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Executive Summary

TheCentrefor Tropical Water and Aquatic Ecosystem Research (TropWABER)mMes

Cook University (JCUpave partnered witNorth Queensland Bulk Ports (NQB#®)

undertake longermenvironmentamonitoring and research programs in the Ports of
Mackay, Hay Point anWeipa. TropWATER hasalsobeen commissioned to asdis¢

Healthy Rivers to Reef Partnersbip collect ambient marine water quality data for the
southern Mackay region as part of the Mackdlgitsundaylsaac regional report card that is
released each yedks part of theeagreemers; a water quality monitoring program has been
implemented that inadesa suite of water quality parameters measurelddilyin-situ
sampling(approx. every @ weeks) ad by continual logger deployment®ne of the water
quality parameters of particular interest is turbidity, due to its known association with
dredging/matime operations and the potential for suspended sediments to impact sensitive
benthic habitats.

Suspended sedimecdncentratiofSSC)may be measurad situby collecting water
samplesandmeasuring the concentration of particulate matter in the \wateple In
contrastppticatbasedurbidity loggers allow longerm (68 week) deployments, providing a
much higher resolution of data and more egf&tctive monitoring. Water quality monitoring
using turbidity loggerss often reported in Nephelometiiarbidity Units (NTU), a measure

of the degree to which light is scattered by particulate matter suspended in the water column
It is usual for NTU sensors to be calibrated to provide estimates of SSC by determining the

relationship between the two measuents.

Prior to September 2021, the NTU to SSC conversion had been undertaken by the Marine
Geophysics Lab (MGL) at -W€WsehmambSacsumpedd e
the monitoring program. In September 2021, the TropWATNERBP partnership pahased
newturbidity loggers, as well as multispectral light loggers, that will greatly enhance both the

water quality monitoring and the research outcomes of the agre@memVATER is

committed to providing besgiractice qualityassurance ancbntrolprocedures (QA/QCio

all water quality monitoring gacticesand the purpose of this document is to report on the
updatedproceduresmplementedo derive the valuefor convering turbidity logger NTU to

suspended sediment concentration, in SSC mg/L.

This reportoutlinesthe methods and results of a laborattxgsed protocol for finding the
site-specificconversion factor for NTU to SSC at vater quality monitoring locations
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across North Queenslanoing forward, the NTU/SSC conversion values reported in this
document will be monitorenh-situ during routine field excursions. Further, in line with best
practice recommendations, laboratory calibration will be repeatedanterally or following
any large disturbance everdad the reported conversion factors updated accordingly
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Glossary of Terms

QA/QC Quality Control and Assurance
SSC Suspended Sedime@bncentration
NQBP North Queensland Bulk Ports
NTU Nephelometric Turbidity Units

CF Conversion Factor

PSD Particle Size Distribution

TropWATER Centre for Tropical Water and Aquatic Ecosystem Rese
MGL Marine Geophysics Laboratory

JCU James Cook University
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1. Introduction

Routine dredging is required for maritime safety arocwaktalports, buthis can result in

turbid sediment plumes that require monitoring to ensure environnstgatalardsre upheld.
Turbidity is one of the most important water qualitglicators due to its lighimiting effect

in the water column that can impact photosynthesising benthic habitats such as corals and
seagrassg$attuso et al., 2006 urbidity can be meased in various ways including (from
most basic to most complex) tBecchtdisk method, the gravimetric method-§itu water
sampling followed by laboratory filtering), optical basesitu loggers and remote sensing
satellites. There are advantages disddvantages to each of these methods and monitoring
programs often utilize a combination of them to ensure both fine scale accuracy and large
scale coverage. For example, the gravimetric method will result in retrieval of the actual
suspended sedimerdrcentration (SSC) in the sample of water taken however, the collection
of data is costly and labour intensive. In contrast, turbidity loggers can be deplesyedo
measure turbidity in frequent bursts every few minutes for weeks at a time, but the
measurement units are Mephelometric Turbidity UnitéNTU) which are an optical
measurement, notdirectmeasurement of SSC. Regulatory agencies often require turbidity
to be reported as mg/L of SSC and therefore combining these mé&thertsure adequate

data coverageequires a conversion factor from NTU to SSC.

An understanding of the relationship between measured NTU and SSC may be determined by
a regression analysis of coincident measurements of both parameters collected over a range
of turbidity conentrations. However, for the case of dredge monitoring, the expected

turbidity during dredge operations typically will far exceed the turbidity levels that occur
naturally. One approach to estimate fillerange of theSSC: NTU relationship is to collect
sediment samples from the region of interest and resuspend the sediments in a controlled
environment (laboratoriank). A turbidity sensor can be used to measure NTU while

particulate concentration is increased, and water samples are collected to de&s&@ine

concentration.

