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Acronyms and Abbreviations

Abbreviation

Definition

BCH Benthic Communities and Habitats

CBH Casuarina Boat Harbour

CCL Cockburn Cement Limited

CEMP Construction Environmental Management Plan
CoC Chain of Custody

DCCEEW Department of Climate Change, Energy, the Environment and Water
DDC Dolphin Discovery Centre

DoT Department of Transport (WA)

DSDMP Dredge Spoil Disposal Management Plan

EP Act Environmental Protection Act 1986

GIS Geographical Information System

KBMS Koombana Bay Marine Structures

KBSC Koombana Bay Sailing Club

LAT Lowest Astronomical Tide

Nephelometer

Instrument for measuring turbidity

NTU

Nephelometric Turbidity Units

PAR Photosynthetically Active Radiation

PSU Practical salinity unit approximates g/l
QA/QC Quiality Assurance and Quality Control
SDP Sea Dumping Permit

S| Surface Irradiance

TSHD Trailing Suction Hopper Dredge

TSS Total Suspended Solids — sediment weight/volume in a subsample of water collected
WAL/IS JV WA Limestone / Italia Stone Joint Venture
Zol Zone of Impact

ZoMI Zone of Medium Impact

ZoHlI Zone of High Impact
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EXECUTIVE SUMMARY

The Koombana Bay Marine Structures (KBMS) is a Strategic Proposal (Ministerial Statement 1226) approved
under Part IV of the Environmental Protection Act 1986 (EP Act) for the construction and operation of small
craft marine infrastructure in Koombana Bay, located in Bunbury, Western Australia.

The Casuarina Boat Harbour (CBH) proposal was approved as a Derived Proposal under the Strategic
Proposal. The CBH Proposal includes a dredging and dredge spoil disposal component. Construction is
proposed to be completed in two phases.

Capital dredging for Phase 1 of the CBH Proposal is being implemented in accordance with an approved
Dredge Spoil Disposal Management Plan (DSDMP). The DSDMP includes a water quality monitoring
program at near-disposal, far-disposal and reference locations in the vicinity of the dredge spoil disposal
site. Triggers for total suspended sediment (TSS) concentrations have been established in the DSDMP to
monitor the accuracy of the disposal plume modelling predictions.

The trailing suction hopper dredge (TSHD), Modi R, has most recently conducted dredging operations in
Bunbury Harbour for Southern Ports Authority at Outer Harbour and Sand Trap locations from 01-11
October, and at the Department of Transport (DoT) Northern Breakwater from 11-14 October. On 15
October, MODI demobilised from Bunbury Harbour and has been conducting shell sand dredging in Owen
Anchorage for Cockburn Cement Limited (CCL). In the absence of the TSHD, dredge operations have
continued at the CBH Proposal site via an excavator and hopper barge. Polaris Marine Group (Polaris)
operates tug vessel EDI, towing the split hopper barge PM Skippy to the spoilgrounds for spoil disposal.

A survey was undertaken following the requirements of the DSDMP during a 180 m?3 spoil disposal event on
31 October 2024.

NTU data was transformed into estimated TSS values using the relationship:
TSS = 1.62*NTU

The data collected showed no exceedance of either the Trigger 1 (TSS at a near disposal monitoring site
>2 mg/L above the average of the reference site data) or Trigger 2 (TSS at a far disposal monitoring site
>2 mg/L above the average of the reference site data) criterion at any site.

Other parameters (temperature, conductivity and dissolved oxygen) showed the water column was well
mixed.

No impact to seagrass quality is predicted as a result of the present sampling data, as such, none of the

management actions presented in the DSDMP require implementation.
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1 INTRODUCTION

The Koombana Bay Marine Structures (KBMS) is a Strategic Proposal (Ministerial Statement 1226) approved
under Part IV of the Environmental Protection Act 1986 (EP Act) for the construction and operation of small
craft marine infrastructure in Koombana Bay, located in Bunbury, Western Australia.

