R o L]

s JAMES COOK
Rl

TropwaTer PORL = == Guversiry

<«  AUSTRALIA

t 2 NI BIF RPBAASY O al
v dzI faR Y& G 2 NA yy3 ! tyN®dA N
HAOmdn H N

Nathan Waltham Jordan llesJames WhinneySimon Macdonald,
Blake Ramsby, anBachael Macdonald

Report No20/48

December 2020




t 2 NI 1B3IF RPBAASY (O al NAYS
a2y Al2NRAyya tyNRIA NI Yew 8 bJ2 N

A Report for North Queensland Bulk Ports Corporation
Report No20/48

December 200

Prepared byNathan Waltham, Jordan lles, James Whinigyon
Macdonald Blake Ramsby, and Rachael Macdonald

Centre for Tropical Water & AquafitcosysteniResearch
(TropWATER)
James Cook University
Townsville
Phone: (07) 4781 4262
Email: TropWATER@)jcu.edu.au
Web: www.jcu.edu.au/tropwater/

""'“"gﬂl"liﬁglik == JAMES COOK

UNIVERSITY

WATER GORPORATION 0 AUSTRALIA




Information should be cited as:

Waltham N lles, JAWhinney JMacdonald, SRamsby, BMacdonald R 2205 Wt 2 NIi 2 F 2 SA LJ
Marine Water Quality Monitoring Programnnual Report 2039020Q% / SY G NB T2 NJ ¢ N2 LA Ol
Ecosystem Research (TropWATER) Public2fi@8, James Cook Universifipwnsville 33 pp.

For further information contact:

Dr Nathan Waltham

Centre for Tropical Water & Aquatic Ecosystem Research (TropWATER)
James Cook University

nathan.waltham@jcu.edu.au

This publication has beaompiled by the Centre for Tropical Water & Aquatic Ecosystem Research
(TropWATER), James Cook University

© James Cook University, 2020

Except as permitted by th€opyright Act 1968no part of the work may in any form or by any electronic,
mechanical, photocopying, recording, or any other means be reproduced, stored in a retrieval system or be
broadcast or trasmitted without the prior written permission of TropWATER. The information contained
herein is subject to change without notice. The copyright owner shall not be liable for technical or other
errors or omissions contained herein. The reader/user acceptsisks and responsibility for losses,
damages, costs and other consequences resulting directly or indirectly from using this information.

Enquiries about reproduction, including downloading or printing the web version, should be directed to
nathan.waltraem@jcu.edu.au



Ambient Marine Water Quality Port Weipag TropWATEReport no. 2048

EXECUTIVE SUMMARY
Background

1.

North Queensland Bulk Ports has implemented an ambient marine water quality monitoring
program surrounding the Port of Weipa. The objectives of the program are to establish a long term
water quality dataset to characterise marine water quality conditiofthiw the waterswithin and
around theport operation These data aralso usedo support future planned activities.

This program has incorporated a combination of spot field measurements and high frequency
continuous data loggers, laboratory analysisdaange of nutrient, herbicides and heavy metals.

Climatic conditions

1.

Total wet season rainfalluring the 20192020 monitoring periodwas 449 mm, which is slightly
below the longterm median Most of the rainfall was recorded during the wet season, \ittle to

no rainfall occurring during the dry winter months.

The daily average wind speed and direction recorded at the Weipa airport was predominantly from
the south east and east, reaching speeds up to and above 25'km h

Water chemistry

1.

ok

Water quality conditions were measured at all sites on a ~6 weekly basis. Parameters collected were
water temperature, electrical conductivity, pH, dissolved oxyged photosynthetically active
radiation at three depths (surface, migater and bottom), aing withSecchidisk depth.

The water column is well mixed, with depth profiles for dissolved oxygen, temperature, electrical
conductivity and pH showing only minor gradients of change.

Particulate nitrogen (PN) concentrations excegiideline values dumig all 20192020surveys at all

sites Particulate phosphorus (PP) concentrations occasionally exceeded guideline values and were
much more variable than PN over the reporting period.

ChlorophyHa concentrations exceed guideline valudisring all20192020 surveys at all sites

Metals were not found to be above the 95% level of protection trigger values for marine waters.
Silver, Cadmium, Copper, Nickel, Zinc, and Mercury were not detected (< LOD). Lead and Arsenic
were detected at low concentrations.

Pedicides were notpresentabove the trigger values for the GBR. The herbicides Chlorpyrifos,
Diazinon, Hexazinone, and Ametryn were not detected (< LOD). Diuron was detected at low
concentrations at all sites. The insecticides Atrazine and Simazine wedeteoted (< LOD).

Sediment deposition and turbidity

1.

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 turbidityexperienced is likelin relation tore-suspension of sedinmt and this has been
most notable heravhen examining closely theRMS water depth anbiTUe/SS@ata. Large peaks

in NTUe/SSC and RMS water depth were recorded over periods longer than agivesk rise to

the notion that the resuspension events can occur over extended periods

Sediment deposition rates around Weipa were much higher tihreeasured across othemorth
Queensland coastal marine sites investigated durirgshimeperiod.

Photosynthetically active radiation (PAR)

1.

2.

Patterns of light were similar among all the coastal sites. Generally, shallow inshore sites reached
higher levels bbenthic PAR and were more variable than deeper water coastal sites and sites of
closer proximity to one another were more similar than distant sites.

At many of the sites where both turbidity and benthic light were measured, the concentration of
suspended solids in the water column 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
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corals it is becoming more useful as a management respaweathen used in conjunction with
known thresholds for healthy growth for these habgaFor this reason, it is important to include

photosynthetically active radiation (PAR) in the suite of water quality variables when capturing local
baseline conditionsf ambient water quality.

Recommendations

1. This monitoring program has been underway for three years, 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
also assist with future strategic planning and management.
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1 INTRODUCTION

1.1Port operations

The Port of Weia is situated on the western side of Cape York Peninsula in northern QueeriSigine: (

11). ltislocateds A G KAY (KS (G26yaKALI 2F 2SALI X 6KSNB GKS 9)
discharge into the Gulf of Carpentaria. The port has a series of operational and asstwadiag/unloading

facilities. The port is operated by North Queensland Bulk Ports Corporation (NQBP). Along with other NQBP
ports in Queensland, Port of Weipa requires routine maintenance dredging to maintain declared
navigational depths within the swinbasin and berth areas, departure path and aprons. Any dredging
activity necessary in the operating ports in the region are undertaken in accordance with Commonwealth
and State approvals.

1.2Program outline

In order to better define the potential impacts ssciated with port operations 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 wafté/geipa(Table

1.1). As part of this program, water quality parameters are being investigatedaatige of sites to build on

19 years of seagrass monitoringdathree years of monitoring of photosynthetically active radiation (PAR)
that has already been undertaken by NQBP. This monitoring program contains a range of ambient water
quality components that collectively continue to characterise the natural vaitialil key water quality
parameters, including those experienced at the nearest sensitive receiving habitat, predominately seagrass
(Taylor et al., 2015).

11
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Figurel.1 Location of water quality monitoringites (yellow circleutilised in the 2012020 reporting period. Also shown
are meteorological stations (orange square), and stream gauging stations (blue triangle) referred to in this
report.
Tablel.1 Locations of the ambient marine water quality monitoring program sites
Site name Site code Latitude Longitude Water quality Logger
WQ1 WP_AMB1 -12.668283 141.846133 Yes Yes
WQ2 WP_AMB2 -12.673778 141.777081 Yes Yes
WQ3 WP_AMB3 -12.94905 141.59835 Yes Yes
WQ4 WP_AMB4 -12.701431 141.8667 Yes Yes

1.3 Programobjectives

The goal of the program is to characterise the ambient marine water quality monitoring within the region
within and adjacent to Port of Weipa. This report provides a review and analysis of data collected between
01/07/2019 and 30/06/2020These data are pbof a longer term commitment to monitor and characterise
receiving water quality conditions, to support future planned asset management and protection of this
coastal port.

12
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2 METHODOLOGY
2.1 Ambient water quality

Spot water quality samples were collected sittes approximately on a &veek basis Table3.1) from a
research vessel. At each site, a calibrated multiprobe is used to measure water tempesatiimay,
dissolved oxygen (%), pH, and turbidifjgure2.1). In addition to spot measurementsecchi disk depth is
recorded, as a measure of the agal clarity of the water column, along with light attenuation using a LiCor
meter. These field isitu measurements are recorded at three depth horizons: a) surface (0.25m); b) mid
depth; and c) bottom horizon.

In aligning with the ambient marine wateuglity monitoring in other NQBP ports (Ports of Mackay and Hay
Point, and Port of Abbott Point) the water quality program design below was completed. The list of
parameters examined consisted:

9 Ultra-trace dissolved metals : arsenic (As), cadmium (Cd)ezq@u), mercury (Hg), nickel (Ni), lead
(Pb), and zinc (Zn);

1 Nutrients (particulate nitrogen and phosphorus);

1 ChlorophyHa; and

9 Pesticides/herbicides (Low LOR suite (EP2B4(icluding: diuron, ametryn, atrazine, terbutryn.
Note that pesticides areuspected to be in low concentrations during periods of low rainfall runoff,
and only detectable following rainfall. As a consequence sampling of only two events at all sites for
pesticides, one during the dry and a wet seagtimough note that the timingf each are dependent
on prevailing weather conditions, so the timing of each survey could differ from year to year.

NN

Figure2.1 TropWATER staff conducting field water quality sampling

Sampling methodologysample bottles, preservation techniques and analytical methodology (NATA
accredited) were in accordance with standard methods (i.e., DERM 2003A 2005; Standardsistralia

1998). Field collected water samples were stored on ice in eskies immediatétyg dield 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
refrigeration. Fo dissolved metals and nutrients, water was passed through a 0.45 pm disposable
membrane filter (Sartorius), fitted to a sterile 60 mL syringe (Livingstone), and placed into 60 mL bottles
(metals) and 10 mL bottles (nutrients) for posterior analysis inl#imratory. (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; TropWAZEES). Unfiltered sample for total
nitrogen and total phosphorus analysis were frozen in a 60 mL tube. All samples are kept in the dark and
cold until processing in the laboratory, except nutrients which are stored frozen until processing.
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Water for chlorophyll determination was filtered through a Winan 0.45 um GF/F glafibre 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 extracts of the
FAEGSNE 6SNBE O2YLX SGSR dzaAy3a ALISOGNRLIK2(G2YSGNEZ
QEFYAYlLGA2Y 2F 2FGSNIFYR 21aGS6FGSNE mnunn | & / Kf
Water samples are analysed using the defined analysis methods and detectiorolitliied inTable2.1.

