymetry<60 m)and low nearshore gradienta monsoonal climate with
seasonal reversals in wind and waliesction; a semidiurnalmesaotidal regimewith a meanspring
tide range of 2.2 mlow to moderate wave energwith occasional tropical cycloselelivering strong
winds, high wavesstorm surge and heavy rainf&adngto coastal inundation eventShort, 2020)
During the wet season, significant coastal dischdeges tothe trappingof nutrient-rich water

along the coast, with minimahixingoccurring between estuarine and offshore waté&omers &
Long, 1994)

2.2 Portdescription

The Port of Weipa is situatemdthin the township of Weipa, where the Embley, Mission and Pine

WA BSNRAE O2y@SNES | yR RAa Figure2® North Queenslan&kBSilk Ddzt F 2 F
Ports Corporation (NQBRBgt as Port Authoritywith Rio Tinto managing the Pd#cilitiesthat

consistof a series of operational and associated loading/unloading faciltilesmg with other ports

2
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in Queensland, Port of Weipa requires routine maintenance dredging to maintain declared
navigational depths within the swing basin and berth areas, departure path and apr@uging
activitiesnecessary in the operating ports in the region are undertaken in accordance with
Commonwealth and State approvals.

Weather stations

®  Water sampling locations /

Location on Queensland coast

Eastern Ave

Evans Landing (WP_AMB1) ol s
South Channel (WP_AMB2)® O R 7

®
Leithen Point (WP_AMB4)

10

Kilometers

Figure2.1. Map of Weipa showingptation of water quality monitoring sites (yelloand
meteorological stations (purple), utilised in the222023 reporting periodInset map shows location
on Queensland coast.

2.3 Characterisation of weather, hydrologisttus,and
oceanographic conditions

Climate data for the region was extracted from the Australian Bureau of Meteorology climate data
online tool fttp://www.bom.gov.au/climate/dataj). Total rainfall, rainfall onset date, along with

wet season rainfall totals were calculated. The nominal wet season is defin€d\myvdmber to 8"

April. The rainfall onset is calculated as the date when the rainfall total reaches 50 mm%ince 1
September. Stream discharge data for streams discharging into the coastal waters of the region was
extracted from the Queensland Government water monitoring information portebé://water -
monitoring.information.gld.gov.ay/ Total discharge and date of first significant discharge event

were calculated. The water year reported throughout is definedsaduly to 3@ June. Wave data

for the region was extracted from Queensland Government open data portal
(https://www.data.qgld.gov.au) comprising of thesignificant wave heightHs) calculated as the
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average of the highest third of the waviesa recorded period (26.6 minutes), and the Peak Direction
(which the waves are comirfgom), as recorded by the Albatross Bay Wave Buoy located 6 nautical
miles offshore from South Channel (WP_AMBgure2.1).

2.4 Monitoring and ampling design

The Weipa region has three active ambient marine water quality monitoring &iigsré2.1, Table

2-1). Two sites, Evans Landing (WP_AMB1) and Leithen Point (WP_adBtated in the Embley
River estuarywith another site, South Channel (WP_AMB2) located in Albatross Bay to the south
westof the river mouth Each site has a pair of dataloggers deployed on the seafloor to continuously
record environmental data. The sites are revisited on an 8 weekly schedule to conduct water
sampling, record physiochemical measurements, and exchange dataloggblsX 2).

Table2-1. Site locationgnd main features

Evans Landing WP_AMB1 -12.669467 141.848283 5 Seagrass
South Channel WP_AMBR.  -12.673683 141.77625 4.2 Seagrass
Leithen Point WP_AMBI -12.691983 141.869833 4.6 Seagrass

2.5 Water quality sampling

Eachmonitoring sitewas visited by our research vessel for samptingan -8-weekbasis Sampling
dates throughout the reporting period are providedTiable2-2.

Water samples were collected from 0.2 m below water surface by hand. Samples were collected for
analytical determination of total nitrogen, total phosphorus, total dissolved nitrogen, total dissolved
phosphorus, pH, salinity, electrical conductivity, tataspended solids, chlorophyland

phaeophytin-a (Table2-3). Dissolved nutrient samples were filtered onsite with a 0.45 um syringe
filter (Sartorius minisart PES 0.45). TSS samples were collected in a 1 L bottle, Chiateasyll
collected in a dark 1 L bottle, pH and salinity were collected in a 60 mL vial. Water samples were
stored on ice and immediately transported to laboratory for analysis.

Water for chlorophyll determination was filtered through a Whatman 0.45 um GF/Firesdilter

with the addition of approximately 0.2 mL of magnesium carbonate within (less than) 12 hours after
collection. Filtersverethen wrapped in aluminium foil and frozen. Pigment determinations from
acetone extracts of the filters were completed using spectrophotomédttiowing themethodology
RSAONAROSR Ay W{idFyRIFINR aSiK2Ra F2NJ G§KS 9EFYAYIl (A
/| Kt 2NRLIKeff Qo

Physiochemical parameters were measured at three depths in the water column with a
multiparameter water quality metegfHydrolab Quanta, Hydrolab CO, USA). The water quality meter
records water temperature, electrical conductivity, pH, % saturation oxygen, and dissolved oxygen
(Table2-4). The three measurement depths were surface (0.25 m below surface)yvateat, and

bottom (1 m above seafloor). Photosynthetically active radiation (PAR) was measured at the three
depths, and above water with an underwater quantum sensefl92) and lighmeter (L1250A)
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(Licor Biosciencedlebraska USACare was taken to measure PAR without interference of sporadic
cloud cover or boat shadow, though occasionally this was unavoidable.

Water clarity as measured with a Secchi disk was recorded at each site at the time of water
sampling. A Secchi disk was lowered to a depth where it is no longer visible then raised back to
depth where it becomes visible again. The mean depth between ttvas@oints was then recorded
asSecchi disk depth.

Water samples were collected for dissolved metals analysis on two occagiagsist 202Zend of
dry seasonaind February 2023 (wet seasprDissolved metals samples were immediately filtered
onsite with a 0.45 pum syringe filter (Sartorius minisart PES 0.45) and stored dalbe2(5).

Where appropriate, results of water samples and logger data were compared to water quality
objectives (WQO) outlined in tHenvironmental Protection (Water and Wetland Biodiversity) Policy
2019(EPP, 2019r guideline values (GV) outlined in tAastralian and New Zealamidelines for

fresh andmarinewater quality (ANZG, 2018)

Table2-2. Field dates for water sampling, logger maintenararg] dissolvednetal samplingat the
three monitoring locations.

2022-08-24
20221011
202211-28
202302-02

202302-23

202304-20
202306-22

Yes
Yes
Yes
Yes

(WP_AMB1,
WP_AMB4 only)

Yes
(WP_AMB2 only)
Yes

Yes

Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes
No
No
Yes

(WP_AMB1,
WP_AMB4 only)

Yes
(WP_AMB2 only)

No

No

No
No
No
Yes

(WP_AMBL,
WP_AMB4 only)

Yes
(WP_AMB2 only)

No

No
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Table2-3. Water quality parametes that wereanalysed using water samples collectedret water
quality monitoringlocations along withthe methods and reporting limitsf the laboratory analysis

Parameter APHA method number Reporting
limit

Routine water quality analysis

pH 4500H+ B -
Salinity 2520 B 0.1 PSU
Electrical onductivity (EC) 2510 B 5uS cnt
Total Suspended Solids (TSS) 2540 D @ 103105°C 0.2mgt
Nutrients
Total nitrogen (TN) Simultaneous 4500103 F  10ug N

and 4500P F analyses aftel

Total dissolved nitrogen (TDN) alkaline persulphate

Total phosphorus (TP) digestion lygPE

Total Dissolved phosphorus (TDP)

Particulate nitrogen (PN) Calculated as PN = FTNIDN -

Particulate phosphorus (PP) Calculated as PP =TPDP -
Chlorophyll

ChlorophyHa 10200H 0.2ug Lt

Phaeophytina

Table2-4. Physiochemical measurememé&orded in the field with handheld water quality meters
and Secchi disk.

Parameter Units

Multiparameter water quality meter

Water temperature Degrees Celsius (°C)
Electrical conductivity (SpC) mS ct
pH
Dissolved Oxygen %sat
Dissolved Oxygen mg L*
Light meter
Photosynthetically active radiation (PAR) pmol m?s?
Water clarity
Secchi disk depth Meters (m)
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Table2-5. Dissolved metals/ pesticides ahdrbicideghat were analysed using water samples
collected at three locations in the Weipa region, and the methods and reporting limits of the
laboratory analysis.

Parameter APHA method number  Reporting limit
Dissolved metals

Arsenic (As) 3125BORC/ICP/MS -

Cadmium (Ca) 0.2ug

Copper (Cu) 1lpgtt

Zinc (Zn) 5pug

Lead (Pb) 0.2 ug

Nickel (Ni) 0.5ug

Silver (Ag) 0.lpgt

Mercury (Hg) 0.1/0.04pg L

Pesticides/herbicides

Organophosphatgesticides In house LC/MS method: 0.0002n1 ®n n ™
EP234A
Thiocarbamates and Carbamates In house LC/MS method: nonnnl >
- Thiobencarb EP234B
Dinitroanilines In house LC/MS method: nonnwM >:2
- Pendimethalin EP234C
TriazinoneHerbicides In house LC/MS method: nonnnl >
- Hexazinone EP234D
Conazole and Aminopyrimidine Fungicides In house LC/MS method: nonnnh >
- Propiconazole, Hexaconazole, EP234E

Difenoconazole, Flusilazole,
Penconazole
PhenylureaThizdiazolurea Uracil and In house LC/MS method: nonnnh >
Sulfonylurea Herbicides EP234F
- Diuron, Ametryn, Atrazine, Cyanazine
Prometryn, Propazine, Simazine,
Terbuthylazine, Terbutryn

2.6 Seafloor mounted continuous débggers

A pair of watemquality loggers were deployed at each sibemeasure water temperature, water
depth, turbidity, and lightAt each site a pair of loggers were attached to stainless steel faahe
placed orthe seafloor(Figure2.2). The loggers used are NTIPT and MSBPT loggers
manufactured byin-situ Marine Optics, Perth Wttps://insitumarineoptics.con. The loggers
record a burst o060 measurements of water temperatur@C) water depth(m), turbidity (NTU) and
light (PAR, umol mis?) at a frequency of 5 Hz every-hlinutes.

\I
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Figure2.2. Water quality loggers attached to instrument frames ready for deployment to the seabed.
The horizontally orientated logger isa AITULPT turbidityogger,and the vertically orientated logger
is a MSALPT multispectral light loggeranufactured by Insitu Marine Optics.

Table2-6. Specifications of NFUPT turbidity logger and MSPT multispectral light loggers.