The future proposals identified under the Strategic Proposal include the construction and operation of:

e Casuarina Boat Harbour (CBH);
e Koombana Bay Sailing Club (KBSC) marina; and
e Dolphin Discovery Centre (DDC) finger jetty.

The CBH Proposal was approved as a Derived Proposal under the Strategic Proposal. The CBH Proposal
includes a dredging and dredge spoil disposal component, a piling component, land reclamation and
construction of breakwater and revetment walls. The marine infrastructure includes the construction and
operation of a wharf, jetties, boat ramps and boat pens. Construction is proposed to be completed in two
phases. The CBH Phase 1 dredge and construction program includes the northern breakwater, associated
reclamation area and internal jetties and boat pens.

Capital dredging for Phase 1 of the CBH Proposal will be implemented in accordance with an approved
Dredge Spoil Disposal Management Plan (DSDMP) and associated Sea Dumping Permit (SDP)
(SD2022/4034) issued under the Commonwealth Environment Protection (Sea Dumping) Act 1981,
administered by the Department of Climate Change, Energy, the Environment and Water (DCCEEW). Up to
177,000 m3 of capital dredging material is proposed to be disposed offshore at the approved spoil ground
during Phase 1.

The approved DSDMP outlines the management and monitoring actions required to minimise the
environmental impact of dredge spoil disposal activities associated with construction of the proposals
identified under the KBMS Strategic Proposal (Cardno 2023). This report covers the component of the
DSDMP’s water quality monitoring program at near-disposal, far-disposal and reference locations in the
vicinity of the dredge spoil disposal site.

1.2.1 Intent

e Demonstrate measured total suspended solids (TSS) concentrations (inferred from turbidity [NTU]
data using a TSS~NTU relationship) remain within the expected range predicted by sediment plume
dispersion modelling (model validation);

e Measure NTU and additional physical water quality parameters within disposal plumes for
comparison against background condition (reference sites);

e Inform ongoing spoil disposal activities and any requirement to manage these; and

e Assess potential impacts to benthic community habitats (BCH e.g. seagrass shading) should
measurements be outside of the modelled range (trigger exceedance).
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1.2.2 Frequency

Monitoring is to be conducted fortnightly for the duration of dredge spoil disposal activities, including a
monitoring campaign prior to the start of dredging and two weeks post- disposal activities.

During dredge spoil disposal activities, data will be collected immediately after an individual disposal action
and then at three equally spaced periods as the turbid plume disperses, until just prior to the next disposal
action (4 sampling repeats in total).

1.2.3 Monitoring locations

Profiling of the water column will occur at 12 monitoring sites (Figure 1-1):

e FEight sites within the modelled dredge plume extent;
o Four near-disposal sites (DISO1, DIS02, DISO3 and DIS04).
o Four far-disposal sites (DISO5, DISO6, DISO7 and DIS08).

e Four sites beyond the modelled dredge plume extent (background, REFO1, REFO2, REFO3 and
REFO4).

1.2.4 Analysis

Parameters to be measured are those of Section 7.1.2 of the DSDMP. These include:

e Turbidity (NTU);

e Photosynthetically active radiation (PAR);
e Conductivity;

e Temperature;

e Dissolved Oxygen; and

e Depth

In addition, 48 water samples will be collected at a range of locations and water depths alongside a
turbidity sensor during the first monitoring campaign only and analysed for TSS concentration. The results
from this data will be used to establish a NTU~TSS relationship to infer TSS from future NTU profiling.

1.2.5 Test Narrative

Thresholds for elevated TSS concentrations were developed within the Strategic Proposal for the purpose
of mapping spatial zones of influence and impact for the project’s dredging and disposal action, with respect
to BCH. The thresholds/zones were defined as follows:

e Zone of Influence (Zol): Elevated TSS at least once (i.e. instantaneous duration threshold).
e Zone of Medium Impact (ZoMI): Elevated TSS continually for 18 days.
e Zone of High Impact (ZoHI): Elevated TSS continually for 90 days.