In summary, all nutrients were analysed using colorimetric method on Ol Analytical Flow IV Segmented Flow
Analysers. Total nitrogen and phosphorasd total filterable nitrogen and phosphorus are analysed
simultaneously using nitrogen and phosphorous methods after alkaline persulphate digestion, following
YSGK2Ra a LINSaSyiSR Ay W{ilIyRINR aSiK2RNOFRNJ (KS?E
ldzi2YlF 0SR / FRYAdzY wSRdzOGA2y aSUuK2RQ YR Ay W{ily
Wastewater, 4508 C® ! dzi2YF GSR ! a02NDBAO ! OAR wSRdzOGA2Yy af
Iyl f@aSR dzaAy3 GKS YSiK?2 R aatiod pfiMatgr Rrid MBRstewaei, A580R0& F 2 NJ
Co 'dzizYlIGSR /FRYAdzY wSRdzOGA2Y aSGK2RQI W{iFyRII
Wastewater, 4500NO2 . @ [/ 2f 2NAYSGNAO aSGiK2RQX yR W{{lIyRINR
Wastewater, 4500NH3D ® ! dzi2 YF GSR t KSyIG4S aSiK2RQ>X NBALISOUGAC
FylrfeaSR F2ftt2¢gAy3a GKS YSGIK2R LINBaSyiSR Ay w{il
Wastewater, 4506 C® ! dzi2YF GSR ! a02NDA O ! OA RetalsSRddmhicidesy a S
are analysed by Australian Laboratory Service (ALS).

Table2.1 Water analyses performed during the program

Parameter APHA method number Reporting limit |
Routine water quality analyses

pH 4500H+ B -
Conductivity (EC) 2510 B 5 uScnrt
Total Suspended Solids (TSS) 2540 D @ 103105°C 0.2 mgL?
Turbidity 2130 B 0.1 NTU
Salinity
Dissolved Oxygen
Light Attenuation

Pesticides/herbicides
Organophosphate pesticides In house LC/MS method:
EP234A

Thiocarbamates and Carbamates In house LC/MS method:

- Thiobencarb EP234B

Dinitroanilines In house LC/MS method:
- Pendimethalin EP234C

Triazinone Herbicides In house LC/MS method:
- Hexazinone EP234D

Conazole and Aminopyrimidine Fungicides In house LC/MS method:
- Propiconazole, Hexaconazole, EP234E

Difenoconazole, Flusilazole, Penconazo
Phenylurea Thizdiazolurea Uracil and Sulfonylt In house LC/MS method:
Herbicides EP234F
- Diuron, Ametryn, Atrazine, Cyanazine,
Prometryn, Propazine, Simazine,
Terbuthylazine, Terbutryn
Nutrients
Total Nitrogen andPhosphorus (TN,P) Simultaneous 45001CB- F
and 4500P F analyses
after alkaline persulphate
digestion

0.0002n ® n n st
0.0002> 31 [
0.001> 3 |
nonnnk >

nonnnkl >

nonnnul >

25ug Nt 5pugPt
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Filterable nutriens (nitrate, nitrite, ammonia, N 4500NCB- F lug Nt
Ammonia 4500 NH3 G 1mgNt©
Filterable Reactive Phosphorus (FRP) 4500P F lug Pt
Chlorophyll 10200H 0.1 pgL?

Trace Metals
Arsenic, Cadmium, Copper, Lead, Nickel, Silver, 3125B ORC/ICP/MS nonp G2 ™

Zinc, Mercury

2.2 Plankton community

Atall sites, a6 Y LX Fylid2y ySiG O0F2NPYKBHRYRFGYYOGFEE bFRNI
towed behindthe survey vessel for approximately 160 The boat speed is reduced to approximately 6

knots, with a GP®/aypoint taken at the start and end of each plankton tow. At the end of each plankton

tow, the nets are retrieved, and the contents retained in ghastic jar attached to the net was immediately
transferred to preservation containers. Samples were identified to the lowest possible taxon.

Figure2.2 Example plankton sample. a) Trichodesmium bloom @nsseface; b) phytoplankton (0Y 0 (26 06 SKAYR
survey 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 @avareasured at seven sites using multiparameter
water quality instrumentgnanufactured at the Marine Geophysics Laboratory, School of Engineering and
Physical Sciences, James Cook UniveRgyre2.3). Thesét y & . NHdzY Sy ia I NB ol aSR 2y
1000 data logger that has been programmed to measure and store these marine physical parameters using
specifically designed sensors.

2.3.1 Turbidity

Theli dZNDARAGE aSyaz2N) LINPPGARSA RIGEFE Ay bSLKSt2YSONRO
to Suspended Sediment Concentration (SSC) ib'niigarcombe et al., 1995). The sensor is located on the

side of the logger, pointing parallel lighmitting diodes (LED) and transmitted through a fibre optic bundle.

The backscatter probe takes 250 samples in an eight second period to attain an accurate turbidity value. The
logger is programmed to take these measurements at 10 minute intervals.efsersinterface is cleaned

by a mechanical wiper at a two hour interval allowing for long deployment periods whefeuling would
otherwise seriously affect readings.

It must be noted the international turbidity standard 1ISO7027 defines NTU only fae§fee scatter,
however, the Marine Geophysics Laboratory instruments obtain an NTUe value using 180 degree
15
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backscatter as it allows for much more effective cleaning. Because particle size influences the angular
scattering functions of incident light (Ludyvand Hanes 1990; Conner and De Visser 1992; Wolanski et al.,
1994; Bunt et al., 1999), instruments using different scattering angles can provide different measurements
of turbidity (in NTU). This has to be acknowledged if later comparison between irgsitsirollecting NTUe

and NTU are to be made. To enhance the data, all sites were calibrated to provide a measure of SSC (mg L
1 and enable for the accurate comparison between 90 degree backscatter and 180 degree backscatter
measurements.

2.3.2 Sedimentdeposition

Deposition is recorded in Accumulated Suspended Sediment Deposition (ASSD)3mgdrbm sensor is
wiped clean of deposited sediment at a 2 hour interval to reducefdniting and enable sensor sensitivity

to remain high. The deposition sensarpositioned inside a small cup shape (16 mm diameter x 18 mm
deep) located on the flat plate surface of the instrument facing towards the water surface. Deposited
sediment produces a backscatter of light that is detected by the sensor. Deposited sediroaiculated by
subtracting, from the measured data point, the value taken after the sensor was last wiped clean. This
removes influence of turbidity from the value andzeros the deposition sensor every 2 hours.

If a major deposition event is in pyoess, the sensor reading will increase rapidly and will be considerably
above the turbidity sensor response. Gross deposition will appear as irregular spikes in the data where the
sediment is not removed by the wiper but by-saspension due to wave or gant stress. When a major

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

Deposition data is provided as a measurement of deposited sediment in mgmnas a deposition rate in

mg cn?d?. The deposition rate is calcutat over the 2 hour interval between sensor wipes and averaged
over the day for a daily deposition rate. The deposition rate is useful in deposition analysis as it describes
more accurately the net deposition of sediment by smoothing spikes resulting frogs deposition events.

2.3.3 Pressure

A pressure sensor is located on the horizontal surface of the water quality logging instrument. The pressure
sensor is used to determine changes in water depth due to tide and to produce a proxy for wave action.
Each timea pressure measurement is made the pressure sensor takes 10 measurements over a period of 10
seconds. From these 10 measurements, average water depth (m) and Root Mean Square (RMS) water height
are calculated. RMS water heigbtys, is calculated as faivs:

D, =‘JZ (D.-D) in

Equation 1whereD, is the fi" of the 10 readings an@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 aright levels at an instrument location. The RMS water height is
a measure of short term variation in pressure at the 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 aedipgebetween
wave resuspension and SSC. It is important to 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 direty comparable between sites of different depths. For example, where 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 in deep and has a measurement of 0.08 RMS waéght. Even though the surface
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wave height is the same at both sites, the RMS water height is greater at the shallower site and we would
expect more resuspension due to wave shear stress at this site.

2.3.4 Water temperature

Water temperature values arebtained with a thermistor that records every 10 minutes. The sensor is
installed in a bolt that protrudes from the instrument and gives sensitive temperature measurements.

a) . b)

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

2.3.5 Photosynthetically Active Radiation (PAR)

A PAR sensor, positioned on the horizontal surface of the waiality logging instrument, takes a PAR
measurement at ten (10) minute intervals for a one second period. To determine total daily PAR?(@hol m

1 the values recorded are multiplied by 600 to provide an estimate of 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-tilagurrent 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 overnairile period. The
instrumentsare 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 and to add value to the project outcoamesdeliverables.

17
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a .
) e Electronics Housing

Tether

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

3 RESULTASNDDISCUSSION

There were eight sampling and maintenance trips in the 22020 reporting priod (Table3.1). Travel
restrictions due to COVHDO meant we vere unable to complete water sampling in May 2020, although a
local operator was able to exchange the loggers.

18
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Table3.1 Sur_nr(r;ary of instrument maintenance and water quality surveys completed durir@0tt@2020reporting
perio
Nutrients, Metals, herbicides Plankton Logger maintenanc
Chlorophylta
12/06/2019 Yes - - Yes
09/07/2019 Yes - - Yes
27/08/2019 Yes Yes - Yes
17/10/2019 Yes - Yes Yes
20/11/2019 Yes - - Yes
11/12/2019 Yes - - Yes
05/03/2020 Yes - Yes Yes
13/05/2020* - - - Yes

* COVIBL9 travel restrictions

3.1 Climatic conditions

Weather observations and hydrological data were compiled from the Bureatet#dvblogyand the State
of Queensland.

3.1.1 Rainfall

Daily rainfall for the Weipa region is shown Bigure3.1. The first rainfall greater than 5 mm for the year
occurred on26/10/2019, withthe rainfall msetoccurring or26/11/2019 The rainfalbnset is calculated as
the date when the rainfall total reaches &fim since 1st September. The 262920 wet season rainfall total
was 1449.3mm (Weipa East AveWwhich wadess than themedian wet season rainfaibtal calculated for
wet seasons since 1961962 Figure3.2).
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Figure3.1 Rainfall recorded at Weipa Aero (stati®2704%) and Weipa East Ave (stati@®2704) for the 20192020

reporting period. The nominal wet season period ishaded grey. Data source:
http://www.bom.gov.au/cimate/data/
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Figure3.2
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Wet season rainfall for the Weipa region ranked in order of decreasing total wet season rainfall (mm). Daily
rainfall data was obtained from the Weipa Eastern Ave weather stagkatign 027042. Totals were calculated
for the wet season period®INovember to 3% March for each reporting year. Red bar represents the 22020
reporting period, blue bars show total rainfall over the previous four years. Solid red line represstitsaimwet
season rainfall 1961962 to 20192020, dashed lines representL@35", 75", and 9" percentiles. Data source:
http://www.bom.gov.au/climate/data/

3.1.2 River flows

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 the Mission River system where the Port is located. Therefore, although Watson

Riverdischargehas been used throughout thireport to provide context for Port water quality conditions,

results regarding the influence of water discharge on water quality variability should be interpreted with
caution.