When undertaking the calibration &SC measuremenasidopticalturbidity sensorsit is
important to consider th@ater column optical properti¢isat will differ according to the

size shaperefractive index and absorption coeffici®f the suspended sedimenfBhe
relationship between the scattered light intensity (the NTU) and the SSC is not constant

between sediment typasd is observed to vary significantly across different locations and as
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local conditions such as wind andweaenergydrive sediment movemenandchange

particle size distributions of suspended sediment

A patrticle size distribution (PS@&nalysis can provide valuable insight into understanding
how sediment type is likely to affect turbidity in a region. For example, locations where
sediments are dominated by fine silt/clayfioe sand particlesvill be moresusceptible to
turbidity duing disturbance eventsuch as storms (or dredgirntgan locations that are
dominated bynedium and coarssandandcoral particlegBright et al., 202Q)Even small
changes in the contribution tife silt/clay size fractions to PSD in a region are significan
the NTU/SSC relationshifiLanders & Sturm, 2013Jor these reasonsobust calibration of
NTU and SSC requirean analysis tke performed separately for each monitoring location

and periodically rassessed/updated.

Monitoring Locations

Abbot Point In November 2017, North Queensland Bulk Ports implemented an ambient
marine water quality monitoring program surrounding the Port of Abbot Heire 1) The

Port of Abbot Point hathreeestablishedoggersites(Euri Creek, Camp Island and

Holbourne sland)for turbidity monitoring whose locatioredign with key sensitive receptor
habitats (e.g. corals or seagrass), along with key features in the study region (e.g., river flow

points).

Port of Mackay and Hay PointropWATER commenced an ambient marine water quality
monitoring progranaround theéPorts of Mackay and Hay Point duly 2014(Figure 1)

There are currently five water quality sites monitored in the region, four or which have
loggers.Sites extend approximately @kalong the Mackay coastline, from Slade |sled
Rourd Top Islandin the northto Victor Island and=reshwater Poinh the southaligning

with key sensitive receptor habitats (e.g. corals or seagrass)

Weipa The Port of Weipa is situated on thestern side of Cape York Peninsula in northern
Queensland (Figure 1). It is located within the township of Weipa, where the Embley,
Missionand PinRi ver 6 s ¢ o n v e intgtae Gulhofl Catpentaridineaerace e

currently three water quality monring sites centred around port operations

Southern MackayThree water quality monitoring sites were established in September 2017
at Aquila Island, Fanning Shoal, and Morning Cagnbient water quality monitoring was
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conducted at all three sites approately every 6 weeks, whilevaater quality logger is
deployed to collect high frequency data over at Agsiend(MKY_CAM1) (Figure J.

Weipa (WP_AMB1 ) s =,
5] ® ;

WP_AMB2 A
WP_AMB4

eHolbourne Is. (AP_AMBS)
eCamp Is. (AP_AMB4)
®Euri Creek (AP_AMB1)

eSlade Is. (MKY_AMB5)

R P |- (M victor Is (MKY_AMB10)

®
Freshwater Pt. (MKY_AMB1)

" Aquila Is. (MKY_CAM1)

0 20 40 80 Kilometers
P et s e B )

Figure 1: Water quality monitoring locations where sediments were collectetdifioidity (NTU) to suspended
sediment concentration (SSC mg/L) conversion analyses
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2. Materials and Methods

2.1 Sediment Samples

Samples of substrate sediments were collected fiblochtionsbetween February and April

2022,where NTU loggers are deployed as part of the TropWANEHBP water quality

monitoring partnership and the Health Rivers to Reef partnerSigprél; Table 1.

Tablel: Water quality monitoring locations where sediment samples were collected for determining the
relationship between turbidity (NTU) and suspended sediment concentration (SSC mg/L).