The modelling suggested that ZoMI or ZoHI would not be formed during the disposal actions. Triggers were
established to monitor the accuracy of the modelling predictions. Investigations will be triggered should
monitoring infer that a ZoMI may exist, in areas where seagrass has been mapped. Triggers and their
responses are outlined in Table 1-1.
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Figure 1-1. DSDMP water quality monitoring locations
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Table 1-1. DSDMP triggers, tests and responses

Trigger Level

Test/Threshold

Response

Trigger 1

Depth- and time-averaged (across
individual campaign)
TSS concentration (inferred from
NTU data) at any of the near
disposal monitoring sites (DISO1 to
DIS04) is greater than 2 mg/L above
average background levels (average
REFO1-REFO4) for a
measurement campaign.

monitoring

of sites

Investigate if Trigger 2 has been exceeded for any sites

Trigger 2

Depth- and time-averaged (across
individual monitoring campaign)
TSS concentration (inferred from
NTU data) at any of the far disposal
monitoring sites (DISO5 to DIS08) is
greater than 2 mg/L above average
background levels (average of sites
REFO1-REF04) for a measurement
campaign.

Assess metocean condition data available from BoM and
DoT to determine if the exceedance atthe site(s) in question
is likely to exist for a continuous period of greater than 18
days (e.g. continuous prevailing winds in one direction);
Investigate how the disposal rate during the monitoring
campaign compares with historical and planned disposal
rates (typical, higher than average, lower than average);
Further investigate light attenuation (PAR profile data)
associated with site(s) of elevated TSS to determine if stress
may be placed on seagrass, with respect to the light
attenuation stress thresholds presented in RPS (2023) for
Posidonia and Amphibolis species and PAR at reference
sites. This should include temporal assessment of shading
across the monitoring campaign, as the plume dissipates
(i.e.is the average exceedance prolonged, or due to a short,
very high elevation);
Provide a statement as to whether, based on the above,
seagrass quality in the vicinity of the disposal site is likely to
suffer permanent reduction in quality as a result of the
ongoing and proposed disposal schedule. If impact to
seagrass quality is predicted, the following actions should
be undertaken:
o Dispose in different portion of disposal site;
o Dispose in certain portions of the site for certain
metocean conditions (i.e. ‘upstream side’); and
o Consider additional monitoring campaign to
confirm effectiveness of varied placement; and
o Consider reductionin disposal rate during daylight
hours.
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A summary of the previous disposal monitoring campaign is provided in Table 1-2.

Table 1-2. Previous monitoring campaign summary

Campaign # Date Summary

5 15 October 2024 e No exceedance of TSS triggers.

This report provides:
e A summary of the sixth disposal action monitoring campaign data.
In accordance with DSDMP instructions, summary data includes:

e Summary of disposal rates associated with the monitoring campaign;

e Plots and statistical summary of vertical profiling data for all parameters and profiles;
e |dentification of any trigger exceedances;

e Assessment of trigger exceedance with respect to potential impacts to seagrass; and

e Recommendation for management should impacts be predicted.

1.4.1 Structure of this Document

The document lists:

e The background to the Project;

e A summary of the DSDMP;

e The monitoring methodology;

e Summary data for the sixth disposal monitoring campaign; and

e Identification of trigger exceedances, assessment of impacts and management recommendations.

The document is current as at the date on the cover page and is referenced as Version 1 (Documents with a
lower version number are superseded by this document).
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2 METHODOLOGY

The monitoring design implemented was consistent with the prescriptions in Section 7 of the DSDMP (Cardno

2023).

2.1.1 Monitoring locations

During the monitoring campaigns, data was collected from locations as close as possible to the proposed
monitoring site coordinates listed in the DSDMP (Cardno 2023), as shown in Figure 1-1.