The lydrograph foWatson Riveshowsonset of stream dischargen 28/01/2020 Error! Reference source n

ot found.). Total discharge for the 2032020 reporthg period was 192 GL. There was a large discharge pulse
on 14/03/2020 bllowing rainfall.The hydrograph displays typical monsoonal rainfall patterns for this region.
Weipa is located in a tropical environment where wet season rainfall can result in prolonged and elevated

river dischargeparticularlypetweenNovemberand April each year
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Figure3.3 Stream discharge (Gt dfrom the Watson River (statid®®23001A during the 2012020 reporting period. The

nominal wet season period is shaded grey. Data sotnttes://water-monitoring.information.gld.gov.au/

3.2 Ambient water quality
3.2.1 Spot water quality physiechemical

Water temperature ranged betwee2b.0and 31.7 °CHigure3.4). 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 watetemperatures observed ding the winter months Water temperature was
generally similar through the water column for all sites, indicating that the water column profile is vertically
well mixed throughout the region. Electrical conductivity (EC) range? &3 54.0 mS cm(Figure3.5).
Conductivity values followed seasonality with higher values occurring during summer months and lower
values during wintemonths There was a drop in EC during March 2020 which we attribute to rainfall and
increased freshwater discharge from the Embley River. A halocline was present in March 2020 with brackish
water (~35 mS cr) overlying more saline water. This haloclimas most strongly observed at the two sites
within the Embley River (WP_AMB1, WP_AMBA4), while the coastal sites WP_AMB2 and WP_AMB3 did not
show such a strong drop in electrical conductiviissolved oxygen ranged between 32.7 to 115.3 %sat
(Figure3.6). The water column was well mixed, with dissolved oxygen saturation not significantly changing
through the vertical profile. pH ranged betweery and8.7 (Figure3.7).
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Figure3.4 Water temperaturerecorded at three depths at the four water qualitites throughout the reporting period.
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Figure3.6 Dissolved oxygen (Ysatcordedat three depths at the four water quality sites throughout the reporting period.
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Figure3.7 pHrecordedat three depths at the four water quality sites throughout the reporting period. Outlier values are
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3.2.2 Nutrients, water clarity and chlorophyia

Particulate nitrogen (PN) and phosphorus (PP) concentrations were compared to the Water Quality
Guidelines for the Great Barrier Marine Park Authority (GBRMPA, 2010) and the Queensland Water Quality
Guidelines (DEHP, 2013). (Note that Weipa is not withen Great Barrier Reef World Heritage Area

OD. w2110 06dzi D.wat! 3FdzZARStAYySa I NB dzAaSR (®astINE JA
Ports that are located adjacent to the GBRWHA).

Particulate nitrogen (PN) concentrations ranged fromo 649 ug L (Figure3.8). Mean PNacross the four

sites exceeded the GBRMPA guideline trigger value of 20*pfgrLall sampling eventsParticulate
phosphous (PP) concentrations ranged frdno 10 pg L (Figure3.9). PP values were much more variable

than PN over the reporting period.
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Figure3.8 Particulate nitrogen (PNjoncentrations measured in wateamples collected from the fowvater quality sites
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Figure3.9 Particulate phosphorus (PE9ncentrations measured in water samples collected from the Water quality

sites throughout the reporting periodh dzi £ A SNJ @I f dzSa x@dNB YI NJ SR 6AGK Fy W

Total suspended solids ranged fron# 1o 10mgL?* (Figure3.10). MeanTSS across the five sites exceeded
the GBRMPA guideline trigger value of 2.0 midok all sampling events. Secchi depth ranged from 1.0 to
8.0m (Figure3.11). ChlorophyHa concentrations ranged from 0.48 3.38g L (Figure3.12). ChlorophyH

a concentrations exceeded the GBRMPA guideline trigger value for all sampling events.
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Figure3.10 Total suspended solids (T®®asured in water sampled the four water quality sites throughout the reporting
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Figure3.11 Secchi disk depth recorded at tifeur water quality sites throughout the reporting period.
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Figure3.12 ChlorophyHa concentrations measured in water samples collected from the five water quality sitesghout
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3.2.3 Heavy metals

Heavy metal concentrations are presentedliable3.2. Concentrations were compared to the ANZECC and
ARMCANZ 2000 water quality guidelines (ANZECC, 2000). Metals targeted for analysis were not detected
above the 95% level of protection triggealues for marine waters. Silver, Cadmium, Coppléckel,Zinc,

and Mercury vere not detected (< LOD). Leadd Arsenic were detected at low concentrations. Note that
ANZECC guidelines do not have a trigger value for arsenic. A low reliability marideguidger value of

nop >3k F2NJ 'd 00 FYR HdPo >3Ik[ F2N) 'a O6LLLO K
guidelines are only an indicative interim working level.

3.2.4 Pesticides

Pesticide concentrations are presentedTiable3.3. Concentrations were compared to the Great Barrier
Reef Marine Park guideline trigger values for 95% protection level (GBRMPA, 2010). Pesticides targeted for
analysis were not dected above the trigger values for the GBR. The herbicides Chlorpyrifos, Diazinon,
Hexazinoneand Ametryn were not detected (< LOD)uron was detected at low concentrations at all sites.

The insecticideAtrazine andSimazine wre not detected (< LOD).
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Heavy metal concentrations measured in water samples collected therfour water quality sites throughout the reporting perioANZECC and ARMTA2000 water quality
guideline95% level of protection trigger values for marine watans shown focomparson (ANZECC, 2000).

Table3.2

Units Hg L' pglt Hg L ug L g pglt pglt  mglt
Limit of reporting (LOR 0.1 0.2 1 0.2 0.5 - 5 0.001
ANZECG5% level 14 55 1.3 4.4 70 = 15 0.4
Augl9 27/08/2019 WP_AMB1 WQ1 <0.1 <0.2 <1.0 <0.2 <05 1.6 <5 < 0.0001
27/08/2019 WP_AMB2 WQ2 <0.1 <0.2 <1.0 0.2 <05 1.6 <5 < 0.0001
28/08/2019 WP_AMB3 WQ3 <0.1 <0.2 <1.0 <0.2 <05 1.9 <5 < 0.0001
27/08/2019 WP_AMB4 WQ4 <0.1 <0.2 <1.0 0.4 <05 1.7 <5 < 0.0001
Table3.3 Pesticide concentrations measured in water samples collected fnenfour water quality sites throughout the reporting perio@reat Barrier Reef Marine Paghkideline

Aug19

trigger values for 95% protection level are showndomparison (GBRMPA, 2010).

27/08/2019
27/08/2019
28/08/2019
27/08/2019

WP_AMB1
WP_AMB?2
WP_AMB3
WP_AMB4

Units ug L*
Limit of reporting (LOR) 0.001
ANZECC 95% level 0.009
wQ1 <0.001
WQ2 <0.001
wWQ3 <0.001
WQ4 <0.001

g L
0.0002
0.01

<0.002
<0.002
< 0.002
<0.002

g L
0.0002
1.2

<0.002
<0.002
< 0.002
<0.002

g L ug L' ug L' ug L'
0.0002  0.0002 0.0002 0.0002
1.6 1 1.4 3.2
0.0009 <0.002 <0.002 <0.002
0.0006 <0.002 <0.002 < 0.002
0.0006 <0.002 <0.002 < 0.002
0.0004 <0.002 <0.002 < 0.002
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3.3Plankton communities
3.3.1 Abundance andiversity

A total of 30phytoplankton taxa were identified from phytoplankton net tow samples. Phytoplankton
abundance ranged from530to 66430individuals Figure3.13). Phytoplankton was dominated by diatoms

in October 2019, which shifted to cyanobacteria in March 20B@yyre3.14). In March 2020 richodesmium

sp. was the dominant taxa present. Species richness rangedlftoim 16taxa for any one sampling event.
Species richnessasg similarin October 2019 compared with March 2020.K+ yy 2y RAGSNRA (&
from 013 to 1.94 Simpson diversity (D) ranged frdD4 to 0.83and was higher in October 2018an

March 2020for the Embley River sites (WP_AMB1, WP_AMB2, WP_AlB4)sity was generally low at

the southern WP_AMB3 site, with samples mostly consisting of Cyanobacteria, of which Trichodesmium was
the dominant taxa.
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Figure3.13 Phytoplankton abundance, richness, and diversity indices calcudatealch site duringhe October 2019 and

March 2020 survey events
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A total of 19 zooplankton taxa were recorded during the surveys. Zooplankton abundance ranged from 5 to
207 individualsKigure3.15). Species richness ranged from 3 to 9 taxa for any one sampling event. Shannon
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zooplankton individuals present in tow net samples is showFigare3.16.
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Figure3.16 Proportion of zooplankton individuals present in tow net samples.

3.3.2 Community structure

The plankton communityvas visualised ia nonmetric multidimensional scalingith comparison made
between October 2019 and March 2020 sampling events. The phytoplankton community showed
dissimilarity between event@~igure3.17, ANOSIM: R = 0.8B= 0.03). Dissimilarity was mostly driven by

the Trichodesmium bloom which was present during the March 2020 sampling event. The zooplankton
community was similar between sampling everiig(ire3.18, ANOSIMR = 0.35P= 0.09.
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3.4 Multiparameter water quality logger

Instruments were deployed at four sites, WQ 1 to 4, from July 2013uly 2@0 (seeTable3.1). Using
standard statistics, we describe observed trends and differences between sites and discuss the driving forces
in these environments.

Data is presented aan annual statistical summary of root mean square water height (RMS; m), suspended
sediment concentration (SSC; my,Llsediment deposition rate (mg chday?), water temperature (°C), and
photosynthetically active radiation (PAR; mof uhay?) for eah site. The summary is depicted using box
plots, whereby the central diamonds represent the mean value, the central line represents the median
value, and the central box represents the range of the 25 and 75 % quatrtiles. The vertical bars represent the
range of the 90 and 10" percentiles. Time series and monthly summaries are included in the appendices.

3.4.1 RMS water height

As mentioned in the methodology, root men square water height (RMS) is a proxy for wave energy or wave
shear stress at the ocean flo@acdonald, 2015). RMS is mostly driven by weather events that increase
RMS simultaneously at all sites. Variation in RMS during dpetimeen peak events differs among sites due

to differences in water depth and exposuewave energy.