ID Site Description Latitude Longitude gl
Date

AP_AMB1 Euri Creek, Bowen -19.9047 148.1418 9/06/2022
AP_AMB4 Camp Island, Bowen -19.8417 147.9058 9/06/2022
AP_AMB5 Holbourne Is., Bowen -19.7358 148.3593 9/06/2022
MKY_AMB1 Freshwater Pt., Mackay -21.42 149.34 9/06/2022
MKY_AMB3B Round Top Is., Mackay -21.17 149.26 9/06/2022
MKY_AMB5 Slade Is. Mackay -21.09 149.24 9/06/2022
MKY_AMB10 Victor Is. Mackay -21.32 149.32 9/06/2022
MKY_CAM1 Aquila Island, Mackay -21.974387  149.569387 10/06/2022
WP_AMB1 Weipa -12.668283 141.846133 15/06/2022
WP_AMB2 Weipa -12.673778 141.777081 15/06/2022
WP_AMB4 Weipa -12.701431 141.8667 15/06/2022

2.1.1Particle Size Distribution (PSD)

A small subsample of all sediments was removed for laser diffraction particle size analysis

using a Mastersizer 3000LV, to give the particle size distribution (PSD) for each location

Samples were homogenised by inversiefolbe subsampling and hydrogen peroxide digest

undertaken to remove organic matter. Samples were passed through 2 mm sieve and greater

than 2 mm fraction was determined as a percentage of initial dry wElghsample was

mechanically and chemically disgsed through shaking amwater softener solution

(CalgorE ), and thedigested, dispersed sample homogenised in a baffled beaker with an

overhead stirrer. Aliquots were pipetted to the dispersion unit of Cdhyonp speed was set

to 3000 rpm and 20 sec asurements were taken. The average results were reported from at

4
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least 3 measurements and laser diffraction data presented as a percent spherical equivalent

volume.
2.1.2 Tank Experiment

Each independent sample was mixed with filtered seawater to fornra &ach slurry was
agitated by hand prior to extraction of small subsamples that were added in increments to a
100 L blacklined tank filled with filtered seawater, that contained a submersible pump to
ensure continual water movement. Each additioredingent was designed to incrementally
reach target concentrations of (approximately) 0.05, 0.3, 1.2, 3, 11, 35, 100, 310, and 420
NTUOGSs .

2.2 NTU sensor

An NTU Sensor, the IMENTU (Slivkoff & Klonowski, 2018), was suspended in a frame at a
downwardfacing45° angle in the tank. The NTU instrument was run continuously, and data
logged at 5 Hz. After each addition of sediment sample thdinealreadout of NTU was
monitored to ensure the readings were stable, before a concurrent water sample was taken.

Figure2 shows an example of the NTU data series that was logged for each sediment sample.

AP_AMB4

4004

w
o
o

M

N

o

o
1

Turbidity (NTU)

1001

16:10 16:20 16:30
Time

Figure 2: Timeseries of NTU logger readings as sediments were added in increments for the purpose of
calibrating NTU with Suspended Sediment Concentration (FS8%C sample was collected at each stable
O0stepbod.
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2.3 Suspended Sediment Concentrati@tiersamples

At each stable NTU concentratiomater samples were collectadjacent to the sensior one

litre bottlesand assessed gravimetrically to determine SIS concentration.The water
samples were filtered with the assistance of apogssure vacun p u mp , t hrough
Whatman GF/F glasfbre filtersthatwere preprepared by drying for 24 hours at 60 Rost

filtering, thefilters were flushed with deionized watty remove any saltthen dried and
weighed. Suspendefiediment Concentratio(SSQ was calculated athe dry weight of

suspended matter per volume of water (mg/L)

2.4 Data Analysis

The NTU logger data were screened manually in Micrdsafel to capture the stabilised NTU
output at each concentration of suspended sediment and to rampoweatliers. The mean and
standard error NTU were calculated from betweeni2800 readings (across ~ one minute)

for each concentration. Log transformation of data was tested due to positive skewness in the
NTU and SSC, however, due to the strong limekationship between points and a significantly
higher root mean square error (RMSE) with log transformation, raw values were instead
utilised. Regression analyses between mean NTU and SSC were perforrR&ldio
(RStudio.Team, 2015)

3. Results

Partcle size distribution (PSD) varied across the 12 monitoring locations with some sites
dominated by larger size fractions (e.g., Rotiog Island, Slade Island), some dominated by
small size fractions (e.g., Camp Island, Weipa WP_AMBA4) and others showingadhbl
distribution (e.g., Freshwater Point, Euri Crefeigure3, also see full PSD results in Appendix

A).
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PCA - Biplot
. AP_AMB4
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Figure 3: Principal componentsnalysis biplot showing particle size distribution associated with 12 water
quality monitoring sites in North Queensland. Vectoriayeshows the particle sizes associated with each
location; VCS' very coarse sand, OScoarse sand, ME medium sand, F&fine sand, VF$ very fine sand,
and silt/clay.

There was a strong linear relationship between turbidity (NTU) and suspendetersedi
concentration (SSC mg/L) for all sediment samples, wgfuared values ranging from 83
T 0.999(Table2; Figure4; full regression tables in Appendix C).