Parameter Sensor range Accuracy / Resolution
Watertemperature  Degrees Celsius@ -55t0 125 °C +/-1.0°C
Water depth Meters () 0¢90m +/-1.0 %
Turbidity Nephelometric 0¢ 4001000 NTU 0.05 NTU
turbidity units(NTU
Irradiance pW cm? nmt 0¢ 400 pW cn? nm? 2.5 x10°W cm? nmrt

Logger dta processigandquality control

After each deployment, dataloggeage returned to the laboratory and theaw logfilespre-
processd. The malianvaluesfor water temperature water depth turbidity and irradiancare
calculated for eaciO-minute burst interval. The dataare then subjected to mautomated rule
basedquality control(QC)process as outlined ites et al. (2023)Following the automated QC
process afinal manual QGs conductedbefore the data is ingested intihe water quality database
for further analysis and reporting\ description of QC rules for flagging data is in Appendix 1 and
further detailed inlles et al. (2023)

RMS Depth

A pressure sensaslocated onthe M®-LPTwater quality logging instrument. The pressure sensor is
used to determine changes in water depth due to tide and to produce a proxy for wave attien.
average water depth anddet MeanSjuare (RMSyvater depth can be used to analyse the influence
that tide and water depth may have on turbidityeposition,and light levels at an instrument
location. The RMS water height is a measurshafrt-term variation in pressure at the sensor.
Changes in pressure ovefl@ second timeperiod at the sensor are caused by wave energy. RMS
water height can be used to analyse the link between waveuspension and SSC. It is important to

8
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clearly establish that RMS water height is not a measurement 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 exampleere two sites both have the same

surface wave height, if site one is 10 m deep and has a measurement of 0.01 RMS water height and
site two is 1m deep and has a measurement of 0.08 RMS water height. Even though the surface
wave height is the same at botlites, the RMS water height is greater at the shallositer, and we

would expect more resuspension due to wave shear stress at this site.

Each time a pressure measurement is made the pressure sensor@kesasurements over a
period of 10 seconds. From theS@ measurements, average water depth (m) and Root Mean
Square (RMS) water height are calculated.

RMS water heighDims, is calculated as follows:

YOY _ [Equation 1]

WhereD, is the n, of the 50 readings an@® is the mean water depth of the n readings

Benthicphotosyntheticallyactiveradiation (bRAR

Benthic light limitation is ofterattributed to turbidity (Erftemeijer et al., 2012)owever,the

relationship betweenurbidity and benthic potosyntheticallyactive radiation(bPAR)s not always
strong(Sofonia & Unsworth, 2010AsbPAR 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 conjunction with known thresholds for healthy growth for
these hahiats (e.g. Chartrand et al., 201Zjor this reason, it is important to inclub®ARnN the

suite of water quality variables when capturing local baseline conditions of ambient water quality.

Benthic hotosynthetically active radiatiorbPAR was calculated fronthe response of the nine
individualirradiance channels on the MS9 logger. Light data between 400 and 700 nm was
interpolated and integrated internally. The mean valuedBAR was calculated for eat®-minute
burst interval.

Daily light integral (DLI) describes the number of photosynthetically active photons that are
delivered to a specific area over a-Bdur period.

Daily light integral (DLI) was calculdtas follows:
00 OB 06 'Y

[Equation2]

Where:
DLI is the daily light integral in mol photong ot
‘(s eachbPAR reading during the day
bPAR is thdenthicphotosynthetically active radiation in umol photons?rai
600 is the time interval between readingser the 24 hours

1,000,000 is the unit conversiaf pmol photons nt s'to mol photons n¥ d*
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Benthic multispectral irradiance

Increasingly, scientists and managers are looking at spectral light as the most important parameter
for water quality monitoring. This is because photosynthesising biota, such as corals and seagrasses
have preferential light requirements (e.g., blue lightd are unable to use light along the full visible
spectrum(Jones et al., 2021With the optical properties of marine waters highly changeable
dependent on adjacent river catchments, sediment transport pathways and autochthonous
processes, wavelengths of light reaching benthic habitats cannot be determimeeédgurement of
turbidity or PAR alone. The IMOPT MS9 multispectral light loggers contain nine light sensors
measuring light (irradiance) at specific wavelengths that correspond to colours across the visible
light spectrum Table2-7).

Values of individual irradiance channelere selected over a orbour period centred at midday

each day. Data weneormalised to peak irradiance for comparison of spectral distributions across
different times throughout the reporting periodNormalising the data removes interference by

cloud allowing direct comparison between light intensity across the channels regardless of overall
PARMultispectral profiles were then classified according to correspontingjdity values (2hour
mean), withturbidity values binned into low (<NTU), midrange (35 NTU and highrange (>5

NTU. The spectra were then displayed to visualise how turbidity affected individual irradiance
channels.

Table2-7. Wavelength specifications of the InSitu Marine Optics MS9 nine wavelength multispectral
light sensor. Each channel hat@nmfull-width-half-maximumspectral response.

Irradiance

channel

Wavelength

(nm) 410 440 490 520 550 570 610 660 700

Suspendededimentconcentration

Suspended sediment concentratioras calculated from turbidity data after establishing a
relationship with each sitézull methods are provided {{Cartwright et al., 2022)While there is no
published protocofor re-evaluationof this relationship, ishould ideally be re&stablishedevery few
years or after major events thatouldaffect particle size distributioamong the benthic sediments.

Colour

The following equation may be used to calculate suspended sediment concentration from logger
data acquired from IMENTU turbidity loggers at each site:

"YYS Y6 izd "Q Q [Equation3]
Where:
SSC is the calculated suspended sediment concentration intmg L
Turb is the measured turbidity value in NTU
G is the conversion factgunique for each site)
eis the root mean square error value

Note thaterror values are not presentead the converteddatavalues.

10
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2.7Long term trendanalysis

TheWeiparegion ambient water quality program has now been running sitasmiary 2018There is
now 6 yearsof data collected which we can begin to use to explore temporal aspects of coastal
water quality.Generalized Additive Mixed Models (GAMMS) are a flexible statistical approach used
for analysing irregular time series data, including water quality data. GAMMs extend the capabilities
of Generalized Additive Models (GAMSs) by incorporating random effects, which account for the
hierarchical structure often present in longitudinal or repeated measufata.

Multi-year data forparameters measured in discrete water samples was analysed foitéomy

trends using generalized additive mixed effects models (GAMBAMM analysis was conducted
usingthe 'mgcv' package in R, as developed¥yod (2017) The model formula used was "response
~ month + time" where "response” is the dependent variable, and "month" and "time" are the
independent variablesThe water quality site was included as a random effect in the model.

Splines were employed to capture the nrbnear relationships between the variables. Specifically, a
cyclic cubic regression spline was used for the "month" variable, and a thin plate regression spline
was used for the "time" variabldhe number of knots (points where the spline changes direction)
was fixed at 5 for the "month" variable and 20 for the "time" variable.

A gamma distribution with a log linking function was chosen for the model. This choice was based on
the performance of gamma distribution being generally better for irregular time series data
compared to fitting the data to a Gaussian (normal) distribution

11
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3 Results and Discussion

3.1 Rainfall and river flows

Daily rainfall for theNeiparegion is showin Figure3.1. The 20222023 wet season rainfall total
was2446mm, while total rainfall for the water year wa&69.8mm (Figure3.2). The 20222023

year showed above average rainfall equivalent to approximatelyp@®centile of annual rainfall
since 1992. Most of the rainfall fell throughout the wet seasdm extreme weather event in early
January 2023 saw 237.2 mm rain fall in Weipa in a singleTtayfirst rainfall greater than 5 mm for
the water year occurred on 24September 2022, with the rainfall onset occurring §nNbovember
2022.While the northern wet season is defined as betweé&iNbvember and 30 April, the rainfall
onset is calculated as the date when the rainfall total reaches 50 mm sitfseptember, and hence
is a better indication of the start of the wet season.

200+

m)

150 4

100 4

SZ . N _\]..ll.Ll MJMW@... -

T T T T T
Jul 2022 Oct 2022 Jan 2023 Apr 2023 Jul 2023

Rainfall (m

Figure3.1. Rainfall recorded at Weipa Aero (station 027045) for the water year. The

nominal wet season period is shaded grey. Green vertical dash indicates northern rainfall onset. Data
source http://www.bom.gov.au/climate/data/

12
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3000

1000

Figure3.2. Annual ainfall by water yearfor the Weiparegionduring wet season (bluand dry
season (light blue)lotals were calculated for the wet season period 1st Novembé@thoApril for
eachwater year.Water year runs fromsiJuly to ®" June Solid red line represents mediannual
rainfall by water year dashed lines represe@", 25", 75", and 90" percentiles. Daily rainfall data
was obtained from th&Veipa Aero (station 02704%)eather station Data source:
http://www.bom.gov.au/climate/data/

The only local river gauging station near to Weipa is on the Watson River, which is located ~75 km
south and does not discharge into tBenbley/HeyMission River systeawhere the Port is located.
Therefore, although Watson River discharge has been used throughout this report to provide
context for Portwater quality conditions, results regarding the influence of water discharge on
water quality variability should be interpreted with cautiorhe hydrograph for Watson River shows
onset of stream dischargend®29/12/2022, with consecutiviarge pulses every-2 weeks following
throughout the wet seasofFigure3.3). Total discharge for the 202023 water year wasl088GL.
There were no major meteorological events impacting Wieiparegion in 2022023 There was
evidence of a significant discharge event occurring in the Embley Sineatime between

December 2022 andanuary 2023possiby related to the extreme rainfall event on January 7.
Instrument frames and dataloggers were discovered buried in sediment and debris when
undertaking routine maintenance in early Febru2623 There was a tropical low (16U) in the
southern gulf throughout early March 2023

13
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Figure3.3. Streamdischarge (GL¥ from theWatsonRiverat Jackin Creefstation923001A during

the 2022-2023 reporting period Daily rainfall totals from each corresponding stream gauge shown in
pink. The nominal wet season period is shaded grey. Data source: https:/Awater
monitoring.information.qgld.gov.au/

3.2 Oceanographic conditions

Wavesdetectedat Albatross Bay in Weipaere predominantly B to 0.8 min height ard from a
south-westerlydirection Figure3.4). October 202 showed the lowest wave activityvhile January
and Februan2023 had thelargest sigrficantwave heightdor the monitoring period (Figure3.5;
Figure3.6). Note thata tropical low in early Marcboincided with(possibly led tojhe Albatross Bay
wave buoystationbeing out of commission for several weeks and therefaserecordingwhat
were potentiallythe largest swells of the reporting period (as confirmedhsy South Channdbgger
RMS depth datasection 3.4.3f this report).Wavepeakperiod shows longer periods during times
of higher wave activityHigure3.7). Wavedirectiontimeseries shows the dominance of westerly
swells during periods dfigh wave activityKigure3.8).