WQ1 and WQ4, lo¢ed within the Embley River, were exposed to less wind and wave energy and had lower
RMS than WQ2 and WQ3, located on the coast. Median RMS at WQ1 and WQ4 were 20% that of WQ2 and
(Figure3.19, Table3.4). The upper quartile and $Qpercentile followed the same pattern, with values at

WQ1 and WQ4 appraxiately 20 % that of WQ?2.

The differences in RMS among the four sites has important implications for other water quality parameters.
Similar RMS at WQ1 and WQ4 relative to WQ2 and WQ3 indicates that wave energy may explain differences
in water quality betwen the two groups of sites but not within the two pairs of sites. For example, lower
RMS would promote more sediment deposition and less sediment resuspension at WQ1 and WQ4 (in the
Embley River) compared to WQ2 and WQ3 (on the coast). However, diffeliengaser quality between

WQ1 and WQ4 or between WQ2 and WQ3 could be due to different currents, depths, or benthic geologies.

The highest RMS values were observed betwdamuaryand March (Appendix 1.2, Appendix 1.3).
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Figure3.19 Box plot of root mean square (RMS) of water height (m) at the five sites fondhé&oring period from July 2019
to July 2@0. The lower whisker, lower edge of the box, central line, upper edge of the box and upper whisker
represent the 16, 25", 50", 75" and 90" percentiles, respectively. The diamonds represent the mean values.
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Table3.4 Summary of RMS wateefght (m) from July 201® July 2@0.

Site wQ1 wQ2 wQ3 wWQ4 ‘
Mean 0.003 0.024 0.012 0.003
median 0.002 0.010 0.006 0.002
min 0.000 0.000 0.000 0.000
lower quartile 0.001 0.006 0.004 0.001
upper quartile 0.003 0.020 0.010 0.004
max 0.081 0.642 0.280 0.086
90th 0.006 0.056 0.026 0.005
percentile

10th 0.001 0.004 0.003 0.001
percentile

n 54712 54713 30988 54692
St. Dev 0.003 0.041 0.017 0.003
St. Error 0.000 0.000 0.000 0.000

3.4.2 NTUe/SSC
aSRAlFY &adzZaLISYRSR aASRAYSyl Oantd@s% quatiied weteyesstha{2Bmg ¢ S
Lt (Figure3.20, Table3.5). The highest SSC was atveel farthest up the Embley River (WQ4), followed by
outside the river mouth (WQ?2), inside the river mouth (WQ1), and then far down the coast at Pera Heads
(WQ3). The relatively high means and"3@rcentiles compared to their respective medians indidutat
WQ2 and WQ4 experienced more extreme turbidity events than the other sites during this monitoring
period.

The NTUe/SSC time series data at each site (seen in Appendix 1.2) typically follows a pattern of low
background values with recurring peak ev&nthese peak events typically occur at the same times at each
site and coincide with peaks in RMS water height (Ridd et al., 2001). Differences in turbidity between sites
result from variation in RMS water height, site depth, benthic geology, hydrodysaame proximity to

river mouths.

During this reporting period, SSC levels at WQ1 were relatively constant with the highest values observed in
March 2020 (Appendix 1.2, Appendix 1.3). SSC at WQ2 was highest in September 2019 in an unusually high
end to the dry season, with mean values approximately 5 times higher than wet season months. SSC at WQ3
peakedin JulyAugust 2019 and Nov 204March 2020. At WQ4, the highest SSC was observed in July 2019,
and April 2020.
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Figure3.20 Box plot of SSC (mg)Lfrom July 201%0 July 2@0. The lower whisker, lower edge of the box, central line, upper
edge of the box and upper whisker represent the"1a3", 50", 75" and 90" percentiles, respectivelyThe
diamond represents the mean value.

Table3.5 Summary of SSC (md) from July 201%0 July 2@0.
Site wQ1l WwQ2 WQs3 wQ4 ‘
Mean 10.47 13.89 3.92 18.67
median 5.50 4.67 2.78 11.41
min 0.00 0.00 0.00 0.02
lower quartile 2.84 2.32 1.82 5.57
upper quartile 12.02 11.64 4.28 22.62
max 247.41 429.51 123.06 233.04
90th 25.01 28.38 6.59 43.38
percentile
10th 1.64 1.23 1.09 2.78
percentile
n 41574 37785 20272 35052
St. Dev 14.46 33.53 5.46 21.61
St. Error 0.07 0.17 0.04 0.12

3.4.3 Deposition

Deposition of sediment is a natural process in all coastal marine waters. Suspended sediment deposits in
environments where wave energy is not sufficient to keep sediment suspended in the water column. The
time series ofdeposition rates indicate that deposition peaks following RMS events but with a lag so that
peak deposition occurs when RMS has decreased to near background levels (Appendix 1.2). An explanation
for this lag is that, as waves resuspend sediment, littleod@jon occurs because the energy in the system
keeps sediment in suspension. However, when waves decrease and there is no longer enough energy in the
system to keep sediment in suspension and deposition occurs.

Management of marine habitats requires tregdiment deposition be monitored for changes from ambient
values. The Water Quality Guidelines for the Great Barrier Reef Marine Park (2010) set a sediment deposition
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trigger value at a mean annual value of 3 mg?atay! and a daily maximum of 15 mg @day?. However,
the Guidelines suggest that 10 mg €day® sedimentation is valid in areas of coarse sediment, large
grainsize, or low organic content.

Deposition rates were highest at WQBidure 3.21, Table 3.6). WQ4 had the second highest median
deposition rate, followed by WQ2 and WQL1.

Themonthly statistics indicate that deposition rates were variable within the Embley River (WQ1, WQ4) in
June and July 2019 (Appendix 1.2, Appendix 1.3). Deposition rates outside the Embley River (WQ2, WQ?3)
were relatively high during May and June 2020.

Differences in deposition rates may be more easily visualised by estimating the thickness of the sediment
deposited. For example, using the relationship between density, mass and volume: median deposition value
of 5 mg cnf day' is equivalent to a layer of s&dY Sy & 2F GKAOlySaa fSaa GKIy
density of 1.5 g cr
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Figure3.21 Box plot of deposition rates (mg chaday?) from July 20190 July 2@0. The lower whisker, lower edge of the
box, central line, upper edge of the box and upper whisker represent tHg2B¥, 50", 75" and 90" percentiles,
respectively. The diamond represents the mean value.
Table3.6 Summary of the mean daily degition rate (mg cm day?) statistics from July 2019 to July 2020
‘ Site WwQ1 WQ2 wQ3 WQ4
Mean 27.13 42.73 47.27 18.24
median 20.67 34.42 16.73 15.24
min 0.29 0.00 0.25 2.21
lower quartile 5.74 9.60 5.98 8.92
upper quartile 42.64 64.56 40.88 23.80
max 106.33 244.36 675.09 65.23
90th centile 61.80 96.29 114.25 35.65
10th centile 1.85 3.85 1.97 4.25
n 236 254 181 228
St. Dev 24.74 39.81 98.21 12.75
St. Error 1.61 2.50 7.30 0.84
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Water temperatures were similar among all sitesth medians of 2729 °C and similar ranges of
temperatures Figure3.22, Table3.7). Water temperatures were highest in Decermid¢arch and lowest in
JulyAugust (Appendix 1.2, Appendix 1\B)ater temperature is not considered to be a compliance condition
for approval operations, however the temperature data presented here holds importance in future
interpretation of ecological processes in the region, and across the GBR (e.g. Johans@0&5al.

34
. 32
5 28 . v
E »
g 26
£ | T
2 24
2 22 -
=
20
wa1 waQ2 WQ3 wQ4
Figure3.22 Box plot of the watetemperature (°C) from July 2018 July 2@0. The lower whisker, lower edge of the box,
central line, upper edge of the box and upper whisker represent tig 28", 50", 75" and 90" percentiles,
respectively. The diamond represents the mean value.
Table3.7 Summary of watetemperature (°C) from July 2018 July 2@0.
Site WQ1 wWQ2 wQ3 WQ4 ‘
Mean 29.51 27.88 27.34 28.00
median 29.92 28.10 27.13 28.24
min 25.50 23.04 23.83 0.00
lower quartile 28.57 25.54 25.24 25.77
upper quartile 30.70 30.21 29.62 30.13
max 32.34 31.93 30.99 31.87
90th centile 31.18 30.94 29.99 30.78
10th centile 26.71 24.56 24.64 25.07
n 34932 54666 30962 54663
St. Dev 1.56 2.49 2.07 2.28
St. Error 0.01 0.01 0.01 0.01

3.4.5 Photosynthetically active radiation (PAR)

Mean levels of benthic photosynthetically active radiation (PAR) ranged from 0.97 to 3.49 hutalyr
(Figure3.23, Table3.8). WQ2 had the highest meati and variance in PAR. WQ3 had the lowest median PAR

but also had light levels within the range observed at the other sites.

Benthic PAR was highly variable throughout the year, but PAR highest in Gboetemnber for WQ1, WQ2
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Figure3.24, Figure3.25). Semiregular oscillions between low and high PAR were overridden by larger
episodic events caused by storm or rainfall.
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Figure3.23 Box plot of daily PAR (mol4wlay?) from July 201%0 July 2@0. The lower whiskedpwer edge of the box,
central line, upper edge of the box and upper whisker represent tig 28", 50", 75" and 90" percentiles,
respectively. The diamond represents the mean value.

Table3.8 Summary édaily PAR (mol rhday?) from July 209 to July 2@0.
Site Welt wQ2 Wk wWQ4 ‘
Mean 2.03 3.49 0.68 0.97
median 1.70 3.05 0.45 0.63
min 0.00 0.06 0.00 0.00
lower quartile 1.00 1.60 0.12 0.21
upper quartile 2.95 5.07 0.87 1.24
max 6.58 10.69 3.34 6.71
90th percentile 4.02 6.80 1.86 2.34
10th percentile 0.45 0.90 0.05 0.05
n 331 330 199 296
St. Dev 1.38 2.30 0.76 1.09
St. Error 0.08 0.13 0.05 0.06
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Time series of total daily PAR (mof aay?) from July 202 to July 2@0. Daily mean PAR is plotted in blue and
a 2week moving average of daily mean PAR is plotted in red.
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Figure3.25 Monthly boxplots illustrating the variation in total dgiPAR (mol riday?) from July 20190 July 2@0. The

lower whisker, lower edge of the box, central line, upper edge of the box and upper whisker represenif the 10
25h 50", 75" and 90" percentiles, respectively. The diamond represents the mean vhlot for WQ2, the y
axis limit is double that of the other sites.