NTU to SSC conversion factors varied between 1.59 and 2.5 across the different locations
where water quality is monitored, with some sites in close proximity to each other found to

have very similar values (e.g., Freshwd&emtand Victor Island, Table)2
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Table2: Values for converting turbidity (NTU) to suspended sediment concentraion (SSC) in mb4ites 1
monitored for water quality by TropWATER.

AP_AMB1
AP_AMB4
AP_AMB5
MKY_AMB1
MKY_AMB®
MKY_AMB5
MKY_AMB10
MKY CAM1
WP_AMB1
WP_AMB2

WP_AMB4

The following equation may be used to calculate suspended sediment concentration from

logger data acquired from IMBITU turbidity loggers at each site:

Where:

Euri Creek
Camp I&nd
Holbourne
Idand
Freshwater
Point
RoundTop
Idand
Slade Iknd
Victor I$and
Aquila sland
WQ1

WQ2

WQ4

1.9
2.00
1.60
1.9
1.68
1.69
1.90
1.59
1.59
2.50

2.10

YY8 Y6 iz

0.998

0.999

0.992

0.999

0.999

0.998

0.999

0.998

0.999

0.988

0.996

~
A

"QQ

8.02

7.76

2.32

4.74

1.66

1.55

2.39

3.41

6.22

6.65

13.67

SSdis the calculated suspended sediment concentration inmg L

Turbis themeasuredurbidity value in NTU

Cf is the conversion factor

eis the root mean square error value

0-100

0-60

0-400

0-400

0-400

0-70

0-400

Sites that contained the highest levels of fine sediments (silts and claysl2&lewhsuch as
Weipa (WP_AMB2, WP_AMB4) and Camp Island (AP_AMB4) had the highest conversion
factors (2.5, 2.1 and.@respectively), closely followed by those with anbodal PSD, e.g.,

8
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Euri Creek (AP_AMB1) and Freshwater Point (MKY_AMB1) both with conversion factors of
1.9.

Somesites €.g.,Holbournelsland RoundTop Island and Slade Island) were unable to reach
very high (> 100 NTU) turbidity due to being composed primarilycofirsercoral reef
sediments that settle quickly, and few fine sediments to create turbid water (Figs. 4c, e, f; also
see Particle Size Distribution (PSD) results in AppendixXTAg applical@ range in turbidity
values which the conversion factor should be applied is given in tdime/ever we would

expect the linear relationship to continue at higher turbiélity.example, &inear relationship
between turbidity and suspended sediment ewoimation andhas been shown up to
approximately 250 NTU (Wang et ak020)

(a) Euri Creek (AP_AMB1) (b) Camp Is.(AP_AMB4)
600-
600~
< 400- -
g 2400~
O (O]
0 0
0 100 200 300 0 100 200 300
Turbidity (NTU) Turbidity (NTU)
(c) Holbourne Is.(AP_AMB5) (d) Freshwater (MKY_AMB1)
80' . b‘\OO_
60-
3 2 400-
E 40- ’ E
Q Q
A 2. @200
0 . | | | | 0- e | | |
0 10 20 30 40 0 100 200 300
Turbidity (NTU) Turbidity (NTU)
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(e) Roundtop Is. (MKY_AMB3B) (f) Slade Is. (MKY_AMB5)
100-
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T T 10
2100- 2
o o °0°
w W
W 50- »
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0 . . . . 0 i i ]
0 25 50 75 0 20 40 60
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Figure 4: Linear regressions between turbidity (NTU) and suspended sediment concentration (SS@tat 1
guality monitoring locations. Grey shiag) indicates standard error.

(Note: The historical NTU: SSC conversion values and supporting data that were provided by

JCUbs Marine Geophysics Lab prior to Septemb

10
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4. Discussion

The NTU to SSC conversion factors prasel in this report ranged from 1.52.5. These

are similar values to those found by others, &ggrns et al. (2018yhere conversion factors
ranged betweeh.67 2.6. Sites with lower conversion factors tended to be those with

proximity to coral reefs (such as the island sites), where sediments sizes are larger and less
likely to stay in suspension. In contrast, sites with the higher conversion factors were those
where sediments are higher in silt and clay sized particles that are easily suspended by water

movement.

One aspect of laboratory tank experiments that has not been fully investigated is the level of
mixing/stirring that is designed to replicate energy irtgghm the field. The tank experiment

is |likely to represent a higher | evel of O6sh
field conditions, leading to a different particle suspension and settling refimsdas due to

laminar flow created undexperimental tank conditions compared to more turbulent flow

expected at the seaflodtotentially, we can infer that these conversion values are toward the

upper limit of what we would expect to occur fromsitu sampling. This was reported to be

the cas bySun et al. (2019Wvho found a tank relationship of 2228 compared to situ

relationship of 1:1 based on water column samples of a dredge plume.