2.2.1 Physical Water Quality

Water quality records (NTU, PAR, conductivity, temperature, dissolved oxygen and depth) were obtained
with a calibrated YSI ProDSS multiparameter sonde and Licor-192 Underwater Quantum PAR sensor (see
Appendix A for YSI calibration sheet).

The water quality monitoring campaign was carried out on 31 October 2024. All parameters were recorded
at a surface (0.5 m), mid-water column (total depth/2) and bottom (1-2 m off the seabed) depth profile at
each monitoring site (Figure 1-1). Data collection occurred first at the near-disposal monitoring sites, then
the far-disposal sites and finally the reference sites. Data was collected immediately after an individual
disposal event at 0945, for four complete sampling rounds at all sites.

Data analysis was completed as set out within Sections7.1.3 and 8.1.3 of the DSDMP. Plots and statistical
summary (including mean, median, minimum, maximum, 20" percentile, 80" percentile and standard
deviation) of profiling data were calculated as recommended by the DSDMP and derived using either
Microsoft Excel 365™ or Statistica 11 (StatSoft Inc 2011).

NTU data was transformed into estimated TSS values using the relationship:
TSS = 1.62*NTU

QA/QC of physical water quality profile data included manual checks to remove any erroneousentries. For
the current monitoring report, no data was removed.
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3 DISPOSAL MONITORING CAMPAIGN DATA SUMMARY

The trailer suction hopper dredge (TSHD), Modi R, suspended daily operations for the CBH Proposal on 10
September 2024. The TSHD has completed four additional days of dredging (between 11 and 14 October
2024) since suspending daily operations. In the absence of the TSHD, dredge operations have continued at
the Proposal site via an excavator and hopper barge operated by Polaris Marine Group (Polaris).

A summary of the Polaris dredge spoil disposal activities on 31 October 2024 has been provided in Table
3-1. The monitoring campaign commenced immediately after disposal of Load#2 for the day, at 0945hrs.

Table 3-1. Dredge disposal summary for 31 October 2024

Load# for Project 158 159 160 161
Load# for Day 1 2 3 4
Load start time 00:30 05:06 11:10 17:59
Load stop time 02:40 08:47 15:40 21:01
Discharge start time 03:40 09:45 16:41 22:01
Discharge stop time 03:50 10:00 16:51 22:12

. i N 33°13.73 33°13.77 33°13 779 33°13 479
Qischargs Location E 115°35.05 115°35.12 115°34 951 115°82 945
Load Discharge Total (m3) 180 180 180 180

Daily Discharge Total (m?3) 720
Project Discharge Total (m3) Not Provided

Weather conditions on 31 October 2024 were fine and clear. Winds during the sampling period were
easterly in the morning, at 10 — 15 kts, became variable (<5 kts) by midday and turned south-westly in the
afternoon at 5 — 10 kts. Seas were 1 — 1.5 m. The tidal range for the day was 0.45 m, with low tides of
0.42 m in the early morning and 0.51 m in the early afternoon. There was a 2007hrs high tide of 0.82 m.

A statistical summary of the disposal campaign vertical profiling data for each monitoring site is provided
in Appendix B. Plots of the vertical profiling data are shown in Appendix C where relevant.

3.3.1 Total Suspended Sediments

The depth- and time-averaged estimates of TSS for each monitoring site, and the average of the reference
site data, during the monitoring campaign are shown in Table 3-2.

No site reported TSS concentrations >2 mg/L above the average of the reference site data.
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Table 3-2. Depth- and time-averaged estimates of TSS (mg/L) for all sites

Near Disposal Sites Far Disposal Sites Reference Sites
Site TSS (mg/L) Site TSS (mg/L) Site TSS (mg/L) | Average TSS (mg/L)
DIS-01 0.30 DIS-05 0.22 REF-01 0.20
DIS-02 0.30 DIS-06 0.32 REF-02 0.60
0.35
DIS-03 0.36 DIS-07 0.20 REF-03 0.23
DIS-04 0.20 DIS-08 0.22 REF-04 0.36

Green Cell = TSS threshold concentration (average of REF site data) for the individual monitoring campaign.