Similarities in patterns of PAR among sites
There are no significant relationships between the benthic PAR at diffeitent(

Figure 3.26). This highlights the influence of sigpecific conditions (depth, turbidity, etc.) on benthic
irradiance. WQ1 and WQ4 and WQ2 hakie strongest association&(~ 0.2) whilst the other sites have
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associations even less than this. This analysis assists in understanding site redundancy opportunities,
without missing important detail in characterising water quality in the region.
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Figure3.26 Scatterplots of PAR between sites indicating the strength of the relationships between patterns of ddidly PAR
20192020 R values are presented for each comparison.

3.4.6 Seasonal variation: wets dry seasons

A comparison of wet and dry season water quality (22020) suggests that, with some exceptions, periods
of increased RMS, SSC, deposition rates, and increased PAR during the wet season.

RMS water height

Median, mean and upper quartilealues were higher during wet seasons across all skeapie3.27).

Median RMS the wet season was double that of the dry season at most sites. Thdezkpaper quartiles
indicate more periods of high RMS during the wet seasons. There was not a great difference in RMS between
the 20192020 data and the cumulative 20PD20 seasonal data.
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Figure3.27

Ambient Marine Water Quality Port Weipag TropWATEReport no. 2048

RMSbox plots for WQAWWQ4. Boxes represent the wet (1 Noveni3dr March) and dry seasons (1 Al
October) sing either one wet season (202920) or threewet seasons (20:2020).
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NTUe/SSC

Differences in suspended sediment concentration (SSC) betweennseaswless straightforward than for

RMS. While median SSC was somewhat similar between wet and dry seasons, the SSC upper quartiles were
typically threefold higher during the wet season, indicating more extreme turbidity events (e.g. WQ2, WQ3,
WQ4; Figure3.28). The exception to this was WQ2, which showed unusually small SSC statistics for the
current wet season. Notably, SSC at WQ1 was relatreslstant throughout the deployment perio&igure

3.28, Appendix 1.3).
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Figure3.28 SSC box plots for WIEWWQ4. Boxes represent the wet (1 Novemi3dr March) and dry seasons (1 A1l
October) sing either one wet season (202920) or threewet seasons (20:2020).
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Deposition
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Median deposition rates were lower during the wet season compared to the diét and WQ2HRigure
3.29). The most apparent seasonal pattern was higher deposition rates at WipBmaximum rates being

over three times higher tharhe other siteqAppendix 1.3).
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Photosynthetically active radiation

Photosynthetically active radiation (PAR) could differ between seasons due to longer day length or increased
cloud cover during the wet season. Seasonal differences in PAR overall nsutiateseen in previous years

(Figure 3.31). WQ1 and WQ2 had largely similar upper PAR values during both seasons. Comparison of these
F2dzNJ aAGSa adza3asad GKFG GKSNB AayQd | 3ISYySNFt LI G
Differences in depth, distance from the coast, and distance from river mouths may influence how PAR differs
between seasons at a given location.

wa1
8 -
= 7
& 6 -
=]
£
g [ I
5 3 I |
*
x 2 . .
o *
T T T
0
Wet Wet Dry Dry
2019-20 All yrs. 2019-20 All yrs.
8 - waz2
7 “V
6 W W
(-
T 5
E 4 :
©
E 3 o . *
=
= 2 J
% 1 1
0
Wet Wet Dry Dry
2019-20 All yrs. 2019-20 All yrs.
4 wa3s
& 3 w
©
: |
T 2
5 .
g 1 :
& \
0 I
Wet Wet Dry Dry
2019-20 All yrs. 2019-20 All yrs.
4.0 wa4
3.5 4
T 3.0 4
>
8 2.5 -
T 20 4
© _
S 15 . [ -
2 1.0 © .
E 0.5 - : T
0.0 = L
Wet Wet Dry Dry
2019-20 All yrs. 2019-20 All yrs.
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Water temperature

Temperatures were higher during the wet season, typically >28 °C, and lower during the dry season, typically
<28 °C [igure3.30). Median temperatures were ~30 °C in the wet season and ~27 °C in the dry season.
Median temperatures during the 2012020 dry seasoat WQ3 and WQ4 were similar to the combined
20172020 dry seasons. This is in contrast to the previous annual reporting period, where medians were
found to be much higher in the dry season.
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3.5Current meter

Current meter data was collected at all four sites. The current meter data indicates the prominent current
direction, velocity and water temperature at each site. Data shows that coastal current, tidal current or a
combination of both influence current diction and magnitude. The figures below display the current meter
data in current rose and average current speed rose diagrams. The current rose diagrams provide a visual
representation of relative prominence of current velocity and direction. The avertagent speed rose
diagrams displays the average current speed in every direction. Presented together these diagrams highlight
the prominent direction of current and the average velocity of the current in this direcliba.monitoring

periods that wereachieved fom Instrument deployments are listed beldar the four sites

Site name Sitecode Monitoring start | Monitoring end
wQ1 AMB1 15t July 2019 18" June 2020
WQ2 AMB?2 15 July 2019 5t May 2020

WQ3 AMB3 15t July 2019 16" June 2020
WQ4 AMB4 15t July 2019 22 June 2020

Videos illustrating the overtime change of current speed and direction at each collection site is shared
privately on YouTube:

1 Long video(monthlyhttps://www.youtube.com/watch?v=2sFIHIInSi0
9 Short video(yearlyhttps://www.youtube.com/watch?v=g0a8nT16cv8

The threefiguresthat are foundon the next two pagegresentthe current meter dataindividually for all
four sites and across the achieved monitoring periods:

1 A roseplot displaying therequencyof recorded water temperature(°C) with respect to current
direction (heading*).

1 A roseplot displaying therequencyof recorded current speds (m/s) with respect to current
direction (heading).

1 A bivariate plot presentingverage water temperature {C)calculated with respect to current
speed(m/s) and current directiorfheading*).

And presented together, these figures highlight the oYlecarrent direction experienced at each collection
site as well as providing a summary for a range of typically experienced water tempera@jraad current
speeds(m/s) with respect to current direction(heading®).

*heading is defined by degrees (anpletating clockwisdrom facingNorth.
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3.5.1 Current Speed, Direction and Temperature

Figure3.32

Figure3.33
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Roseplots displaying the frequency forecorded water temperatures °C) with respect to current

direction(heading), for each of the four sites over the monitoring period July 2019 to July 2020.
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Weipa [July2019-July2020]

Site: WQ1 Site: WQ2
N

1(mr0
' §J

08

0.6 speedi(m s'1)
0.4

s 7\ Bl
*

16 18 20 22 24 26
Temperature (degC)

For each site: Average Temperatures(degC) by speed(m/s) and direction(heading)

Figure3.34 For each of the four sites and across the monitoring period of July 2019 to July 2020, bplat&tisplaying
average values for recorded water temperatuf€) that are calculated with respect to current speed(m/s) and
current direction(heading).

3.5.2 Dry Season (Aprit October)

Concerning current meter data that was collected during months ofiityeseason period (AptiDctober),
the three figures below and on the next page present and summarise this data:
1 Aroseplot displaying therequencyof recorded water temperaturg(°C) with respect to current
direction (heading®).
1 Aroseplot displayinghe frequencyof recorded current speesim/s) with respect to current
direction (heading).
1 A bivariate plot presentingverage water temperature {C)calculated with respect to current
speed(m/s) and current directiorfheading).

*heading is defind by degrees (angle) rotating clockwise from facing North.
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Weipa: Dry Season(Apr-Oct) [July2019-July2020]
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Figure3.35 Roseplots displaying the frequency of recorded water temperatures®d with respect to current

direction(heading), for each of tHeur sitesduring the dry season months (Ap@iictober) acrosthe monitoring
period July 2019 to July 2020
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to July 2020
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Weipa: Dry Season(Apr-Oct) [July2019-July2020]
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Figure3.37 For each of théour sites andduring thedry season months (Api®ctober)across the monitoring period duly
2019 to July 2020bivariate plots displaying average values for recorded water temperafi@k that are
calculated with respect to current speed(m/s) and current direction

3.5.3 Wet sea®n (NovemberMarch)

Concerning current meter data that was collected during months of the wet season period (November
March), the three figures below and on the next page present and summarise thegFigtae3.38) and
(Figure3.39).

1 Avroseplot displaying therequencyof recorded water temperatwes (°C) with respect to current
direction (heading®).

1 A roseplot displaying therequencyof recorded current speesm/s) with respect to current
direction (heading).

1 A bivariate plot presentingverage water temperature {C)calculated with respedb current
speed(m/s) and current directiorfheading).

*heading is defined by degrees (angle) rotating clockwise from facing North.
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Weipa: Wet Season(Nov-Mar) [July2019-July2020]
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Figure3.38 Roseplots displaying the frequency of recorded water temperature$’C) with respect to current
direction(heading), for each of théour sites duringwet season months NovemberMarch) across the
monitoring periodJuly 2019 to July 2020
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Figure3.39 Roseplotsdisplayinghe frequency of recorded current speed (m/s) with respect to current direction(heading),

for each of thefour sites duringvet season monthsNovemberMarch) across the monitoring perioduly 2019
to July 2020
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CONCLUSIONS AND REMENDATIONS

4.1 Conclusions

4.1.1 Climatic conditions

1.

The 20192020 wet season was much lower when compared to the previous year monitatiag (

2019 wet season was in the order of the"8@ercentile forrainfall inthe regior). This is a important

factor to considemwheninterpreting data during this monitoringeriod. Comparison of these data
with future years will be important to characterise ambient water quality conditions. It is important
to capture monitoring data over a range of clintatonditions which continues to be a key
conclusion reported as part of the Port of Mackay and Hay Point pragram

The daily average wind speed and direction recorded at Weipa airport for the reporting period was
predominantly from the south east and éasd rarely reached speedgeater than24 km ht

4.1.2 Ambient water quaity

1.

o o

N

There continues to be a seasonphttern for water temperature emerging, with highest water
temperatures experienced during summer months, while winter months experience rcoole
condtions. This pattern follows previous years at this port, but also other port programs along the
east coast of Queensland

The water column is well mixed, with depth profiles for dissolved oxygen, temperature, electrical
conductivity and pH showing only nain gradients of changea pattern that continues to be
observed at all sitesThis well mixing is particularly important when considering dissolved oxygen
concentrations, which is kmen to reach critical levels for fish in coastal waters elsewhere in
Queersland.

Turbidity values are generally higher at depth, contributing to a difference in water clarity between
the surface and bottom water horizons. Higher turbidity values at the bottom water horizon is
probably related to RMS wave height, currents, ardiment resuspension processes. The elevated
turbidity in the bottom horizon becomes an important consideration when examining sensitive
receptor habitats, such as seagrass which are sensitive to water clarity changes. Measuring bottom
horizon turbidity § a very relevant component of this program; surface measurements for turbidity,
or indeed suspended solid concentrations, might not be an entirely relevant measure when the
objective is to protect and enhance benthic habitats.