14
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Figure3.4. Frequency of counts by wave direction (%), and significant wave height (m) at the
Albatross Bayvave buoy station between July 1, 20and June 30, 2 Datasource:
https://www.qld.gov.au/environment/coastsvaterways/beach/monitoring
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Figure3.5. Frequency of counts by wave direction (%), and significant wave height (m) at the
Albatross Bayvave buoy station between July2022, and June 30, 2@ Data source:
https://www.qld.gov.au/environment/coastsvaterways/beach/monitoring
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Figure3.6. Time series of sigitant wave height (Hs) and maximum wave height (Hnaakhe
Albatross Bay Wave buoy statibetweenJuly 12022,and June 30, 2028lote that wave data was
missing from this statiofor several week®llowing alow-pressuresystem thataffected the region

in FebruaryMarch 2023 Data sourcehttps://www.qgld.gov.au/environment/coasts
waterways/beach/monitoring
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Figure3.7. Time series of wave period at the Albatross Bay Wave buoy station between July 1, 2022,
and June 30, 2023. Peak energy wave (Tp: light blue) and zero upcrossing wave (Tz: dark blue). Note

that wave data was missing from this station for several weeksviolg a lowpressure system that
affected the region in February/March 20Z3ata source:

https://www.qld.gov.au/environment/coastsvaterways/beach/monitoring
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Figure3.8. Wave direction (relative to true north) from which the peak period waves are coming
from. Data sourcehttps://www.gld.gov.au/environment/coastsvaterways/beach/monitoring

3.3Water quality
3.3.1Physiochemical

Dissolved oxygen ranged from 4.642&9mg L! with a mean of 6.08 mglacross the three sites,
indicating generally well oxygenated watéFsgure3.9). Electrical conductivity ranged frog8.2to
55.3mS cmt with a mean of 51.8 mS chand was in the range typical of seawatEigure3.10).
Conductivity values followeelxpectedseasonality witHower values occurring duringet season

when rainfall and freshwater inputs diluted seawater in the estuary and coastal @relngher

values duringhe dry seasonThere was a halocline present in February 2022 with surface brackish
water overlying more dense and saline watéiatertemperature ranged from 28.to 31.8°Cwith

a mean of 27.3 °(Figure3.11). As expected, 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 temperatures observed during the winter mongits.ranged fron6.69 t08.48with

a mean pH of 8.2@igure3.12). The water column at all sites was generally well mixed with only
minor differences in values through the three depths.
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Figure3.9. Dissolved oxygeroncentration (md-?) at threewater quality monitoring siteshowing
results for thesurface middle, and bottom water.
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Figure3.10. Electrical conductivity recorded at three depths atttimee water quality sites
throughout the reporting period.
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Figure3.11. Water temperature recorded at three depths at the five water quality sites throughout
the reporting period.
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Figure3.12. pH recorded at three depths at tileree water quality sites throughout the reporting
period.

3.3.2Nutrients

Nitrogen concentrations measured in water samples from the three Weipa water quality monitoring
sits is shown ifrigure3.13. Total nitrogen (TNgoncentrations ranged from 108 to 210 pygwith a

mean of 157 pg-Lacross sites over the reporting periotbtal dissolved nitrogen (TDMnged from

92 to 163 pg twith amean of 121 pg-t Particulate nitrogen (PN) ranged frodrto 107 pg L* with

a mean of 3qug X. TN and TDN showed a decline in nitrogen concentration over the reporting
period with higher nitrogen concentrations measured in the 2022 dry season compared to the 2023
dry season.

Phosphorus concentrations measured in water samples from the three Weipa water quality
monitoring sits is shown iRigure3.14. TotalphosphoruqTP) concentrations ranged from 8 85 g

L1 with a mean ofL6 ug L* across sites over the reporting periotbtal dissolveghosphorugTCP)
ranged from4 to 16 pg t with amean of10ug L. ParticulatephosphorugPP) ranged fron® to 18

pg L with a mean of Gug L*. TP and TDP showed lower phosphorus concentrations during the wet
season compared to the dry season.
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Figure3.13. Total nitrogen(TN),total dissolved nitrogen (TDN), andrficulatenitrogen (PN)
concentrations measured in water samples collected fronihree water quality siteoverthe

reporting period
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Figure3.14. Total phosphoruéTP) total dissolved phosphorus (TDN), aradtigulate phosphorus
(PN)concentrations measured in water samples collected fronthtee water quality siteoverthe
reporting period

3.3.3Water clarity

Secchi depth ranged fromOm to 3.0m with ameanof 1.86 mover the reporting periodFigure
3.15). Water clarity as measured by Secchi depth giaslar between sites throughout the reporting
period. Shallow Secchi depths correspond wtith turbid nature of the Embley River estuary and
coastal oceanTotal suspended solids ranged frdnBto 22 mg L! with a mean of 2 mg L* over

the reporting period Figure3.16).
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Figure3.15. Secchi disk depth recorded at tieee water quality sites throughout the reporting
period.
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Figure3.16. Total suspended soli8SS) concentrations measured from water samples collected
from the threewater quality sites throughout the reporting period.

3.3.4Chloophylla

Chlorophylla concentrationranged from 0.21 to 3.41 ug*ith a mean of 1.7 pglacross sites

over the reporting periodFigure3.17). Chlorophylla concentrations were generally higher in the
summer / wet season and lower in the winter / dry season.
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Figure3.17. ChlorophyHa concentrationgpg L) measured in water samples collected from theee
ambientwater qualitymonitoringsitesin the Weiparegionthroughout the reporting period.

3.3.5Dissolved metals

Heavy metal concentrations are presentedlable3-1. Metal concentrationsneasured in these

watersduring the 20222023 monitoring periodvere below the laboratory limit of detection (LOD)

for all monitoring sites in both the dry and wet season sampling. Arsenic was detected at low
concentrations at all sites in both the dry and wet season sampling. Matakatrations were

compared todefault guideline values (DGV) from tAastralian and New Zealamgidelines for

fresh andmarinewater quality (ANZG, 2018Metals did notexcee8 + DQa& G Fye& Y2y Al 2N
when sampled in either the dry or wet season.

Table3-1. Heavy metal concentrations measured in water samples collected from three water quality
sites in theWeiparegion throughout the reporting perio&ilver (Ag)Arsenic (Asadmium (Cd

Copper (CuMercury (Hg)Nickel (Ni)and Lead (Ph)The ANZG water qualitiefaultguidelinevalue

99% and 95% level of protection trigger values for marine waters axensfoos comparison.

Dry season24/08/2022) pg ! pgl! pglr pglt pglr pg Lt pg Lt
Evans Landing WP_AMB1 <0.1 1.3 <0.5 <1 <0.04 <05 <0.2
South Channel WP_AMB2 <0.1 1.6 <0.5 <l <0.04 <05 <0.2
Leithen Point WP_AMB4 <0.1 1.9 <0.5 <l <0.04 <05 <0.2

Wet season(2/02/2023 WP_AMB1 and WP_AMB4, 23/02/2023 WP_AMB?2)

Evans Landing WP_AMB1 <0.1 1.2 <0.2 <l <01 <05 <0.2
South Channel WP_AMB2 <0.1 1 <0.2 <1 <01 <05 <0.2
Leithen Point WP_AMB4 <0.1 1.3 <0.2 <1 <01 <05 <0.2

Limit of detection (LOD) 0.1 - 0.2/0.5 1 0.1/ 05 0.2

0.04
ANZG 99% level of species protectior 0.8 - 0.7 0.3 0.1 7 2.2
ANZG 95% level of species protectior 1.4 - 5.5 1.3 0.4 70 4.4

“Note: External &boratory providedlifferent LOD for mercury between the two sampling events
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3.3.6Pesticides

Pesticides used for FiRAF calculations are presentedTliable3-2. No pesticides were detected in
the early wet seasorhe herbicides Chlorpyrifos, Diazinon, Hexazinone, and Ametrynalgeneot
detected (< LODY.here was no pesticide analysis conducted in the late wet season.

Table3-2. Pesticide results from water samples taken in the early wet season from three locations in
the Weipa region.

Chlorpyrifos <0.001 <0.001 <0.001
Malathion <0.001 <0.001 <0.001
Diazinon <0.0002 <0.0002 <0.0002
Pirimiphosmethyl <0.0002 <0.0002 <0.0002
Thiobencarb <0.0002 <0.0002 <0.0002
Pendimethalin <0.001 <0.001 <0.001
Hexazinone <0.0002 <0.0002 <0.0002
Propiconazole <0.0002 <0.0002 <0.0002
Hexaconazole <0.0002 <0.0002 <0.0002
Difenoconazole <0.0002 <0.0002 <0.0002
Tebuconazole <0.0002 <0.0002 <0.0002
Flusilazole <0.0002 <0.0002 <0.0002
Penconazole <0.0002 <0.0002 <0.0002
Diuron <0.0002 <0.0002 <0.0002
Ametryn <0.0002 <0.0002 <0.0002
Atrazine <0.0002 <0.0002 <0.0002
Cyanazine <0.0002 <0.0002 <0.0002
Prometryn <0.0002 <0.0002 <0.0002
Propazine <0.0002 <0.0002 <0.0002
Simazine <0.0002 <0.0002 <0.0002
Terbuthylazine <0.0002 <0.0002 <0.0002
Terbutryn <0.0002 <0.0002 <0.0002

3.4 In-situ loggers

3.4.1Water temperature

Water temperaturerecordednear the seaflooby the insitu water qualityloggersat each of the
three Weiparegion water quality monitoring sitds presented irFigure3.18. Water temperature
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ranged from 23.86 to 33.16 °C with the coolestter temperatures recordedh July 2022 and the
warmest month being November 202&/ater temperature is primarily driven by season, with
warmer temperatures throughout the wet season / summiehisoveralltrend is made variable by
several factors includingtidal influencesgpring/neap tidegrivingtidal currentsand depth changes
that affect local sea temperaturgssynoptic eventswinds,low pressure systems, troughend

fronts impact water temperature through advection, mixirand solar radiatiotimitations); and
oceanographic influencesgean currents andhteraction with the coastline/ thenixing of water
masseghat redistribute hea}. Rainfall and freshwater inflows throughout the wet seasaisao
lowered water temperature during those evenigsxamples of this can be seen in late
December/early Januayyvhenan extreme weather event saw a sharp drop in water temperatures.
Monthly, seasonal, and overaéimperaturesfor each site are presented in Trable3-3, Table3-4,

and Table3-5.
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Figure3.18. Daily mean water temperatur@lue) and dily minimum and maximurglight blue)
measured at water quality monitoring sites in ttéeiparegion. Periods of missing data are
indicated by the orange bar.