The close relationship between patrticle size distribution, turbidity and conversion factor
emphasises the importance of collecting sediments that are fully representative of each site.
The loss of fine sediments from a sample during collection is commadigysarly when

using a van Greer grab, as the water lost from the grab as it is pulled into the vessel, is often
where these fines are locat®kst practice is to collect sediment samples on SCUBA where

loss of fines can bminimized.

Sources of variaitity should be notethatmay affect actual SSC when using SSC data
derived from conversion factors. The conversion factors are based on discrete sediment
samplefrom each site to attempt to control for ins#te variability.If the properties of the
sedmentat a given sitehangs, or6 n esediment is transported #osite, the conversion
factormay be less applicable. These changes may bet&hmnortj.e., storm, flood plume
events) or longeterm (.e.,sediment movement). The amount of energy ptesdhe

system i.e.,wave energy, wrentsetc) may also change the nature of the sediments in

suspensioni.e., more energy = coarser sedimenEjr thisreasonit is recommended that

11
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the calibration process conducted here is repeated interanmuhlaftar major disturbance

events.

There were a couple of limitations to the analysis. Firstly, Weipa (WP_AMBZ2) had arlower
squaredr? = 0.941) indicating aeduced linear relationship compared to other sites. There
was an outlier removed at ~ 11 NTU as it was suspected that a heavy particle or incorrect
weighing had biased the sample and it did not represent the linear relationship of turbidity
and suspendeskdiments concentratioRemoval of the outlier improved the model ft €
0.988). Tis a priority site for further sediment collection and a repeat of the analysis is to be

conducted.

Another limitation was the NTU sensor that did not stabilize abcl@-NTU. Datapoints

above this level were therefore considered invalid (as they would no longer uphold the linear
relationshipof NTU asfurthersedimentsvere addepland removed as outliers. Future

analyses will take this limit into account when desigrtime target concentrations so that a
higher level of NTU and SSC than what we have reported here (~300 NTU) can be calibrated
without overshooting the NTU sensors capabiRggardlesstiis expected that the linear

relationship would continue to appdy higher turbiditieshan 400 NTU

This technical report has shown that it is possible to calibrate NTU turbidity to suspended
sediment concentration and that there is a linear relationship between the two measurements.
It is recommended that the proceelis repeated periodically to ensure that any changes to
sediment properties in a region are captured. It is also recommendedditat in

measurements of concurrent NTU and SSC are made on each future field excursion to keep a

check on the conversion factvaluesand identify when updated calibration may be required

12
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Appendix A
Mastersizer AnalysidParticle Size Distribution (PSD)
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Figure Al: Particle size distribution aEuri Creek showing a binodal distribution.
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Figure A2: Particle size distribution at Camp Island showing a dominance in silt/clay sediments.

14



Marine Water QualityMonitoringT NTU/SSC conversionTropWATERReport no22/35

AP_AMB5

40
c
=l
3]

g 301
T
[
>
Q
[72]

20
£
£
™
v
w“

O 10-
=S

————
D -
) o S S o
o "b"\rb %ﬂ’@ QSOQ S S
& R & N I
N

Particle size (pm)

Figure A3: Particle size distribution at Holbourne Island showing a dominance of medium to coarse sands.
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Figure A4: Particle size distribution at Freshwater Point showing anmidal distribution.
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Figure A 5: Particle size distribution at Round Top Island showing a dominance efrfetiumcoarse sands.
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Figure A6: Particle size distribution at Slade Island showing a dominance of coarse to vesesaards.

16



Marine Water QualityMonitoringT NTU/SSC conversionTropWATERReport no22/35

MKY_AMB10

301
c
k<]
©
E

B 20-
>
o
w
£
£
(9]

v 10+
-
o
X

O -

ngb '\rﬁ) q(,’? @QQ J\QQQ ‘_196@
-1 o vy , -
o N N S <
LN

Particle size (pm)

Figure A7: Particle size distribution at Victor Island showing a dominance in medium to coarse sands.
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Figure A8: Particle size distribution at Aquila Island showing arbodal distribdion of sediments.
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Figure A9: Particle size distribution at Weipa (site 1) showing a dominance of medium to coarse sands.
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Figure A10Q: Particle size distribution at Weipa (site 2) showingaminance of very fine sands.
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Figure A11: Particle size distribution at Weipa (site 4) showing a dominance of small sediments in the silt/clay
to very finef/fine sands
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