Particulate nitrogen (PN) anphosphorus (PP) concentrations excepddeline values during all
surveys and at all sitesThis pattern continues and requires further discussion with relevant
authorities to address the source of nutrient supply or, indeed, whether there is a neddctdr
guidelines.

ChlorophyHa concentrations exceed guideline valwhgring all surveys and at all sites

Phytoplankton and zooplankton communities had a very different species composition between
surveys which could reflect local seasonal conditiptiss pattern will be further explored as more
data becomes available for the region.

Trace metals were generally well below guideline values throughout the reporting year.

The major pesticide and herbicide concentrations were not detected above theofim@porting

4.1.3 Sediment deposition and turbidity

1.

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 turhdity along the coastline is driven by the-saspension of sediment and this has been
most notable here given the links drawn between RMS water depth and NTUe/SSC. Large peaks in
NTUe/SSC and RMS water depth were recorded over periods longer than a week.

57



Ambient Marine Water Quality Port Weipag TropWATEReport no. 2048

2. Sediment deposition rates around Weipa were lower than measured in previous ydach may
reflect the rainfall patterns in the region this year

4.1.4 Photosynthetically active radiation (PAR)

1. Finescale patterns of PAR are primarily driven by tidal cycl#is fertnightly 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 leading to increases in
wave height and resuspensiof 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).

2. Patterns of light were similar among all the coastal sites. Light penetratimater is affected in an
exponential relationship with depth as photons are absorbed and scattered by particulate matter
(Kirk 1985; Davi€olley and Smith 2001). Therefore variation in depth at each location means
benthic PAR is not directly comparaldenong sites as a measure of water quality. Generally,
however, shallow inshore sites reached higher levels of benthic PAR and were more variable than
deeper water coastal sites and sites of closer proximity to one another were more similar than
distant sies.

3. 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 Lewis
2006; Erftemeijer et al., 2012), the relationshigtlveen 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 water column explained less than half of
the variation inPAR. 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 conjunction with known thresholds for healthy growth foisthbabitats (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 conditions of ambient
water quality.

4.2 Recommendations

2. This monitoring program has been underway for three years, 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 assiQBY¥ to manage current activities, but will
also assist with future strategic planning and management.
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Al APPENDIX
Al.l Calibration procedures
Al.l.l Turbidity/Deposition Calibration

The turbidity and deposition sensors on each instrument are calibrated 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 can then be convertedar8SC and ASSD values through the SSC calibration process. Deposition
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 nooratfier every deployment.
Sediment samples are taken at 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.

Al1.1.2 SSC Calibration

An instument is placed in a large container (50 I) with black sides and 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. Thet@rasediment slurry is then added to the large container
which is stirred with a small submerged pump. A water sample is taken and analysed for total suspended
sediment (TSS) using standard laboratory techniques in the ACTFR laboratory at JCU wheatitedefocr

these measurements. Approximately 6 different concentrations 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 dr§SC is then calculated. The correlations typically have an r2 value equal
to or greater than 0.9.

Al.1.3 Light Calibration

The light sensors on each logger are calibrated every six months or after every deployment. The light sensor
is calibrated against aCOR U250A submersible sensor that was calibrated in the factory within the last 12
months. The results of the logger light sensor and LICOR U250A are compared and a calibration coefficient
is used to ensure accurate reporting of PAR data. Arelih comparison between the logger light sensor

and LICOR U250A is made 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 sensitivity changes at depth.

Al.1.4 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 Time Series
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300
250
200

150 +

100 +

§SC (mgl)

50

o]
01/07/2019 05/08/2019 09/09/2019 14/10/2019 18/11/2019 23/12/2019 27/01/2020 02/03/2020 06/04/2020 11/05/2020 15/06/2020 20/07/2020

450
375
" 300
£
5225

E
=150

a 75 || & I f | A |
_l li Tt | " it 1 | I i i I ‘

0 : i
01/07/2019 05/08/2019 09/09/2019 14/10/2019 18/11/2019 23/12/2019 27/01/2020 02/03/2020 06/04/2020 11/05/2020 15/06/2020 20/07/2020

® 3w
Daily PAR (mol"' m? day-')

L= C N ]

0.10

(=]
L]

S Water Degth (m)
g 8

o
N

0.00 - g L " ~ e - —— =
01/07/2019 05/08/2019 09/09/2019 14/10/2019 18/11/2019 23/12/2019 27/01/2020 02/03/2020 06/04/2020 11/05/2020 15/06/2020 20/07/2020

180
160
140

120

Hoo
£oo

060

gd.u

20

[e] o
01/07/2019 05/08/2019 09/09/2018 14/10/2019 18/11/2019 23/12/2019 27/01/2020 02/03/2020 06/04/2020 11/05/2020 15/06/2020 20/07/2020

120

-
o
o o

Dep. (mg cm day-')
(=]

N B2 O ©
o

o

01/07/2019 05/08/2019 09/09/2019 14/10/2019 18/11/2019 23/12/2019 27/01/2020 02/03/2020 06/04/2020 11/05/2020 15/06/2020 20/07/2020

LIV 7 R N )]

Water Depth (m)

01/07/2019 05/08/2019 09/09/2019 14/10/2019 18/11/2019 23/12/2019 27/01/2020 02/03/2020 06/04/2020 11/05/2020 15/06/2020 20/07/2020

33

31

29

27

Temperature (C)

25

23 -+ t t t t t t t t t t t
01/07/2019 05/08/201909/09/201914/10/2019 18/11/2019 23/12/201927/01/2020 02/03/2020 06/04/2020 11/05/2020 15/06/202020/07/2020

63



A1.2.2 WQ2

Ambient Marine Water Quality Port Weipag TropWATEReport no. 2048
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A1.2.3 WQ3
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Al.2.4 WQ4
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Al.3 Monthly statistics
A1.3.1 wQ1
Ssc Ssc Ssc Ssc Ssc Ssc Ssc Ssc Ssc Ssc Ssc Ssc Ssc

07/2019  08/2019 09/2019 10/2019  11/2019  12/2019  01/2020  02/2020  03/2020  04/2020  05/2020  06/2020  07/2020
Mean 10.7€ 11.24 12.64 10.53 9.27 9.37 15.68 3.93 9.49 6.60 12.24
median 5.88 7.75 5.59 3.96 4.94 4.53 7.14 2.88 5.45 3.51 8.13
min 0.01 0.00 0.00 2.10 0.00 29.57 0.00 0.00 0.00 0.00 0.04
lower 3.28 3.92 2.86 1.95 3.10 2.43 4.49 1.73 2.57 2.01 4.61
upper 13.8C 14.60 13.44 12.08 9.95 11.31 15.1€ 4.81 11.84 7.74 14.5(
max 104.52 139.51 211.57 144.46 176.52 89.62 247.41 53.92 89.86 42.11 123.8(
90" percentile 26.6€ 24.67 30.55 26.65 21.9¢ 25.47 34.9C 8.14 23.24 18.11 27.23
10" percentile 1.87 2.26 1.70 1.02 2.01 1.67 3.13 0.98 1.36 1.25 2.44
n 4435 4271 3851 3786 4079 3968 0 0 3775 2684 4384 2235 4031
St. Dev 12.10 11.18 18.93 16.41 12.62 11.37 24.92 3.71 11.04 7.55 12.59
St. Error 0.18 0.17 0.31 0.27 0.20 0.18 0.41 0.07 0.17 0.16 0.2q

ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD

07/2019  08/2019 09/2019 10/2019  11/2019  12/2019  O1/2020  02/2020  03/2020  04/2020  05/2020  06/2020  07/2020
Mean 4.02 3.13 1.83 4.36 3.74 0.10 1.89 2.65 4.07 1.97 2.24
median 0.05 0.19 0.00 0.01 0.01 0.00 0.14 0.33 0.00 0.00 0.04
min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
lower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
upper 1.07 1.95 0.48 1.44 0.79 0.03 1.36 2.47 4.72 0.00 0.94
max 87.21 82.12 45.88 124.89 107.39 17.66 87.16 144.55 50.82 157.07 86.89
90" percentile 9.77 9.45 4.47 9.98 8.66 0.14 4.70 7.20 14.0C 0.00 5.6
10" percentile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
n 4459 4454 4318 4459 4164 3837 0 0 3792 4320 4462 2236 4121
St. Dev 11.77 7.97 5.66 13.74 12.15 0.61 5.60 7.25 7.91 16.49 6.84
St. Error 0.18 0.12 0.09 0.21 0.19 0.01 0.09 0.11 0.12 0.35 0.11
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RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 0.0024. 0.0027 0.001¢ 0.0017 0.0017 0.0024. 0.0046 0.0049 0.0022 0.0044. 0.0026 0.002% 0.0021
median 0.0015 0.0016 0.0009 0.0009 0.0011 0.0014 0.0032 0.0038 0.0016 0.0045 0.0018 0.0017 0.0018
min 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000Z 0.000Z 0.0003
lower 0.0009 0.0009 0.0005 0.0005 0.0006 0.0008 0.0016 0.0022 0.0008 0.0031 0.0010 0.0011 0.0014
upper 0.0024. 0.0029 0.001% 0.0016 0.0019 0.0025 0.0061 0.0064 0.0027 0.0056 0.003z 0.002¢& 0.002]
max 0.0513 0.0476 0.0504 0.0813 0.0533 0.0608 0.0531 0.0454 0.0228 0.0324 0.0516 0.0277 0.0221
ag" percentile 0.0046 0.005¢& 0.002¢& 0.0028 0.0029 0.004¢ 0.010z 0.0099 0.0049 0.006% 0.0053 0.0052 0.0024
10" percentile 0.0006 0.0006 0.0003 0.0003 0.0003 0.0005 0.0008 0.0013 0.0004 0.0019 0.0007 0.0008 0.001(
n 4461 4455 4320 4461 4230 4461 4464 4176 4462 4320 4462 2243 4121
St. Dev 0.0034 0.0038 0.0040 0.0036 0.0030 0.0036 0.0046 0.0039 0.0023 0.0021 0.0027 0.0025 0.0015
St. Error 0.0001 0.0001 0.0001 0.0001 0.0000 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0001 0.000(
Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 25.3C 25.26 25.62 27.77 29.27 31.02 30.76 30.24 30.35 29.98 27.1% 26.32
median 25.32 25.32 25.58 28.00 29.33 31.06 30.75 30.32 30.26 29.97 27.11 26.28
min 24.05 23.93 23.91 25.94 27.61 29.57 29.36 29.22 28.41 28.76€ 25.5C 25.50
lower 24.95 24.72 25.19 27.13 28.78 30.83 30.47 29.80 29.71 29.71 26.53 26.05
upper 25.7€ 25.7¢ 26.03 28.37 29.7¢ 31.2¢ 31.14 30.62 31.06 30.26 27.57 26.58
max 26.29 26.76 27.48 29.46 30.77 31.93 31.66 31.66 32.34 31.20 29.17 27.24 0.0d
gg" percentile 25.97 26.07 26.41 28.58 30.11 31.45 31.35 30.83 31.35 30.57 28.4¢ 26.78
10" percentile 24.52 24.33 24.85 26.67 28.33 30.57 30.16 29.56 29.53 29.39 26.19 25.90
n 4453 4449 4320 4453 4223 4451 4464 4176 4462 4320 4462 2243
St. Dev 0.53 0.65 0.62 0.74 0.66 0.38 0.46 0.47 0.72 0.45 0.81 0.35
St. Error 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
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Light Light Light Light Light Light Light Light Light Light Light Light Light
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 1.90 1.45 2.05 1.77 2.31 4.02 1.74 1.40 2.32 191 2.61 0.89
median 1.90 1.24 1.79 1.75 1.53 4.18 1.40 1.40 2.28 1.56 2.80 0.75
min 0.16 0.21 0.51 0.00 0.23 1.66 0.42 0.03 0.43 0.51 0.76 0.22
lower 1.00 0.78 1.24 0.59 1.28 3.36 0.67 0.72 1.22 1.24 1.08 0.39
upper 2.89 1.63 3.08 2.79 2.67 4.97 2.58 2.13 3.25 2.56 3.67 1.24
max 3.70 4.32 4.54 3.88 6.58 5.48 3.86 2.75 4.61 4.54 4.87 2.52
90" percentile 3.39 2.53 3.66 3.15 5.63 5.29 3.40 2.72 3.76 3.39 4.70 1.67
10" percentile 0.35 0.65 0.59 0.35 0.82 2.18 0.51 0.32 0.89 0.90 0.83 0.32
n 31 31 30 31 30 31 16 0 27 30 31 15 217
St. Dev 1.14 1.02 1.17 1.21 1.80 1.13 1.17 0.89 1.17 1.00 1.52 0.61
St. Error 0.20 0.18 0.21 0.22 0.33 0.20 0.29 0.17 0.21 0.18 0.39 0.12
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A1.3.2 WQ2
Ssc SsC SsC SsC Ssc Ssc SsC Ssc Ssc Ssc SsC SsC SsC