Measured water temperatures at the thré&eiparegionwater quality monitoring sites were
compared to NOAAaily global 5kmsatellite seasurfacetemperature (a.k.a. CoralTemp) for taulf
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of Carpenériaregion virtual stationKigure3.19). Water temperature at all three monitoring sites
wassimilar tothe regional daily average sea surface temperature (8®ajured from satellite
Water temperature wasvarmer than themonthly mean climatology during the 2022d 2023dry
seasoms, but similar to monthly mean climatology over the 262223 wetseason Water
temperature waggenerally2 °C warmer tharthe monthly mean climatologfrom July to November
2022 with water temperature up to 3 °C warmer than the monthly mean climatology during
September 2022Nater temperature was generall).5 to 1°Ccoolerthan the monthly mean
climatology fromJanuary to March 2023.
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Figure3.19. Water temperature measured at the thr¥éeipawater quality monitoring sites

compared to NOAA Daily Global 5km Satellite Sea Surface Temperature (a.k.a. CoralTemp) (blue), sea
surface temperature (SST) anomaly (pidkgree heating weeks (redjonthly mean climatology

(blue cross)and coral bleaching alert levels (0 = no stress, 1 = Bleaching watch, 2 = Bleaching

warning, 3 = Alert level 1, 4 = Alert level 2). NOata andplot adaptedfrom:
https://coralreefwatch.noaa.gov/product/5km/index 5km_sst.php
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Table3-3. Monthly summary statistics fawater temperature (°Qneasured by continuous
dataloggers athe Evans LandinQVP_AMB1) ambient water quality monitoring si&D = standard
deviation, Min = minimum, Max = maximum, Q1ssgtiartile (25" percentile), Q3 ="8quartile (75"
percentile), n = sample size (number of measurements). Wet seddmvémber to 30 April.

Jut2022 26.04  26.09 0.57 24.51 27.17 25.63 26.51 4464
Aug2022 26.18 26.2 0.44 25.11 27.3 25.9 26.49 4458
Sep2022 28.24  28.37 0.87 26.04 30.07 27.66 28.95 4320
Oct2022 29.9 29.52 1.01 28.46 32.32 29.05 30.9 4461
Now2022 31.29 31.37 0.62 29.76 32.48 30.81 31.77 4313
Dec2022 30.54 30.3 0.78 28.69 32.25 29.96 31.3 4464
Jan2023 28.66  28.95 0.61 27.26 29.43 28.15 29.09 4464
Feb2023 29.55  29.59 0.36 28.9 30.38 29.22 29.77 3858
Mar-2023 2955  29.77 0.75 27.97 31.48 28.94 30.1 4464
Apr-2023 30.23  30.52 0.72 28.49 31.52 29.57 30.76 4318
May-2023 28.2 28.22 0.79 26.67 30.15 27.44 28.84 4464
Jun2023 26.79  26.82 0.32 25.95 27.6 26.62 27 4316

Dry season 27.56  27.05 1.54 2451 32.32 26.38 28.78 26483
Wet season 29.97  29.95 1.07 27.26 32.48 29.15 30.7 25881
Overall 28.75  29.04 1.8 2451 32.48 27.03 30.09 52364

Table3-4. Monthly summary statistics fawvater temperature (°Qneasured by continuous
dataloggers athe South ChanndWP_AMR) ambient water quality monitoring sit&D = standard
deviation, Min = minimum, Max = maximum, Q1ssgtartile (25" percentile), Q3 ="3quartile (75"
percentile), n = sample size (number of measurements). Wet seddmvémber to 30 April.

Jut2022 2593  25.89 0.6 24.66 27.12 25.44 26.45 4464
Aug2022 25.81 25.8 0.43 24.92 27.22 25.51 26.12 4454
Sep2022 2778 27.91 0.82 25.66 29.78 27.12 28.35 4320
Oct2022 2951 29.01 1.25 27.79 32.14 28.45 30.75 4462
Now2022 31.1 31.25 0.71 29.3 32.63 30.52 31.66 4317
Dec2022 30.5 30.3 0.78 28.46 32.51 29.99 31.2 4464
Jan2023 28.92  29.02 0.71 27.23 30.36 28.34 29.54 4464
Feb2023 29.46  29.38 0.63 28.29 30.78 28.96 30.01 3851
Mar-2023 29.34 2947 0.56 28.07 30.61 29.01 29.73 4464
Apr-2023 30.15 30.41 0.72 28.74 31.42 29.36 30.71 4310
May-2023 28.21 28.34 0.68 26.49 29.72 27.48 28.7 4464
Jun2023 26.68  26.72 0.3 25.85 27.35 26.46 26.91 4319

Dry season 27.32  26.98 1.52 24.66 32.14 26.17 28.38 26483
Wet season 29.91  29.84 1.02 27.23 32.63 29.19 30.58 25870
Overall 28.6 28.81 1.83 24.66 32.63 26.96 29.98 52353
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Table3-5. Monthly summary statistics fawater temperature (°Qneasured by continuous
dataloggers athe Leithen PoinfWP_AMB!) ambient water quality monitoring sit&D = standard
deviation, Min = minimum, Max = maximum, Q1ssqtartile (25" percentile), Q3 ="3quartile (75"
percentile), n = sample size (number of measurements). Wet seddmvémber to 30 April.

Jul2022 2587 2588  0.66  23.96 27.15 2539 2643 4464
Aug2022 26.06 26.11 0.51 23.86 27.5 25.71 26.41 4457
Sep2022 2816 2841 086 257 297 2751 2882 4320
Oct-2022 29.87 29.61 0.95 27.64 32.2 29.13 30.73 4461
Now2022 31.22 31.28 0.63 29.49 33.16 30.76 31.73 4314
Dec2022 304 30.23 0.79 28.43 32.53 29.88 31.11 4464
Jan2023 28.66 28.8 0.85 26.16 30.64 28.05 29.31 4464
Feb2023  29.49 2943 067 2809 3107 2905 30.08 4028
Mar-2023 29.57 29.84 0.8 27.63 31.2 29.04 30.17 4464
Apr-2023 3024 3059 086 2835 3191 293 3088 4317
May-2023 28.04 28.09 0.79 26.05 29.88 27.35 28.61 4464
Jun2023 26.67 26.71 0.38 25.23 27.7 26.41 26.95 4317
Dry season 27.45 26.99 1.58 23.86 32.2 26.27 28.68 26483
Wet season 29.93 29.99 1.12 26.16 33.16 29.16 30.75 26051
Overall 28.68 2895 185 2386 3316 2696 30.13 52534

3.4.2Water depth

The dailytidal range for each site gresented inFigure3.20. TheWeiparegion ismixed semidiurnal
with avery pronounced diurnal inequality. At certain times the inequality results in onlyidale

cycle per dayDailytidal rangewasmeasured tdbe from0.54to 2.75m during the reporting period
The water depth which the water quality loggers were positiones 4.5 5.0 m for all sites.
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Figure3.20. Daily tidal range measured ¥feipamonitoring sites
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Table3-6. Monthly summary statistics fawater depth (mmeasured by continuous dataloggers at
the Evans LandingVP_AMB1) ambient water quality monitoring si&D = standard deviation, Min
= minimum, Max = maximum, Q1 £duartile (23" percentile), Q3 ="8quartile (73" percentile), n =
sample size (number of measurements). Wet sea&dotember to 30 April.

Jut2022 4.37 4.49 0.53 2.65 5.28 4.07 4.76 4464
Aug2022 4.36 4.44 0.51 2.73 5.4 4.07 4.73 4460
Sep2022 4.47 4.55 0.47 3.25 5.28 4.14 4.84 4320
Oct2022 4.75 4.84 0.53 3.43 5.84 4.41 5.15 4461
Now2022 4.94 5.06 0.55 3.17 6.08 4.62 5.35 4317
Dec2022 4.67 4.74 0.59 3.03 5.92 4.27 5.11 4464
Jan2023 4.81 4.92 0.58 3.08 6.15 4.42 5.21 4464
Feb2023 4.73 4.86 0.59 3.14 5.74 431 5.18 3861
Mar-2023 4.24 4.3 0.52 2.93 5.3 3.86 4.65 4464
Apr-2023 4.07 4.18 0.52 2.49 4.97 3.71 4.45 4318
May-2023 3.72 3.86 0.5 2.15 4.58 3.42 4.07 4464
Jun2023 3.87 3.97 0.58 2.12 491 3.59 4.31 4319

Dry season 4.26 4.32 0.63 2.12 5.84 3.86 4.73 26488
Wet season 4.57 4.62 0.64 2.49 6.15 4.13 5.06 25888
Overall 4.41 4.45 0.65 2.12 6.15 3.98 491 52376

Table3-7. Monthly summary statistics favater depth (mymeasured by continuous dataloggers at
the South ChanndWP_AMR) ambient water qualitynonitoring site SD = standard deviation, Min
= minimum, Max = maximum, Q1 £duartile (23" percentile), Q3 ="Bquartile (73" percentile), n =
sample size (number of measurements). Wet sea&dotember to 30 April.

Jut2022 4.08 4.18 0.51 2.43 4.98 3.8 4.46 4464
Aug2022 4.13 4.22 0.48 2.64 5.1 3.84 4.46 4459
Sep2022 4.35 4.42 0.45 3.16 5.13 4.04 4.71 4320
Oct2022 4.48 4.6 0.49 3.14 5.41 4.19 4.84 4462

Now2022 4.58 4.66 0.54 3.19 5.71 4.26 4.97 4317
Dec2022 4.79 4.85 0.57 3.24 6.13 4.42 5.2 4464
Jan2023 4.98 5.06 0.57 3.28 6.33 4.61 5.38 4464
Feb2023 5.04 5.14 0.53 3.59 6.1 4.69 5.43 3855
Mar-2023 4.92 4.96 0.49 3.69 6.11 4.58 5.32 4464
Apr-2023 4.68 4.77 0.51 3.06 5.61 4.34 5.06 4317
May-2023 4.41 4.51 0.47 2.94 5.3 4.15 4.73 4464
Jun2023 4.39 4.47 0.53 2.97 5.44 4.05 4.78 4319

Dry season 4.31 4.38 0.51 2.43 5.44 3.99 4.68 26488
Wet season 4.83 4.89 0.56 3.06 6.33 4.47 5.23 25881
Overall 4.56 4.59 0.6 2.43 6.33 4.19 4.98 52369
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Table3-8. Monthly summary statistics fawater depth (mmeasured by continuous dataloggers at
the Leithen PoinfWP_AMBI) ambient water quality monitoring sit&D = standard deviation, Min =
minimum, Max = maximum, Q1 £ quartile (29" percentile), Q3 ="8quartile (73" percentile), n =
sample size (number of measurements). Wet sea&dotember to 30 April.