Orange Cells indicate TSS at a near disposal site is > 2mg/L above the trigger threshold value (Trigger 1)

- indicate TSS at a far disposal site is > 2mg/L above the trigger threshold value (Tigger 2).

3.3.2 Turbidity

Mean turbidity was between 0.1 and 0.2 NTU at most monitoring sites (Figure 3-1). Site REF-02 reported
the highest mean turbidity at 0.4 NTU. Most sites showed negligible variability (0.1 NTU difference between
surface and bottom readings) in NTU through the water column (Appendix C). The exception to this finding
was observed at sites DIS-01, DIS-02, REF-02 and REF-04 which showed up to 0.8 NTU difference between

surface and bottom samples.

3.3.3 PAR

While light was recorded as PAR, it is best represented as the percentage of surface irradiance (Sl(%)) to
reflect the strength of the ambient light at the time of measurement. Mean percent surface irradiance (Figure
3-2) was generally consistent across sites with most sites showing a depth-time averaged mean of between
~20 to 25%. The lowest percent surface irradiance (17.7 %) was recorded at the reference site REF-02,
which corresponds to the higher turbidity reported at this site.
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Figure 3-1. Turbidity means (time and depth averaged) at sites in the disposal monitoring campaign.
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3-2. Mean percent surface irradiance at sites in the disposal monitoring campaign
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3.3.4 Temperature, Conductivity, Dissolved Oxygen

Mean temperature varied by less than 0.3°C across all sites (Appendix B). All monitoring sites showed

negligible difference between middle and bottom readings, and little stratification (0.8 °C difference)
between surface and bottom samples (Appendix C).

Conductivity showed little variation and little stratification at all sites.

Dissolved oxygen levels suggest waters are generally well oxygenated and quite uniform (including across
depth profiles, Appendix C) with a negligible difference in dissolved oxygen levels between surface and
bottom readings at all sites. Dissolved oxygen saturation was over 100% in all readings.
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4 ASSESSMENT OF TRIGGER EXCEEDANCE AND RECOMMENDATIONS

Results presented in Section 3.3.1 (Table 3-2) indicate there was no exceedance of the DSDMP Trigger 1
(>2mg/L above reference) at the near disposal monitoring or Trigger 2 (>2mg/L above reference) at the
far disposal monitoring sites. As such, no exceedance investigation was required.

Following the prescriptions of the DSDMP, if impact to seagrass quality is predicted, the following actions
should be undertaken:

e Dispose in different portion of disposal site;
e Dispose in certain portions of the site for certain metocean conditions (i.e. ‘upstream side’);
e Consider additional monitoring campaign to confirm effectiveness of varied placement; and

e Consider reduction in disposal rate during daylight hours.

No impact to seagrass quality is predicted as a result of the present sampling data, as such, none of the

above actions require implementation.
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6 APPENDIX A — YSI CALIBRATION SHEET

GK
onmental

EQUIPMENT

Calibration Report

Multi-Parameter Water Quality Instrument

Manufacturer: ¥51
Instrument: Prolss
Sarial #: 166103630
Cable length: 30m (16G102376)

Battery Aechargeable Uthium-lon e S0%
|Battery Saver ¥ Automnatically turns off after 30 minutes if not used
Connections Canditian ¥ Good, clean
Cable Candition + Clean, no tears
Display Oparation I
Firmware Wersion ¥ 1.2.10
Keypad Operational +
Display Screan v
Unit Condition, seals and C-rings il
Monitor housing Canditian +