07/2019  08/2019  09/2019  10/2019  11/2019  12/2019  01/2020  02/2020  03/2020  04/2020  05/2020  06/2020  07/2020
Mean 5.55 11.8¢ 53.52 11.54 8.44 5.91 3.98 14.22 3.74 13.02 6.67 8.8d
median 2.83 7.84 14.82 4.73 5.15 2.71 2.20 5.89 2.16 6.03 3.23 5.00
min 0.06 1.19 0.03 0.00 1.56 0.18 0.07 0.10 0.00 0.00 0.15 0.84
lower 1.60 4.76 6.67 2.17 3.25 1.67 1.19 3.54 1.32 1.78 1.88 3.32
upper 5.14 15.1€ 60.36 12.61 10.99 7.12 5.60 17.5C 3.62 13.99 6.24 10.28
max 106.37 105.08 429,51 171.30 45.21 46.01 20.28 184.98 116.74 189.15 107.60 72.34
90" percentile 12.89 25.71 161.76 31.24 19.60 15.81 10.16 34.66 7.25 32.01 14.5¢ 21.95
10" percentile 0.87 3.25 3.61 0.83 2.66 1.14 0.79 2.11 0.78 0.96 1.04 2.40
n 4333 3474 4200 2256 1221 2796 636 0 3782 4291 4448 2234 4111
St. Dev 8.98 11.14 82.79 17.94 7.75 7.13 4.01 19.69 6.02 20.48 10.98 9.3
St. Error 0.14 0.19 1.28 0.38 0.22 0.13 0.16 0.32 0.09 0.31 0.23 0.15

ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD

07/2019  08/2019  09/2019  10/2019  11/2019  12/2019  01/2020  02/2020  03/2020  04/2020  05/2020  06/2020  07/2020
Mean 0.85 1.79 1.33 1.74 0.88 0.81 2.28 1.56 2.60 5.84 5.96 3.04
median 0.01 0.06 0.07 0.05 0.00 0.03 0.82 0.14 0.00 0.36 0.08 1.14
min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0d
lower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
upper 0.23 0.67 0.93 1.31 0.49 0.54 2.83 0.92 1.38 4.78 5.51 3.56
max 46.36 45.16 81.16 40.69 50.20 57.76 33.88 34.67 68.86 77.45 73.61 57.17
90" percentile 1.91 3.66 3.46 4.65 2.75 2.25 6.38 4.22 5.72 22.36 21.63 8.0d
10" percentile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0d
n 4457 4461 4318 4456 4096 4459 1872 0 3796 4320 4461 2237 4114
St. Dev 3.08 5.60 3.87 4.40 2.33 2.79 3.91 3.98 7.22 11.80 12.03 5.21
St. Error 0.05 0.08 0.06 0.07 0.04 0.04 0.09 0.06 0.11 0.18 0.25 0.0d
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RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS

07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 0.009 0.014 0.01C 0.012 0.012 0.012 0.078 0.093 0.024 0.007 0.013 0.011 0.017
median 0.008 0.011 0.008 0.009 0.010 0.009 0.061 0.067 0.012 0.005 0.009 0.009 0.01d
min 0.00C 0.001 0.001 0.001 0.001 0.00C 0.00C 0.00€ 0.001 0.00C 0.001 0.002 0.001
lower 0.005 0.007 0.006 0.006 0.006 0.006 0.020 0.039 0.005 0.004 0.006 0.007 0.0071
upper 0.012 0.018 0.012 0.014 0.01€ 0.01€ 0.11€ 0.11¢ 0.032 0.00€& 0.01€ 0.013 0.015
max 0.052 0.148 0.079 0.080 0.078 0.079 0.437 0.642 0.279 0.064 0.101 0.064 0.079
90" percentile 0.016 0.028 0.018 0.021 0.024 0.025 0.175 0.19¢ 0.062 0.011 0.025 0.019 0.029
10" percentile 0.004 0.005 0.004 0.005 0.004 0.004 0.008 0.025 0.003 0.003 0.005 0.005 0.004
n 4459 4462 4320 4461 4241 4460 4464 4176 4462 4320 4461 2237 4114
St. Dev 0.006 0.011 0.007 0.008 0.009 0.010 0.070 0.079 0.028 0.004 0.010 0.006 0.009
St. Error 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.001 0.001 0.00C 0.00C 0.00C 0.00C 0.00(

Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp

07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 24.53 24.2¢ 25.41 27.53 28.96 30.97 30.83 30.4C 30.16 29.72 27.1€ 26.17 25.42
median 24.50 24.21 25.44 27.77 29.06 30.99 30.84 30.45 30.06 29.73 27.22 26.10 25.42
min 23.23 23.04 24.08 25.91 27.54 29.48 29.41 29.1€ 29.22 28.68 25.44 25.61 24.73
lower 23.86 23.70 25.06 26.81 28.32 30.78 30.57 30.03 29.63 29.48 26.57 25.92 25.19
upper 25.13 24.8C 25.71 28.12 29.53 31.22 31.15 30.8C 30.6€ 30.0C 27.62 26.42 25.6]
max 26.29 26.40 27.15 28.84 30.32 31.93 31.93 31.38 31.73 31.00 28.91 27.12 26.4]
90" percentile 25.5C 25.2¢ 25.99 28.3¢ 29.78 31.43 31.44 30.94 31.07 30.2¢ 28.48 26.6C 25.8(
10" percentile 23.64 23.36 24.73 26.40 27.98 30.52 30.27 29.67 29.48 29.07 26.02 25.82 25.04
n 4448 4455 4320 4450 4232 4451 4464 4176 4462 4320 4461 2237 4114
St. Dev 0.72 0.71 0.52 0.74 0.67 0.41 0.47 0.48 0.59 0.45 0.82 0.31 0.29
St. Error 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0d
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Light Light Light Light Light Light Light Light Light Light Light Light Light
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 4.00 2.07 4.06 6.18 4.89 5.20 2.82 2.69 2.20 1.82 2.18 2.56
median 3.80 1.73 3.92 6.56 4.42 5.27 2.82 2.21 151 1.47 2.05 2.31
min 0.81 0.90 1.20 1.33 0.97 2.86 0.11 0.06 0.79 0.10 0.52 0.71
lower 2.46 1.32 3.16 3.66 3.27 4.24 1.59 1.23 1.30 0.24 0.90 2.04
upper 5.61 2.31 4.88 8.09 6.71 6.10 4.11 3.59 2.36 2.60 2.62 3.34
max 7.66 5.06 6.88 10.44 10.69 7.82 5.72 8.35 6.21 5.98 5.40 4.70
90" percentile 6.86 3.40 6.14 9.40 7.59 6.95 5.06 5.48 5.24 4.47 4.34 4.00
10" percentile 1.43 1.14 2.29 2.42 1.94 3.50 0.34 0.36 0.90 0.15 0.64 1.04
n 31 31 30 31 30 31 15 27 30 31 15 28
St. Dev 2.09 1.09 1.45 2.74 251 1.30 1.79 2.15 1.60 1.73 1.50 1.11
St. Error 0.38 0.20 0.26 0.49 0.46 0.23 0.46 0.41 0.29 0.31 0.39 0.21
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A1.3.3 WQ3
SSC SSC SSC SSC SSC SSC SSC SSC SSC SSC SSC SSC SSC
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 2.19 4.26 1.76 4.34 5.50 5.47 5.56
median 1.74 2.71 1.67 3.92 5.20 2.81 4.25
min 0.00 0.00 0.00 0.00 0.00 0.12 2.80
lower 1.20 1.91 0.81 3.06 3.76 2.18 3.72
upper 2.39 4.00 2.62 5.13 6.53 4.21 6.79
max 55.56 83.14 5.91 49.91 55.34 123.06 14.70
og" percentile 3.31 7.39 3.22 6.63 8.49 10.2C 9.34
10" percentile 0.82 1.36 0.37 2.34 2.46 1.55 3.34
n 4443 3944 0 1951 4238 1639 0 0 3682 299 0 0 0
St. Dev 2.79 6.05 1.11 2.37 3.41 9.60 2.50
St. Error 0.04 0.10 0.03 0.04 0.08 0.16 0.14

ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020

Mean 0.44 0.43 0.27 0.75 1.45 0.43 1.70 5.60
median 0.00 0.00 0.00 0.00 0.24 0.03 0.52 2.53
min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
lower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26
upper 0.23 0.05 0.01 0.16 121 0.31 2.10 7.23
max 27.98 60.04 27.83 36.16 38.59 14.85 63.95 54.99
90" percentile 0.90 0.42 0.42 2.09 4.06 1.14 4.53 15.9¢
10" percentile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
n 4452 3944 0 1952 4240 1639 0 0 3683 432C 2638 0 0
St. Dev 1.57 2.58 1.43 2.38 3.41 1.15 3.63 7.99
St. Error 0.02 0.04 0.03 0.04 0.08 0.02 0.06 0.16
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RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 0.01C 0.01% 0.00€ 0.005 0.00€ 0.025 0.00€ 0.01€ 0.012
median 0.007 0.008 0.006 0.005 0.005 0.007 0.005 0.009 0.008
min 0.00C 0.00C 0.00C 0.00C 0.001 0.00C 0.00C 0.00C 0.00C
lower 0.004 0.005 0.004 0.004 0.003 0.004 0.004 0.006 0.006
upper 0.01C 0.02C 0.007 0.00€ 0.007 0.034 0.007 0.01¢ 0.014
max 0.102 0.094 0.047 0.027 0.038 0.280 0.031 0.144 0.080
90" percentile 0.019 0.03¢e 0.01C 0.008 0.012 0.078 0.01C 0.041 0.027
10" percentile 0.004 0.004 0.004 0.002 0.003 0.003 0.003 0.004 0.004
n 4460 3945 0 1952 4240 1640 0 0 3683 4320 4464 2208 0
St. Dev 0.010 0.015 0.003 0.003 0.005 0.035 0.003 0.018 0.010
St. Error 0.00C 0.00C 0.00C 0.00C 0.00C 0.001 0.00C 0.00C 0.00C
Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 24.93 24.5C 26.65 27.68 29.5¢ 30.16 29.68 27.37 26.11
median 25.07 24.61 26.61 27.63 29.90 30.08 29.73 27.36 26.10
min 24.12 23.82 26.38 26.4C 28.4¢ 29.7C 28.9¢ 25.50 25.84
lower 24.71 24.22 26.55 26.91 29.06 29.90 29.59 26.50 26.04
upper 25.18 24.72 26.7% 28.42 30.0% 30.39 29.88 28.02 26.18
max 25.41 24.96 27.20 29.21 30.41 30.99 30.22 29.04 26.39
90" percentile 25.28 24.81 26.87 28.79 30.18 30.6C 29.9¢ 28.7€ 26.25
10" percentile 24.36 24.08 26.45 26.81 28.70 29.82 29.27 26.03 25.98
n 4451 3945 0 1945 4234 1640 0 0 3679 4320 4464 2208 0
St. Dev 0.33 0.28 0.15 0.78 0.57 0.30 0.26 0.95 0.10
St. Error 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.00
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Light Light Light Light Light Light Light Light Light Light Light Light Light
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 0.61 0.25 0.36 0.11 0.08 0.96 2.05 0.47
median 0.60 0.23 0.33 0.10 0.03 0.76 1.95 0.41
min 0.12 0.01 0.07 0.01 0.00 0.00 0.73 0.01
lower 0.47 0.05 0.16 0.07 0.01 0.43 1.50 0.13
upper 0.67 0.41 0.55 0.15 0.11 1.29 2.64 0.68
max 1.18 0.66 0.67 0.30 0.27 2.59 3.34 1.42
og" percentile 0.90 0.53 0.63 0.19 0.21 2.07 3.02 1.04
10" percentile 0.42 0.02 0.11 0.06 0.00 0.21 1.17 0.08
n 31 27 0 13 30 11 0 0 25 30 31 0
St. Dev 0.22 0.20 0.22 0.07 0.09 0.74 0.72 0.38
St. Error 0.04 0.04 0.06 0.01 0.03 0.15 0.13 0.07
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A1.3.4 WQ4
Ssc SsC SsC SsC Ssc Ssc SsC Ssc Ssc Ssc SsC SsC SsC

07/2019  08/2019  09/2019  10/2019  11/2019  12/2019  01/2020  02/2020  03/2020  04/2020  05/2020  06/2020  07/2020
Mean 26.5€ 18.14 18.13 11.53 8.35 24.23 23.95 22.36 28.65 19.77 16.70 7.14
median 17.82 11.26 12.65 7.58 4.96 14.63 18.88 12.49 20.52 13.12 10.37 4.26
min 0.02 0.14 0.80 0.12 0.38 0.21 1.96 0.15 0.33 0.66 0.26 0.03
lower 9.96 6.51 6.63 3.25 3.05 8.37 10.17 7.31 9.69 7.83 5.43 2.24
upper 34.12 21.02 23.44 14.25 10.89 29.05 31.67 27.69 37.55 22.29 18.81 9.72
max 176.27 165.42 163.81 104.92 97.77 233.04 149.37 176.95 170.59 153.30 172.80 96.07
90" percentile 62.57 40.51 35.08 26.2¢ 20.41 51.91 48.43 54.36 64.91 43.44 38.44 16.98
10" percentile 5.60 3.85 3.57 1.51 1.97 5.63 6.75 4.43 4.65 4.06 2.91 1.52
n 3732 4371 2409 1969 2807 2912 677 0 3610 3157 3276 2043 4089
St. Dev 25.01 20.39 17.93 12.92 8.21 26.97 18.35 24.71 26.95 20.88 19.50 7.21
St. Error 0.41 0.31 0.37 0.29 0.15 0.50 0.71 0.41 0.48 0.36 0.43 0.11

ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD ASSD

07/2019  08/2019  09/2019  10/2019  11/2019  12/2019  01/2020  02/2020  03/2020  04/2020  05/2020  06/2020  07/2020
Mean 7.95 5.64 3.31 1.55 0.76 1.86 1.89 2.44 0.3d
median 0.19 0.04 0.20 0.00 0.00 0.01 0.00 0.01 0.0d
min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0d
lower 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0d
upper 6.88 2.31 2.64 0.34 0.06 0.32 0.39 0.61 0.14
max 128.60 140.20 36.14 36.69 55.91 79.62 57.89 64.38 51.13
90" percentile 28.12 14.16 11.32 3.95 0.64 3.26 4.44 4.40 0.42
10" percentile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0d
n 4459 4421 4318 4446 4241 4381 598 0 3801 0 0 0 3109
St. Dev 16.85 15.82 6.89 4.70 3.55 6.96 6.46 8.36 1.64
St. Error 0.25 0.24 0.10 0.07 0.05 0.11 0.26 0.14 0.03
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RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS RMS
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 0.002 0.002 0.002 0.002 0.002 0.001 0.002 0.003 0.004 0.004 0.005 0.004 0.004
median 0.001 0.001 0.002 0.001 0.001 0.001 0.002 0.002 0.003 0.003 0.004 0.003 0.004
min 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.001 0.002 0.001 0.00d
lower 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.001 0.002 0.003 0.004 0.003 0.001
upper 0.002 0.002 0.003 0.0023 0.002 0.001 0.0083 0.004 0.00& 0.004 0.005 0.004 0.009
max 0.065 0.050 0.086 0.062 0.052 0.081 0.036 0.040 0.026 0.029 0.025 0.018 0.041
90" percentile 0.002 0.004 0.005 0.00% 0.008 0.002 0.00& 0.007 0.008 0.00& 0.00€ 0.004 0.009
10" percentile 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.001 0.001 0.002 0.003 0.003 0.001
n 4461 4429 4320 4461 4244 4461 4464 4032 4460 4320 4461 2241 41194
St. Dev 0.003 0.004 0.003 0.003 0.003 0.003 0.002 0.003 0.003 0.002 0.001 0.001 0.004
St. Error 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.00C 0.00(
Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp Temp
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 25.16 25.14 25.66 27.72 29.09 30.8C 30.56 30.02 30.23 29.92 27.07 26.23 25.41
Imedian 25.13 25.16 25.60 27.99 29.14 30.83 30.57 30.09 30.16 29.92 27.06 26.20 25.44
min 22.93 23.45 24.34 26.04 27.76 29.20 28.68 28.51 29.13 28.5€ 24.14 24.68 0.0d
ower 24.68 24.62 25.28 27.05 28.56 30.58 30.27 29.63 29.64 29.63 26.47 25.90 25.14
upper 25.7C 25.6€ 25.95 28.2¢ 29.57 31.07 30.89 30.43 30.83 30.1& 27.51 26.54 25.79
max 26.82 26.89 27.50 29.06 30.73 31.84 31.87 30.97 31.79 31.35 29.56 27.86 26.34
bd" percentile 26.0C 25.97 26.39 28.48 29.9C 31.34 31.13 30.6€ 31.14 30.4S 28.48 26.87 25.95
10" percentile 24.27 24.22 25.03 26.59 28.17 30.30 29.95 29.32 29.47 29.38 26.01 25.64 24.84
n 4449 4429 4320 4454 4244 4451 4464 4032 4460 4320 4461 2241 4119
5t. Dev 0.66 0.66 0.53 0.72 0.63 0.42 0.47 0.51 0.65 0.44 0.91 0.49 1.12
St. Error 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02

80



Ambient Marine Water Quality Port ¥eipag TropWATEReport no. 2048

Light Light Light Light Light Light Light Light Light Light Light Light Light
07/2019 08/2019 09/2019 10/2019 11/2019 12/2019 01/2020 02/2020 03/2020 04/2020 05/2020 06/2020 07/2020
Mean 0.62 1.12 1.28 191 2.59 0.70 0.29 0.55 0.48 0.08 0.01 0.84
median 0.56 1.00 1.16 1.53 2.58 0.66 0.30 0.29 0.42 0.08 0.00 1.06
min 0.08 0.19 0.30 0.24 0.52 0.17 0.17 0.01 0.13 0.02 0.00 0.34
lower 0.38 0.68 0.75 0.80 1.66 0.50 0.21 0.18 0.24 0.05 0.00 0.71
upper 0.87 1.31 1.69 2.34 3.36 0.98 0.37 0.64 0.63 0.11 0.02 1.09
max 151 5.09 3.35 6.71 5.83 1.40 0.40 2.56 1.26 0.20 0.03 1.12
90" percentile 1.04 1.71 2.02 4.42 4.00 1.06 0.39 1.48 0.81 0.13 0.02 1.1
10" percentile 0.19 0.33 0.49 0.39 0.73 0.24 0.19 0.03 0.16 0.03 0.00 0.50
n 31 31 30 31 30 31 6 0 27 30 31 15 3
St. Dev 0.35 0.89 0.74 1.59 1.29 0.33 0.10 0.65 0.28 0.04 0.01 0.42
St. Error 0.06 0.16 0.13 0.29 0.23 0.06 0.04 0.12 0.05 0.01 0.00 0.24

81



Ambient Marine Water Quality Port Weipag TropWATEReport no20/48

82