Jut2022 4.57 4.7 0.54 2.8 5.49 4.25 4.97 4464
Aug2022 4.55 4.62 0.53 2.89 5.63 4.24 4.93 4460
Sep2022 4.72 4.8 0.49 3.37 5.59 4.36 5.13 4320
Oct2022 4.8 4.91 0.52 3.33 5.75 4.46 5.2 4463
Now2022 4.87 4.98 0.57 3.28 5.95 4.5 5.3 4317
Dec2022 5 5.07 0.61 3.38 6.32 4.6 5.45 4464
Jan2023 5.24 5.35 0.59 3.47 6.55 4.87 5.65 4464
Feb2023 5.38 5.5 0.56 3.81 6.28 5.06 5.81 4029
Mar-2023 5.22 5.24 0.56 3.81 6.4 4.84 5.62 4464
Apr-2023 4.79 4.82 0.64 2.82 5.88 4.36 5.33 4317
May-2023 4.22 4.34 0.5 2.65 5.15 3.96 4.58 4464
Jun2023 4.19 4.28 0.56 2.68 5.24 3.85 4.6 4317

Dry season 4.51 4.58 0.57 2.65 5.75 4.15 4.94 26488
Wet season 5.08 5.17 0.62 2.82 6.55 4.68 5.53 26055
Overall 4.79 4.83 0.66 2.65 6.55 4.36 5.28 52543

3.4.3Wave activity

South Channel (WP_AMBislocated along thexposedcoastline andchadthe mostwave exposure

of the three Weipa siteswhile Evans Landing (WP_AMBand Leithen Point (WP_AMB4) are
shelteredwithin the Embley Rivezstuaryand wave activityvasminimal Figure3.21). Wave energy

at the South Channel monitoring site was generally low throughout the 2022 and 2023 dry season,
whereas there were otable high energy periodsom November2022through to March 203.
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Figure3.21. RMS depth measured Weipamonitoring sites. Values presented are daily mean (blue
line) ++ standard deviation (light blugbbon).
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Table3-9. Monthly summary statistics fawave activity (Depth RM&)easured by continuous
dataloggers athe Evans LandingvVP_AMB1) ambient water quality monitoring si&D = standard
deviation, Min = minimum, Max = maximum, Q1ssgtiartile (23" percentile), Q3 ="8quartile (73"
percentile), n = sample size (number of measurements). Wet seddmvémber to 30 April.

Juk2022 0.006  0.006 0.003 0 0.025 0.004 0.008 4464
Aug2022 0.007  0.007 0.003 0 0.026 0.004 0.009 4460
Sep2022 0.008 0.008 0.004 0 0.03 0.005 0.011 4320
Oct2022 0.009 0.009 0.004 0 0.029 0.005 0.012 4461
Now2022 0.009 0.01 0.004 0 0.058 0.006 0.013 4317
Dec2022 0.009 0.01 0.004 0 0.028 0.005 0.012 4464
Janr2023 0.01 0.01 0.005 0 0.044 0.007 0.013 4464
Feb2023 0.01 0.01 0.004 0 0.031 0.007 0.013 3861
Mar-2023 0.01 0.011 0.004 0 0.048 0.007 0.013 4464
Apr-2023 0.008  0.008 0.004 0 0.026 0.005 0.011 4318
May-2023 0.008 0.008 0.004 0 0.028 0.005 0.01 4464
Jun2023 0.008  0.008 0.004 0 0.029 0.005 0.011 4319
Dry season 0.008  0.007 0.004 0 0.03 0.005 0.01 26488
Wet season 0.009 0.01 0.004 0 0.058 0.006 0.013 25888
Overall 0.008  0.008 0.004 0 0.058 0.005 0.012 52376

Table3-10. Monthly summary statistics fawave activity (Depth RM$&)easured by continuous
dataloggers athe South ChanndWP_AMR) ambient water quality monitoring site&SD = standard
deviation, Min = minimum, Max = maximum, Q1ssgtartile (23" percentile), Q3 ="3quartile (73"
percentile), n = sample size (number of measurements). Wet seddmvémber to 30 April.

Juk2022 0.025 0.021 0.013 0.001 0.131 0.015 0.03 4464
Aug2022 0.019 0.016 0.012 0 0.117 0.012 0.024 4459
Sep2022 0.018 0.015 0.011 0 0.134 0.011 0.022 4320
Oct-2022 0.017 0.015 0.01 0 0.097 0.012 0.02 4462
Now2022 0.024 0.014 0.04 0 0.404 0.011 0.021 4317
Dec2022 0.046 0.02 0.071 0 0.594 0.012 0.041 4464
Janr2023 0.044  0.026 0.041 0 0.212 0.013 0.068 4464
Feb2023 0.067 0.049 0.062 0 0.415 0.016 0.095 3855
Mar-2023 0.082 0.016 0.125 0 0.671 0.01 0.104 4464
Apr-2023 0.019 0.015 0.014 0 0.138 0.012 0.021 4317
May-2023 0.02 0.019 0.009 0 0.093 0.014 0.024 4464
Jun2023 0.015 0.014 0.006 0 0.074 0.011 0.018 4319
Dry season 0.019 0.016 0.011 0 0.134 0.012 0.023 26488
Wet season 0.047 0.018 0.072 0 0.671 0.012 0.047 25881
Overall 0.033 0.017 0.053 0 0.671 0.012 0.028 52369
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Table3-11. Monthly summary statistics favave activity (Depth RM®&)easured by continuous
dataloggers athe Leithen PoinfWP_AMB!) ambient water quality monitoring sit&D = standard
deviation, Min = minimum, Max = maximum, Q1ssgtiartile (23" percentile), Q3 ="8quartile (73"
percentile), n = sample size (number of measurements). Wet seddmvémber to 30 April.

Jul2022 0.01 0.01 0.004 0 0.03 0.006 0.013 4464
Aug2022 0.009 0.009 0.004 0 0.024 0.006 0.012 4460
Sep2022 0.006  0.006 0.003 0 0.019 0.004 0.009 4320
Oct2022 0.011 0.011 0.005 0 0.027 0.007 0.015 4463
Now-2022 0.011 0.011 0.004 0 0.025 0.009 0.014 4317
Dec2022 0.007  0.006 0.004 0 0.026 0.004 0.009 4464
Janr2023 0.008 0.008 0.004 0 0.022 0.005 0.011 4464
Feb2023 0.015 0.015 0.005 0 0.029 0.012 0.018 4029
Mar-2023 0.015 0.015 0.005 0 0.032 0.012 0.018 4464
Apr-2023 0.011 0.011 0.005 0 0.03 0.007 0.014 4317
May-2023 0.007  0.007 0.003 0 0.028 0.004 0.009 4464
Jun2023 0.007  0.007 0.004 0 0.023 0.004 0.009 4318
Dry season 0.008  0.008 0.004 0 0.03 0.005 0.011 26489
Wet season 0.011  0.011 0.005 0 0.032 0.007 0.015 26055
Overall 0.01 0.009 0.005 0 0.032 0.006 0.013 52544

3.4.4Turbidity

Turbidity measured at water quality monitoring sites in iMeiparegion is presented ifigure3.22.
Annual mean turbidity values wefe/.15NTU atEvans Landin@9.4NTU atSouth Channeland
54.65NTU atleithen PointTurbidity was approximately two times higher in the wet season
compared to the dry seasant Evans Landin@ able3-12), andten-fold higherat the South Channel
monitoring site Table3-13). Mearwhile, there was no major difference in turbidity between
seasons for thénner-estuary site at Leithen PoiTable3-14). Turbidity was highly variable at Evans
Landing from July to September 2022, atall sitesn June 2023

There was a significant relationship (p<0.001) between turbidityveane activity RMS depdt) at
South Channel, with a PearsdRsorrelationof 0.54 between the variablegVaves were aery
minor contributor to turbidity atEvans Landing and did not affect turbidity at Leithen Point.

There was a period of missing data from the Evans Landing site frfoember 2022 to 23

February 2023 due to damage to instruments. The instrument frame and water quality loggers were
buriedand stuckin sedimentfollowing an extreme weather eventwhen maintenance was

performed inearly Februanyjit was not possible to retrieve thegger frames and follow-up

recovery trip was arranged in late February.

There were numerougrolongedperiods when turbidity wasecorded as maximum value on the

loggers (either approx. 400 or 1000 Ndépending on the specific logger unit in use). This can be
seenbestonthe Ay dzi S Ay USNBIFE L)X 2Ga 6KSNB RIGIF | LILIST NI
(Appendix 2. Hence, turbidity is most likely undestimated during these periodslote thatsince
theseoccurrence were noticedefforts have been made to ensuadl loggers deployed in Weiae

the high range (1000 NTU) loggers.
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Figure3.22. Turbidity measured ahe threewater quality monitoring sites iWeipa Results
presented are daily megiblue line)and standard deviatioflight blue) Y-axis is in log scal®eriods
of missing data are indicated by the orange bar.
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Table3-12. Monthly summary statistics for turbidity (NTU) measured by continuous dataloggers at
the Evans LandingVP_AMB1) ambient water quality monitoring si&D = standard deviation, Min

= minimumMax = maximum, Q1 =yuartile (25" percentile), Q3 ="8quartile (75" percentile) n =
sample size (number of measurements). Wet sea&dotember to 30 April.

Jut2022 8.7 5.66 7.65 0.88 88.98 3.72 11.04 4464
Aug2022 8.73 6.86 6.13 1.45 44.89 4.29 11.34 4458
Sep2022 10.98 7.06 24.56 0.42 407.54  3.66 12.85 4320
Oct2022 12.93 2.89 45.93 0.43 1002 1.56 9.1 4461
Now2022 14.88 4.74 50.69 0.95 1003.02 2.65 13.01 4313
Dec2022 15.6 7.38 29.09 0.95 451.86  3.28 17.95 3931
Jan2023 - - - - - - - 0
Feb2023 26.02  15.55 58.7 2.16 111555 9.66 26.01 776
Mar-2023 54.69 4.66 130.15 0.12 111545 251 21.71 3972
Apr-2023 27.24 9.33 80.42 122 111494 48 18.69 3430
May-2023 10 3.43 32.69 0.6 1044.95 1.77 10.16 4464
Jun2023 12.07 4.16 38.34 0.83 1047.49 2.74 10.5 4316

Dry season 10.56 5.11 29.87 0.42 1047.49 2.82 11.18 26483
Wet season 27.79 6.7 82.1 0.12 111555 3.28 18.08 16422
Overall 17.15 5.59 56.58 0.12 111555 2.96 13.18 42905

Table3-13. Monthly summary statistics for turbidity (NTU) measured by continuous dataloggers at
the South ChanndWWP_AMR) ambient water quality monitoring site. SD = standard deviation, Min
= minimum, Max = maximum, Q1 = fstartile (25th percentile)Q3 = 3 quartile (75" percentile), n

= sample size (number of measurements). Wet sea$dlodember to 30 April.