‘Condition

pH millivalts for pH7 calibration range 0 my + 50 my

pH 4 rrV ramge + 165 to + 180 from 7 bufier my value

pH slope

Response tima < 80 seconds

Calibrated and conforms to manufactures’s specifications

Good, clean

173,80 mV

55 to 6O mv/pH, ideal 59mV m_

B A BRI AT AS

Gaod, clean
“C

Condition

Temperature

Conductivity cell constant 4.5 - 6.5 in GLP file

Clean sersor reads bess than 1 uSfcm in dry air

Caliberated and conforms to manufacturer's specifications

533

s|a] s[4~

Comdition v Gaod, clean

D seniar in ute + Optical

000 gaim In GLP file 0% il {rnin .75 - max 1.50) 0.98
000 gain In GLF file 100% ¥ {rmin Q.75 - maw 1,50} 0.95
Calibrated and conforms to manufacturer's specifications ¥

This is to certify that the above instrument has been calibrated to the following specfications:

Paramet [standards
[Temperature [23F102023) I-I:her_h Temp NATA

H [18K105215) H 7.00

H [18K105215) H 4,00
Conductivity (23F103023) 2764 psfom at 25°C
Zero Dissolved Ceygen (16GI01365)  [Nas03 in distilled water
100% Dissolved Oxygen [16GLI13E5) | 100% Air Saturation
Tuwrbidity (166103323) distilled Water
[Turbidity (16G103323) 10 NTU
| Turbidity (15G103323) 1000 NTU

Calibrated by: GourauKanwar Calibration Date: [26/Sepad ||

MNant Due: 28-Mar-25
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7 APPENDIX B — DETAILED WATER QUALITY STATISTICS BY SITE