Jut2022 9.78 5.28 13.58 0.88 406.09 2.76 11.12 4464
Aug2022 5.98 3.3 7.62 0.27 204.09 2.23 6.93 4454
Sep2022 4.89 2.32 9.8 0.34 491.04 131 5.33 4320
Oct2022 3.18 1.61 6.33 0.39 259.66 1.17 2.54 4462
Now2022 13.74 3.07 51.6 0.83 419.74  2.22 5.82 4317
Dec2022 42.85 3.47 100.02 0.82 419.98 2.03 18.91 4455
Jan2023 78.49  36.62 102.19 0.84 420 10.69 101.34 4266
Feb2023 93.9 40.75 116.49 0.62 679.64 16 125.52 3644
Mar-2023 97.99 4.17 216.37 0.28 1005.27 2.08 71.5 4464
Apr-2023 5.09 3.12 7.23 0.33 166.99 1.85 5.33 4310
May-2023 3.52 1.7 6.42 0.44 115.62 111 3.3 4464
Jun2023 4.36 3.42 4.72 0.26 137.3 1.81 5.32 4319

Dry season 5.29 2.68 8.87 0.26 491.04 1.46 5.61 26483
Wet season 54.47 5.46 12442  0.28 1005.27 2.34 39.02 25456
Overall 29.4 3.49 90.73 0.26  1005.27 1.83 11.36 51939
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Table3-14. Monthly summary statistics for turbidity (NTU) measured by continuous dataloggers at
the Leithen PoinfWP_AMB!) ambient water quality monitoring site. SD = standard deviation, Min =
minimum, Max = maximum, Q1 = Iatartile (25th percentile)Q3 = ¥ quartile (75" percentile), n =
sample size (number of measurements). Wet sea&dotember to 30 April.

Jul2022 23.12 11.23 58.67 1.64 596.02 7.34 18.66 4464
Aug2022 24.66 121 62.48 2.11 595.93 7.71 19.36 4457
Sep2022 162.23 56.24 173.13 -0.28  422.99 10.4 369.96 4320
Oct2022 97.73 11.76 160.34 -0.26 1098.32 3.94 113.85 4461
Now-2022 42.23 8.08 128.49 1.31 1097.45 4.6 23.35 4314
Dec2022 22.07 10.67 34.01 1.76 406.01 6.19 23.88 4464
Janr2023 64.82  29.32 87 2.43 406.7 13.73 74.83 4464
Feb2023 93,59 38,92 161.87 293 1099.35 18.22 97.63 4028
Mar-2023 63.19 20.88 134.83 0.48 1101.03 10.43 55.81 4464
Apr-2023 22.75 1214 36.43 1.39 1096.53 7.31 24.75 4317
May-2023 17.01 8.5 24.08 1 44586  4.53 19.23 4464
Jun2023 27.29 10.27 89.86 1.07 1087.96 6.19 17.31 4317

Dry season 58.29 11.9 121.39 -0.28 1098.32 6.4 27.68 26483
Wet season 50.95 17.05 110.63 0.48 1101.03 8.15 45.65 26051
Overall 54.65 14 116.24 -0.28 1101.03 7.15 37.65 52534

3.4.5Benthic potosynthetically active radiatidbPAR)

Finescale patterns of benthic bPAR are primarily driven by tidal cycles, with fortnightly increases in
bPAR coinciding with neap tides and lower tidal flows. Larger episodic events, suchpaisdsure
systems and storms, can lead to extended periods of low light conditions due to a combination of
strong winds, increases in wave height and resuspensioarnticfes (Fabricius et al., 2013).

Benthic photosynthetically active radiation (bPAR highly variable at all sites throughout the
reporting period The daily light integral (DLI) of bPAR was higheSbath Channel (annual mean =
4.74 mol n? d!) andlowest at Leithen Point (annual mean = 0.92 maldn) (Figure3.23). The
temporal pattern in DLI was similar between the tesiuary sites (Evans Landing and Leithen Paint),
with DLI being approximately double at Evans Landing (annual mean = 2.4%wd) than at

Leithen Point.

Raw bPAR values (recorded atrhfhute intervals) are presented #ppendix 2 Missing bPAR data
from 26" December 2022 to 28February 2023 at Evans Landing \was to damage to instruments
after loggers were buried by sedimeintan extreme weather evergnd unable to be retrieved for
several weeksMissing bPAR data from 2@&/1ay 2023 to 22 June 2023 at Evans Landing was due to
an internal instrument failureMissing bPAR data fromi%ebruary 2023 to 20April 2023 at

Leithen Point was due to the light sensor failing its orientation (st frame wagipped over on its
side) Any missing data is takeseriously and workflows are always updatéddllowing any instance

to avoid data loss going forward.g.,updatedmaintenanceprocedures fotoggersjmproved

mooring desigrior logger frame stabilityln somecasesdata loss is unavoidahle.g., extreme
weather events, interference with moorings by the pupiihich were the case in two of these three
data loss occasions.
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Figure3.23. Daily light integral (mol photons-fa?) of benthicphotosynthetically active radiation
measured at water quality monitoring sites in tAéeiparegion. Periods of missing data are
indicated by the orange bar.
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Table3-15. Monthly summary statistics fahe daily light integral (DLI) (mol-fa?) of benthic
photosynthetically active radiation (bPARgasured by continuous dataloggerstla¢ Evans Landing
(WP_AMB1) ambient water quality monitoring si&D = standard deviation, Min = minimum, Max =
maximum, Q1 =Slquartile (23" percentile), Q3 ="Bquartile (73" percentile), n = sample size
(number of measurements). Wet seaséiiNbvember to 30 April.

Jut2022 0.63 0.36 0.57 0.01 1.8 0.17 1.14 31
Aug2022 0.65 0.31 0.75 0.05 2.67 0.13 0.83 31
Sep2022 11 0.87 0.98 0 3.15 0.27 1.89 30
Oct2022 4.63 4.31 2.23 0.71 8.65 2.92 6.29 31
Now2022 3.41 3.42 1.66 0 5.32 2.3 5.02 30
Dec2022 1.48 1.07 1.38 0 3.53 0.2 2.87 26
Jan2023 - - - - - - - 0

Feb2023 0.47 0.53 0.11 0.28 0.57 0.42 0.54 6

Mar-2023 3.15 3.37 241 0.06 9.36 1.07 4.4 31
Apr-2023 3.92 3.11 2.84 0.88 9.89 1.58 6.17 30
May-2023 3.15 1.97 2.61 0 9.08 1.08 5.59 26
Jun2023 1.8 1.83 1.13 0.15 3.7 1.13 2.47 9

Dry season 1.99 1.15 2.22 0 9.08 0.31 2.85 158
Wet season 2.92 2.92 2.34 0 9.89 0.96 4.23 123
Overall 2.4 1.65 231 0 9.89 0.48 3.57 281

Table3-16. Monthly summary statistics fadhe daily light integral (DLI) (mol-fa) of benthic
photosynthetically active radiation (bPARgasuredoy continuous dataloggers at tleuth Channel
(WP_AMR) ambient water quality monitoring site. SD = standard deviation, Min = minimum, Max =
maximum, Q1 = 1sjuartile (25th percentile)Q3 = 3 quartile (73" percentile), n = sample size
(number of measurements). Wet seaséiiNbvember to 30 April.

Jut2022 2.57 2.78 1.55 0.38 5.81 1.24 3.26 31
Aug2022 3.03 2.88 1.43 0 5.81 1.88 4.1 31
Sep2022 5.19 6.42 3.07 0.33 9.25 1.66 7.91 30
Oct-2022 9.75 10.57 2.27 5.97 13.52 7.67 11.52 31
Now2022 6.44 6.83 2.3 0.03 9.47 6.13 8.01 30
Dec2022 3.75 3.69 2.5 0.02 8.86 1.97 5.71 31
Janr2023 2 0.59 2.58 0.02 9.46 0.09 2.76 31
Feb2023 1.97 0.69 2.69 0.07 10.74 0.21 3.12 26
Mar-2023 5.17 6.15 4.15 0 13.77 0.55 7.49 31
Apr-2023 5.77 4.84 3.2 1.66 12.79 3.6 7.34 30
May-2023 6.05 6.34 2.33 0.66 10.58 4.7 7.43 31
Jun2023 4.88 3.76 3.38 1.02 12.79 2.4 6.81 30
Dry season 5.25 4.7 3.37 0 13.52 2.49 7.71 184
Wet season 4.22 4.02 3.41 0 13.77 0.66 6.63 179
Overall 4.74 4.29 3.43 0 13.77 1.75 7.21 363
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Table3-17. Monthly summary statistics fahe daily light integral (DLI) (mol-hat) of benthic
photosynthetically active radiation (bPARgasuredy continuous dataloggers at thesithen Point
(AP_AMB) ambient water quality monitoring site. SD = standard deviation, Min = minimum, Max =
maximum, Q1 = 1gjuartile (25th percentile)Q3 = 3' quartile (79" percentile), n = sample size
(number of measurements). Wet seaséiiNbvember to 30 April.

Jut2022 0.25 0.28 0.12 0.05 0.55 0.13 0.32 31
Aug2022 0.31 0.24 0.31 0.01 1.17 0.07 0.49 31
Sep2022 0.39 0.36 0.3 0.03 1.26 0.11 0.56 30
Oct2022 2.71 2.87 1.37 0.56 5.04 1.57 4.02 31
Now2022 1.85 2.03 0.91 0 3.46 1.36 2.41 30
Dec2022 0.56 0.2 0.61 0 1.84 0.08 0.93 31
Jan2023 0.07 0 0.21 0 0.99 0 0.02 31
Feb2023 0.78 0.78 0.74 0.25 1.31 0.52 1.04 2

Mar-2023 - - - - - - - 0

Apr-2023 1.26 0.41 1.55 0 4.59 0.26 1.77 11
May-2023 1.41 1.09 1.09 0.09 3.8 0.42 2.08 31
Jun2023 0.65 0.6 0.4 0.09 1.92 0.44 0.77 30
Dry season 0.96 0.47 1.16 0.01 5.04 0.25 1.11 184
Wetseason 0.86 0.34 1.05 0 4.59 0.01 1.56 105
Overall 0.92 0.44 1.12 0 5.04 0.13 1.36 289

3.4.6Benthic multispectral irradiance

Multispectral light profiles from the three monitoring sitekowedthat under higher turbidity levels,
there was a shift in the peabenthicirradiance from the photosynthetically useful blue light
wavelengths (41@ 490 nm) to the less photosynthetically useful greglow wavelengths (550

570 nm)(Figure3.24, Figure3.25, Figure3.26). The shape of the multispectral profile within the
photosynthetically active radiation range (4Q@00 nm) changes with water clarity. The profile has
a broad peak spanning 490 to 550 nm during periods of good water clarity (<1 NTU), shifting to a
narrowerpeak spanning 550 to 570 nm when water clarity is poor (> 5 NHidje was general
tendency towards higher peaks in the blue light speatrthe dry seasosompared to wet season
across all sites. South channel received more blue light to its benthic habitats than the other sites,
with Leithen Point receiving the least amount of blue light.