Site Turbidity PAR Conductivity Temperature | Dissolved Oxygen
(NTU) (uMol/m?/s) (S) (°C) (%)
DIS-01 N 12 12 12 12 12
Mean 0.2 350.9 49318 19.1 104.0
Median 0.1 198.5 49204 19.0 103.9
Minimum 0.1 82.0 49084 18.9 103.3
Maximum 0.6 970.0 49991 19.7 105.3
20th %ile 0.1 84.0 49189 18.9 103.7
80th %ile 0.2 633.0 49513 19.1 104.3
Std. Dev 0.1451 325.0612 257.1503 0.2309 0.5485
DIS-02 N 12 12 12 12 12
Mean 0.2 366.6 49393 19.1 103.8
Median 0.1 247.5 49245 19.0 103.8
Minimum 0.1 64.0 49155 18.9 102.7
Maximum 0.6 899.0 49989 19.7 104.6
20th %ile 0.1 124.0 49217 19.0 103.6
80th %ile 0.2 714.0 49592 19.1 104.0
Std. Dev 0.1446 298.8139 297.0790 0.2314 0.4553
DIS-03 N 12 12 12 12 12
Mean 0.2 3314 49407 19.1 104.0
Median 0.2 128.0 49273 19.0 104.0
Minimum 0.1 60.0 49221 19.0 102.9
Maximum 0.5 804.0 49989 19.7 105.4
20th %ile 0.1 67.0 49226 19.0 103.8
80th %ile 04 753.0 49549 19.1 104.1
Std. Dev 0.1377 320.9824 273.5954 0.2089 0.5750
DIS-04 N 12 12 12 12 12
Mean 0.1 334.7 49380 19.1 103.8
Median 0.1 171.0 49223 19.0 103.7
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Site Turbidity PAR Conductivity Temperature Dissolved Oxygen
(NTU) (HMol/m?/s) (S) (°C) (%)
Minimum 0.1 88.0 49201 18.9 103.3
Maximum 0.2 881.0 49906 19.5 104.7
20th %ile 0.1 111.0 49204 19.0 103.5
80th %ile 0.2 631.0 49640 19.1 1044
Std. Dev 0.0334 290.3763 271.6989 0.1658 0.4697
DIS-05 N 12 12 12 12 12
Mean 0.1 395.8 49380 19.0 103.6
Median 0.1 276.0 49175 18.9 103.6
Minimum 0.1 74.0 49144 18.9 103.0
Maximum 0.2 975.0 49995 19.6 104.4
20th %ile 0.1 101.0 49158 18.9 103.3
80th %ile 0.2 746.0 49919 19.1 103.8
Std. Dev 0.0387 334.1481 356.8793 0.2038 0.3621
DIS-06 N 12 12 12 12 12
Mean 0.2 318.7 49441 19.0 103.8
Median 0.2 160.5 49272 19.0 103.9
Minimum 0.1 63.0 49180 18.2 103.1
Maximum 04 948.0 50121 19.8 104.5
20th %ile 0.1 98.0 49234 19.0 1034
80th %ile 0.3 526.0 49827 19.1 104.3
Std. Dev 0.0953 310.8853 324.3879 0.3525 0.4539
DIS-07 N 12 12 12 12 12
Mean 0.1 376.3 49442 19.1 104.5
Median 0.1 300.5 49303 19.1 104.5
Minimum 0.1 63.0 49218 19.0 103.9
Maximum 0.2 844.0 50113 19.8 105.0
20th %ile 0.1 115.0 49257 19.0 104.3
80th %ile 0.2 617.0 49631 19.2 104.9
Std. Dev 0.0362 283.2311 299.4522 0.2392 0.3397
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Site Turbidity PAR Conductivity Temperature Dissolved Oxygen
(NTU) (HMol/m?/s) (S) (°C) (%)
DIS-08 N 12 12 12 12 12
Mean 0.1 388.5 49370 19.1 104.0
Median 0.1 221.0 49237 19.0 104.0
Minimum 0.1 59.0 49195 18.9 103.6
Maximum 0.2 910.0 49999 19.6 104.5
20th %ile 0.1 109.0 49212 19.0 103.9
80th %ile 0.2 810.0 49502 19.2 104.2
Std. Dev 0.0426 338.7543 262.3776 0.2193 0.2392
REF-01 N 12 12 12 12 12
Mean 0.1 354.2 49065 18.9 103.0
Median 0.1 262.5 48945 18.8 102.9
Minimum 0.1 67.0 48916 18.8 102.1
Maximum 0.2 921.0 49751 19.6 103.7
20th %ile 0.1 118.0 48931 18.8 102.8
80th %ile 0.2 637.0 49115 19.0 103.3
Std. Dev 0.0345 281.9916 266.7186 0.2598 0.4621
REF-02 N 12 12 12 12 12
Mean 04 280.4 49557 19.2 104.3
Median 0.3 199.5 49461 19.2 1044
Minimum 0.1 18.0 49307 19.0 1034
Maximum 0.9 803.0 50212 19.9 105.2
20th %ile 0.1 69.0 49345 19.1 103.8
80th %ile 0.6 467.0 49757 194 104.6
Std. Dev 0.3025 264.6498 280.9851 0.2503 0.5348
REF-03 N 12 12 12 12 12
Mean 0.1 3494 49482 19.1 104.8
Median 0.1 2355 49390 19.1 104.9
Minimum 0.1 62.0 49193 18.3 104.0
Maximum 0.2 984.0 50204 19.9 105.5
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Site Turbidity PAR Conductivity Temperature Dissolved Oxygen
(NTU) (HMol/m?/s) (S) (°C) (%)
20th %ile 0.1 130.0 49256 19.0 104.4
80th %ile 0.2 740.0 49649 19.1 105.3
Std. Dev 0.0469 313.8119 312.4282 0.3460 0.5042
REF-04 N 12 12 12 12 12
Mean 0.2 325.2 49170 19.0 1034
Median 0.1 183.0 49064 18.9 103.5
Minimum 0.1 61.0 49026 18.8 1024
Maximum 0.9 923.0 49966 19.7 104.2
20th %ile 0.1 111.0 49039 18.8 103.0
80th %ile 0.2 588.0 49284 19.1 103.9
Std. Dev 0.2438 295.2117 268.9907 0.2535 0.5248
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8 APPENDIX C — VERTICAL PROFILES
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