Therewas a clear difference ime benthic light environment under different turbidity leveds
South ChanneKigure3.25). During periods of high turbidity when water clarity was lowest, the
more photosynthetically usefdhorter blue wavelengths wemauch moreattenuatedthan the
longer red wavelengths. The spectral peak shifting from the-gheen part of the spectrum to
longer yellow wavelengthsA similar response can be seen at Evans Lanéiggré3.24) and
Leithen PointFigure3.26), although at these estuary sites there were only very limited periods
when turbidity was low (<1 NTU).

The strongest light attenuatiodue to turbidityis observed at 490 nm (cyamjence, the intensity of
the normalised 490 nm irradiance channel and the range of the profile peak may be two useful
parameters to monitor and characterise the benthic light environment. Further analysis of the
multispectral irradiance data may identifglit wavelengths or ratios between different wavelengths
which may help to further tease out the cause of lower water clarity such as suspended sediment,
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autochthonous production (algal blooms), or allochthonous sources such as catchment derived
organic matter.Continuous collection of irradiance spectra may likely make it possible to specifically
monitor more closely th@hotosynthetically usable radiation (PURY) target benthic primary

producers (i.e. individual seagrass and coral species)
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Figure3.24. Multispectral lightratiosat Evans Landing (WP_AMB1) during the wet and dry seasons
of 20222023.
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Figure3.25. Multispectral light ratios at South Channel (WP_AMB2) during the wet and dry seasons
of 20222023.
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Figure3.26. Multispectral light levels at Leithen Point (WP_AMB4) during the wet and dry seasons of
2022-2023. There were fewer wet seasdatapoints at this site due to a period of QC removed data
(due to logger tilt) during this time.
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3.5Long term trendanalysis

3.5.1Rainfall and river discharge

First revisit rainfall and river discharge data for thenitoring programs entir@eriod. Generally,
rainfall occurredalmost exclusivelin the wet season of each year as we would expect irtrihgical
monsoonal climatgFigure3.27). River flows occurred following rainfall with the largest discharge
volumes recorded in January Marchof each yearThere is some variability in the timing of the wet
seasonrainfallonset each yeamwith >50 mm rain occurring by mMovembemostyears(Table

3-18).
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Figure3.27. Rainfalland river discharge in thé/eiparegion. a) Rainfallecorded atWeipa Aero
(station 027045jor the duration of the ambient water quality monitoring program (N&ilL7 ¢ June
2023). Data sourcehttp://www.bom.gov.au/climate/data/. b) Stream dischargedL d') fromthe
Watson Riveat Jackin Creefstation 923001A)or the duration of the ambient water quality
monitoring program Jan 2018&; June2023. Data sourcehttps://water -
monitoring.information.qld.gov.au/

Table3-18. Northern rainfall onset datever the past 6 years

20172018 30/11/2017
20182019 13/12/2018
20192020 26/11/2019
20202021 31/10/2020
20212022 18/11/2021
20222023 09/11/2022
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3.5.2Generalized additive mixed effects mo¢elaMM)

Results othe generalized additive mixed effects modeBAMM) are presented inFigure3.28 and

Figure329.b 2GS (Kl G D! aaQad KI O JexdessiiewigRiyadeh satnfle 2 S NF A i
population size is small (< 1000 samples). For example, there W@revdter samples collected from

water quality monitoring sites ithe Weiparegion over theb years of the program. We sought to

minimise overfitting of the models by keeping the number of knots IOwtliers deemed to be

erroneous were removed from the dataset prior to GAMM analysis.

Nitrogen:Totalnitrogen (TN) is showing aslighttrend of decreasingoncentrations over timeThere

is a seasonal component to TN with concentration peaks in September and troughs in February each
year. Total dissolved nitrogef DN isstable but variableshowing a similar seasonal component
observed in TNParticulate nitrogen (PN) shows a trend of decreasing concentration with no
seasonality.

PhosphorusTotal phosphorus (TRppears stable across years but presents a strong seasonal signal
with concentration peaks in August and troughs in March each yiedal dissolved phosphorus
(TDP)yhows possibly a slight trend of decreasing concentration over, timewing a similar

seasonal component observed iR.Particulate phosphorus (PBppears stablever time with a

muted seasonal signal compared to TP and TDP.

30

300 4 . . .
. -

04 04
2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023
25049 Py 204

2004

150 4

z
o]
F 1004 .
504
0- T T T T T T 1 T T T T T T
2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023
2004 20
150“ * . : 15- I.. .. .
Z D_ . . .
o 1004 * o 10 . . * : b
: : L] . ° . L M *
ae . . T . . e . . . .o
50 4 . ° . 54 et ST T
. . S e | . e S
- e . 88 as e . L1} . . -
ee g * o3 ° ° ., . oo . « s s

04 *Tee * oot . . O . 04 . ® «®e

; ; ; . . . ; ' ; : : ;
2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023
Year Year

Figure3.28. Nutrient data from water samples collected betweenaad 2023. TN = total

nitrogen, TP = total phosphorus, TDN = total dissolved nitrogen, TDP = total dissolved phosphorus, PN
= particulate nitrogen, PP = particulate phosphorus. Units =tuGéneral additive mixed effects

model (GAMM) showing standard error (blue ribbon) and 95% confidence intervals (light blue).
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ChlorophyHa: Chlorophylla concentrationappears stable across years but presents a strong
seasonal signal with concentration peak$Septemberand troughs in March each year.

ElectricalConductivity:The tropical coastal ocean typically shows a seasonal cycle in sea surface
salinity(Yu et al., 2021Around Weipa electrical conductivity is highirring the winter dry season
(peaking inAugust) and lower during the summer wet seas@harch) Lowest valuegenerally

follow rainfall and river discharge evenfise. comparerigure3.27) and are due to dilution of
seawater with rainfall and freshwater inputs

Total suspended solid$'SS show seasonal signalith concentration peaks in winter / dry season
and trough in summer / wet season each year. There is no apparentéomgtrend with TSS
concentrations appearingtable over time
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Figure3.29. Chlorophyia (Chla: pg L), total suspended solids (TSS: mpdnd electrical
conductivity (CondaS cnt) data from water samples collected between 2ahd 2023 Thegeneral
additive mixed effects model (GAMIby each parameteshowing standard error (blue ribbon) and
95% confidence intervals (light blulpte: TSS was not routinely measured prior to February 2019.

3.5.3Annual and overall summary statistics

Summary statistics for nitrogen (total nitrogen, total dissolved nitrogen, and particulate nitrogen)
are presented imMable3-19. Total nitrogen (TN) ranged from 84 to 300 pigntith a mean
concentration of 168 pglover the course of the ambient marine water quality program to date.
Total dissolved nitrogen (TDN) ranged from 80 to 293 ugith a mean concentration of 125 ud.L
Particulate nitrogen (PN) ranged from 1 to 212 pigvith a mean concentration of 45 ugtL

Summary statistics for phosphorus (total phosphorus, total dissolved phosphorus, and particulate
phosphorus) are presented iFable3-20. Total phosphorus (TP) ranged from 3 to 29 pavlth a

mean concentration of 14 pgtover the course of the ambiembarine water quality program to

date. Total dissolved phosphorus (TDP) ranged from 2 to 26 wiflha mean concentration of 8 ug
1. Particulate phosphorus (PP) ranged from <1 to 26ugith a mean concentration of 6 pugtL

Summary statistics for chlorophw] electrical conductivity, total suspended solids, and pH are
presented inTable3-21. Chlorophylla ranged from <0.2 to 5.67 ugtlwith a mean concentration of
1.62 pg Eover the course of the ambient marine water quality program to date. Electrical
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conductivity (EC) ranged fro8.8 to 54.7 mS cmt with a mean of 47.8 mS cinTotal suspended
solids (TSS) ranged frdh¥8to 29 mg L* with a mean of 5.66 mg'L pH ranged fron7.43to 8.40
with a mean pH of 8.16.

Table3-19. Summary statistics for NitrogeBhown are the annual mean, mediafiguartile (Q1),
34 guartile (Q3), standard deviation (SD), minimum (Mimximum (Max), and number of samples
(n). Annual values are based on each years reporting period which runssfdarty to 3@ June.

Parameter Reporting Mean Median | Q1 Q3 SD

period
TN: tal nitrogen (ug LY

20172018 156.6  152.5 112 1845 52.64 84 300 20
20182019 178.38 190 140 218 48.93 93 271 37
20192020 203.04 213.5 169 223.25 40.54 123 277 24
20202021 152.5 149 134 168.25 25.03 106 199 18
20212022 14455 1445 126 162 25.51 108 186 20
20222023 156.67 160 133.75 170.75 29.55 108 210 18
Overall 168.33 165 135 204 44.41 84 300 137

TDN: otal dissolved nitroger(ug L)
20172018 113.25 1105 91.75 128.25 26.43 80 173 20
20182019 123.29 1205 1025 137.5 30.91 82 243 38
20192020 157.75 168 125.75 181.25 31.72 104 204 24
20202021 119.11 119 102 132 23.09 81 157 19
20212022 113.43 113 105 123 16.79 86 149 21
2022-2023 121.17 116 101.5 142.25 23.47 92 163 18
Overall 125.44 120 104.75 145 30.43 80 243 140

PN: m@rticulate nitrogen (ug L)

20172018 43.35 27.5 45 61.25 50.51 1 190 20
20182019 59.71 54.5 27.5 78 46.57 1 209 38
20192020 45.29 36 26.75 54 31.45 6 149 24
20202021 42.79 30 14.5 49 46.91 4 212 19
2021-2022 29.6 22 13 48 21.32 1 65 20
20222023 35.5 26,5 19.25 51.75 25.88 3 107 18
Overall 45.09 35 18 59.5 40.45 1 212 139
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Table3-20. Summarnstatistics for PhosphorusShown are the annual mean, mediafi quartile
(Q1), ¥ quartile (Q3), standard deviation (SD), minimum (Mimximum (Max), and number of
samples (n). Annual values are based on each years reporting period which run¥ dtdynta 3@
June.

Parameter Reporting Mean Median Q1 Q3 SD Min Max

period

TP: total phosphorus (ugi)
20172018 13.2 125 10.75 16.25 3.09 9 18 20
20182019 15.37 15 10 20.75 7.2 3 29 38
20192020 12.79 14 7.75 17 4.62 5 19 24
20202021 13.95 13 11.5 15 361 10 24 19
20212022 12.71 14 10 15 3.98 5 19 21
20222023 15.56 16 12.5 18 4.88 7 25 18
Overall 14.05 14 10 17 5.19 3 29 140

TDP: total dissolved phosphorus (pg)L
20172018 8.8 9 7 10 1.82 6 13 20
20182019 9.18 8 5 13 4.8 3 20 38
20192020 8.46 9 5 11 341 3 16 24
20202021 7.53 7 6 9 259 3 12 19
20212022 6.86 7 5 9 3.18 2 12 21
20222023 9.56 7.5 7 13 3.81 4 16 18
Overall 8.48 8 6 11 3.67 2 20 140

PP:particulate phosphorus (ugt
20172018 4.43 4 3 7 2.48 0.5 9 20
20182019 6.22 4 2 10 5.69 0.5 22 38
20192020 4.33 3 2 625 285 1 10 24
20202021 6.42 6 5 75 2.48 2 12 19
2021-2022 5.52 6 2 8 3.58 0.5 13 21
20222023 6.03 5 225 85 45 0.5 18 18
Overall 5.54 5 3 7 4.07 0.5 22 140
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Table3-21. Summary statistics for chlorophwgll electrical conductivity, total suspended solids, and
pH.Shown are the annual mean, mediafi,quartile (Q1), 3 quartile (Q3), standard deviation (SD),
minimum (Min),maximum (Max), and number of samples (n). Annual values are based on each years
reporting period which runs fronf'Duly to 3¢ June The lesghan symbol (<) prefixed before a

value indicatesaluesbelow limit of detection.

Chlorophylta (ug L)
2017-2018 141 1.06 0.64 184 1.02 038 365 20
20182019 1.76 1.8 1.04 254 089 029 338 38
20192020 1.42 1.4 079 188 0.77 <02 338 24
20202021 1.54 1.39 106 196 0.72 065 284 19
20212022 1.79 1.48 104 184 12 068 567 21
20222023 1.7 1.79 098 239 093 021 341 18
Overall 1.62 1.45 093 226 092 <0.2 567 140

Electrical conductivity (S cmt)
20172018 46225 48505 44028 49888 5540 32690 51890 20
20182019 48003 49795 46553 51938 5412 33400 54340 38
20192020 50106 52240 50278 52758 5568 33020 54160 24
20202021 47531 52440 43920 53160 7785 28790 54700 19
20212022 46394 49540 45650 50800 6515 32320 51360 21
20222023 47799 50190 42228 52243 4978 39160 52760 18
Overall 47778 49925 45465 52160 5975 28790 54700 140

Total suspended solids (TSS) (miy L
2017-2018 - - - - - - - 0
20182019 6.04 5.3 315 738 423 1.7 19 16
20192020 5.68 5.3 3.68 778 241 14 10 24
20202021 6.42 4.4 3.15 7.45 6 2.2 29 19
2021-2022 5.04 51 2.6 6.6 287 0.78 12 21
20222023 5.21 3.95 275 555 473 13 22 18
Overall 566  4.75 3.2 7 409 078 29 98

pH

20172018 8.19 8.19 8.14 825 0.08 803 829 15
20182019 8.17 8.18 812 824 015 743 839 38
20192020 8.23 8.24 8.2 829 008 801 84 24
20202021 8.13 8.14 8.09 82 008 789 822 19
20212022 8.09 8.08 799 818 012 785 83 21
20222023 8.11 8.11 8.04 816 009 797 83 18

Overall 8.16 8.16 8.1 8.24 0.12 7.43 8.4 135
#*Note: TSS was not measured in 22018
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4 Conclusions and Recommendations

4.1 Conclusions

4.1.1Climatic conditions

1. During the wet season of 2022023, a total rainfall of 2446 mm was recordedntributing
to a cumulative water year rainfall of 2469.8 mm. This exceeded precipitation levels
observed in all years since the 202011 period. Moreover, the rainfall surpassed the long
term average, reaching approximately the 90th percentile of anraiafall observed since
1992.This is an important factor to consider when interpreting data during this monitoring
period. Comparison of these data with future (and past) years will be important to
characterise ambient water quality conditions and to el@hine metocean drivers of water
quality variability. It is important to capture monitoring data over a range of climatic
conditions, which continues to be a key conclusion reported as part of this monitoring
program.

2. There was a extremerainfall eventin late December/ earlyanuary anda low-pressure
system in early MarchTheseclimateeventsled to recognisable signals in the turbidity and
PAR logger dataot only from the river flow, butrom the associated metocean conditigns
such as windlriven waveswhichare a major driver of sediment resuspension.

4.1.2 Ambient water quality

1. There continues to be a seasonal pattern for water temperature, with highest water
temperatures experienced during summer months, and cooler conditions in the winter
months This trend is madmore variable due to temperature fluctuatisicaused by climate
events particularly through the wet season

2. The water column is mostly well mixed, with depth profiles for temperature showing only
minor gradients of change. Dissolved oxygers found tareduce with depthin December
and Aprilat Leithen Pointand pH wasower in surface water at all sitebut particularly the
estuarine sites, in Octobegalinity was markedly reduced at all sites dufietpruary
following periods of high rainfall

3. Total nitrogen (TN) shosa slight trend of decreasing concentrations over timéh a
seasonal componerdf concentration peaks in September and troughs in February each
year. Particulate nitrogen (PN) shows a trend of decreasing concentration with no
seasonalityTotal phosphorus (TP) appears stable across years but presents a strong
seasonal signal with concentration peaks in August and troughs in March each year.
ChlorophyHa concentrationsppearhighest in summercontinuinga long-term trend that
has been apparent throughout this monitoring progrg&®172023)

4. Trace metatoncentrations measured in these waters during the 22B23 monitoring
period were below the laboratory limit of detection (LOD) for all monitoring sites in both the
dry and wet season sampling.

4.1.3Turbidity

1. Continuous turbidity logging data supports the pattern found more broadbtpastal waters
whereduring dry periods with minimal rainfall, elevated turbidity along the coastline is
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driven by the resuspension of sediment and this has been most notable here given the links
drawn between RMS water depth and NTU/SSC. Large peaks in NTU/SSC and RMS water
depth were recorded over periods longer than a weleking the January to March period

2. As thelongterm data set here continues to increase, assessment ofuhgdity, climate,
andrainfall patterns (frequency and duration) can be examined, providing more detailed
insight into the rainfall andurbidity relationships in thisegion

4.1.4Benthicphotosynthetically active radiatiobHAR)

1. Benthic photosynthetically active radiation (bPAR) was highly variable at all sites throughout
the reporting period. bPAR was highest at South Channel and lowest at LeithenvRtint
patterns of light similar at both estuarine sites.

2. Therewere visible signals @xtremeweather events in the bPAdRita

Highest bPAR occurred i@ctoberNovemberand lowest in January/Februaay all sites

During periods of high turbidity when water clarity was lowest, the more photosynthetically

useful shorter blue wavelengths were much more attenuated than the longer red

wavelengths. The spectral pealsoshiftsfrom the bluegreen part of the spectrum to

longer yellow wavelengths.

P ow

4.2 Recommendationand future directions

This monitoring program has been underway five years (208 to present) and should remain in

place to continue to characterise and build a detailed understanding of the water quality dynamics in
and around this port facility. This understanding will continue to assist NQBP to manage current
activities but will ale assist with future strategic planning and management. With an emerging long
term dataset, there is potential for answering important research questions around coastal
processes in this remote region of northern Australia.

One question weeek toanswer with thisemerging longterm dataset ighe importance ospectal
light wavelengthsd benthichabitats.Increasinglyscientists and managers are lookiagspectral
light as the most important parameter for water qualityonitoring. Most monitoring programso

date have focussed on overalotosyntheticallyactive radiation (PARand not photosynthetically
usableradiation (PUR). Thiground-breakingmonitoring programis proud to be leading the research
and monitoring field in this regaraihdwe continue to build a strong spectral light dataset timats

the potential tobecomea valuable resource faroral reefandseagrasgandother marine species)
researcherand manageracross Australia and beyond.
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Appendix 1Qualitycontrol procedures

To complement the new loggers that were introduced into the program in the 222feporting
year, a new quality contrdQC)process for water quality data has been implementéde QC
processs sciencebased, sourced from publalocumentation,andbased on theguality assurance of
Red Time OceanographiCQARTOD) program (NOA®20, which is adopted by CSIRO, IMarsl
AIMS Data goeghrough both automated and manual quality control stepke 12 automated
control testsare outlired in Table AL

Table Al. Quality Control rules applied to the logger data in the automated process.

QC test 1: Syntax test QC test 7: Spike tests

QC test 2: Impossible date test QC test 8: Rate of change test

QC test 3: Infout water test QC test 9: Stationary test

QC test 4: Global range test QC test 10: Standard deviation test
QC test 5: Regional range test QC test 11: Burst count test

QC test 6: Impossible depth test QC test 12: Orientation test

Dependent onthe outcome af KS&S v! GSadas RFEGF Yreé oS FfF33ISR
322R RIOGFQ 0060fdzS0X WLINRO!I 0f &Therdakr foRrlséndo@ontedcB t £ 2 ¢ 0
logger: Temperature, Depth, Tilt, and either turbidity (NTU) or photosynthetically active radiation

Ot! wod C2NJ S OK aSyazN) 2y ruégkilo 12 igramredfor@dcts10 Wg 2 NR G C
minute time interval Figure A1l, Figure AR, andFigure A13 show the logger data from this report

with the QC flags applie®. Yy R dza SNJ RSOARSa ¢KI G tS@St 2F RFEGF W
applicaionC2 NJ SEI YLX S F2NJ Y2ad F LILX A O ( Acéngdgdredw322 R R
FOOS LI 6f ST WeLoN®ROS odzaeS Ro FoRk GRG GBS Gax FyR Wol R R
Unwanted data can easily be masked in excel or other data management programs by filtering by

Yv / | Afullteghdical report with detailed descriptions of the quality control procedures and tests

as applied to the data in this project igadlable on the TropWATER webdites et al., 2023)
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Evans Landing (WP_AMB1)
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Figure All. Raw data collected at Evans Landing (WP_AMB1) with IMO loggers, passed through
automated and manual quality control (QC) steps. Symbol colour indicates QC flag designation
where: 1 (green) = Good data, 2 (blue) = Probably good data, 3 (orange) = Saspeti(red) = Bad
data, 9 (light blue) = Missing data.
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South Channel (WP_AMB2)
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Figure AR2. Raw data collected at South Channel (WP_AMB2) with IMO loggers. Passed through
automated and manual quality control (QC) steps. Symbol colour indicates QC flag designation
where: 1 (green) = Good data, 2 (blue) = Probably good data, 3 (orange) = Haspett(red) = Bad
data, 9 (light blue) = Missing data.
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Leithen Point (WP_AMB4)
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Figure A13. Raw data collected at Leithen Point (WP_AMB4) with IMO loggers. Passed through
automated and manual quality control (QC) steps. Symbol colour indicates QC flag designation
where: 1 (green) = Good data, 2 (blue) = Probably good data, 3 (orange) = Haspett(red) = Bad
data, 9 (light blue) = Missing data.
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Appendix 2Water quality logger data

Logger data collected at I@inute intervals which has passed through the quality control process is
presented inFigure A2, Figure A2, andFigure AZ.
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Figure A2L. Data collected at Evans Landing (WP_AMB1) wiitinMarine Optics (IMO)
dataloggers. Data presented excludes data flagged as flag 4 (Bad data). Periods of missing data are
indicated by the orange bar.
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